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ABSTRACT

Introduction: The increasing prevalence of overweight and obésis/become one of the major health
concerns in modern times. Male obesity has beeonceded with decreased male reproduction
function and fertility in some studies. Fertilizirability may depend on a certain level of semen
guality, and a link between male obesity and lo@esemen characteristics has been suggested in
several studies, although results are conflictidtfle is known on the influence of diet on semen
guality in human males, and if weight loss willdet an improvement in male reproduction function.
Serum phospholipid fatty acid composition in sonegrde reflects dietary intake. The aim of this
study was to investigate association between segruospholipid fatty acid composition and semen
quality, and to see whether the two parametersiffeeted by weight loss. Prior to this, a qualtati

and quantitative method for analyses of serum fattgt methyl esters (FAMES) had to be established.

Methods: Serum samples from men with body mass index (BWhe normal, overweight or obese

range were collected at baseline and after weigsd, land analyzed in this study. Qualitative and
guantitative analyses of serum phospholipid FAMEsesperformed by using gas chromatography
coupled flame-ionization detector (GC-FID). Qudilita results were confirmed by using GC-mass
spectrometry, and capabilities of the two detettpes were compared. BMI and serum phospholipid
fatty acid composition were investigated for asatien with semen quality data, and fatty acid

composition and semen quality were examined atlibasand after weight loss.

Results: GC-MS presented a lower limit of detection and arensecure identification of FAMESs

compared to GC-FID. At baseline, after adjustinggdotential confounders, BMI in the obese range
was inversely associated with semen volume, spemsentration, total sperm count, total motility,

progressively motile sperm count, sperm morpholagg total normal morphology count, compared
to men with normal BMI. The proportion of n-6 FAMHEs serum phospholipids showed an inverse
association with sperm motility and normal morplygigparameters. Increasing n-6/n-3-ratio was
negatively, and the proportion of n-3 FAMES posty related to sperm motility parameters. Weight
loss was not found associated with any significdr@nges for neither serum phospholipid fatty acid

composition nor semen quality.

Conclusion: GC-MS is a powerful tool for fatty acid analysisdtomplex sample material compared to
GC-FID. This study found association between opeamd decreased semen quality. A high
proportion of n-6 FAMEs and a high n-6/n-3-ratio sarum phospholipids, which is typical for a
Western diet today, were inversely associated sprm motility. Weight loss did not alter the serum
phospholipid FAME composition or semen quality, the lack of significant effects may be due to
few participants and the fact that participants am@d overweight or obese after weight loss.
Participants going through weight loss should Beeed until a normal BMI is reached to reveal any

effects of weight loss on the two investigated peaters.



SAMMENDRAG

Introdukson: Forekomsten av overvekt og fedme er blitt en astdeste utfordringene innen helse i
den moderne tid. En del studier har assosiert rigapaervekt med nedsatt reproduksjonsfunksjon og
fertilitet. Evnen til fertilisering kan veere avhéggav et visst saedkvalitetsniva. Flere studier har
presentert en sammenheng mellom mannlig overvekhestpatt saedkvalitet, men det finnes ogsa
motstridende resultater. Det er lite kjent hvilkgvirkning kosthold har pa human szedkvalitet, og om
kostholdsendring og/eller vektnedgang vil fare dtl forbedret mannlig reproduksjonspotensiale.
Fettsyresammensetningen i serum fosfolipider regiek til en viss grad fettinntak via kosthold. Bl
for dette studiet var & undersgke om det er ens@sgon mellom fettsyresammensetningen i serum
fosfolipider og seedkvalitet, samt om de to parametseparat er pavirket av vektnedgang. For a gjare
dette mulig matte en kvalitativ og kvantitativ aysdmetode for serum fosfolipid fettsyre metylestere
(FAME) etableres.

Metoder: Menn med kroppsmasseindeks (body mass index, BMbPakterisert som normal,
overvektig eller fedme avga blodpraver fgr og etter vektnedgang, og serum ble benyttet i denne
oppgaven. Kvalitative og kvantitative FAME-analyséte utfart ved gasskromatografi med
flammeionisasjonsdetektor (GC-FID). Kvalitative bsa&r ble bekreftet med GC med
massespektrometer (GC-MS) og de to instrumenteree dammenliknet. BMI og FAME-
sammensetningen i serum fosfolipider ble undersipktorhold til ssedkvalitet, og FAME-

sammensetning og saedkvalitet ble sett pa separag fetter vektnedgang.

Resultater: GC-MS farte til en sikrere identifikasjon av FAMIg en lavere nedre deteksjonsgrense
sammenliknet med GC-FID. BMI karakterisert som fediar vektnedgang, viste invers assosiasjon
med saedvolum, saedcellekonsentrasjon, total ansgaticeller, total motilitet, totalt progressive
saedceller, normal morfologi og totalt antall seddcehed normal morfologi sammenliknet med menn
med normal BMI. Andelen n-6 FAME i serum fosfollpr var inverst assosiert med motilitet- og
morfologiparametere. @kende n-6/n-3-ratio vistenegativ assosiasjon med motilitetsparameterne,
mens gkende andel n-3 FAME viste motsatt effekkttdp farte ikke til noen signifikante endringer i

verken serum fosfolipid FAME-sammensetning elledlszalitet.

Konklusion: GC-MS ser ut til & veere et kraftig verktay for $gteanalyser i komplekst prgvemateriale
sammenliknet med GC-FID. | dette studiet ble deinkt en assosiasjon mellom BMI og nedsatt
seedkvalitet. En hgy andel n-6 FAME og n-6/n-3-rateerum fosfolipider, noe som er typisk for
dagens vestlige kosthold, var inverst assosiert medilitet. Vekttap farte ikke til signifikante
endringer i serum fosfolipid FAME-sammensetningeelssedkvalitet. En medvirkende arsak til
mangelen pa signifikant effekt av vekttap kan vi&raeltakere og at deltakerne fortsatt hadde en BMI
karakterisert som overvektig eller fedme etter taglet. Deltakerne som gar ned i vekt bar falgedstil

har oppnadd en normal BMI for a avslare effekt ekttap pa de to aktuelle parameterne.
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ABBREVIATIONS

AZF
BMI

C
EFA
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eV
FAME
FID
FSH
GC
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LH
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NA
ND
NP
NS
PC
PE
PR
PS
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ROS
RSD
RT
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WHO
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azoospermia factor

body mass index

carbon

essential fatty acid

electron ionization

electron volts

fatty acid methyl ester
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follicle-stimulating hormone
gas chromatography
internal standard

luteinizing hormone

mass spectrometry
monounsaturated fatty acid
not analyzed

not detected
non-progressive motility
not separated

phosphatidyl choline
phosphatidyl ethanolamine
progressive motility
phosphatidyl serine
polyunsaturated fatty acid
transmission quadrupole/mass filter (GC-MS)
reactive oxidative species
relative standard deviation
retention time

retention time locking
saturated fatty acid
selected ion monitoring
testicular germ cell tumor/cancer
total ion current
volume/volume

wall coated open tubular column
World Health Organization
percentage weight of total
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Introduction

1 INTRODUCTION

The increasing prevalence of overweight and obéwityybecome one of the major health concerns in
modern times (1). In the same time period, a dseén semen quality has been observed (2, 3) Body
mass index (BMI) over the normal range (Table hdg been associated with lowered semen quality
and altered hormone balance, which both can cané&ito reduced reproduction potential (4-6). The
pathophysiological mechanisms underlying the retabetween obesity and semen quality are not yet
clarified, but knowledge in the field is increasifyg. Studies on the reversibility of obesity-asatex
male infertility in response to weight loss are @), and weight loss by lifestyle changes or siyrge

as a treatment need to be explored further.

1.1 Overweight and obesity

Overweight and obesity have become one of the npajblic health concerns both in developed and
developing countries, and worldwide obesity hasaritban doubled since 1980. Data from the World
Health Organization (WHO) suggests that more thahblllion adults, 20 years and older, were
overweight per 2008. Of those more than 200 milhmades and 300 females were classified as obese.
Overweight and obesity are defined as abnormakecessive fat accumulation that may impair health,

and are characterized as body mass index (BB kg/nf and>30 kg/nf, respectively (Table 1.1)
(1).

Table 1.1 Body mass index (BMI) classification modiéd from the World Health Organization (12).

BMI classification kg/rh
Underweight <18.5
Normal range 18.5-24.9
Overweight 25.0-29.9
Obese >30.0

Overweight and obesity are related to substangalth risks. Links have been established between
overweight and increased risk of diseases includiaigcer, cardiovascular diseases and metabolic
syndrome (8). Metabolic syndrome is defined asuatet of disorders including obesity, hypertension,
dyslipidemia and impaired insulin sensitivity (8hpaired insulin sensitivity may develop furthetan
type 2 diabetes (10). Known causes that contrituidevelopment of overweight and obesity are an
increased intake of fat-rich nutrients, combinedhwa decreased physical activity level due to
sedentary work situations and increasing urbamagtl). In obese individuals these causes are often
combined with an unfavorable genotype that predispandividuals to obesity (11). Actions to reduce
overweight and obesity have traditionally been iyadliet and lifestyle changes, but recently the use

of bariatric surgery to lose weight has advancedia®ic surgery is usually performed to treat nmbrb
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obesity (BMI >35 kg/nf) (12). The most commonly performed bariatric procedurdrgix-en-Y
gastric bypass surgery (Figure 1.1). A bariatrigety is proven to be an effective treatment taiced

obesity-related health conditions for the patiaoug categorized as obese (13).

Normal anatomy Roux-en-Y gastric bypass

Surgical incision Stomach
F pouch

(small)

Qesophagus

Stomach—kt

) Alimentary
(roux) limb

Roux-en-Y
anastomosis

Large bowel Common channel

Figure 1.1 Roux-en-Y gastric bypass involve a reaangement of the gastrointestinal tract. Ingested rution goes
directly to the small bowel after passing a smalltemach, leading to altered nutrition absorption (14.

1.2 Overweight in relation to subfertility or infer tility

In developed countries, infertility is diagnosedLi®+15 % of couples who are trying to conceive (15)
A couple are regarded infertile when they are umatol conceive during one year of regular
intercourse without use of contraceptive methods, there is no other obvious reason present (16).
Women and men are each the sole cause of infeitildpproximately 30 % of the cases, respectively,
while 10 % is due to a combined factor. As muclaggroximately 25 % of infertile couples have no

obvious cause (Figure 1.2).

Combined N 1o

idiopathic I 26

male e 32

Female— 32

%

Figure 1.2 Unintentional causes of infertility maylie with the female, male or the couple combined. gproximately 25
% of infertile couples have no known cause (idiopéic infertility) (17).

Overweight and obese couples have an increasedfreskperiencing subfertility (18). Several studies

show that overweight in women leads to decreasgititfeand prolonged time to pregnancy (19, 20).

2
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High BMI for women prior to contraception is alsssaciated with adverse outcomes of pregnancy.
Today, weight loss before contraception is recomaedrfor women with a BMI in the overweight or
obese range to improve chances of a successfubroatdoth of natural pregnancies and assisted
reproduction (21, 22). Overweight and its effectnoale fertility have been studied to a lesser dxten
however the body of evidence for a negative effecgrowing. A 3-unit increase in BMI was
associated with infertility in a study by Sallmenat. (23). The observation was strengthen when
results from the Norwegian Mother and Child CohStudy showed an increased odds ratio for
infertility for overweight and obese men comparedrten with BMI 20.0-22.5 kg/fr(24). Several
studies suggest that increased BMI has a negatiget ®n semen quality in general, but affected
parameters vary (6, 25-27). These results areastggld by studies finding no significant correlation
between increased BMI and semen quality (28-30}yiMg inclusion factors, study populations and
exposures make it difficult to reach a conclusiah). (Metabolic syndrome, which has a high
prevalence in overweight and obese men, has also bssociated with a decreased reproduction
function (31). The observed decline in male fdytilin parallel with increasing rates of obesity
suggests that obesity is a cause of reduced nmaledection function, but the biological mechanisms

responsible for the effect are not yet defined.(11)

1.3 Human male reproduction function

1.3.1 Factors contributing to impaired male reprodu ction function and male infertility
A male factor is the sole cause of approximatel¥@6f infertility cases, as shown in Figure 1.2)(15
Causes for disrupted male reproduction functionraa@y (Figure 1.3), but 25 % of men presenting

infertility have abnormal semen parameters for movin reason (male idiopathic infertility) (15).

Varicocele 37
Idiopathic

Semen disorder

Testicular failure
Other known reason
Obstruction
Cryptorchidism

%

Figure 1.3 There are several known contributors to rale infertility, but 25 % of presenting infertility have reduced
semen quality without an obvious reason (32) .
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Genetic disorders that affect male infertility aaenong others chromosomal abnormalities, Y
chromosome microdeletions and cystic fibrosis nmat Klinefelter syndrome is the most frequent
sex chromosome abnormality in men, often followgdrbpaired spermatogenesis and azoospermia.
Microdeletions in the long arm of the Y chromosof@aeoospemia factor [AZF] deletions) are strongly
associated with spermatogenetic failure. Clas#iZl deletions are never found in normozoospermic
males and the presence of AZF deletions are raneales with sperm concentration-#&sperm/ml
(the lower reference limit defined by WHO is-1&sperm/ml). Cystic fibroses is the most common

genetic disease of Caucasians and one of the sgmgdlowing the diagnosis is infertility (15).

The number of young males diagnosed with testicglenm cell cancer (TGCT) has increased
drastically during the last 15-20 years in Westeunope. TGCT as a disease involves a high risk of
poor semen quality before cancer treatment. Chesmayply and radiation as treatment for cancer in
general have shown to negatively affect fertilitycancer survivors through gonadal damage, regultin
in impaired spermatogenesis, germ cells damageeaed permanent sterility in male patients. Post-
treatment fertility for cancer patients is depegdion pre-treatment fertility and type of cancer

treatment the patient has received (33).

Two physiological abnormalities are associated wdcreased reproduction function in men;
varicocele and cryptorchidism. Varicocele is a canmbnormality that may lead to reduced fertility
and varicocele has been correlated with decregssminsquality and increased sperm DNA damage.
The effect of varicocele on reproduction functi@emms to be reversed after surgical correction (34).
Cryptorchidism is a frequent congenital abnormatifythe male genitalia. Lowered sperm quality

parameters are often seen in men with a histocyygitorchidism (15).

The effects of overweight and obesity on male répetion function are less clear than the causes

mentioned above. Several mechanisms are suggestkdpme of them are briefly described here.

Sperm DNA integrity and mitochondrial activity armsportant measurements of sperm function (35).
Subfertile men have shown a higher total DNA fragtagon index in sperm than fertile semen
donors (36). Increased BMI has been proven to lateravith a higher percentage of sperm DNA

damage and decreased mitochondrial activity condpareormal weight men (37, 38).

The excess of nutrients associated with obesity teaelevated cell stress and ROS production (39).
Oxidative stress is a pathophysiologic process #&iaes when there is an excess concentration of
reactive oxidative species (ROS) compared to thellef anti-oxidant defense in a defined
physiologic environment (40). ROS are moleculeshwan unpaired electron, which makes the
molecule reactive and unstable. ROS can inducet gedlular damage to their surroundings, for
example in the testicular microenvironment (41)e Hpermatozoa plasma membrane is very rich in

polyunsaturated fatty acids (PUFAs) and is theeefoulnerable to damage caused by lipid
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peroxidation (42, 43). Oxidative stress can reisuperm membrane lipid peroxidation that may lead

to decreased sperm motility, impaired sperm-oonyeraction and DNA damage (41, 44).

Sex hormones play a fundamental role in human defation and the hypothalamic-gonadal axis that
regulates spermatogenesis and secretion of tesinstén men is shown in Figure 1.4. Obesity is
associated with profound alterations in male repetidle hormone profile. Several androgens are
secreted from the testes and the most significagtogien is testosterone. Testosterone stimulages th
development of male sexual characteristics (45}, adecreased testosterone level leads to retention

and phagocytosis of spermatids and reduced sparms(M6, 47).

' 1

il e
A0 =%
Hypathalamus l
e E—— GaRH

— Slimulation
Gaonodotropha ‘\‘ /

A Anterior plivitary

s rhibifion

Testosterone Inhilsin

Seminiferous tubule
Serel cells

Leydig cells

Figure 1.4 The hypothalamic-pituitary-gonadal axis egulates spermatogenesis and secretion of testostee.
Testosterone has a negative feedback effect on thelgase of gonadotropin-releasing hormone from theypothalamus
and luteinizing (LH) and follicle-stimulating (FSH) hormone from the pituitary gland. Inhibin B is produced and
secreted by the Sertoli cells during FSH stimulatio and has a negative feedback on the release of FStdm the
pituitary gland (48, 49).

Free and total testosterone levels are shown teedse with increasing BMI. Inhibin B, a marker of
Sertoli cell function and spermatogenesis, deceeagth increasing BMI and estrogen levels are
elevated (25). White adipose tissue express higkldeof an aromatase enzyme and increased
estrogen/testosterone-ratio in obese males isudt @sthe increased conversion of androgens into
estrogen (50). Increased estrogen levels may dezrdaoth testosterone production and
spermatogenesis (11, 51). Several environmentaigae lipophilic and accumulate in fat-rich food
and in fat tissue (5, 52). Such contaminants haentassociated with decreased sperm production
through their endocrine disrupting effect (53). &benen have a high frequency of sleep apnea, and
the fragmented sleep course leads to a disruptgdiyirise of testosterone. The disrupted testoaeer

rise is associated with abnormal spermatogened)s (5
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Overweight and obese men make out about 2/3 of reporting erectile dysfunction, but the
pathophysiological link between obesity and eredysfunction is not fully known (11, 55). Obesity
is associated with a sedentary lifestyle (1). Imbmation with increased amount of scrotal fatt tha
may lead to increased testicular temperature, whash shown to be associated with reduced sperm
concentration (56). Fever, sexually transmittedeak®s and use of anabolic steroids can also
contribute to decreased semen quality (15, 57).

Studies have shown that fertilizing ability depewndsa certain level of sperm quality (58, 59). WHO
has generated reference limits for measurement®rperd on semen samples (Table 1.2). The
reference limits are based on semen samples froile fenen whose partner conceived within 12

months after ended use of contraception, as debgeciooper et al. (60).

Table 1.2 WHOs lower reference limits for semen pamaeters, with 5 centiles (95 % confidence interval) (60, 61).

Semen quality parameter Lower reference limit
Semen volume (ml) 1.5(1.4-1.7)

Total sperm count (10/ejaculate) 39 (33-46)

Sperm concentration (16 per ml) 15 (12-16)

Total motility (PR+NP %) 40 (38-42)
Progressive motility (PR %) 32 (31-34)

Vitality (live spermatozoa, %) 58 (55-63)

Sperm morphology (normal forms, %) 4 (3.0-4.0)

The values are from non-weighted raw data. Foradided distribution the 2.5th and 97.5th centilesvide the reference
limits; for a one-sided distribution the fifth cédatprovides the lower reference limit.

PR=progressive motility

NP=non-progressive motility

Men with semen characteristics below these referdindts are not necessarily infertile, and results
must be interpreted in conjunction with additionginical information. Neither do semen
characteristics above the reference limits guaeafedility. The reference limits are used as d too
decide patient management, and as a thresholdificat trials and investigations (61). The WHO
laboratory manual for the examination and procgseinhuman semen emphasizes that total number
of progressively motile spermatozoa (total PR cpantl the total number of spermatozoa with normal
morphology (total normal morphology count) in thaceilate are of biological significance, but do not

define reference limits for the two calculated paeters.
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WHO has also defined different variants of semealitjuand the nomenclature and explanation of the

most prevailing variants are listed in Table 1.B)(6

Table 1.3 Definition of semen quality by the World Halth Organization (61).

Name

Definition

Aspermia
Asthenozoospermia

Asthenoteratozoospermia
Necrozoospermia

Normozoospermia

Oligoasthenozoospermia

Oligoasthenoteratozoospermia

Oligoteratozoospermia
Oligozoospermia

Teratozoospermia

No semen

Percentage of progressively motile spermatozoa vbelbe lower
reference limit

Percentages of both progressively motile and mdagically normal
spermatozoa below the lower reference limits

Low percentage of live, and high percentage of itilemospermatozoa
in the ejaculate

Total number (or concentration) of spermatozoa, pactentages of
progressively motile and morphologically normal ispatozoa, equal to
or above the lower reference limits

Total number (or concentration) of spermatozoa, pedcentage of
progressively motile spermatozoa, below the lowéenence limits
Total number (or concentration) of spermatozoa, @@rdentage of both
progressively motile and morphologically normal rspatozoa, below
the lower reference limits

Total number (or concentration) of spermatozoa, pedcentage of
morphologically normal spermatozoa, below the loveéerence limits
Total number (or concentration) of spermatozoa Wwelhe lower
reference limit

Percentage of morphologically normal spermatozoavibehe lower
reference limit

1.3.2 Male reproduction system

Male external genitalia consist of penis and semot@crotum holds the testes and epididymis, as
shown in Figure 1.5. The primary functions of thetés are spermatogenesis and the production of
androgens. Scrotum is located outside the body usecapermatogenesis is most efficient at a
temperature 1-2 °C below body temperature (62).

coiled channels of the epididymis

was (ductus)
defeiens

epididymis

- scrotal sac':-/ '.

coiled tubules in the testis i
testis (site of

sperm production)

© 2008 Encyelopsdia Britannica, Inc,

Figure 1.5 Adult human male reproductive system wh an enlarged cross section of aormal testicle. Coiled
seminiferous (coiled) tubules lead spermatozoa thie¢ epididymis during maturation and spermatozoa aresventually
transported through the vas deferens towards the wthra for ejaculation (63).
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Testes contain a network of 12-20 fine coiled tubaked seminiferous tubules (64). Seminiferous
tubules are lined with Sertoli cells that nourigiveloping spermatozoa. Spermatozoa are then led int
the epididymis for further maturation. From epididg spermatozoa pass through vas deferens and
during ejaculation muscle contractions push speynaat further out through the urethra. When in
urethra spermatozoa are mixed with a fluid from pmnestate that activates sperm motility, called
seminal fluid (62).

1.3.3 Spermatozoa

Spermatogenesis

Spermatogenesis occurs at puberty and continuesghrlifetime. In human males the production of
spermatozoa takes approximately ten weeks, andtite fenale produces several hundred million
spermatozoa each day (62). The development of speroa from primordial germ cells is called
spermatogenesis and can be divided into differeages, as shown in Figure 1.6. Primordial germ
cells are located in testis early in embryogendsishe onset of puberty the stem-cell spermatagoni
(Type A) profilerates and produces daughter cdilt teither remains Type A spermatogonia or
become Type B spermatogonia. Type B spermatogonidhgpugh a limited number of mitotic
divisions before they enter meiosis as primary rspéocytes. Primary spermatocytes develop to
secondary spermatocytes through meiotic divisiorBdcondary spermatocytes turn into haploid
spermatids when meiotic division Il is completetieTspermatids differentiate to mature spermatozoa
(65).
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Figure 21-29 Molecular Biology of the Cell 5/e (© Garland Science 2008)
Figure 1.6 A simplified drawing of a cross sectiorof a seminiferous tubule in a mammalian testis. Thetages of
spermatogenesis take place in close relationshiptwiSertoli cells (green). The maturing gametes movieom the basal
lamina towards the lumen of the seminiferous tubule Sperm goes though further maturation in the lumenand
become motile in the epididymis (not shown) (65)

Spermatozoa structure and function

Spermatozoa plasma membrane is in general statlenatabolically inert. There is no renewal of
proteins, phospholipids, cholesterol or other membranalytes in mature spermatozoa. During
maturation spermatozoa have lost most organelldstlam capacity of DNA transcription, protein
synthesis and lipid synthesis. Despite the lackhete functions the spermatozoa plasma membrane
acts as a dynamic compound that change in compoditiring maturation in the epididymis, and
especially when the spermatozoa is moving towdre®ocyte in the female reproduction system. The
dynamic behavior of the spermatozoa plasma memhsadae to the ability to absorb proteins and
lipids from the surroundings to modify its compasit (42). The biochemical composition of the
sperm membrane is of interest in the field of spphysiology and pathology (66). It is suggested tha
lipids play an important role in sperm functionalind thus in male fertility (67, 68).
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1.4 Lipids and fatty acids

1.4.1 Lipids

Lipids are amphipathic organic molecules presenélincell types. They provide cells with fuel,
function as thermal insulators and contribute tdluts structure and communication in cell
membranes. Lipids also have an important role &sdiable vitamins, hormones and biological
regulators (69). Lipids are a diverse group of aigaompounds that amongst others consists of
neutral lipids including triacylglycerol and chdel, and the more polar phospholipids and
sphingolipids (69).

1.4.2 Phospholipids

The term phospholipids is often used for lipidshwphosphate-containing head groups. Phospholipids
can be divided into glycerophospholipids (alsoehlphosphoglycerides) which are lipids built on
glycerol, and sphingomyelin (SM), which is built sphingosine, both shown in Figure 1.7 (69).
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@ N1 ® NH CH3 \N/CHa CH3 -..N,—CH:
[ | @ @]
CIH; H—cI —coo @ ?H, CIH;
CIH; CITHz CITHz CIH:
1 i 7 i
0=||:—o@ o=||>—o® o=||’—o® o=p—0 O
1 1 1 ' |
CHa—CH—CH3 Hy —CH —CH2 Ha —CH—CHa CH —CH—CH2
"] i J i
T 9 T 9 79 i
C =0 C=0 C=0 C=0 C=0 C=0 CIH li'.=0
[~ =1 =71 !
= = = = = = =
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a = - a = = =1 - W=
B K 5 5 0 §| & g 2
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Figure 10-3 Molecular Biology of the Cell 5/e (© Garland Science 2008)

Figure 1.7 The four major phospholipids in mammalianplasma membranes, with the varying head groups deted in
different colors; Ethanolamine (yellow), serine (gren), choline (red) and sphingomyelin with a choli@ head group
(brown) (70).

SM will not be further discussed here, and the tphmspholipids is used in this it will refer to
glycerophospholipids. The polar head group is amnagk the phospholipid class, and consists of
phosphoric acid attached at the sn-3 position (€igu8) by a phosphate ester bond and a complex
amino alcohol or amino acid bonded to the phosptwage second phosphate ester bond (69).

10
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sn-1

sn-2
sn-3

Figure 1.8 Glycerophospholipid structure with hydrgphobic fatty acids (yellow) attached to position sfi and -2 on the
glycerol backbone (blue), and sn-3 is the positiowhere the hydrophilic head group binds to the phospate group with
a phosphate ester bond (69) .

The most common amino alcohols are choline anchetamine, and the most common amino acid is
serine. Their following molecular names are phosgigacholine (PC), phosphatidyl ethanolamine
(PE) and phosphatidyl serine (PS) (Figure 1.7)hHawospholipid class comprises several types of
phospholipids with the same polar head group, hth different aliphatic acyl side chains, most
commonly one saturated fatty acid (SFA) and onatumated fatty acid (69).

Glycerolipids and the following main subgroup glsmghospholipids are the most abundant
membrane lipids in higher animals (69). Phosphaépiwith their hydrophilic head group and
hydrophobic tail, spontaneously form bilayers inegus environment because of their amphipathic
nature (Figure 1.9) (70).

i
NI il § e

Figure 10-7b Molecular Biology of the Cell 5/e (© Garland Science 2008)

Figure 1.9 Left: A cross section of lipid bilayer ofthe membrane, the blue area represents an aqueoaavironment.
Right: The most abundant membrane lipids are phosph@ids with its hydrophilic phosphate head group am
hydrophobic fatty acid tail. The straight tail is a saturated fatty acid and the tail with a kink contans a fatty acid with
acis-double bond (70).

1.4.3 Fatty acid nomenclature and structure

For many fatty acids there are trivial names, niengymbols and systematic names. The shorthand
nomenclature common in GC analysis of fatty acidé ke used in this thesis. The shorthand
annotation system isACB n-X, whereA is the number of carbon (C) atoms in the fattyl atiain,B is

the number of double bonds andXn-s the location of the double bond when countiranf the
methyl end of FAMESs (71). Trivial names, abbrewat and numeric names of common fatty acids in
biology are listed in Table 1.4.

11



Introduction

Table 1.4 Fatty acid nomenclature often used in biogical and nutritional context.

Trivial name Abbreviation Numeric name
Palmitic acid - C16:0

Stearic acid - C18:0

Oleic acid OLA C18:1n-9
Linoleic acid LA C18:2n-6
a-Linolenic acid ALA C18:3n-3
Arachidonic acid AA C20:4n-6
Eicosapentaenoic acid EPA C20:5n-3
Clupanodonic acid DPA C22:5n-3
Docosahexaenoic acid DHA C22:6n-3

Saturated fatty acids (SFAs) contain no double baamd they are mostly straight chain structures

with an even number of carbon atoms. Examples afrally occurring SFAs are C16:0 and C18:0
(72).

Monounsaturated and polyunsaturated fatty acids Ki&Jand PUFASs) contain one or more double
bonds, respectively (73). In naturally occurringsaturated fatty acids the double bond hawgsa
configuration (Figure 1.10b) (69is is from Latin and means “on the same side”. Thetrmommon
MUFAs and PUFAs have an even number of carbon aténad®uble bond restricts motion at its acyl
chain location. Theis-configuration gives the chain an angle of 120 °Ghe average molecular
shape, as shown in Figure 1.10b. Unsaturated fattids with cis-configuration are less
thermodynamically stable and have lower meltinghfmthan SFAs with the same carbon number
(72).

Hyrophilic Hydrophabic

{a) Stearate ion

Ox . B B . .
o ’-U i H:-U Hzl_:H:-U H:-H H2|_: H:-H H:'._. H2|_: H:'._. H:'._. Hzl_:H:-U H:.H H2I_Z H:-H H:.H H3
Felar head Hydrocarbon tail
gqroup

Stearate ion
H H
O o et e et o g
a 5 Plsle HEI"' H2|__H2.H HE"" H2|_. HE"" H:'., = HEI"H 2|_.H2|_.H2-H H2I_. H2|_. H:._' H 3
(s] Oleate ion
{b) Cleateicn {e) Formulas

Figure 1.10 Structures (a,b) and formulas (c) fortie ionized forms of two of the most abundant fattycids in animals.
The hydrophilic head groups are marked in pale blueand hydrophobic tails in yellow. Oleate ion has oneis double
bond (69).
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Fatty acids are weak acids and present in theimémform (RCOQ at physiological pH, as shown in
Figure 1.10 (69).

1.4.4 Serum lipids and serum phospholipid fatty aci d composition

The percentage distribution of the major phospliwligasses in blood plasma is reported to be PC
(70-72 %)>SM (16-21 %)>PE (2-4%)PS (2 %)>other minor phospholipids (74). Fattydaawvith a
chain length from C8:0 to C26:1n-9 have previousBen identified in plasma (75). The most
abundant fatty acids found in plasma phospholipigse C16:0 with a median of 24.8 percentage
weight of total fatty acids (wt%) with range 21.9:2 wt%, C18:0 [13.8 (10.6-16.9) wt%], C18:1n-9
[7.8 (6.3-13.3) wt%], C18:2n-6 [23.0 (17.1-29.1P4it C20:3n-6 [3.3 (1.5-5.5) wt%], C20:4n-6 [11.6
(7.0-17.1) wt%], and C22:6n-3 [3.1 (1.9-4.6) wt%p]). These findings are confirmed in a review
where 16 studies are compared and the most abufatignacids in plasma phospholipids were C16:0
[31.2 (26.3-38.5) mol%] and C18:2n-6 [21.9 (17.384mol%)]. The presence of C18:0 [14.3 mol%)]
was found to be larger than C18:1n-9 [10.1 mol%] @20:4n-6 [8.3 mol%] (74).

1.4.5 Fatty acid metabolism

Mammalian cells lack the enzyme that converts at6/facids to n-3 fatty acids. Cells are dependent
of two metabolically and functionally unequal, Yaticids provided through diet (77). The two
essential fatty acids (EFAs) are C18:2n-6 (linoleddd) and C18:3n-3 (linolenic acid) and they are
precursors for the n-6 and n-3 families, respelgti¢igure 1.11). Both C18:2n-6 and C18:3n-3 can
be converted to more important active members @fir thh-families through desaturation and
elongation (77, 78). The two EFAs are substratetlier same rate-limiting enzymes- and A5-
desaturase in the synthesis of PUFAs (78, 79).

n-6 n-3
linoleic series linolenic series
linoleic acid linolenic acid
CI8:2 CI18:3
desaturation
l AG l
C18:3 C18:4
Jr elongation l
C20:3 (GLA) C20:4
l desaturation l
C20:4 (AA) as C20:5 (EPA)
.l, elongation )
C22:4 c22:5 clongation oy
.l desaturation A B-desamrase l
A dedesatraze
C22:5 CE‘E:MDHA] C24:0
Beoxidarion

Figure 1.11 Desaturation and elongation of n-6 and-3 fatty acids. Both pathways are competing foA6- and A5-
desaturase, while the role oA4-desaturase is not clarified. Modified after Simopulos (80).

13



Introduction

These enzymes have a greater affinity for highlysaturated fatty acids in the order
C18:3>C18:2>C18:1 and should lead to a higher cdrnté n-3 fatty acid in tissues, but that also
depends on the ratios of the two EFAs provideduphnodiet (77, 78). Long-chained SFAs and
MUFAs can be endogenously synthesized from precsirswinly derived from carbohydrate, and
C16:0 and C18:0 is desaturated to C16:1n-7 and1@i%: respectively, by A9 desaturase. Fatty acid
ratios has been proposed as a measurement of I@ssagnzyme activity; C20:4n-6/C20:3n-6 i
desaturase, C18:3n-6/C18:2n-6 6 desaturase and both C18:1n-9/C18:0 and C16:1h6/WCor
A9 desaturase, but the use of these ratios is a@ngial when dietary fat intake is unknown (74).
There are several factors that may influence tttg &zid composition in serum phospholipids, sugh a
metabolic disorders, smoking, gender and enzymetgdor desaturases and elongases, together with
dietary intake (74).

1.4.6 Dietary intake of fatty acids

Lipids in the human diet are structural and stdiggids from animals and plants (78). The fatty acid
composition in serum phospholipids reflects diefatgke in previous weeks or months prior to blood
collection for a selection of FAs, notably long rtha-3 PUFAs and C18:2n-6 (9, 81). Most SFAs and
MUFAs can be endogenously synthesized; saturatebeaerived from carbohydrates and be further
derivatized to monounsaturates. In a study by Thiélet al. there was found no relation between the
amount measured in serum phospholipids and digtdake of C16:0 and C18:0. C16:1n-7 and
C18:1n-9, which are products of the two SFAs, wdirectly related to dietary intake of C16:0 and
C18:0 (81). C20:5n-3 and C22:6n-3 levels in serum eonsidered as biological indicators of
nutritional status (82). The plasma phospholipid):6n-3 and C22:6n-3 are both shown to be

effective biomarkers in response to dietary intakd supplementation of the corresponding FAs (83).

An n-6/n-3-ratio of approximately 16/1 is normaltive Western world diet today, compared to a 1/1-
ratio during early human evolution. The elevatdibrs caused by a high percentage intake of cereal
grains like maize, rice and wheat and vegetabld sds, all rich in n-6 fatty acid, and modern food
preparation methods used by the food industry (B#h and fish oil are rich in n-3 FAs, especially
C20:5n-3 and C22:6n-3, and an increase in n-3 ateteease in n-6 FAs in diet leads to replacement
of n-6 FAs in cell membranes by n-3 FAs (77). Theréased shift in n-6/n-3-ratio is linked to

inflammation symptoms and pathogenesis of manyadiese (77).

The dietary intake of fat from different food soesds often assessed by using self-reporting method
like validated food intake questionnaires. Thesethods are associated with a substantial
measurement error (85). Measurement of the fatig aomposition in serum phospholipids is
objective and potentially independent of thesersrrbut the fatty acid composition may be affected
by other factors than just dietary intake. Nonligt factors that contribute to the fatty acid

composition are endogenous metabolism, geneticgoachd, metabolic diseases and other lifestyle
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factors (86), and results from analyses of serunspholipid fatty acids should be interpreted with

caution.

1.4.7 Serum and spermatozoa phospholipid fatty acid s versus semen quality

Fatty acids in sperm and seminal plasma versus sperm quality

Several studies concerning fatty acid compositioseminal plasma and spermatozoa membrane have
shown that C22:6n-3 is significantly lower in olmpwspermic and asthenozoospermic compared to
normozoospermic men (68, 87) and the ratio of PUERAs was lower in men with decreased sperm
quality compared to men with normal sperm qual@y, (82, 88). Asthenozoospermic males are also
shown to have a higher spermatozoa n-6/n-3-ratin tformozoospermic males (68, 82, 89). Normal
sperm motility is shown to positively correlate kvithe amount of C22:6n-3 and total PUFAS in
spermatozoa (67, 88). Some studies also found fisigni positive correlation between sperm

morphology (87), sperm concentration and the amofi822:6n-3 in spermatozoa (68).
Fatty acids in serum versus fatty acids in sperm and seminal plasma

A study on the effects of C22:6n-3 supplementafimimd increased serum and slightly increased
seminal plasma phospholipid C22:6n-3 levels. Tioeeased C22:6n-3 levels in serum and seminal
plasma did not seem to affect the incorporatiol€B2:6n-3 into spermatozoa phospholipids (90). A
study on rabbits reported that a diet with incrdas&/n-6-ratio led to a rearrangement of sperity fat

acid composition and a twice as high n-3/n-6-ratisperm membrane phospholipids compared to the
control diet group (91). Safarinejad (2009) reportieat 32 weeks of n-3 fatty acid supplementation

gave an increase in C20:5n-3 and C22:6n-3 levedsimnal plasma and spermatozoa in humans (92).
Dietary fatty acids and semen quality

A correlation between fatty acid status in serum gperm quality is not yet established. An analysis
of human phospholipid fatty acids in serum, semplatma and spermatozoa found similar C22:6n-3
levels in serum of normozoospermic and asthenozsosp males, suggesting a similar intake of
dietary C22:6n-3. Levels of the same fatty acidéminal plasma and spermatozoa were lowered in
the asthenozoospermic males, maybe due to a mietadérence rather than dietary variations (82).
Early studies in rats showed that an EFA-deficdint lead to degeneration of seminiferous tubules
and absence of spermatozoa in the lumen of semoosetubules and epididymis (66). A study on
benefits of different dietary n-3/n-6-ratios on maht reproduction function showed that a ratio of
1.52 gave increased sperm density, motility andwarhof morphologically normal sperm compared
to both higher and lower ratios. The ratio of 1820 led to other improved reproduction function
parameters, including improved serum reproductimamone levels (93). Two recent human studies
found that a high intake of SFAs seems negativetyetated to sperm concentration and total sperm

count (94, 95). One of the studies also found diretery intake of n-3 fatty acids positively coatd
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with sperm morphology (95), while the other studyurid that a high intake of energy from

monounsaturated fat was associated with lower p&age of sperm with normal morphology (94).

16



Methods; Introduction and theory

2 METHODS; INTRODUCTION AND THEORY

Fatty acids in biological sample material are tiadally analyzed with gas chromatography (GC)

after being extracted and trans methylated to tatty acid methyl ester (FAME) derivates (71,.96)

2.1 Sample preparation

2.1.1 Lipid extraction

Extraction involves transfer of a solute from or@age to another, often with the purpose to isalate
concentrate an analyte. The most common procedusxtraction of an aqueous solution with an
organic solvent, and in this study chloroform-mettiavas used to extract lipids from serum. Lipids
in hydrophobic structures like membranes can regdwil extracted by a non-polar solvent, while non-
polar lipids surrounded by polar regions, or somelmund in a structure protected from the non-
polar solvent, will not be extracted. Chloroformtirenol is a polar-nonpolar solvent system that
results in a quantitative extraction of lipids. Témvent system also denatures proteins and rdaults
an insoluble protein residue that easily can beadited. Unsaturated fatty acids must be protected
against autoxidation during extraction and two atgionary approaches are 1) keep the sample and
extraction solvent cold and 2) add an antioxidanthte solvent system before sample material is

introduced. Sample material should be stored irf@prior to extraction (97, 98).

2.1.2 Lipid fractionation

The separation of lipid fractions with ion-exchamiomatography is based on differences in polarity
between the lipid classes. Polarity determinesigree of interaction with the functional grouptho
stationary phase. The stationary phase is in thdysa non-polar matrix with positively charged NH
groups added; an anion-exchange matrix that rédttin acids. Solvents lower the affinity for lipits

the stationary phase and wash lipids out of tharool Lipid classes are separated by adding solvents

of varying polarity (99).

2.1.3 Derivatization of fatty acids

Fatty acids have the ability to make hydrogen bonilk the stationary phase in capillary columns
used in GC. Hydrogen bonding leads to slow equiliarprocesses and results in long retention times
(100). Polar fatty acids are also unstable at igh temperatures used with GC. To avoid hydrogen
bonding and degradation of unstable, polar fattgsathe phospholipids are transmethylated to stable
derivatives of fatty acid methyl esters (FAMES)dwyd catalysis with methanolic HCI. The hydrogen
atom in the hydroxyl group of the fatty acids iplexed with a methyl group (GHR' in Figure 2.1)
(101).
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Figure 2.1 General mechanism for an acid-catalyseekterification of fatty acids (102).

All fatty acids are esterified at approximately geme rate by methanolic HCI, so differential Issse

of specific fatty acids during the esterificatidagsare unlikely (102).

2.2 Gas chromatography (GC)

2.2.1 Principles of gas chromatography

GC is a separation method where compounds areategabpy distribution between two phases; a
gaseous mobile phase and a liquid or solid statyophase. The separation takes place in a heated
column. There are two main modes of GC dependingype of stationary phase; 1) gas-solid
chromatography where the stationary phase is d saolsorbent, and 2) gas-liquid chromatography,
where the stationary phase is a non-volatile liqai@B, 104). To be separated on a gas chromatograph
analytes must be sufficiently volatile and staltléha high temperatures used during analysis (105).

A gas chromatograph is composed of an injectogiiga port, a heated oven where the column is
placed, and one or more detectors. The chromatbgisagonnected to a computer with relevant
software to process and display the results. A rsalie presentation of a gas chromatograph is

displayed in Figure 2.2.

Flow Injection
controller port
7 i
{J(} Recorder
Column_] | S
Detector

Column oven
Carrier Gas

Figure 2.2 A schematic presentation of a gas chrortgraph (106). The carrier gas transports the vapoded sample
from the injection port through the heated column ad to the detector.

Sample material is introduced to a heated injecport and rapidly vaporized. Vaporized sample

material is transferred from the injector on to dodumn by a chemically inert gaseous mobile phase,
often referred to as the carrier gas. The most comlyrused carrier gases are helium (He), nitrogen
gas (N) and, in fewer cases, hydrogen gas)(Ahe selection of carrier gas depends on detested

and desired resolution. The correlation betweenmol efficiency and gas velocity is given in van
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Deemter’s plot for nitrogen, helium and hydrogerFigure 2.3 (103). Height equivalent theoretical

plate (HEPT), also called plate height, is mainffieeted by mass transfer of analytes between the
stationary phase and the mobile phase during depar®late height can be described as the lerfgth o
a column needed to achieve one equilibration ofyém®#etween the mobile and stationary phase. The

smaller the plate height, the narrower the bandhn(tio4).

HEPT (mm)

N L L )
20 40 60 80
carrier gas velocity (em/sec)

Figure 2.3 Van Deemter's plot showing optimum carmer gas flow to obtain maximum column efficiency. HER
(height equivalent theoretical plate), is mainly dected by mass transfer of analytes between the sianary phase and
the mobile phase during separation, and low HEPT giwehigh column efficiency (105).

Stationary phase is chosen based on its chemiaghcteristics. The stationary phase should fatglita

interaction with analytes so they are separatekinvitn acceptable analysis time (107). Intermobecul

forces between stationary phase and sample analebased on Coulombs law; like attracts like.
The distribution ratioK) of analyte between carrier gaSyf) and stationary phas€g) determines

the analytes retention time (equation 1).

Equation 1

K= &

Cup
Analytes with high solubility in the stationary @eawill progress slowly through the column and
conversely; analytes with low solubility will traveith the carrier gas and elute eatyis dependent
on temperature, analyte vapour pressure and areffjmity for the stationary phase. When column
temperature rises relative retention decreasesnalytes in a sample elute closer together (107). A
detector registers analytes as they elute fromctthemn. The signals registered by the detector are
converted to peaks in a chromatogram. The chromatoglisplays retention time and signal strength,

which is further used for identification and quéingtion of analytes (108).
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2.2.2 Instrumentation

Injection techniques for GC

A split/splitless injector is the most common ingctype for capillary columns (Figure 2.4). A
split/splitless injector makes it possible to sWwitsetween two injection modes depending on sample
concentration. Splitless is an injection technidoetrace analysis and splitless means all injected
material is transferred to the column. Split inj@ctis used for samples with relatively high analyt
concentration. Both injection modes are held a&naperature high enough to vaporize sample material
and solvent, and the temperature is held constangh out the GC run (105).

The split / splitless injector

Fubber septum
= Septum purge outlet

1B

Carrier gas

inlet ]
% L —— Split outlet

Heated metal block —

YYapourisation chamber

Glass liner

- | Caolumn

Figure 2.4: Split/splitless injector where samples vaporized and transferred to the capillary columnby an inert
carrier gas (109).

A challenge when using splitless mode is the loagdfer time of the analyte from the vaporization
chamber to the column inlet, due to the reducedflgasin the injector during the splitless transfer
time. This results in excessive band broadeningaskample refocusing techniques are used. The
most common refocusing technique is “solvent effeoften in combination with the use of a
retention gap. A retention gap column can minimmnd broadening and refocus analytes. A
retention gap contains no stationary phase antutesl silica tube is deactivated to avoid any &raly
retardation. Non-volatile analytes condense in tbgntion gap to avoid contamination in the
analytical column. The column temperature shouldapproximately 40 °C below solvent boiling
point, and the low initial column temperature ahd tetention gap leads to solvent focusing. Solvent
condenses at the column inlet and analytes ar@ddan the solvent (“solvent effect”). When the
temperature rapidly increases solvent is vaporaad analytes are focused to a narrow band before

they are transferred on to the analytical colun@8(1.10).
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Capillary columns

Analytes in a sample are separated in a heatethoollioday open tubular capillary columns made of
fused silica dominate. There are three differemnofubular columns based on the shape and type of
the stationary phase; wall-coated (WCOT), supposted (SCOT) and porous-layer (PLOT). WCOT
has a liquid stationary phase coated on the iriidiee column and was used in this study, so WCOT
will be further described in this text. A colummtgh is between 15-100 m, with 30 m being the most
common choice. A long capillary column providestéetesolution, but also longer retention times
and more time consuming analysis. Column inner dtamis often between 0.10 and 0.53 mm.
Narrow columns gives better resolution, but reqaitegher pressure and have lower sample capacity
than wider columns. Width of the column also depeod detector type, a mass spectrometer gets
overloaded when using a column with diameter >0r82. A capillary column consists of a fused
silica coated with heat resistant polyimide (FigRr&), a material that provides mechanical stretgth
the long and thin column (105, 108).

Polyimide coating

Fused silica

Figure 2.5 Cross-section of a capillary column shaowg the
stationary phase coated on the inside wall of a fad silica
column with polyimide coating (111).

Thickness of the stationary phase can vary withiargge of 0.1-5 um, but 0.25 um is standard. A
thick stationary phase increases sample capacityretention times, and is mostly used for volatile
analytes (108). The combination of long capillaojuenn and a thin film of liquid stationary phase
attached to the inner wall results in high resolutigreat sensitivity and shorter analysis time4j10
BPX70 (SGE International), the column used in 8tigdy, is a long capillary column. The columns
stationary phase consist of 70 % dicyanopropyl 3d%tethyl polysilphenylene-siloxane (Figure 2.6)
(112).

CN
CH H
o—gi M/ E ’ o—i?Hz}g
1 Py |l [
CH, CH, ngﬂa
X M

Figure 2.6 70 % Dicyanopropyl 30% Dimethyl Polysilfnenylene-siloxane (112).
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BPX70 is a polar phase column (Figure 2.7) desigesgzbcially for separation of FAMES. The main
advantage of a polar stationary phase compareestodolar stationary phase is their high resolution
capability of unsaturated FAMEs (96). The high heson capability may be due to interaction
between pi bonds in the stationary phase phenymand double bonds in unsaturated FAMEs (113).

[ZJ—_-_+-

BP1 / BPE1 BPS HTS HT& BPXIS EPE-violaties Cgli] BP0 BP225 BP20 WAX) EP21 BPX390
SolGel-1ms™  BFXS BRS04 BPE24 (1701) SolGeHWAX™  (FRAR)

BF1-PONA  BFSMS
Figure 2.7: Polarity scale for columns made by SGEnternational. BPX70 is a polar phase-column, markedvith a red

circle (114).

INCREASING POLARITY —»

2.3 Flame-ionization detector

2.3.1 Principles of flame-ionization detector

Flame-ionization detector (FID) is a mass sensitiegector that responds proportionally to the
number of carbon atoms in a compound and is ofted dor general routine analyses (107). FID is
sensitive to a wide range of organic compounds,hibt significantly affected by temperature and ga
flow fluctuations and has a linear response coges&ven orders of magnitude (1(96). The limit

of detection (LOD) for FID is approximately #g/ml and the lowest LOD is achieved whepisl
used as carrier gas (107, 108). Occurrence ofdatans like O and S, and halogens in a compound
will lead to reduced response in the detector. étDnot detect compounds such gs G, Ny, NO,,
NHs, H,S and CQ@(107). HO is not detected, but may interfere with otheeditble compounds that
elutes at the same time (103). Figure 2.8 shovharsatic display of a FID.

Flame lonizaton Detector

N Collectar electrode
Flarme ignition

coil

+300%
Palarizing valtage

Airj ——— <—Hydraogen

Column

Figure 2.8 A schematic display of a flame ionizatiodetector, where gaseous sample eluted from thelemn is burned
in a flame of hydrogen and air (109).
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Hydrogen is introduced to the column eluent. Thg meets the air stream and the sample is burned
in a flame of H and air (1:10) (105, 108). When an organic compdounrns in the flame it produces
ions. Carbon atoms produce CH radicals that anegffitato further produce CHQons and electrons

as shown in equation 2:

Equation 2:

CH+0 - CHO" + e~

Only 1 in 16 carbon atoms produce an ion, but ion productioprigortional with the number of
available carbon atoms burned in the flame (C nbaayl- and carboxyl groups will not produce CH
radicals) (108). Between the flame and a colleetectrode a current of TOA flows when there is no
organic compounds present. Burning of moleculesainimg carbon atoms produce a current 6t*10
A and the collector registers the alteration. Therent is converted to voltage and the detector
amplifies and translates the signal to a digitghal and displayed by the GC software in form of a

chromatogram (108).

A disadvantage with the FID is the lack of selattivthe detector responds to most carbon atom
containing compounds. This is a challenge when texngample material is analyzed. GC with mass
spectrometry (GC-MS) will might be a better alteivea for identification and quantification of

FAMESs in complex samples (115).

2.3.2 ldentification of FAMEs analyzed with GC-FID

Retention times are affected by several parametbes)ges in temperature, flow-rate, column length,
choice of stationary phase and film thickness. Raia time is not comparable between different

columns, so identification of eluted compounds nagsperformed when test condition changes (107).
The elution order of FAMEs depends on the polasftyhe stationary phase. In general, FAMEs with

the lowest molecular weight elutes first. For unsasted FAMES the retention time will increase with

increasing number of double bonds. FAMEs with #mea number of double bonds the fatty acid with
double bond furthest away from the methyl end wefilte first, as displayed in Figure 2.9. When a
highly polar column like BPX70 is used, FAMEs wighhigh number of double bonds is strongly

retained and C22:6n-3 elutes after C24:0, in syitewer molecular weight (96).
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€20:0 C20:1n-15 C20:1n-12 C20:1n-9

Figure 2.9: FAMEs with the lowest molecular weight kites first. For unsaturated FAMEs every additional double
bond leads to increased retention time, and if sam@mount of double bonds, FAME with double bond furthest from
to the methyl end (n) elute first; C20:0<C20:1n-15€20:1n-12<C20:1n-9.

There are several ways to identify unknown peaksa ichromatogram. Identification of unknown
FAMEs can be performed by comparing their retentiores to retention times of known analytes. A
commercially available purified standard solutionnatural products containing a spectra of well
characterized fatty acids can be used for retentiime comparison, assuming reproducible test
conditions (96).

Alternative ways to identify unknown peaks in aahatogram are 1) relative retention time
(RRT), where the ratio between a reference peahktien time and the unknown peak retention time
is calculated and compared to ratios for FAMEStarature, 2) equivalent chain length (ECL) where
the unknown peak is placed relative to straighirclsA peaks (C16:0, C18:0 and so on). Calculated
ECL value is compared to ECL values in literatund 8) Kovats retention index (RI), where retention
time of an analyte is related to retention time lfoear alkanes. The latter option is not commonly
used for identification of FAMEs (96, 107). A teature that makes identification of unknown peaks
more reliable is retention time locking (RTL), afiere of the Agilent ChemStation software used in
this study. A compounds retention time shows sigaift variations from run to run, due to
fluctuations in GC-parameters such as pressuret@mgerature, and decomposition of stationary
phase. RTL minimize the effect of these variatidR$L is based on that small adjustments in inlet
pressure during analysis will keep retention timghiv a very narrow time range to the desired
retention time (116). Even with the use of RTL,ntication of unknown FAMEs with GC-FID is
sensitive for contaminants behaving like FAMEs niiifecation of unknown analytes should therefore

be confirmed with mass spectrometry (96).

2.4 Mass spectrometry

Gas chromatography combined with mass spectron@@¢MS) is an analytical technique used for
separation, identification and quantification ofg@nic compounds in complex samples. GC separates

analytes in complex samples and MS give qualitatind quantitative information that can lead to
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identification and quantification of analytes (11A) schematic display of a mass spectrometer is

shown in Figure 2.10.

Sample Introduction

!

| lon Source DI Mass Analyser D

High Vacuum

Detector |

Figure 2.10 A schematic display of a mass spectrometer. Samptute from the GC-column and analyte molecules are
fragmented and ionized by the ion source. Fragmentare separated according to their mass-to-chargetio, detected
and displayed as a mass spectrum.

To obtain a mass spectrum, gaseous sample matkriatl from the GC-column is ionized. lons are
accelerated by an electric field and separatedrdizgpto their mass-to-charge ratio'g) (118) If all

charges are +IyWzis numerically equal to the mass.

2.4.1 lonization techniques

The ionization technique used in this study wastede ionization. When the gas-phase eluate enters
the MS molecules are ionized by electron ionizatiél). El is the most commonly used ionization
technique in GC-MS. A heat-induced beam of elestr@# from a hot filament are accelerated
through a 70 V electric field before they come noxpmity with the gaseous molecules eluted from
the GC-column. Molecules (M) absorb energy fronenattion with electrons and 12-15 eV (electron
volts, 1 eV = 96.5 kd/mol) provide enough energyidoization:

Equation 3:
M+e >M"+e +e”
70 eV ~55evV 0.1eV

M™ designates the molecular ion, which is a radicalvigth an odd number of electrons. Maximum
fragmentation occurs when the ionization potengi@pproximately 30 eV, so Mbften have residual
energy and break into both neutral and ion fragm€ht8). The reaction pathway in equation 4 is an
example of a general sequence of fragmentation,spgeeific fragment reactions depends of the

original molecule structure.
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Equation 4

Mt }_R,' my i my i most stable fragment ion (base peak)
whereR: is a radical fragmenimis ion fragments andis neutral molecules. The use of 70 eV secures
a reproducible EIl spectrum according to specifiacten pathways. The reproducible pattern of
fragments can be used for identification. El effi@y is only 0.01 % to 0.001 %, but despite the low
efficiency a very low analyte amount (pg-range)egiva spectrum that can be matched against
available mass spectral databases. A great adeamtdl the El technique is large commercially
available databases of El spectra, compared tar @vimézation techniques with smaller available
databases (119).

To increase the abundance of the molecular iom,etiergy of electrons in the ionization
source can be lowered to 20 eV, which will leadetss fragmentation. Another option is to change
ionization technique to chemical ionization. Cheghitonization is a soft ionization technique,
resulting in less fragmentation than El and is preferred ionization technique when studying

molecule masses (118).

2.4.2 Mass analyzers

There are several different types of mass analyzemsmonly used in combination with GC on the
market. Three common bench top alternatives arapsinission quadrupole GC-MS (QMF),
guadrupole ion trap GC-MS and time-of-flight GC-M$18, 119).

QMF was used in this study and is one of the moatraon mass analyzers, mostly because of its
robustness, low cost and usability (119). The quaale consists of four parallel electric poles. The
poles are arranged in pairs, so two poles across ach other have the same direct current pokentia
(positive or negative) and the two other polesdhpposite potential as shown in Figure 2.11. At the
same time a radio frequency oscillating voltagepsglied to all four poles, creating an alternating
electric field leading ions into oscillating trajeges as they move from the ionization chamber
towards the detector (118).
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Figure 2.11: An illustration of a transmission quadupole GC-MS (QMF). Gaseous molecules from the GCotumn
are ionized and lead into the quadrupole mass sepatior. Metal poles with pared electric potential (+/) give ions with
a certain m/z-ratio stable oscillations so it reaaks the detector. By varying the electric potentiatlifferent ions are
detected (118).

The chosen electric field allows only ions with @esific n/zratio to get stable oscillations and be
transmitted to the detector. By rapidly changingfages ions with differemtvzratio are sent to the
detector and a QMF can register 2-8 spectra pemsgeand covers a range of up to 4006@ units
(118).

2.4.3 MS data acquisition

Total lon Current chromatogram

A total ion current (TIC) chromatogram is constadtfrom the intensity of consecutively detected
mass spectra in a full scan mode for the ranga/sf/alues entered in the method. A TIC displays the
abundance of analyte as a function of retentiore tifinalysis performed in TIC-mode detects all
compounds in a sample, and provide limited inforomator complex samples where compounds may
co-elute. It is possible to extract the ion curreind singlem/z-value post-acquisition to obtain a mass
chromatogram, often called extracted ion chromatog(EIC). EIC can be used to visualize and
resolve suspected co-eluting substances, or tadeaean chromatograms of compounds of interest.
To increase selectivity and signal-to-noise ratio foth qualitative and quantitative purposes more

specific methods like selected ion monitoring (Siddh be used (119, 120).
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Selected lon Monitoring

The MS detector can scan a sample for one or aidew characteristic for target compound(s).
Selected ion monitoring (SIM) results in selectiv@omatograms displaying only the peaks providing
ions with the targetedvz-values. SIM is often used for trace analysis ancboinvenient because only
the information of interest is recorded, which Hssin a method with high selectivity. With SIM the
guadrupole analyzer toggles between the one ockmsenmz-values instead of full scan for a great
range ofm/z-values as with TIC. In complex samples like hursarum some FAMEs may coelute.
Co-elution can be recognized by ion traces anduting compounds can be separated by SIM if they
differ in ion fragmentation. More time to monitorfew m/z-values results in improved sensitivity,
lower detection limit and more defined chromatogma@ak profiles because the background noise is
decreased compared to TIC and EIC (118, 119). Mpsestra from SIM chromatograms cannot be
used for library searches because a complete spedrlacking. This is not considered a problem if
full scan analyses are performed for the same sammgiterial, while SIM is used specifically for
guantitative measurements for selected quantitadioth qualification ions based on the full scan

analysis.

2.4.4 Interpreting FAME mass spectra

When identifying an unknown analyte from a masscspen it is necessary to gather information
about the analyzed sample. Knowledge about origivllection and chemical and structural
characteristics will come in handy in the analytentification process. Mass spectra are read from
right to left and a mass spectrum for C16:0 is shawFigure 2.12. The molecular ion {Mgives us
the molecular mass of an unknown. If present, tbéeoular ion peak can be found to the right in a
mass spectrum (ion with the highestz-value) (120). If the M is not visible, its fragments are also
important clues to the structure of the unknowrBj1Examples are M18 (loss of HO), M*-31 (loss

of a methoxygroup), M43 (loss of propyl) and K474 (loss of a McLafferty fragment). An ion in a
mass spectrum is not represented with a single, grdka cluster of peaks where the peak with the
lowestm/z-value is the monoisotopic mass peak. The percemtgtionship between peaks relative to

the monoisotopic peak in a cluster can be usedentifying the elemental ion composition (118).
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Jlbunot:ance 74 methyl palmitate (16:0)
0 E|
03 CHAOOC. o o e,
80 ;
70 3 87 Mt
601 270
50
403
143
s ) G-
> - [M-31]
s 25 171 185 199 239
S T Y O W O O
1l ] .|||| Ik L L !|. ;
60

|
B0 100 120 140 160 180 200 220 240 260 myz
Figure 2.12: Mass spectrum of the fatty acid methyéster methyl palmitate (C16:0). The molecular ion &s m/z-value
of 270 (121).

The highest peak in a spectrum is called the basd @and in Figure 2.1&vVz 74 (McLafferty
rearrangement ion) is the base peak. A searchrinss spectral database against known mass spectra
often gives good clues to identify the unknown gigalSuccessful matches should always be verified
by analyzing the pure expected analyte to seeaif tiass spectrum is in accordance to the spectrum

from the database, as well as a to verify a matchétention time.

A large number of FAMEs often produce similar magectra and the molecular ion {Mis seldom
abundant. Even though the molecular ion often issmg, FAMEs provide a characteristic
fragmentation pattern and there are some featinas dive information about the identity of an
unknown FAME (122). Characteristic features for FBd/are listed in Table 2.1.
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Table 2.1: Characteristic feature$ that are of diagnostic relevance for interpretingmass spectra of FAMEs (71, 122).

FAME? Base M*° No ions Mass Mass relations to M
peak with m/z:  differences
m/z
X:0 74 weak (lower MW) 90, 103 43>41 (M-43)>(M-31)>(M-29)
visible (higher MW) 87>143
X:1 55 (d>6) Vvisible 90, 103 41>43 (M-32)>(M-31)>M
74 (d<6) 69>67(d>6) (M-32):M=~4:1
96>69 (d<6) (M-74)=~(M-116)
X:2 67 visible 75, 90, 41>43
103 81>95, 55, 82
X:3 79 visible 75, 90 41>43 M>(M-31)
79>67>80, 55, 93 M=~(M-98)(n-6)
80>93(n-6) M=(M-56) (n-3)
80<93(n-3)

150>149(n-6)
108<107 (n-3)
X456 79 weak 75, 90 41>43

79>91, 67 80, 93>55
80>93(n-6)

80<93(n-3)
150>149(n-6)
108<107(n-3)
150>161(n-6)
150<161 (n-3)

*FAMES sorted by number of double bonds and distémore the carboxyl end (d) or methyl end (n).

®The quantity of M is designated by weak (<2 %) gisible (2-50 %).

“The m/z-values in bold print have a relative abuncea>50 %.

*All features are verified within the chain lengtk) (range of C10-20 by Hartigs group (122), abovis tlange shifts in
details may occur.

The main challenges when identifying fatty acidsesated by GC lies in determination of the position
and geometry of double bonds of unsaturated fatitysa(71). The characteristics listed in Table 2.1
may confirm identification by retention time comigan with the use of standard solutions as

described in section 2.3.2.

2.5 Quantification of fatty acids

2.5.1 Internal standard method

Internal standard (ISTD) method provide the mosueate quantification for both GC-FID and GC-
MS (123). The use of an ISTD is a prerequisitectate analysis results to the situation as it wahke
original sample material, assuming that the come&ioh ratio between analyte and ISTD remain
constant during sample preparation and analysisor@dtography response to an analyte varies
slightly from run to run and the use of an ISTDIlwdrrect for differences in gas flow, sample artoun

injected, temperature fluctuations and other vimat The internal standard method is also a good
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choice when there are expected variations in thepkapreparation method that can lead to loss of
sample material and varying recovery of analytes Télationship between analyte and added ISTD,
and the detectors relative response to the two oangs, is usually constant over a wide range of
conditions (124). A high quality ISTD is a compouodemically similar to the analyte, so when
analyzing FAMEs the ISTD is often an odd numberéddME that is not present naturally in the
sample material. The ISTD should elute in an ab&lspace in the chromatogram near the peaks of
interest, and in most biological samples where Caéd C18:0 is predominant, C17:0 is a commonly
chosen ISTD, such as the ISTD wused in this study2-diheptadecanoyl-sn-glycero-3-
phosphatidylcholine (96). If the sample materiahtemns a great specter of fatty acids there might b
necessary to use several internal standards, a8 @hd C21:0 are possible choices. The ISTD is
added both to the calibration standards and to ampaterial, and goes through the sample
preparation steps (124). ISTD concentration shdaddin the mid-range of what is expected for

compounds in the samples (115, 123).

2.5.2 System performance

Retention factor (k)

The retention factork( previously called capacity factor) describes dbtual retention properties of
the stationary phase by adjusting the analyte tietetime with respect to the time needed by the
unretained solvent to pass through the column. rBiention factor is a more convenient way of
describing retention characteristics than the ibistion ratio K) described earlier. A high retention
factor describes a stationary phase with greaityld retain the analyte. The ChemStation software

(Agilent) used for GC-FID analyses calculate ratanfactor using equation 5:

Equation 5

Tr —To

k= T,

WhereTg is analyte retention time arig is retention time for the unretained solvent, bgitren in
minutes. Ak <1 means that the elution of analyte is so fest @im accurate determination of retention

time is difficult, while ak >20 indicates long retention times and a long tmalysis time (125).
Peak width and plate number

A peak in a chromatogram actually shows the digtiglm of analyte as a band when the analyte elute
from the column. The analyte distribution is aféttby small variations in injection, column
temperature and retention ability of the stationphase amongst others (100). The ChemStation

software calculates peak width at half peak heghtiation 6):
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Equation 6

Wso.0 = width of peak at height 50.0 % of total height

whereWs IS given in minutesThe half-height peak widthWs,o) can also be expressed as 2.35
sigma (2.36). Sigma is the standard deviation of the peak

The number of theoretical of separation steps, latep, in a columnN) designates the columns
separation capabilities. In other worélsdescribes the column efficiency. An efficient colutmas a
high N, little band broadening and lead to narrow peaka chromatogram (103). The ChemStation

software defines the number of theoretical plagem &quation 7:

Equation 7

2

N = 5.54( Tx )
WSO.O
Calculation ofN assumes that the peak has a normal distribution.
An alternative way of expressing the column efficig is by using plate heighH], as described in
section 2.2.1. The plate height is not dependerbbfmn length and can be used for comparison of
efficiency for column with varying lengths. The agbnship between plate height and column length

is displayed in equation 8:

Equation 8

=] =

whereL is the column length (104).
Resolution

Chromatographic separation of two adjacent peakan(lb) is defined by peak resolutioiR){ The
resolution is a quantifiable measurement on whethertwo peaks are resolved so sufficiently that
peak areas can be obtained (100). The ChemStaifbmase calculates resolution by using the half-

width method as showed in equation 9, pertainingetaksa andb, Trof peaka < Ty of peakb:

Equation 9

(zzis) (Trw) — Trea))

R =
Wso.00) + Wso.0)

Resolution for quantitative analyses should be >A.Besolution >1.8 indicate too much separation,

which can lead to band broadening of later elutiegks and long total analysis time (100).
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Peak symmetry

The analyte band moving through a column in a nbadrspersion elutes as a bell-shaped Gaussian

peak, as shown in Figure 2.13.

detector response

TR time

Figure 2.13 A chromatographic peak with an ideal @ussian shape (126).

If a part of the analytes in a band is more strpmegtained than predicted by the distribution rdik{,

for example due to hydrogen bonding, they will &lasiower through the column and form a tail on
the main peak; peak tailing. The opposite, peaktiing, is a result of analyte moving ahead of the
main band. Fronting peaks occur when the samplacitgpof the analytical column is exceeded. Peak
asymmetry is a measure of fronting or tailing ascemmonly used to describe peak shape. Peak
asymmetry is calculated by comparing peak halffgdat 10 % or 5 % of the peak height. On the

contrary, the ChemStation software only calculategak symmetry factor (equation 10):

Equation 10

p
= Baseline

ITin;e

a; +a,

Peak symmetry =

as + ay

wherea,_4 is area of the slice. The four areas are caladlaseshown in the Figure above equation 10,
where {4 is time of slice, His height of front inflection point, Hs height of rear inflection point and
H is height at peak apex. ChemStation does nat atat peak symmetry limits and the most important
factor is the quality of peak integration. Satisfyipeak symmetry must be evaluated within each
laboratory and adjusted to meet the requirementbefspecific analysis (oral communication with
Geir Skagestad, Matrix AS, Norway April"12013).
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Signal/noise-ratio and limits of detection and quantification

The mean noise level for a base line must be esitigll in order to calculate the signal-to-noisérat
and determine the limit of detection. Limit of detien (LOD) is defined as the smallest concentratio
of analyte that give a signal significantly diffatdrom the signal for a blank sample (noise, N24(L
LOD is commonly described as a signal that is thirees the noise for a sample (S/N>3). A signal at
the limit of detection is still too low to be acetely measured and the limit of quantitation (LO)
set to 10 times the N of a sample (S/N>10). Thdlehge is to achieve a reliable measurement of the

noise, and there are several techniques offeretifteyent software programs.

The ChemsStation software calculates N by usingtishes the standard deviation of the linear

regression of all data points in a given time range

Equation 11

N = 6 X std.dev

The slope of the linear regression is the drifth@ samples base line and when the six times daviat
method is used the calculated N is drift-correct®#d?7). See Figure 2.14 for illustration of the

calculation method.

"I , ==linear regression

Bx _ E
std.dev i

time

Figure 2.14 Noise is calculated as six times theastlard
deviation for the linear regression of the drift bythe
ChemStation software (127).

N is calculated for seven time ranges within thtaltanalysis time, defined by the software usee Th
time range closest to each peak is selected foakipise-ratio calculation. The Xcalibur software
used for GC-MS-analysis provided a different caltioh method. To be able to compare the LOD for
the two instruments ChemStation calculation prooedwas performed manually on the

chromatograms produced by the GC-MS.

2.5.3 Quantification of FAME analyzed with GC-FID

Quantification of FAMEs analyzed with GC-FID is adly determined based on the peak height or
area. Quantification is often based on calibratddutation procedures and two common methods use
external or internal standard(s). External stangamtedure use absolute response factors obtained

from a calibration with standards containing a knamount of FAMES, covering the concentration
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range expected in the unknown samples (128). latestandard method is a more robust

guantification method and is described in secti@nl2

2.5.4 Quantifiation of FAME analyzed with GC-MS

Quantification can be performed using any type ofiization technique and mass analyzer.
Quantification can be performed both in TIC and SiMde. In TIC mode the total signal for each
peak is used for quantification. In SIM mode, amgifcation ion is used to quantitate an analyte. A
guantification ion is present in abundance. Thentifieation ion can be uniquely characteristic &r
molecule, or present in several analytes as lontp@sare chromatographically separated. The base
peak is often used as a quantification ion. Quiaatibn ions must be well separated from matrix
interference. In biologic samples matrix interferermay be present for ions with'z-value below
200, which makes the selection of good quantiftcaions challenging because only a small percent
of the total ion current havevz-values over 200 (123). Qualifier ions can confittmat the signal
registered is due to a fatty acid and not interfees. Qualifier ions are set to lie within a spedif

percentage range of the quantifier ion to confine peak identity.

GC-MS has several advantages compared to GC-FIDh wbe want to perform qualitative and
guantitative analyses. With GC-MS good separat®mot as crucial as when using GC-FID;
characteristic ions can still be sorted by mass:-M&ECalso give a greater confirmation of analyte
identity. GC-FID methods are based primarily oreméibn times for identification. GC-MS provide
identification based on both the retention timessnapectra and matches found by searching mass

spectral databases contributes to confirm anadigetity (123).
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2.6 Aim of the HiIOA-study “Effect of overweight on male reproductive

function”
A relation between for overweight and prolongedetito fertilization has been established in females,
and the adverse effects may be reversible with weiss (20, 22). There are a number of studies on
male overweight and obesity, and their effect otenn@production function (4, 23, 30). As of today
there are few published studies investigating wdretheight loss will improve factors within male
reproduction function (6, 129). If results indicdteat weight loss will improve semen quality and
contribute to increased male reproduction functibare will be evidence to advise overweight men to

lose weight if they wish to increase chances oteosng.

The overall aim of the HiOA study is to investigdteverweight affects male reproduction function
by comparing overweight and obese men to normabhteinen. The HiOA study also explore
whether weight loss by diet, bariatric surgery andifestyle intervention can counteract possible

observed negative effects.

2.6.1 Ethical considerations

The research project is approved by The Regionahr@ittees for Medical and Health Research
Ethics (REC) and is reported to The Data Proteddffitial for Research. The Norwegian Directorate
of Health has approved establishment of a resdaodiank for collected sample material. The lower
age limit for participating in this study is 18 ysaand all participants have signed an informed
consent before data was collected. They have ¢ 0 withdraw from the study at any time, and
participant data will be deleted and collected dammaterial will be destroyed. Anonymized
published data will not be withdrawn. Participagés feedback on their test results if wanted aeg th
are recommended to contact their regular genergsighn if they want the results further

investigated.

Relevant legislation for this study is the Act ordital and health research (130) and the Act on

ethics and integrity in research (131).

2.7 Research material

2.7.1 Subjects and sample collection

Men with a BMI >25 kg/riwho had taken action to lose weight were recruitenh Grete Roede AS,
VG Weight club, advertisement in media, and atedédht training facilities before the start of this
master study. Men with a BMI >35 kg/mvho were going through a lifestyle interventiomgmam or
bariatric surgery were recruited from The MorbideSity Center, South-Eastern Regional Health

Authority, Norway, dep. Tgnsberg and Aker, and €effior learning and achievement (LMS) dep.
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Aker. Men with normal BMI (18.5-24.9 kgfnwere recruited by advertisements in media, aathfr
The Fertility Clinic South, Telemark Hospital, fromouples with known female factor as the cause of

infertility.

Participants to the study were enrolled over a tpadod of three years, 2009-2012. Men who lost
weight by self-induced life style changes or colidib life style intervention returned for a second
blood sample after weight loss and the second sesample three months later. The blood sample
will in that way reflect the blood status at eaglgermatogenesis. Participants who went through
bariatric surgery delivered the first blood and esansample before they underwent surgery and the
second set of samples after approximately one pestoperative. The overweight participants will

contribute as their own control group in regarthi effect of weight loss.

Twenty three men with normal BMI (18.5-24.9 kgjnwere recruited as a control group for
reproductive function and fatty acid status in sephospholipids. All participants were administered
a lifestyle and medical questionnaire when visitthg research facilities. Weight, height and waist
circumference, percent body fat and blood pressiese obtained during their visit. The semen
sample was provided by masturbation at home dreatdsearch facilities. Participants were asked to
refrain from ejaculation 2-7 days, preferably 3 gldyefore sample collection and to keep the semen
sample close to their body during transportatidre $emen sample was to be delivered within 2 hours

after collection. Blood samples were drawn at teearch facilities by authorized staff.
Sample material collected for research is store8@EC in a biobank at HIOA.

2.7.2 Semen analysis

All semen parameters except motility were perfornigdtrained staff at HIOA and determined

according to the World Health Organization (WHOBZ) procedures, described in a manual by
Nordic Association for Andrology in collaborationitiv European Society of Human Reproduction
and Embryology (133). Motility analysis were perfad at The Center for Reproduction Medicine at
Skane University Hospital (Sweden) and determinmmbialing to WHO procedures updated in 2010
(61).

Volume was determined by weighing and subtractimgweight of the empty tube, assuming that 1 ml
semen = 1 g. Sperm motility was performed by micopy and graded as follows; progressive
motility (PR), non-progressive motility (NP) and rimatility (IM). Total PR count is calculated by
multiplying the percentage score of PR with thalteperm count.

Vitality was determined by microscopy after eosigrosin staining to differentiate between viable
and non-viable sperm cells. Smears were Papanictéaoed before evaluation of morphology was
performed. Morphology was classified as defect he@d piece or tail, and presence of cytoplasmic

residues. Sperm concentration was assessed by asNgubauer Improved Haemocytometer after

37



Methods; Introduction and theory

liquefaction. Total normal sperm morphology is ctdted by multiplying the percentage score for

normal morphology with the total sperm count.

2.8 Aim of this master study

Studies on dietary fat intake and semen qualitygesiga negative relation between a high intake of

SFA and decreased semen quality (94, 95). Seruispplotipid fatty acids can in some degree be used

as a marker of short-term dietary fat intake (134jere is a lack of studies on serum phospholipid

fatty acid composition and semen quality and changeboth parameters after weight loss. The

general aim of this study was to:

(0]
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Optimize the method used to extract serum phogpidofatty acids and chemically modify
extracted fatty acids for GC-analysis.

Establish a qualitative and quantitative methodFAME analyses using a GC with flame-
ionization detector and ChemStation software fda g@ocessing.

Verify qualitative results by using GC-mass speuoety with Xcalibur software, and

compare flame-ionization detector and mass speetryroonsidering ability for identification

of FAMEs, and limits of detection and quantificatio

Investigate if BMI show associations with semen liggeor serum phospholipid FAME

composition, and explore whether levels of seruraspholipid FAMEs correlate with any
semen quality parameters.

Study what effect weight loss may have on the catipn of serum phospholipid FAME

composition and semen quality.



Experimental

3 EXPERIMENTAL

Chemicals, equipment and stock standard solutieed in this study are listed in appendix 1.

3.1 Serum phospholipid fatty acid preparation

A detailed step-by-step procedure for preparatioseoum phospholipid fatty acids for GC-analyses

can be found in appendix 2, a summary of the pna@=dis given in this section.

3.1.1 Lipid extraction

Lipids were extracted according to a method modifadter Folch (97). The method used was
modified and adapted to the sample material basedxperience from professor emeritus Hans J.
Grav (formerly University of Oslo) and work by Alméingen et al. 2007 (135). Each set up also
contained a method blank where neither serum riernal standard were added. Serum samples were
thawed at 4-6 °C. Fifteen pl butylated hydroxytole€BHT in 1 % ethanol, an antioxidant) and 200
pl serum were added to 20 times the sample voldmmel) of cold chloroform/methanol (2:1) in acid
washed glass tubes. 30 pl 1 mg/ml 1,2-diheptadgtaneglycero-3-phosphatidylcholine in
chloroform/methanol (2:1) was used as ISTD. The was vortexed for 30 sec and incubated in room

temperature for 30 min.

The sample solution was washed with four times gample volume (800 pl) of 0.9 % NaCl and
vortexed for 30 sec before 10 min incubation innndemperature. All test tubes were centrifuged for
5 min, 10 % U/min (~2500 rpm). The chloroform phases transferred to new test tubes by suction
and evaporated to dryness under a stream,otidids were dissolved in 300 pl n-hexane. 200 pl
were used for lipid fractionation, while 100 pl taining the total lipid profile were derivatized

without fractionation.

3.1.2 Lipid fractionation

lon-exchange chromatography was used to sepapaddractions. The method is based on work done
by Kaluzny et al. (99). Columns used were bondeasplcolumns (Supelclean TM LC-BMubes, 1

ml from Supelco, Bellefonte, PA, USA). Columns wergiilibrated with 4x1 ml n-hexane. 200 pl of

the total lipid extract was then added to the collvefore the columns were flushed with 4x200 pl
chloroform. Neutral lipids were eluted by addingl4ml chloroform/2-propanol (2:1) and the free

fatty acids by 4x1 ml 2 % acetic acid in ethyl ethboth eluents were discharged. Finally

phospholipids were eluted by adding 4x1 ml methamdthe columns.

3.1.3 Derivatization of fatty acids
The transmethylation method is based on work byhHes al. (101) and the experience passed on

from professor emeritus Hans J. Grav.
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Both total lipid and phospholipid samples were vasal to complete dryness undes aid resolved

in 1 ml benzene, 200 pl 2,2-dimetoxypropane and 3 M methanolic HCI, in that order. Solutions
were vortexed for 30 sec and left dark and in reemperature overnight. The following day solutions
were neutralized by adding 4 ml 6 % NaHC®AMEs were extracted in 2 ml n-hexane and
vaporized to dryness undeg.N'he extraction step was repeated three timespleamvere dissolved

in 200 pl n-hexane (blank samples were dissolvetDthpl n-hexane) and transferred to 100 pl crimp
vials. Before capping, air in the vials was repthegith N, to avoid deterioration of the sample
material. Phospholipid samples were stored until @@lysis, and total lipid samples are stored for
later studies, both in -80° C.

3.2 GC analyses of fatty acid methyl esters

3.2.1 Gas chromatography with flame ionization dete  ction (GC-FID)

To perform fatty acid separation in this study @08 gas chromatograph with flame-ionization

detector from Agilent Technologies (Santa Clara, CIK’5A) were used together with AutoSampler
7693 from the same company. Sample material wasteql in split less mode and split less time was
set to 0.7 min. After spilt less time the injecswitched to split mode with a split ratio of 1:4&n

increase of split less time to 1.0 min was inveg#d, but did not improve separation.

Injector temperatures of 25C and 280 C was tested, and the injection temperature wiate 280 °C

to avoid discrimination of long, less volatile FAMEThe injection volume was 1 pl. Nitrogen gas
(N,) was used as carrier gas with a gas flow of 14nml The GC was set to constant flow mode,
meaning the gas flow was kept constant during tirenalysis, while the column pressure shifted as a
result of increasing column temperature. Initialuoan pressure was 165.48 kPa. FAMEs were
separated on a 60 m0.25 mm polar BPX70 column with stationary phake thickness of 0.25 pm
(SGE International, UK). To minimize band broadeniand refocus analytes in the samples, a
precolumn from Supelco (Bellefonte, PA, USA) wasumed. Column temperature was held at 50 °C
for one minute, 19 °C below solvent boiling pointrithg injection to achieve a “solvent effect”. The
temperature program used to separate FAMEs igllist&able 3.1; total analysis time was 76.5 min.

Table 3.1 Temperature program used for separation oFAMEs from serum phospholipids on a flame-ionization
detector coupled gas chromatograph.

Temperature ramp °C/min °C Hold time (min)
Initial temperature 50 1

Ramp 1 40 120 3
Ramp 2 2 180 0

Ramp 3 1 220 0
Ramp 4 20 235 0
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3.2.2 Retention time locking

A retention time versus pressure calibration wadopmed to lock the optimized method. C17:0
FAME was the compound used for this purpose andater relocking procedures. C17:0 FAME is
easy identifiable, gives a symmetrical peak andeslin a critical part of the chromatogram. Five
calibration runs were performed under identicaldibons, except for varying inlet pressures listed
Table 3.2.

Table 3.2: Five different inlet pressures were usefbr retention time versus pressure calibration. Retntion time vs.
pressure-calibration was further used to retentiortime lock the calibrated GC-FID method used for FAME analysis

Calibration run Variants of target pressure Actual inlet pressure (kPa)
1 Target pressure — 20 % 132.00
2 Target pressure — 10 % 149.00
3 Target pressure (as nominal method pressure) 165.48
4 Target pressure + 10 % 182.00
5 Target pressure + 20 % 198.50

The retention time for C17:0 was registered forheam and the five pairs of inlet pressures and
retention times were plotted in ChemStation sofenss a part of the method.

3.2.3 Response factor

A 1 mg/ml total FAME concentration of the commeligiavailable standard solution GLC #411 was
spiked with FAME C17:0 to obtain a 40.0 pg/ml ISEbncentration. The spiked standard solution
was used in determination of relative responseofador saturated FAMESs to evaluate the response
dependence of GC-FID to the FAME carbon numbemmaieg to equation 12:

Equation 12

where RRF of an analyte is given in terms of thalyga area (4), the ISTD area (Amp) and the
concentrations of the analyte and the ISTRR 48d Gstp, respectively). GLC #411 is a mix of 31
equally weighed fatty acid methyl esters from NwekPrep (MN, USA) and list of the FAMESs can be
found in appendix 3.

3.2.4 Quantification of FAMEs

Three different stock solutions were used to premtandard solutions that covered all expected
FAMESs in the unknown samples; 1) cis-5,8,11,14 itésapentaenoic acid methyl ester (C20:5n-3),
2) methyl cis-7,10,13,16,19-docosapentaenoate :B022), both single standards from Supelco
(Bellafonte, USA) and 3) GLC #411. The ISTD thatswadded to all samples prior to sample
preparation was C17:0, as explained in sectionl3Phe ISTD added to standard solutions was
methyl heptadecanoate, a C17:0 FAME from Fluka yedl. Nine concentration levels of the
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standard solutions were used to provide calibratimves. Area of each FAME peak was calculated
and area ratio for the known analyte to the ISTDs wiotted against the corresponding known
concentration ratio by the ChemStation softwarear@@fication was performed by calculating pg/ml
FAME-equivalents in serum, with the assumption tkf@@ ISTD provided two C17:0 FAME-
equivalents when added to the serum samples (appéndThe area sum for a selected number of
FAMEs detected for all participants, with exceptmithe ISTD, was considered equal 100 %. The
percentage distribution of serum phospholipid FAMEss calculated based on the concentrations in

pg/ml and used for statistical analyses.

3.2.5 Gas chromatography with mass spectrometry

To verify qualitative results from the GC-FID, aentical analytical method was transferred to the
GC combined with a mass spectrometer (GC-MS). IHelias used as carrier gas at a constant flow
rate of 1.4 ml/min. 1 pl sample was injected intdpks mode, and the split valve was closed f@r O.
min and then opened to 1:50 split ratio. After 2iiiiie gas saver flow was set to a split ratio @01
For details on the temperature program used fopkaanalysis, see section 3.2.1 and Table 3.1. A 6
min solvent delay was applied to the method to éddeitecting the solvent peak. Analysis was carried
out using a BPX70 column as described in secti@?2. The quadrupole MS was operated with 70
eV electron ionization (El), and FAMEs were anatyzeith both TIC and SIM mode. In TIC mode
the data acquisition was performed in thierange from 35-420. Scan time was set to 4.0 sdt2vb
scans/sec in TIC. lons acquired during SIM wefe67, 74 and 79.

Mass spectra from the TIC chromatogram were useskelect the most characteristic ion pattern
belonging to each FAME. The ion pattern was usedeatify FAMESs with the highest selectivity by
comparing spectra with the common features listedrable 2.1. The most abundant ions were

selected to be able to perform quantification ofMEs in SIM mode at a later stage in the study.

3.3 Processing of raw data

Method blank samples were analyzed first and lasstefrery analysis sequence. The method blank
samples all presented small amounts of C16:0 ar@lOCHAfter several attempts to eliminate the
contamination without success it was decided teeimge the serum volume by a fourfold to be able to
perform blank subtraction. The average measureal (@gfor C16:0 and C18:0 was subtracted from
the measured area for corresponding peaks in fmamnicchromatograms. New concentrations (C) and
percentage distribution of FAMEs were calculatedusyng the equation given by the calibration

curve:
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Equation 13: C16:0

Ao Ceye.
€160 _ 1.34908 x —2%% _ 0.15637
AISTD ISTD
Equation 14: C18:0
Aria Ceia
180 1.38573 x 229 _ 0.15766
AISTD CISTD

Blank subtraction was performed prior to statidtao@alysis.

3.4 Statistical analysis

The cut-off level for statistical significance ihig master thesis wgs<0.05. Percentage FAMEs are
calculated based on quantified amounts (ug/ml),defihes percentage weight of a selection of nine
FAMESs detected in all participant samples set 1oaéd00 %.

In the cross-sectional study, participants werédéi into three groups according to BMI at baseline
(1: 18.5-24.9 kg/f 2: 25.0-29.9 kg/fmand 3:>30.0 kg/m). In crude analysis, non-parametric tests
were used for group comparisons due to the smaipkasizes. Median and range for all semen
quality parameters and FAMEs were calculated foetigpants in each group, and median for men in
the three groups were compared by using Kruskalli¥Vaest. Any statistically significant results
(p < 0.05) by Kruskal Wallis Test, were investigatedhafivllow-up Mann-Whitney U Tests between
pairs of groups to see which group that signifiadiffered from the others.

Semen quality is known to decrease with increasigg, and the parameters sperm motility and
normal sperm morphology are affected by abstin¢ince before semen sample delivery (136, 137).
The comparison of semen quality for men divided ifiree BMI groups was repeated with multiple

linear regression with semen quality parameterdegendent continuous variable and BMI groups as

an independent dichotomous variable, adjustechiotwo confounders age and abstinence time.

Multiple linear regression was also used to ingedd the participant group as a whole for
associations between semen quality parameters psndent continuous variable and BMI or

percentage FAMES as independent continuous variatljested for age and abstinence time.

The results from multiple linear regression arespreed with the unstandardized B-coefficient (B) an
the corresponding-value. The B-coefficient indicates the averagengeain the dependent variable
associated with a 1 unit change in the independanble after adjusting for other independent
variables (138). Residuals for semen quality patarsethat did not meet the distributional

assumptions of linear regression were square raosformed, log transformed, reflected and square
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root transformed or reflected and log transfornaghendent of the shape of the parameters original
distribution. The B-coefficient for transformed \abrles provide information on the average change in
the dependent variable associated with a 1 unitgdnén the transformed variable, and is difficolt t

relate to the real life situation. There is consabe controversy concerning back transforming of
adjusted variables, and back transforming was edbpned for results given in this master thesis.
The B-coefficient for transformed variables listedTables 4.11, 4.12 and 4.14-4.16 provide only
information on the direction of the associationga@/e or positive), not the average change in the

dependent variable as explained earlier in thiseec

In the longitudinal study, the percent weight legss calculated and participants were divided into
three groups; 1) low: <10 %, 2) highll0 % and 3) bariatric surgery with a following watigoss.
Median with 25-75 percentiles is provided for eaahable and Wilcoxon Signed Rank Test was used
to perform within-group comparisons of serum phadipid fatty acid composition and of semen

guality parameters at baseline and after weigtst los

Microsoft Excel 2010 and IBM SPSS for Windows (vans20.0) were used for statistical analysis.

44



Results

4 RESULTS

4.1 Analytical process

Blood and semen sample collection, and semen a@&wlygere performed prior to the start of this

master study. Sixty-one serum samples were prepar@@nalyzed using GC-FID. Statistical analyses
were done for semen quality and FAME data. Thrempsss from a total of two participants were

excluded based on disagreement in FAME identifoca{iwo baseline and one follow-up sample(s)).
All together 59 participants provided FAME chrongiams for further analysis. Nineteen of 59

participants provided FAME chromatograms both aebae and after weight loss.

Prior to GC-analysis serum phospholipid fatty adidsl to be extracted, separated and chemically
prepared. The sample preparation protocol was meadifom a four day- to the two day-procedure
described in section 3.1, and the amount of sersgd was increased by a fourfold to enhance analyte
recovery. After getting familiar with the ChemStatisoftware, a satisfying temperature program and
a calibration procedure were compiled for qualetand quantitative GC-FID analysis. Standard
solutions and four participant samples were andlyméh GC-MS to confirm FAME identity and
compare signal-to-noise ratio for GC-FID and GC-M®oth TIC and SIM mode.

Results from the method development are presentedation 4.2-4.5. Participant baseline results are

presented in section 4.6-4.7 and the effect of mdmss described in section 4.8.

4.2 Recovery of the internal standard
Recovery of ISTD expanded over a range from 29.9-88 with 32 of a total of 59 analyzed baseline

samples with a recovery higher than 50 %.

4.3 Optimization of gas chromatographic separation

The criteria parameters considered in the GC—FIBhatk optimization were to obtain the highest
resolution between the different FAMES, suitablakpategration and the shortest possible analysis
time. The retention times of FAMEs depends maimiytleeir chain length, number of double bonds
and double bond position as described in secti@22The optimal temperature program used for
FAME separation on a BPX70 column is described abl& 3.1. Baseline separation of FAMES in
GLC # 411 was achieved between 7 and 61 minutdsexiteption of the following FAMEs; C18:1n-
12, n-9 and n-7; C20:1n-15, n-12 and n-9; C22:2m& C22:4n-6. A chromatogram for 1 mg/ml total
FAME concentration of GLC # 411 is displayed inufig 4.1.
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Results

Figure 4.1 Chromatogram obtained for a 1 mg/ml tothFAME concentration of the standard solution GLC # 4.1,

where signal (pA/s) is plotted against time in mintes. GLC #411was used to calibrate the GC-method for

quantification of human serum phospholipid FAMEs. Al FAMEs in GLC #411 are equally weighted (3.23 wt%).
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The three peaks in the C18:1 fraction were visg#parated, but because of their structure sinyilarit
they eluted so close together that their retentime windows overlapped and they did not achieve a
satisfactory resolution for quantification (100helarea and concentration for C18:1n-12, n-9 afd n-
were combined for quantification and will be reéstto as C18:1 throughout this master thesis. Peaks
for the three variants of C20:1 showed a resolusiightly beneath the required 1.5, but were still
quantified separately (System performance, appes)dB22:3n-3 and C22:4n-6 co-eluted completely

and concentrations were combined for quantification

Two single standards were used to quantitate C28:8nd C22:5n-3 and their chromatograms are
shown in Figure 4.2. They eluted in the time windogtween C22:1n-9 and C22:2n-6, and C24:1n-9
and C22:6n-3, respectively.

C17:0

C17:0

C20:5n-3
C22:5n-3

g g P Y e o T T T T T LI B e S S S S s S e s

min min

Figure 4.2 Chromatogram obtained for the two singlestandards; A) C20:5n-3 and B) C22:5n-3, both uset calibrate
the GC-method for quantification of human serum phapholipid FAMEs. Concentration of each FAME was 32.3
pg/ml and the peak to the left in both chromatograre are the ISTD 40 pg/ml C17:0 FAME.

4.4 ldentification and characterization of human se  rum phospholipid

FAMES
Retention time locking and identification of FAMEs by GC-FID

Human serum phospholipid FAMESs were identified bynparing their retention times with those of
FAMEs in commercially available standards mentionedsection 3.2.4. Small fluctuations in
chromatographic conditions can affect analyte tedantime and may lead to misidentification. A
procedure for retention time locking (RTL) was penied to minimize shifts in retention time. RTL
resulted in closely matched retention times withaximum standard deviation of 0.007 minutes when
comparing 5 individually prepared replicates ofeausn sample (data not shown). Average retention
time and the relative standard deviation (RSD %)dentified FAMESs are listed in Table 4.1.
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Table 4.1 Average retention times (RT), standard deation and relative
standard deviation (RSD %) for identified FAMES in five replicates of
a serum sample.

FAME Average RT (min) RSD %

C14:0 20.934 0.012
C16:0 27.631 0.016
C16:1n-7 28.903 0.008
C18:0 34.227 0.018
C18:1 35.494 0.004
C18:2n-6 37.401 0.018
C18:3n-6 38.520 0.005
C20:3n-6 46.092 0.007
C20:4n-6 47.212 0.011
C20:5n-3 50.434 0.007
C22:5n-3 59.398 0.008
C22:6n-3 60.482 0.009

Identification of FAMEs by using GC-MS

MS detection was performed by EI both in full scande and SIM mode. The GC method used with
GC-FID was adapted to the GC-MS to be able to coenttee two detector types.

Mass spectra for peaks present in the GLC #41Hatdrsolution were compared to expected features
listed in Table 2.1. All features were compatibleept the expectation that'z 108<107 for n-3
FAMEs with three or more double bonds, which turoetito ben/z 108>107 for all n-3 FAMESs in
this study (see spectrum for C18:3n-3 as a reptathem example in appendix 6).

Four serum samples were analyzed with GC-MS ansksnspectra for each sample were
compared with both spectra from GLC #411 and exgukfgatures to confirm peak identification. The
peak identified as FAME C20:1n-9 by the GC-FID neethturned out to be an unidentified
contamination present in all four serum samplestasvn in appendix 6. FAME C20:1n-9 was

excluded from all participant result calculatiorsséd on this observation.

The theoretical elution order; 1) C20:3n-6, 2) G283 and 3) C20:4n-6 when polar columns are used
for separation of FAMEs was challenged when spefttim GLC #411 were compared with the
expected features. The results indicate that thgoel order was 1) C20:3n-6, 2) C20:4n-6 and 3)
C20:3n-3. EIC from the TIC chromatogram for the ewollar ion for FAME C20:3n{/z 320) was
performed and only peak 1 and 3 of the three FAMERe visible, which support the second elution
order. The TIC and EIC chromatograms are displatyeghpendix 6.
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4.5 Quantification of FAMESs in human serum phosphol

4.5.1 Response factors for FAMEs analyzed with the

GC-FID method

RRF for saturated FAMEs is plotted in Figure 418] &RF for C18 variants are plotted in Figure 4.4.
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C10:0 C12:0 C14:0 C16:0 C18:0 C20:0 C22:0 C24:«(
FAME

Figure 4.3 Relative response factors for a serie$ saturated FAMEs determined by GC-
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Figure 4.4 Relative response factors for a saturatikand unsaturated FAMEs with identical

chain length determined by GC-FID.
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4.5.2 Calibration and linearity for the GC-FID meth  od

To each calibration level 40 pg/ml FAME C17:0 ISWas added. A calibration curve of nine levels

was analyzed with duplicates of level 1, 4, 6 an@€@ncentrations for each level are listed in Table
4.2 and the calibration curve for C18:0 is dispthyreFigure 4.5 as a representative example. Tbe FI

calibration exhibited a linear response over th@enoncentration range examined (7.8-201.3 pg/ml)

Table 4.2 Nine concentration levels of fatty acid nibyl esters (FAMES) were used to make a calibratiorcurve for
quantification of FAMESs in unknown serum samples. 2Qul 1 mg/ml ISTD was added to all levels.

Standard Level FAME-concentration
1 7.8 pg/mi
2 15.5 pg/mi
3 23.2 pg/ml
4 31.0 pg/ml
GLC #411, EPA and DPA 5 61.9 pg/ml
6 92.9 ug/ml
7 123.9 pg/ml
8 154.8 pg/ml
9 201.3 pg/ml
C18:0 y =1,3942x - 0,163
R? =0,9936
8 -
7 *
6 4
B 5
<4
33
2 4
1 4
0 - T . T . T )
0 1 2 3 4 5 6
Cx/Cistd

Figure 4.5 Calibration curve for nine levels of C18 FAME analyzed with GC-FID with R? and the linear function for
the curve. Area ratio (A) is plotted against concdmation ratio (C) for FAME (x) relative to the inter nal standard
(istd).

The correlation coefficients (R?2) for the calibeaticurves were >0.99 for all FAMEs except C20:1n-
15, who had R= 0.971. The GC-FID method was recalibrated étereeks of analyzing, and area
ratio for the old and new calibration curve was paned by regression analysis. The compared area
ratios for C20:0, C20:1n-15, n-12 and n-9, C22:1ar@l C22:2n-6 presented a slope with 95 %
confidence intervals different from 1, hence aredios measured at the two time points are
significantly different at a 5 % level. Intercemintidence intervals all contain the value 0.0 arel a
considered not significantly different. Slope antercept for the compared areas are listed in Table
4.3, and calibration curves for both calibrationdth corresponding linear function and,Ran be

found in appendix 7.
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Table 4.3: Slope and intercept with standard deviatin and 95 % confidence interval (Cl) for area compdson curves,

comparing areas produced by first and second calilation of the GC-method.

FAME Slope std.dev Cl Intercept std.dev Cl

C8:0 0.99 0.01 (0.97-1.01) 0.01 0.02 (-0.04-0.06)
C10:0 1.00 0.01 (0.99-1.01) 0.00 0.02 (-0.04-0.04)
C12:0 1.00 0.01 (0.99-1.01) -0.01 0.02 (-0.04-0.03)
Ci2:1 1.00 0.01 (0.98-1.01) -0.01 0.02 (-0.05-0.04)
C14:0 1.01 0.01 (0.99-1.02) -0.01 0.02 (-0.05-0.03)
C14:1n-5 1.00 0.01 (0.99-1.02) 0.00 0.02 (-0.05-0.05)
C16:0 1.01 0.01 (0.99-1.02) -0.01 0.02 (-0.05-0.03)
Ci16:1n-7 1.01 0.01 (0.99-1.02) -0.01 0.02 (-0.04-0.03)
C18:0 1.01 0.01 (0.99-1.02) 0.00 0.02 (-0.04-0.04)
ci18:1 0.99 0.01 (0.98-1.01) 0.07 0.05 (-0.05-0.19)
C18:2n-6 1.01 0.01 (0.99-1.02) -0.01 0.02 (-0.05-0.04)
C18:3n-6 1.01 0.01 (0.99-1.03) -0.01 0.02 (-0.06-0.03)
C18:3n-3 1.01 0.01 (0.99-1.02) -0.01 0.02 (-0.05-0.04)
C20:0 1.03 0.01 (1.01-1.05) -0.03 0.03 (-0.09-0.03)
C20:1n-15 1.07 0.01 (1.04-1.10) -0.09 0.05 (-0.22-0.03)
C20:1n-12 1.01 0.01 (1.00-1.01) 0.00 0.02 (-0.01-0.01)
C20:1n-9 0.95 0.02 (0.91-0.99) 0.06 0.05 (-0.06-0.18)
C20:2n-6 1.00 0.01 (0.99-1.02) 0.00 0.02 (-0.05-0.05)
C20:3n-6 1.00 0.01 (0.99-1.02) 0.00 0.02 (-0.05-0.05)
C20:4n-6 1.00 0.01 (0.99-1.02) 0.00 0.02 (-0.05-0.04)
C20:3n-3 1.00 0.01 (0.99-1.02) 0.00 0.02 (-0.05-0.05)
C22:0 1.01 0.01 (0.99-1.02) 0.00 0.02 (-0.05-0.05)
C22:1n-9 0.95 0.01 (0.94-0.97) 0.00 0.02 (-0.06-0.07)
C22:2n-6 1.03 0.01 (1.02-1.04) 0.00 0.02 (-0.05-0.04)
C22:3n-3/C22:4n-6 1.00 0.01 (0.99-1.02) 0.00 0.04 (-0.08-0.09)
C24:0 1.00 0.01 (0.97-1.03) 0.00 0.02 (-0.09-0.08)
C24:1n-9 1.00 0.01 (0.98-1.01) 0.02 0.02 (-0.03-0.06)
C22:6n-3 1.00 0.01 (0.99-1.02) -0.01 0.02 (-0.05-0.03)

4.5.3 Limits of detection and quantification for GC

-FID and GC-MS

Limits of detection (LOD) are given in pg/ml for raumber of detected FAMEs (Table 4.4). All

methods are capable of detecting low concentratidriSAMES. When LOD for FID and MS were

compared, MS presented a lower LOD for FAMEs ua thain length of C22, while FID had a lower
LOD for C22-24. When MS was operated in SIM modeDL®Was improved by a factor of 2.2 to as
much as 57.7, rivaling both FID and MS-TIC. LOQalahowed the same trends anrdlalues (Table

4.5).
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Table 4.4 Limits of detection (LOD) for standard soltion FAMEs. LOD for GC-FID and GC-MS, and for the two MS
modes total ion current (TIC) and selected ion mondring (SIM), were compared and ratios for their LODsare given
to the right (ALOD).

GC-FID GC-MSTIC  GC-MS SIM* A LOD
Name LOD (ug/ml)  LOD (ng/ml)  LOD(pg/ml) FID/MS  FID/SIM TIC/SIM
C8:0 0.075 0.039 0.001 1.9 53.9 28.3
C10:0 0.086 0.048 0.001 1.8 58.0 324
C12:0 0.079 0.059 0.002 1.3 48.2 36.0
Ci2:1 0.084 0.051 ND 1.6 - -
C14:0 0.088 0.076 0.001 1.2 67.2 57.7
C14:1n-5 0.092 0.067 ND 14 - -
C16:0 0.106 0.081 0.001 1.3 71.4 54.0
C16:1n-7 0.110 0.069 ND 1.6 - -
C17:0 0.104 0.061 0.009 1.7 12.0 7.1
C18:0 0.115 0.075 0.011 15 10.6 6.9
C18:1 0.107 NS ND - - -
C18:2n-6 0.121 0.112 0.025 1.1 4.8 4.4
C18:3n-6 0.131 0.109 0.021 1.2 6.3 5.8
C18:3n-3 0.134 0.122 0.024 1.1 5.6 5.1
C20:0 0.151 NS 0.006 - 24.2 -
C20:1n-15 0.213 NS ND - - -
C20:1n-12 0.202 NS ND - - -
C20:1n-9 0.190 NS ND - - -
C20:2n-6 0.211 0.126 0.057 1.7 3.7 2.2
C20:3n-6 0.214 0.117 0.021 1.8 10.4 5.6
C20:4n-6 0.204 0.110 0.018 1.8 11.4 6.2
C20:3n-3 0.206 0.118 0.016 1.7 13.1 7.5
C22:0 0.221 0.358 0.019 0.6 11.8 19.1
C22:1n-9 0.235 0.356 ND 0.7 - -
C20:5n-3 0.189 NA NA - - -
C22:2n-6 0.238 0.338 0.036 0.7 6.5 9.3
C22:3n-3/C22:4n-6 0.147 0.271 0.047 0.5 3.2 5.8
C24:0 0.336 0.505 ND 0.7 - -
C24:1n-9 0.338 0.445 ND 0.8 - -
C22:5n-3 0.233 NA NA - - -
C22:6n-3 0.317 0.312 ND 1.0 - -

*m/z 67,74, 79

ND=Not detected because its base peak was notonedituring SIM mode analysis.
NS=Not separated.

NA=Not analyzed.
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Table 4.5 Limits of quantification (LOQ) for standard solution FAMEs. LOQ for GC-FID and GC-MS, and for the
two MS modes total ion current (TIC) and selected o monitoring (SIM), were compared and ratios for their LOQs
are given to the right ALOQ).

GC-FID GC-MS TIC GC-MS SIM * A LOQ
FAME LOQ (ng/ml)  LOQ (png/ml) LOQ (png/ml) FID/MS  FID/SIM TIC/SIM
C8:0 0.249 0.130 0.005 6.4 53.9 8.5
C10:0 0.288 0.161 0.005 6.0 58.0 9.7
C12:0 0.262 0.196 0.005 4.5 48.2 10.8
Ci2:1 0.280 0.170 ND 55 - -
C14:0 0.294 0.252 0.004 3.9 67.2 17.3
C14:1n-5 0.307 0.225 ND 4.5 - -
C16:0 0.355 0.269 0.005 4.4 71.4 16.2
C16:1n-7 0.368 0.232 ND 5.3 - -
C17:0 0.347 0.205 0.029 5.6 12.0 2.1
C18:0 0.384 0.250 0.036 5.1 10.6 2.1
C18:1 0.356 NS ND - - -
C18:2n-6 0.402 0.372 0.084 3.6 4.8 1.3
C18:3n-6 0.437 0.363 0.069 4.0 6.3 1.6
C18:3n-3 0.445 0.407 0.080 3.6 5.6 15
C20:0 0.504 NS 0.021 - 24.2 -
C20:1n-15 0.709 NS ND - - -
C20:1n-12 0.672 NS ND - - -
C20:1n-9 0.634 NS ND - - -
C20:2n-6 0.702 0.420 0.192 5.6 3.7 0.7
C20:3n-6 0.712 0.389 0.069 6.1 10.4 1.7
C20:4n-6 0.679 0.368 0.060 6.1 11.4 1.9
C20:3n-3 0.687 0.393 0.052 5.8 13.1 2.2
C22:0 0.738 1.194 0.062 2.1 11.8 5.7
C22:1n-9 0.784 1.186 ND 2.2 - -
C20:5n-3 0.631 NA NA - - -
C22:2n-6 0.794 1.125 0.121 2.4 6.5 2.8
C22:3n-3/C22:4n-6 0.489 0.905 0.155 1.8 3.2 1.8
C24:0 1.119 1.684 ND 2.2 - -
C24:1n-9 1.126 1.484 ND 25 - -
C22:5n-3 0.778 NA NA - - -
C22:6n-3 1.057 1.039 ND 3.4 - -

*m/z 67,74, 79

ND=Not detected because its base peak was notonedituring SIM mode analysis.
NS=Not separated.

NA=Not analyzed.
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4.5.4 Quantifier and qualifier ions for quantificat ion by GC-MS

Mass spectra from analysis of GLC #411 in TIC mede used to specify each FAMEs quantifier
ion, which was defined as the ion of highest abnndathe base peak). Two or three characteristic
ions of relatively high abundance were chosen adifegr ions. Quantifier and qualifier ions listéd
Table 4.6 can further be used for identificatiord ajuantification of unknown FAMES in serum
samples analyzed in by using GC-MS in SIM mode.

Table 4.6 Namem/z-value, quantifier (base peak) and qualifier ionsdr FAMEs in the standard solution GLC #411.

FAME m/z (Da) Quantifier ion Qualifier ions
C8:0 158 74 87, 127
C10:0 186 74 87, 143
C12:0 214 74 87,143,171
Ci12:1 212 74 55, 87, 138
C14:0 242 74 87, 143, 199
C14:1n-5 240 55 74,87
C16:0 270 74 87, 143, 227
Ci16:1n-7 268 55 69, 87, 236
C18:0 298 74 87, 143, 255
C18:1 296 55 69, 110
C18:2n-6 294 67 81, 95
C18:3n-6 292 79 67, 80, 93
C18:3n-3 292 79 67, 80, 93
C20:0 326 74 55, 87, 143
C20:1n-15 324 74 55, 96, 292
C20:1n-12 324 55 69, 74, 292
C20:1n-9 324 55 69, 74, 292
C20:2n-6 322 67 81, 95
C20:3n-6 320 79 67, 93, 150
C20:4n-6 318 79 67,91
C20:3n-3 320 79 67, 95, 108
C22:0 354 74 87, 143
C22:1n-9 352 55 69, 97
C22:2n-6 350 67 81, 95
C22:3n-3 348 79 67, 80, 108
C22:4n-6 346 79 67, 80, 150
C24:0 382 74 87, 143
C24:1n-9 380 55 69, 83
C22:6n-3 342 79 67,91

54



Results

45,5 System performance
Tables with results for all chromatography paramsetsed for describing system performance can be
found in appendix 5. A short extract of the resigdtgrovided in this section.

The retention factorkj increased with both increasing retention time ealibration level. Retention
factor for identified FAMESs ranged from 1.06 to 23.

Peak width \Wso0) increased with increasing calibration level. Peadithvvaried from 0.04 to 0.45.
Plate numberN) clearly decreased for most of the identified FAMEOm calibration level 5, and for

the remaining peaks from calibration level 6. Platenber ranged from 61518 to 716175.

The resolution factorR) was >1.00 for all peaks in GLC #411 chromatogfanm level 1-5. The
closely eluting peaks for C20:1n-15, n-12 and ra@ & resolution of 0.91 at level 6 and decreasing f

the remaining higher levels.

Peak symmetry factors were positively related taceatration for all identified FAMEs in GLC #411,
ranging from 0.57 to 6.11. All peaks had a symmeicyor beneath 2.5 for calibration level 1-5.

4.5.6 Precision and methodological variation

Three replicates of an intermediate concentratibrGbC #411 (31 pg/ml of each FAME) was
analyzed to determine the intraday analytical v@ma expressed as precision of the GC-FID method.
Mean area ratio for FAMEs, with respect to thenmé standard, was calculated and the variabitity f
each mean is presented as the relative standaiatideRSD %) in Table 4.7.

Table 4.7 Analytical variation presented as the reli@ve standard deviation for area ratios of a sele@n of FAMEs.

FAME Mean area ratio Std.dev RSD %
C16:0 1.079 0.001 0.1
C18:0 1.127 0.002 0.1
C18:1 3.246 0.007 0.2
C18:2 1.119 0.001 0.1
C20:3n-6 1.110 0.004 0.3
C20:4n-6 1.088 0.002 0.2
C22:6n-3 1.022 0.007 0.7

The intraday repeatability for the sample preparapirocedure and GC-FID analysis is expressed as
methodological variation. The methodological vaoatwas investigated by determining the mean
area ratio of FAMEs in five prepared aliquots oé thame serum sample. All five samples were
prepared and analyzed in the same setup. The nudtigochl variation is presented as RSD % and is
listed in Table 4.8.
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Table 4.8 Intraday methodological variation presentd as relative standard deviation (RSD %) for a seldion of
FAMEs.

FAME Mean area ratio Std.dev RSD %
C16:0 2.755 0.127 4.6
C18:.0 1.877 0.080 4.2
ci18:1 1.255 0.063 5.1
C18:2n-6 2421 0.118 4.9
C20:3 n-6 0.308 0.016 5.2
C20:4 n-6 0.947 0.051 5.3
C20:5 n-3 0.159 0.014 8.5
C22:5n-3 0.097 0.007 7.5
C22:6 n-3 0.477 0.026 5.5

4.5.7 External control of obtained analytical resul  ts

Nine carefully selected serum samples represerttieg variation of the study population were
analyzed at an external, GMP certified chemicalysmacontract laboratory (as Vitas, Oslo, Norway)
to confirm analytical results achieved in this stubline representative FAMEs from each sample
were compared and a percentage difference rangorg 0.0-4.0 % was observed within serum
phospholipid fatty acid composition for individusdmples (appendix 8).

4.6 Participant characteristics

At baseline, participants had a median age of 3b wirange from 22 to 61 years, and 62.3 % were
overweight or obese according to WHO criteria tiste Table 1.1. Median BMI was 26.6 (18.8-62.7)
kg/n?. Table 4.9 presents the baseline characterisicenen attending this study divided in three
groups based on their BMI. When results are furtiescribed in the text, they will be referred tp as
group 1 (BMI 18.5-24.9 kg/f, group 2 (BMI 25.0-29.9 kg/fh and group 3 (BMI=30.0 kg/m).
Ethnicity is not listed in the table because 99.8f%he men were Caucasian.

Table 4.9 Baseline characteristics of men attendirtfpe study, divided into three groups according to BN

BMI, kg/m?
1:18.5-24.9 2:25.0-29.9 3:230.0
n Median (range) n Median (range) n Median (range)p-value
Age, years 22 28 (24-51) 17 35 (22-58) 19 40 (22-61) 0.005"
BMI, kg/m? 22 229 (18.8-24.9) 17 26.8 (25.0-29.0) 19 435 .qB2.7) <0.00r*
Body fat, % 22 18.2 (7.2-27.1) 16 26.2 (10.6-33.7) 18 39.8 (21.8-51.7) <0.00P"
Abstinence, days 22 4 (1-7) 17 3 (2-9) 18 4 (2-14) 0.148

aQObtained from Kruskal Wallis Test for comparing naex.

®Group 2 significantly differentpc0.05) from group 1 tested with Mann-Whitney U Test
‘Group 3 significantly differentp<0.05) from group 1 tested with Mann-Whitney U Test
dGroup 3 significantly differentp&0.05) from group 2 tested with Mann-Whitney U Test
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Men in group 2 and 3 had both a significantly highedian age than men in grouppE@.005). As
expected, BMI and percent body fat were signifigahigher for men in each group compared to men
in the former group(s), witp<0.001 for both parameters. Abstinence time beksmen sample
delivery was not significantly different betweenrpapants in the three groups=0.148).

4.7 BMI in relation to semen quality

In crude analysis, BMI was investigated for asdamia with semen quality parameters for men in the
three BMI groups (Table 4.10). A significant diéeice was observed between men in the groups for
the semen quality parameters semen volumpe0.005), total sperm countp£0.009), sperm
concentration [=0.035), total sperm motilitypE0.008), total PR countp€0.005), normal sperm
morphology p=0.012) and total normal sperm morphology coyat0(001). Sperm vitality was the
only parameter that did not reach statistical siceance =0.362).

Table 4.10 Semen quality parameters of participantdivided into three groups based on BMI at baseline.

BMI, kg/m?

1:18.5-24.9 2:25.0-29.9 3:230.0

Semen quality parameters n Median n Median n Median p-value
(range) (range) (range)

Semen volume 22 4.9 17 3.8 19 3.1 0.005"
(ml) (2.9-8.0) (1.4-7.6) (0.8-8.4)
Total sperm count 21 400 16 183 19 125 0.009°
(10° cells) (81-808) (13-497) (30-1127)
Sperm concentration 21 80 16 42.5 19 50 0.035
(10° sperm/ml) (13.4-187) (7.2-184) (8.3-155.5)
Vitality 21 90.0 14 90.0 19 87.0 0.362
(%) (75.0-97.0) (53.0-97.0) (47-95)
Total motility (PR+NP) 21 85.0 13 75.0 7 58.0 0.008
(%) (50.0-90.0) (19.0-87.0) (38.0-83.0)
Total PR count 21 234.3 13 63.4 7 31.2 0.005"
(10°sperm) (15.4-557.5) (5.5-310.1) (11.7-185.1)
Normal morphology 21 5.0 14 4.0 18 2.0 0.012
(%) (0.0-8.0) (0.0-10.0) (2.0-7.0)
Total normal morphology 21 17.7 14 9.6 18 3.9 0.007¢
count (10 sperm) (0.0-64.6) (0.0-19.9) (0.3-45.1)

2Obtained from Kruskal Wallis Test for comparing naecs
®Group 2 significantly different (p<0.05) from grodpested with Mann-Whitney U test.
“Group 3 significantly different (p<0.01) from grodgested with Mann-Whitney U test.

Median values for the significant variables werenpared with Mann-Whitney U Test and revealed
that men in group 3 did not differ significantlyofn men in group 2 for any of the semen quality
parameterspt0.05). Men in group 2 and 3 had significantly dasexl semen volume, total sperm
count, total PR count and total normal sperm mdgayocount compared to men in grouppk@.05

andp<0.01, respectively). Men in group 3 showed a $icgmt decrease compared to men in group 1
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for percentage normal sperm morphology and pergentatal motile sperm (PR+NP) as well
(p<0.01).

As mentioned earlier semen quality is affected diy @and abstinence time. The comparisons of men in
the three BMI groups were therefore repeated wdjasament for the two confounders (Table 4.11).
After adjustment, semen volume and total normal phology count were no longer significantly
different for men in group 2 compared to men inugrd. Total normal morphology presented a
significant decrease for men in group 3 comparedrtap 2 after adjustmenp<£0.017). The same
trend was seen in crude analysis, without reaclstagistical significance pE0.063). Sperm
concentration showed a significant decrease for megroup 3 compared to men in group 1 after
adjustment, while the difference did not reachistiatl significance in crude analysig=0.003 and
p=0.070, respectively). All other significant difesrces depicted in crude analysis remained
statistically significant after adjustment for aged abstinence time; men in group 2 and 3 still had
significantly decreased total sperm couymt@.024 andp=<0.001) and total PR counp=0.049 and
p=0.009) compared to men in group 1. Men in growtilBshowed significantly decreased total sperm
motility (PR+NP) and normal sperm morphology conggbto men in group p€0.032 ang=0.033).
Table 4.11 Semen analysis for men in the three BMIrgups were compared by using multiple linear regresion with

semen quality parameters as dependent continuous wnables and BMI groups as an independent dichotomaa
variable, while adjusting for age and abstinence me (n = n listed in Table 4.10).

BMI groups compared

lvs2 lvs3 2vs3
Semen analysis B¢ p B¢ p B¢ p
Semen volume -0.8 0.105 -1.3 0.019 -0.3 0.610
(ml)
Total sperm counf -4.8 0.024 -8.0 <0.001 2.1 0.349
(10° sperm)
Sperm concentratior? -1.5 0.131 -2.9 0.003 -0.6 0.514
(10° sperm/ml)
Vitality -0.9 0.809 -0.7 0.848 1.3 0.730
(%)
Total motility (PR+NP)°® -0.9 0.201 -1.8 0.032 -1.0 0.288
(%)
Total PR counf’ -4.4 0.049 -6.9 0.009 -2.8 0.358
(10°sperm)
Normal morphology -0.1 0.944 -2.0 0.033 -1.5 0.119
(%)
Total normal morphology -0.3 0.109 -0.8 <0.001 -0.5 0.017

count (10° sperm)

#Square root transformed to meet the distributiasalimptions of linear regression.

PReflected and square root transformed to meet #teliitional assumptions of linear regression.
‘Log transformed to meet the distributional assuamgtiof linear regression.

dUnstandardized B-coefficient achieved with multifitear regression.
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Multiple linear regression was also used to asflassrelationship between BMI as a continuous
independent variable and the semen quality paramete continuous dependent variables while
adjusting for age and abstinence time (Table 4 After the adjustment BMI was still negatively
correlated with semen volump=0.030), total sperm counp£0.009), total PR counp€0.042) and
total normal sperm morphology cour=0.019). Total sperm count, sperm concentratioerrap
vitality and total PR count were transformed to tné®e distributional assumptions of linear
regression.

Table 4.12 Multiple linear regressions were used tassess the relationship between BMI as a continuouslependent

variable and the semen quality parameters as contuous dependent variables while adjusting for age ahabstinence
time.

Semen quality parameters n Unstandardized B-  p-value
coefficient
Semen volume (ml) 58 -0.043 0.030
Total sperm counf (10° sperm) 57 -0.210 0.009
Sperm concentratiorf (10° sperm/ml) 57 -0.061 0.097
Vitality ® (%) 55 -0.002 0.695
Total motility (%) 42 -0.386 0.129
Total PR count (1& sperm) 42 -0.192 0.042
Normal morphology (%) 58/ -0.042 0.216
Total normal morphology count (1¢ sperm) 54 -0.453 0.019

aSquare root transformed to meet the distributiasalimptions of linear regression.
PReflected and log transformed to meet the distrimati assumptions of linear regression.
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4.8 FAME composition in serum phospholipids

The FAME composition in serum for all participagisble 4.13) is displayed the same tendency with
PUFAs (median 47.6 % (43.7-51.9)) > SFAs (39.9 %43!2.7)). When PUFAs were divided into n-
6 and n-3 FAMEs all participants showed a higheoam of n-6 FAMEs (35.5 % (29.2-39.2))
compared to n-3 FAMEs (11.7 % (8.3-19.6)). In nuestticipant sera the most abundant single fatty
acid was C16:0 with median 26.6 % (24.0-29.9). Otima@jor FAME contributors in serum were
C18:0 and C18:2n-6 with median 13.2 % (10.6-16r%) 21.6 % (17.4-27.2), respectively. Together,
these three FAMEs constituted approximately 60 %ot#l serum phospholipid FAMEs detected in

participant samples.

Table 4.13 Serum phospholipid FAME composition for dlparticipants

All participants

FAME Median % (range)
PUFA 47.6 (43.7-51.9)
n-6 35.5 (29.2-39.2)
C18:2n-6 21.6 (17.4-27.2)
C20:3n-6 3.8 (2.4-5.6)
C20:4n-6 9.6 (4.7-13.8)
n-3 11.7 (8.3-19.6)
C20:5n-3 2.8 (1.1-8.3)
C22:5n-3 2.8 (0.8-3.8)
C22:6n-3 6.3 (3.9-9.5)
MUFA
C18:1 12.2 (10.4-16.1)
SFA 39.9 (36.2-42.7)
C16:0 26.6 (24.0-29.9)
C18:0 13.2 (10.6-16.9)
n-6/n-3-ratio 29 (1.5-4.5)
PUFA/SFA-ratio 1.2 (1.0-1.4)

4.8.1 BMlin relation to serum phospholipid FAME co  mposition
Participants were divided into three groups basedBMI for comparison of single and grouped
FAMEs measured at baseline, and median percentaigge() is listed in Table 4.14.
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Table 4.14 Serum phospholipid FAME composition for grticipants divided into three groups based on BMI.

BMI, kg/m?2
1: 18.5-24.9 (n=22) 2: 25.0-29.9 (n=16) 3:>30.0 (n=18)

FAME (%) Median (range) Median (range) Median (range) p-value
PUFA 47.7 (43.7-50.1) 47.4 (44.5-51.9) 47.3 (44.9-48.7) 0.649
n-6 35.0 (29.7-37.9) 35.3 (29.2-38.4) 35.8 (30.12p9. 0.553

C18:2n-6 22.0 (17.9-27.2) 21.7 (17.4-27.2) 21.3 (17.4-23.2) 0.256

C20:3n-6 3.4 (2.4-5.6) 3.6 (2.4-5.5) 4.6 (3.0-5.4) 0.007*

C20:4n-6 9.3 (4.7-12.2) 8.9 (6.1-12.7) 10.4 (6.9-13.8) 0.081
n-3 11.9 (8.4-19.6) 12.9 (8.6-17.8) 11.0 (8.3-18.6) 0.336

C20:5n-3 2.6 (1.2-8.3) 3.0 (1.1-6.9) 2.8 (1.7-8.0) 0.582

C22:5n-3 3.1(2.4-3.8) 2.9 (2.2-3.3) 2.7 (2.2-3.1) 0.00€°

C22:6n-3 6.4 (3.9-9.4) 7.0 (4.5-9.5) 6.0 (4.2-7.9) 0.172
MUFA

Ci8:1 13.1 (10.6-16.1) 12.3 (11.3-15.0) 11.9 (10.4-14.1) 0.007
SFA 39.3 (37.9-42.0) 39.7 (36.2-42.2) 40.9 (39.27%2. 0.007*

C16:0 26.2 (24.4-29.9) 26.7 (24.0-29.3) 26.3 (24.7-28.4) 0.852

C18:0 12.8 (10.8-15.0) 13.1 (10.6-14.7) 14.2 (11.8}6. 0.002
n-6/n-3-ratio 2.8 (1.5-4.4) 2.7 (1.6-4.5) 3.3 (1.6-4.4) 0.368
PUFA/SFA-ratio 1.2 (1.0-1.3) 1.2 (1.1-1.4) 1.2 (1.1-1.2) ®05

aObtained from Kruskal Wallis Test for comparing naexs.

®Group 3 significantly different from group 1 testeilh Mann-Whitney U Test.
“Group 3 significantly different from group 2 testedh Mann-Whitney U Test.

There were significant differences between the aregiercentages for men in the three BMI groups
with regard to C18:0pc0.002), C18:1¢=0.007), C20:3n-6p=0.001), C22:5n-3p=0.006) and total
SFA (=0.001). The PUFA/SFA-ratio showed a decreasingdirebut did not reach statistical
significance §p=0.055). Median values for the significant variableere compared with Mann-
Whitney U Test and revealed that group 2 did néfedisignificantly from group 1 for any of the
FAMEs (>0.05). Men in group 3 had a significantly higheedian percentage for C20:3n-6, C18:0
and total SFA compared to men in both group 1 afgkR.05). When comparing group 2 and 3 the
latter group showed a lower median percentage 2@:%h-3 and C18:1p&0.05).

4.8.2 Serum phospholipid FAME composition in relati on to semen quality

Multiple linear regressions were performed to itigede relationships between serum phospholipid
FAMEs and semen quality parameters after adjustrizgrdge and abstinence time. Semen volume
showed a significant positive association with @&sing percentage of C18:2n{6-0.038), and a
negative association was seen for semen volume&andin-6 p=0.006). No significant associations

were found for sperm concentration or sperm vitalis depicted in Table 4.15.
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Table 4.15 Multiple linear regressions were used tassess the relationship between serum phospholipfAMESs as
continuous independent variables and the semen quigl parameters as continuous dependent variables, hile

adjusting for age and abstinence time.

Semen volume  Tot. sperm count Sperm concentration Vitality
(ml) (10° sperm) (10° sperm/ml) (%)
n=57 n=57 n=57 n=55

FAMEs (%) B p B p B P B p
PUFA -0.1 0.482 -0.1 0.861 0.1 0.759 <0.05 0.43%
n-6 -0.1  0.426 -0.6 0.067 -0.1 0.378 <0.05 0210

C18:2n-6 0.2 0.038 -0.2 0.604 -0.1 0.472 <0.05 0.414

C20:3n-6 -0.4  0.066 -1.0 0.283 -0.1 0.865 -0.1 0708

C20:4n-6 -0.3  0.006 -0.6 0.185 <0.05 0.798 -0.1 0.568
n-3 <0.05 0.751 0.4 0.129 0.1 0.340 0.5 0.323

C20:5n-3 <0.05 0.921 0.5 0.280 0.2 0.479 <0.05 0.393

C22:5n-3 0.8 0.068 4.4  0.009 11 0.172 3.7 0.216

C22:6n-3 <0.05 0.953 0.6 0.270 0.2 0.448 0.1 0.058
MUFA

Cc18:1 0.2 0.276 1.1 0.091 0.3 0.321 -0.1 0.24F
SFA <0.05 0.897 -1.0 0.154 -0.4 0.161 0.8 0.497

C16:0 0.1 0413 -0.2 0.813 -0.4 0.249 -0.1 0.914

C18:0 -0.1  0.408 -0.7 0.238 -0.1 0.727 0.6 0.596
n-6/n-3-ratio -0.2 0.375 -1.8 0.087 -0.4 0.369 -0.1 0.118
PUFA/SFA-ratio -0.9 0.745 6.7 0.559 4.4 0.394 0.3 0715

aSquare root transformed to meet the distributiasalimptions of linear regression.
PReflected and log transformed to meet the distrimati assumptions of linear regression.

The three sperm motility parameters listed in Tabli all presented a inverse association with n-6
FAMESs (p=0.045,p=0.023 an¢=0.023) and the n-6/n-3-ratip£0.041,p=0.012 an¢=0.008), while
a positive association was observed with C22:5p=3).016, p=0.003 andp<0.001). Total sperm
motility and total PR count was positively asscmibtvith n-3 FAMES §=0.039 ando=0.034), and
percentage progressively motile sperm showed time $send without reaching statistical significance

(p=0.071). C18:0 and percentage progressively majperm also had a significant negative

association f=0.038), without achieving the same strength obeiation with the two other motility

parameters.
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Table 4.16 Multiple linear regressions were used tassess the relationship between serum phospholipftAMEs as a
continuous independent variable and the sperm mottlly parameters as continuous dependent variables vilke
adjusting for age and abstinence time (n=42).

Progressive motility Total motility (NP+PR) Total PR count
(%) (%) (10° sperm)
FAME (%) B p B p B p
PUFA <0.05 0.976 0.1 0.947 <0.05 0.862
n-6 -2.3 0.045 -2.1 0.023 -0.1 0.023
C18:2n-6 ND -1.2 0.279 -13.5 0.219
C20:3n-6 -0.2 0.626 -2.5 0.413 -0.1 0.199
C20:4n-6 -2.1 0.197 -1.8 0.170 -0.6 0.260
n-3 1.9 0.071 1.8 0.039 <0.05 0.034
C20:5n-3 2.8 0.130 2.2 0.158 25.1 0.090
C22:5n-3 15.6 0.016 15.5 0.003 0.2 <0.00f
C22:6n-3 2.7 0.253 3.2 0.102 0.6 0.419
MUFA
C18:1 0.2 0.384 0.1 0.667 <0.05 0.680
SFA -0.2 0.349 -0.6 0.767 -0.7 0.369
C16:0 ND 0.3 0.273 <0.05 0.313
C18:0 -0.5 0.038 -2.8 0.130 -0.1 0.297
n-6/n-3-ratio -8.0 0.041 -7.9 0.012 -0.1 0.008
PUFA/SFA-ratio 1.5 0.738 3.0 0.932 <0.05 0.987

*Reflected and square root transformed to meet stahiitional assumptions of linear regression.
bSquare root transformed to meet the distributiasalimptions of linear regression.

‘Log transformed to meet the distributional assuamstiof linear regression.

ND = Residuals did not achieve the distributionauasptions of linear regression.

Total normal sperm morphology count showed a negatssociation with n-6 FAMESs, and a positive
association with C18:1. Percentage normal spernphadogy had a negative association with total
SFAs and the same trend was observed for total alcsperm morphology count, without reaching
statistical significancepE0.088) (Table 4.17).
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Table 4.17 Multiple linear regressions were used tassess the relationship between serum phospholipfAMESs as
continuous independent variables and the sperm mofmwlogy parameters as continuous dependent variableshile
adjusting for age and abstinence time (n=54).

Normal morphology Total normal morphology count

(%) (10° sperm)
FAMES (%) B p B P
PUFA 0.1 0.773 <0.05 0.964
n-6 -0.1 0.284 -0.2 0.023
C18:2n-6 -0.2 0.200 -0.1 0.55%
C20:3n-6 -0.3  0.540 -0.2 0.098
C20:4n-6 0.1 0.776 -0.1 0.409
n-3 0.1 0.266 <0.05 0.138
C20:5n-3 0.2 0.371 1.8 0.136
C22:5n-3 0.2 0.771 0.3 0.089
C22:6n-3 0.3 0.203 0.1 0.139
MUFA
c18:1 0.5 0.111 0.1 0.02¢
SFA -0.6 0.043 -0.4 0.088
C16:0 <0.05 0.933 -0.1 0.554
C18:0 -0.5 0.073 -0.1 0.098
n-6/n-3-ratio -0.5 0.251 -0.2 0.0868
PUFA/SFA-ratio 6.0 0.213 1.4 0.203

aSquare root transformed for normal distributiomesfiduals.
b og transformed for normal distribution of residsial

4.9 The effect of weight loss

Participants were divided into three groups; < 1@l8&%) weight loss=>10 % (high) weight loss or
bariatric surgery with a following weight loss. Samquality and serum phospholipid FAME
composition at baseline and after weight loss werapared within groups. Median BMI at baseline
was 30.6 kg/r) ranging from 26.0-56.5 kg/mn36.0 (29.0-46.6) kg/frand 49.4 (43.5-62.7) kgfn
respectively. Corresponding median age was 46 {35yBars, 49 (32-59) years and 40.5 (33-51)
years. After weight loss the median BMI was 29.5.0253.3) kg/my 32.2 (25-41.9) kg/fnand 39.4
(32.3-48.0) kg/rh

4.9.1 A comparison of semen quality
The results from semen quality comparison at basedind after weight loss for men in the low

percentage weight loss group are listed in Taldl8;%o significant changes were observed.
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Table 4.18 A comparison of semen quality parametera baseline and after low (<10 %) percentage weiglbss.

Median (25-75 percentile)

Semen quality parameter n Baseline After weight loss  p-valué
Vitality (%) 7 82 (53.0-92.0) 85 (82.6-87.0) 0.612
(Sl%ir:;:ror;‘/crﬁlr)‘”at'on 8 51.4 (36.6-129.6) 53 (31.5-114.7) 0.779
Total sperm count (1¢ sperm) 8 178.5 (92.3-424.0) 195 (61.8-301.6) 0.575
Semen volume (ml) 8 3.4 (2.3-4.1) 2.9 (1.9-4.5) 0.401
Normal morphology (%) 3 3 (1.0-6.0) 5 (1.5-6.0) 0.180
(Tlo(;ea'sggrrnr:;" morphology count 3 7 (0.7-13.4) 88 (0.9-15.1) 0.102
Progressive motility (%) 3 49 (10.0-58.0) 22 (12.0-36.0) 0.285
Total motility (%) 3 83 (58.0-85.0) 61 (48.0-72.0) 0.285
Total PR count (1& sperm) 3 84.3 (19.9-157.6) 32.1 (26.0-115.9) 0.273

!p-value from Wilcoxons Signed Rank Test.

The results from semen quality comparison at basedind after weight loss for men in the high
percentage weight loss group are listed in Tahl®.4Data for motility and morphology was only
available for two of the participants and the rissake listed as separate cases in Table 4.20e Ther
were no significant changes in semen quality adtdrigh percentage weight loss, but a decreasing

trend was observed.

Table 4.19A comparison of semen quality parameters at baselgand after high &10 %) percentage weight loss

Median (25-75 percentile)

Semen quality parameter n Baseline After weight loss p-valué
Vitality (%) 4 93.5 (75.8-94.6) 86.9 (68.8-90.9) 0.068
Sperm concentration (16 sperm/ml) 4 107.95 (48.3-131.1) 75.4 (29.6-100.7) 0.068
Total sperm count (1¢ sperm) 3 315 (85.0-540.0) 182.2 (87.5-277.7) 0.285
Semen volume (ml) 4 3 (2.1-4.1) 27 (1.9-4.4) 0.715

Ip-value from Wilcoxons Signed Rank Test.

Table 4.20 A comparison of semen quality parameterat baseline and after high £10 %) percentage weight loss for

two cases (NA=not analyzed).

case 1 case 2
Semen quality parameter Baseline After weight loss Baseline After weightdo
Normal morphology (%) NA NA 1.0 0.0
Total normal morphology count (16 NA NA 0.9
sperm)
Progressive motility (%) 60.0 33.0 19.0 3.0
Total motility (%) 85.0 75.0 16.2 2.6
Total PR count (1C sperm) 189.0 60.1 44.0 21.0

NA = not analyzed

The results from semen quality comparison at baselnd after weight loss for men who underwent
bariatric surgery are listed in Table 4.21. Speratility and morphology data after weight loss were
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not available for these participants at the timstafistical analyses. No significant changes mese

quality were observed after weight loss.

Table 4.21 A comparison of semen quality parametera baseline and after weight loss due to bariatrisurgery (n=4).

Median (25-75 percentile)

Semen quality parameter Baseline After weight loss p-valtie
Vitality (%) 88.5 (87.0-90.0) 84.5 (76.0-89.0) 0.144
Sperm concentration (16 sperm/ml)  41.4 (14.4-64.0) 31.6 (6.8-68.6) 1.000
Total sperm count (18 sperm) 90 (38.5-150.5) 99.7 (64.5-218.1) 0.273
Semen volume (ml) 3.2 (1.2-4.6) 3.1 (1.6-7.7) 0.715

Ip-value from Wilcoxons Signed Rank Test.

4.9.2 A comparison of serum phospholipid FAME compo sition

The percentage composition of FAMEs in serum pholgplls at baseline and after weight loss was
compared within the three groups. The proportion-8fFAMEs has increased significantp~0.033)

for men in the <10 % weight loss group (Table 4.2@th an increase in C22:6n-3 as the largest
contributor. A decrease in the n-6/n-3-ratio carseen for men in the same group, without reaching
statistical significancepE0.075).

Table 4.22 Within-group comparison of percent of toal FAMES before and after a weight loss < 10 % (n=11

Median % (25-75 percentile)

FAME (%) Baseline <10 % weight loss p-value
PUFA 47 (46.6-48.4) 48.3 (46.6-49.1) 0.286
n-6 345 (33.3-36.3) 33.2 (31.7-34.0) 0.155
C18:2n-6 20.3 (17.6-21.6) 20.2 (17.5-21.3) 0.248
C20:3n-6 4.1 (3.6-4.7) 3.4 (2.9-4.8) 0.091
C20:4n-6 9.9 (8.5-11.7) 10.1 (7.6-12.4) 0.722
n-3 12.5 (10.9-15.3) 14.0 (11.0-16.3) 0.033
C20:5n-3 2.8 (2.3-4.5) 3.7 (2.6-4.9) 0.155
C22:5n-3 27 (2.5-3.1) 29 (2.6-3.1) 0.182
C22:6n-3 6.9 (6.2-7.3) 7.0 (6.0-8.9) 0.075
MUFA

C18:1 12.0 (10.8-13.4) 12.0 (11.4-12.7) 0.594
SFA 40.5 (39.9-41.6) 40.2 (39.4-41.3) 0.131
C16:0 26.7 (25.9-28.0) 26.9 (26.1-28.0) 0.534
C18:0 13.2 (12.8-15.6) 13.3 (12.2-15.0) 0.182
n-6/n-3-ratio 29 (2.2-3.4) 2.3 (1.9-3.0) 0.075
PUFA/SFA-ratio 1.2 (1.1-1.2) 1.2 (1.2-1.2) 0.213

!p-value from Wilcoxons Signed Rank Test.

There were no significant changes in serum phogutddFAME composition observed for the group

who lost>10 % of their body weight. The proportion of SFA®wed a decreasing trend after weight

loss, with an increasing trend for the PUFA/SFAeratvithout being statistically significant (Table

4.23).
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Table 4.23 Within-group comparison of percent of toal FAMES before and after weight loss of 10 % (n=4).

Median (25-75 percentile)

FAMESs (%) Baseline >10 % weight loss p-value
PUFA 482 (47.4-48.9) 483 (47.6-49.4) 0.715
n-6 35.6 (30.0-37.7) 35.0 (32.3-37.0) 1.000
C18:2n-6 20.7 (18.2-22.8) 21.0 (19.6-22.2) 0.465
C20:3n-6 43 (3.3-5.3) 41 (3.5-4.3) 0.715
C20:4n-6 9.9 (8.0-11.8) 9.8 (7.9-11.9) 0.715
n-3 12.5 (10.3-17.3) 13.6 (11.0-16.3) 0.715
C20:5n-3 2.7 (1.8-6.7) 3.7 (1.8-5.1) 1.000
C22:5n-3 2.8 (2.5-3.0) 29 (2.5-3.0) 0.715
C22:6n-3 7.3 (5.6-7.8) 7.4 (5.9-8.5) 0.273
MUFA

c1s:1 11.5 (10.9-11.8) 12.1 (11.5-13.0) 0.144
SFA 40.1 (39.4-41.4) 39.2 (38.6-40.5) 0.068
C16:0 26.6 (26.2-27.4) 25.7 (25.1-26.3) 0.068
C18.0 13.5 (12.6-15.0) 13.8 (12.5-14.9) 0.715
n-6/n-3-ratio 29 (1.8-3.7) 2.7 (2.0-3.3) 0.465
PUFA/SFA-ratio 12 (1.2-1.2) 1.2 (1.2-1.3) 0.068

Ip-value from Wilcoxons Signed Rank Test.

No significant changes were revealed for the segphospholipid FAME composition in participants

who lost weight after bariatric surgery (Table 4.2Fhe proportion of PUFAs, n-6 FAMEs and SFAs

showed a decreasing trend and an increasing trasabserved for C18:1, but either were statisticall

significant.

Table 4.24 Within-group comparison of percent of tcal FAMEs before and after weight loss due to bariaic surgery

(n=4).

Median (25-75 percentile)

FAMEs (wt%) Baseline After surgery p-value'
PUFA 46.7 (45.4-46.9) 445 (41.3-46.1) 0.068
n-6 35.2 (34.6-36.6) 33.2 (32.6-34.3) 0.068
C18:2n-6 22.3 (21.7-23.1) 19.4 (17.2-23.3) 0.144
C20:3n-6 46 (4.1-4.9) 4.4 (3.0-4.8) 0.715
C20:4n-6 8.5 (7.2-10.0) 9.2 (7.7-11.0) 0.144
n-3 10.6 (10.0-12.0) 11.4 (7.0-13.4) 0.715
C20:5n-3 2.8 (2.2-3.1) 26 (2.1-3.2) 0.715
C22:5n-3 2.7 (2.6-3.0) 3 (0.7-3.1) 0.715
C22:6n-3 5.1 (4.8-6.2) 5.7 (4.1-7.1) 0.715
MUFA

C18:1 12 (11.6-13.1) 14.8 (14.5-17.7) 0.068
SFA 41.4 (41.2-41.5) 40.1 (39.3-41.4) 0.068
C16:0 27 (25.8-28.2) 29 (26.3-30.2) 0.144
C18:0 14.4 (13.3-15.5) 11.3 (10.6-13.9) 0.068
n-6/n-3-ratio 3.3 (2.9-3.6) 29 (2.4-5.2) 0.715
PUFA/SFA-ratio 11 (1.1-1.1) 1.1 (1.0-1.2) 0.273

!p-value from Wilcoxons Signed Rank Test.

67



Discussion

5 DISCUSSION, CONCLUSION AND FUTURE REMARKS

The prevalence of overweight and obesity has ise@aver the past years (1), together with an
observed decline in semen quality (2, 3). A BMI &bdhe normal range (>24.9 kdjmhas been
associated with an altered hormone balance anddéolhs=men quality, though affected semen quality
parameters varies (4, 11) and results are comitja28). Dietary fat intake has shown an assogciatio
with semen quality. The proportion of saturatediiad an inverse relation to sperm concentration and
total sperm count in two recent studies (94, 98yu phospholipid fatty acid composition can be
used as a marker of short-term dietary fat intak®4). Non-dietary aspects such as endogenous
metabolism, genetics and other lifestyle factorsstrioe considered when results from fatty acid
analysis are interpreted, because they may afiedtty acid composition (86). There are few sadi
on serum phospholipid fatty acid composition in nrerelation to semen quality, and changes in both
parameters after weight loss. Case-studies on seoity before and after bariatric surgery with a
following weight loss have described a temporaniyrsening of semen quality for the first two years
postoperative, but an improvement after 24 morghmuggested (139, 140). A study of semen quality
and reproductive hormones after lifestyle changdth viollowing weight loss indicated an

improvement of both parameters for severely obese ().

The general aim of the HIOA study is to investigsegeral aspects of overweight and obesity in men,
and the effect on male reproduction function. Time af this master study was establish a qualitative
and quantitative method for serum phospholipid FAMlEalyses, and to compare the qualitative
performance of FAME analyses on gas chromatographpled with flame-ionization detector (GC-

FID) and mass spectrometer (GC-MS). The establish@e-ID method was used to analyze serum
phospholipid FAME composition in men with varyingviB at baseline, and for a selection of

participants after weight loss. Semen analysigthferparticipants had already been performed at HIOA
or other collaborate laboratories. Semen qualitia d@as used in this master study to investigate
associations with BMI, and with serum phospholipldME compositions, at baseline. The serum
phospholipid FAME composition and semen qualityapagters at baseline were compared with
results after weight loss for participants who 1680 % or=>10 % of their weight, or underwent

bariatric surgery prior to weight loss.

5.1 Discussion of material and methods

5.1.1 Long term sample storage and fatty acid stabi  lity
Serum samples for participants in this study haentstored in -80C for a time period of maximum

three years. Matthan et al. (2010) showed that stweim phospholipid fatty acid composition
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measured one year after collection and after 8€dysyof storage in -8@C was approximately the
same. Observed differences were likely caused dhnteal improvements in GC methodology rather
than sample degradation (75). Thus, degradaticamiple material due to storage in this study cannot

be excluded, but is not likely.

5.1.2 Recovery

Expected recovery reported for FAME analyses usiagple preparation techniques based on the
established Folch extraction method is between (D-% (oral communication with professor
emeritus Hans J. Grav, April 12013). Recovery of the internal standard in thislg was 30-70 %.
The poor recovery may result in loss of phosphdlifgitty acids present in low quantities in serum.
When a sample preparation method involves manyssthpre are several factors that may contribute
to loss of sample material. The Folch method isnshto yield 97 % of total lipids in the extraction.
Depending of the water and inorganic salt presenind the aqueous washing step, the more polar
glycerophospholipids, such as phosphatidyl senme@nosphatidyl ethanolamine, are in some degree
carried to the aqueous phase. Folch and coworkatsdsthat approximately 0.6 % were lost in the
aqueous phase, and it is a selective loss, notogropal to the amount of different lipids groups

present in original sample material (98).

The fractionation method used in this study is westiablished and should in theory not lead to any
significant loss of sample material. Agren et 4B92) reported a recovery >98 % after solid phase
extraction (141). Firl et al. (2012) evidenced astantial co-elution of a phospholipid standard (PC
C15:0) in the neutral lipid fraction when being teldi with chloroform/2-propanol (2:1, v/v), and
recommended a reduced amount of 2-propanol or ghi@oform to avoid loss of phospholipids
(142).

The acid-catalysed transmethylation of isolatedspholipid fatty acids was performed at room
temperature overnight. In relevant literature stisted that complete transmethylation with methano
HCI requires heating, preferably a temperaturef® overnight (96). The low reaction temperature
may have resulted in a lower percent of fatty acidasmethylated and contributed to the observed
low recovery of the internal standard. Burdge et(2000) reported a recovery of a C17:0 standard
added to serum prior to sample preparation of %4,2vith a RSD = 10.1 %. Burdge et al. used a
sample preparation similar to the procedure useldisnstudy, except for transmethylation withS@,

in methanol with heated incubation (143).

The recovery of FAMEs is not usually taken into@aod as long as an internal standard method is
used for quantification (oral communication wittopremeritus Hans J. Grav, April 12013). As

mentioned, low recovery involves a risk of losigvliquantity fatty acids during sample preparation,
and recovery should be determined when a methdevisloped and optimized as a part of the method

quality control. All participant chromatograms stemlva similar FAME profile, and the sample with
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lowest recovery had the same number of detected EAM the sample with the highest recovery. For
statistical analysis a selected number of nine FAMEtected in participant samples were regarded to
equal 100 % to be able to compare FAME compositietween subjects, without being affected by

varying recovery.

The internal standard consists of a phosphatidglimh containing two C17:0 fatty acid equivalents
(1,2-diheptadecanoyl-sn-glycero-3-phosphatidylateli The different phospholipid classes have
varying chemical properties, and in reality oueintal standard only reflects the recovery of FAMEs
from the phosphatidyl choline fraction in the saenpiaterial. The recovery of FAMEs from the other
phospholipid classes is in practice not measurbdsgphatidyl choline is by far the most abundant of
the different phosphatidyl fractions and this intdrstandard is widely used within the field of
phospholipid fatty acid analyses. The use of sévietarnal standards representing at least both

phosphatidyl choline and phosphatidyl ethanolartine two largest fractions) should be evaluated.

5.1.3 Response factors

A common assumption when lipid analyses are peddrmith GC-FID is that the detectors relative
responses to all FAMEs are equal (115). In thettwy,number of CHOions produced when organic
compounds are burned in the flame agfand air, is proportional to the effective numbercafbon
atoms in the compound. Carbonyl carbons (R-COOFatty acids) are not detected by FID and not
included in the effective carbon number (108). Fegd.3 clearly illustrates this predicted detector
response for C10:0 to C18:0. The theoretical irereéa RRFs is shown to be reliable in several earli
studies, and reduced relative response factorsCRi-C24 indicate a not fully optimized sample
preparation or injection technique (96). The ladkan optimized sample handling results in a
proportion of the more volatilie FAMEs in the serwample not being loaded on the analytical
column. The decreasing RRF for FAMEs with incregsimmber of double bonds in Figure 4.4 is as
expected, because carbon atoms participating imuble bond have a slightly lowered detector

response compared to a carbon atom with no dowinlésy(107).

In this study the GC-FID method was completely walied and the accurate response factors for
FAMEs were determined; hence the observed deviditmn theoretical relative response factor did

not affect the results.

5.1.4 Calibration and limits of detection and quant ification

Since the GC-FID method was intended for quanggapurposes, a full calibration procedure was
performed. The correlation coefficients >(Rwere >0.99 for all FAMEs except C20:1n-15, in
accordance with or improved compared to publishet@ d71). The method was calibrated for nine
concentration levels covering a concentration rédnm®a approximately 8-200 pg/ml and GC-FID had

a linear response over the entire concentratiogeraxamined.
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After analyzing participant serum samples it waseobed that FAME concentrations span over a
large concentration range. To achieve precise gigation of all present phospholipid FAMEs it
would be better to obtain calibration curves foo timear concentration ranges, for example 0.02-50.
pg/ml and 50-200 pg/ml for GC-FID, and to add nibin one internal standard. C21:0 is an example
of a later eluting FAME that has been used for tjtative analyses and would improve quantification
of FAMEs with a chain length of C20 and longer (115

The GC-FID method was calibrated before sampleg wanlyzed and recalibrated after eight weeks
of analyzing to examine the within laboratory refuroibility of the calibration curve. Area ratiosr fo
FAMEs obtained at the two time points were compavéd linear regression. The curves where area
ratios for C20:1n-15, n-12 and n-9, C22:1n-9 an@:22-6 measured at the two time points were
compared, had a slope significantly different frbd at a 5 % level. At the two highest concentratio
levels fronting was observed, which led to a desgdaseparation of the three 20:1 peaks. Fronting
probably caused the difference in area ratios tscatismall variations in integration of the fiv&éd
peaks between the two calibrations. Fronting isseduby decreased retention capacity in the
stationary phase, for example by overloading tHaman, and should be avoided. Fronting give less
symmetric peaks and for closely eluting peaks, elesd resolution (100). Peaks with fronting may
lead to a greater quantitative uncertainty becafisewer quality of peak integration. Integratioor f

all concentration levels was manually controlledd aapproved. For the detected and quantified
FAMEs in participant sera the quantitative qualitgs not affected by fronting, and the slope for the
curves comparing area ratio at the two calibratiwase not significantly different from 1.0. Intepte
confidence intervals all contain the value 0.0 arelconsidered not significantly different betwéan

the two calibrations.

Higher areas were measured for the same concemsatit the second calibration compared to the
first. Five aliquots of the nine concentration lisvef GLC #411 used for calibration were prepared a
the same time, and the four remaining aliquots vetoeed in 100ul crimp vials at -8@ until
repeated calibration. Vaporization of hexane legdia increased concentration of the standard
solution may be the cause of the larger areas mestihe vaporization theory was strengthened by a
small storage experiment where aliquots of 1 p@iC #411 were stored in -2€ and -8C°C for 30
days and compared with the same solution analyizedtly after preparation (appendix 9). The stored
samples showed larger areas compared to the saamalgzed directly after preparation. Two
improvements that will contribute to minimize vajation problems are; 1) Prepare fresh
concentration levels from stock solutions of stadddor each calibration and 2) store stock sohstio
of standards in appropriate containers in *80 All samples were analyzed the day after comglete

preparation and are not affected by vaporizatiantdwstorage.
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Limits of detection and quantification

Limits of detection achieved in this master stuslequal or improved compared to published results
(115). The limit of detection (LOD) and quantifitat (LOQ) calculated for GC-FID was in general
higher compared to LOD and LOQ calculated for MSdapicted in Tables 4.4 and 4.5. The signal-
to-noise ratio (S/N-ratio) was used for calculatir@D and LOQ. S/N-ratio for GC-FID was given by
the ChemStation software, while S/N-ratio for GC-M&s manually calculated to be able to compare
the two detectors. Results from comparing the twtedtors may have been different if both S/N-
ratios were calculated by the same software. MBI@mode showed the lowest LOD and LOQ for
FAMEs with a chain length up to C20, while FID slemMowest LOD and LOQ for C22-C24. S/N-
ratio for the two MS modes TIC and SIM are both oally calculated and comparable, and SIM
show the clearly lowest LOD and LOQ of the twoartordance to published results (115). SIM was
performed by monitoring three mass-to-charge ratidbe same analysis, so the calculated S/N-ratio
would probably be higher, and the following LOD ah®Q lower, if only onem/z-value was
monitored at the time. SIM mode showed enhancenwnthe signal-to-noise ratio and is
recommended for quantitative analyses with MS basethe considerably lowered LOD and LOQ
compared to GC-MS TIC and GC-FID.

Validating the GC-FID method

After calibrating a method the next step would beabalyze known concentrations of FAMES to
confirm that the calibration curve reports accucatieulated amounts. A typical control sample would
be serum spiked with known concentrations of are/fatty acid reference standards. The stability
and accuracy of the method should be measured cit a@aalysis sequence to confirm that the
calibration curve is valid. Typically, solutions tivilow, intermediate and high concentration within

the concentration range of the calibration curveldde used.

It was a challenge to find analytical standard$witquantitative quality. The standard solutionduse
for calibration, GLC #411, is delivered from the maéacturer with a concentration >100 mg, and is
per se not a quantitative standard. GC-FID is hlestavell-known and used method for analyses of
fatty acids, with small variations in analyticalrfsgmance over time. When fatty acid analysis with
GC-FID is performed for research purposes and tiadytical variations is under control, the use of
control samples is not common practice within tieédf(referring to oral communication with prof.
emeritus Hans J. Grav, April 12013).

5.1.5 System performance
A satisfying separation of the FAMES in the staddsolution GLC #411 resulted in a long analysis
time (76.5 min). Long analysis time leads to higtention factorslj, in this study from 1.06-15.22.

A shorter analysis time can be achieved if two orenGC-methods are optimized for different fatty
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acid chain lengths, for example focus on separatid@8-C18 or C20-C24 with two different methods

or even two columns with varying resolution capébs.

The theoretical plate number for C14:0 given by tdumn manufacturer is approximately 3000
N/column meter, which results in 180000 N. Platmber observed in this study is higher, at least for
calibration level 1-7. Plate number is automaticathlculated by the ChemStation software and the

deviation from the expected may be due to the tiom method.

A resolution >1.5 is required for adequate quatiiaresults. All FAMEs in GLC #411 achieved a
satisfying resolution except the closely elutingd2n-15, n-12 and n-9, and C20:3n-3 and C24:0 for
calibration levels 6-9. The decreased resolutiomlue to fronting, which occurred at the highest
concentration levels for late eluting FAMEs. Frogtialso led to an observed deviation from optimal
peak symmetry. Fronting, and its influence on thality of quantitation, are discussed in the prasio
section and were not considered to have a notieezffict on the quantitative results obtained ia th

study.

5.1.6 Precision and methodological variation

After retention time locking the GC-FID method,dialiquots of a serum sample were analyzed. The
calculated RSD for variation in retention times Wa318 % at the most. This is higher than promised
from the manufacturer, which state a RSD <0.008T#e RSD % observed in this study is anyhow

satisfactory and similar or improved compared teeopublished results (122).

The precision was determined by analyzing thredicagps of an intermediate concentration of the
standard solution GLC #411. Achieved analyticaliation for area ratios with the GC-FID method
was less than 1 % RSD. The precision is satisfa@nd consistent with published data (115). Three
replicates for determining precision may be inadeg@and the analytical variation should be validate

before analyzing additional participant samples.

The methodological repeatability was determinegtgparing and analyzing five aliquots of the same
serum sample. The RSD % for variation in area sawas<8.5 %, which is satisfactory considering
the manual sample preparation method, and it isis@nt with published results on RSD % for

repeated analyses (84).

5.1.7 External control of serum phospholipid fatty acid composition

Nine representative serum samples were analyzad external laboratory. Serum phospholipid fatty
acid compositions were compared. A variation of imaxn 4.0 % was observed for the proportion of
a single FAME in an individual profile. Consideritige methodological repeatability achieved in this
study, the observed variation was accepted. Pessdsitributing factors to the varying results aoé n

further investigated. Information on sample prepanamethods, precision and recovery has been
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requested from the laboratory that performed thereal control, but a response is not received upon

the deadline of this thesis. Knowledge of thoséofacs needed for a satisfying comparison of tesul

5.1.8 GC-FID versus GC-MS for FAME analyses
GC-MS as a FAME identification tool

GC-MS provided multidimensional information abouatanalyte, both retention time and mass spectra
were used for FAME identification. Spectra foriatiegrated peaks in GLC #411 were compared with
common features and rules previously characteiz&d122). All listed features matched with spectra
obtained in this study excepi’z 108 <107 for n-3 FAMEs with three or more doubtsdis, which
showed to be the opposite for all analyzed n-3 FAME

Four participant samples were analyzed with bdfhRID and GC-MS. The peak identified as
C20:1n-9 by GC-FID, turned out to be contaminatiorall four samples analyzed with GC-MS.
C20:1n-9 detected in participant samples was, basmedhis discovery, excluded from result
calculations. In theory C20:3n-3 should elute bef620:4n-6 on a polar column such as BPX70 (96).
The mass spectra of the two closely eluted pealkisate that C20:4n-6 elutes between C20:3n-6 and
C20:3n-3 and that was the order used in this stlidig supports the advantage of GC-MS over GC-

FID when analyzing FAMES in complex sample material
GC-FID versus GC-MS for FAME analyses

GC-FID performance in this study confirms the walbwn GC-FID hallmarks of a broad range of
linear response, excellent retention time precisiod a low LOD. Analyses of standards and serum
samples with GC-MS show significant advantagesidenisig identification of FAMEs and the ability

to reveal possible contamination identified as FAAMIAsed on its retention time. Co-eluting FAMESs
with different number of double bonds, varying frovone to three, can easily be separated by their
distinct base peaks. GC-MS also provide the abititgeparate analyte peaks from contamination if
they co-elute, and MS performed in SIM-mode resiutftsa remarkable improvement in LOD
compared to GC-FID.

Dodds et al. (2005) concluded that quantificatiothweC-MS demands appropriate calibration, but if
these demands are fulfilled, GC-MS is the preferaternative for FAME analyses compared to GC-
FID (115). GC-MS was not fully exploited in thisudly, but the preliminary results support this

conclusion.
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5.2 Discussion of the analytical results

5.2.1 BMl in relation to semen quality

The use of BMI as a parameter to categorize pp#amnts as normal, overweight or obese is
controversial (144). A large muscle mass may lea@N I higher than the normal range. Participants
placed in the wrong BMI-group based on their musoiess could erroneously affect significant

associations of overweight and obesity on semenlitgudercentage body fat and/or waist

circumference should be registered to avoid thisptacement. All participants had their percentage
body fat measured at each visit, and in Table &i9 shown that percentage body fat significantly

increases with increasing BMI, validating our ué®&Wll to categorize participants.

Several semen quality parameters were investigatedssociation with BMI after adjusting for age
and abstinence time. The men were categorizedtiméz groups based on their BMI. Obesity was
negatively associated with semen volume, totalmspasunt, sperm concentration, the two motility
parameters (percentage motile sperm and total @emye motility count), and the two morphology
parameters (percentage normal morphology and tatahal morphology count) compared to men
with BMI within the normal range. Total sperm cowmtd total progressive motility count were also
negatively associated with an increase in BMI friibi normal range to the overweight range. These
findings partly corroborate results reported byséenet al. (25), where high BMI was associated with
reduced total sperm count and sperm concentrdtigmot with motility and morphology. Hammoud
et al. (26) report both decreased total sperm candttotal progressive motility count in associatio
with obesity, and they observed the same trengdorentage normal morphology, in consistency with
findings in this study. Decreased semen volume @ardentage sperm with normal morphology for
obese men is also reported earlier (27, 30). Anteceta-analysis of BMI in relation to sperm count
found that overweight and obesity were associati#ld decreased total sperm count, but not with
sperm concentration (4). Aggerholm et al. (5) fhite show any significant differences in semen
quality between BMI groups, but morphology was meported in the study. The population
investigated in the different studies mentionedehearies. Jensen et al. (25) included a younger
population with a narrower age range (76 % were yed)s) and a lower average BMI (22.4 k§/m
compared to this study. Hammoud et al. (26) andy&hat al. (27) recruited men from a fertility
clinic and results may not reflect semen qualityhi@ general population, which is representedim th
master study. The meta-analysis (4) excluded a mgmber of studies showing an inverse
relationship between BMI and sperm parameters, iwimiay have led to underestimation of the effect

of BMI on semen quality.

Semen quality may be affected by other confounttexs the two adjusted for in this study (age and
abstinence time). Alcohol and smoking is known @aeeha negative effect on semen quality (145, 146)

and should be adjusted for when investigating BMtl emen quality. A sedentary lifestyle is
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negatively associated with sperm concentrationtatad sperm count (147). A sedentary lifestyle is
also related to an increased BMI (1) and therefoag apply to lifestyle for overweight and obese
participants in this study. Data on alcohol use simmdking habits were not available at the time when
statistical analyses were performed, but are deltetor all participants and should be adjustedrior

further studies on semen quality.

Semen quality measurements involve a high unceythiecause of inter-observer variability. Semen
guality also provides only limited information alidhe sperm function. Fertilization outcome may be

assessed with other functional tests addressimgnsplaility to fuse with and fertilize an egg cell.

5.2.2 Serum phospholipid FAME composition for men i n three BMI groups

Dietary fat intake in the Western world today ciméaan increased n-6/n-3-ratio due to modern
industrial food production and increased consunmpbiovegetable oils. The role of dietary fat in du
human obesity has been controversial, but recedinfjs suggest that PUFAs in the n-6 and n-3 series
are not equally potent in promoting adipose tisdaeelopment, and a high n-6/n-3-ratio promote
development of adipose tissue (148). Diets richsaturated fat have shown to increase risk of
achieving a BMI >25 kg/Mm(149, 150). The same trends are found in thisystuden comparing
serum phospholipid FAME composition (Table 4.14ye@veight and obese participants showed a
higher proportion of C20:3n-6 and SFAs (mainly doeC18:0) compared to men with normal BMI.
The obese participants also showed a decreasedrpoopof C22:5n-3 compared to men with normal
BMI.

Participants enrolled in this study have not predidiietary data. Observed differences in serum
phospholipid FAME composition may be related tohbdifferences in dietary intake and/or metabolic
differences between obese and normal weight paaints. An altered estimated desaturase activity
(enzymes participating in metabolism of fatty acifisgure 1.11) has previously shown to be
associated with obesity (151), and metabolic symérg86). Similar differences seen for the serum
phospholipid FAME composition in this study wereakhown in obese adolescents compared to age-
matched lean controls, with a decrease in n-3 fatigls and an increase in SFAs (152), which
indicates that the observed variations are comgistéh the development of obesity. Based on the
differences for plasma fatty acid composition ambadurase activity observed for subjects with
metabolic syndrome compared to non-metabolic syndroontrols (86), it would be interesting for
further investigations to divide participants instistudy after presence of metabolic syndrome and

repeat the comparisons of serum phospholipid FARMEmDSItion.

5.2.3 Serum phospholipid FAME composition and semen quality
Men in this study showed a negative associatiowdsst the proportion of serum phospholipid n-6
FAMEs and both sperm motility parameters and totaimal sperm morphology count (Table 4.16-

4.17). Sperm motility parameters also had an irverssociation with the n-6/n-3-ratio. All three
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motility parameters showed a positive relationswiith the proportion of n-3 FAMEs, although
percentage progressive motile sperm did not retatfstical significancep=0.071). The association

seemed mostly due to increasing amount of C22:5n-3.

The proportion of total SFAs was negatively asdediavith percentage sperm with percentage normal
morphology and total normal morphology count. Pet@ge C18:0 was associated with a decrease in

percentage progressively motile sperm (Table 4.16).

Percentage C18:2n-6 and C20:4n-6 presented oppdfitet on semen volume. C18:2n-6 shows the
weakest significance and may be due to multipléngsind not biological mechanisms, although the

possibility cannot be ruled out (Table 4.15).

Motility patterns, and to some extent normal moitpbg, are shown to closely correlate the rate of
natural pregnancy (153). It is not clear which nadsms are involved in regulation of sperm motility
or morphology, but several studies have shown #iye<orrelation between spermatozoa C22:6n-3
and the motility and morphology, and a negativeeission in between n-6/n-3-ratio and two semen
guality parameters (67, 68). To our knowledge,atee only one study is reporting phospholipidyfatt
acid composition in serum, seminal plasma and sp@zoa membrane in relation to semen quality in
normozoospermic vs. asthenozoospermic males (82)guer et al. (82) concluded that the two
groups of men have similar serum phospholipid faityd composition of C22:6n-3, suggesting a
similar dietary intake, while C22:6n-3 was lower &®minal plasma and spermatozoa of the
asthenozoospermic males. A C22:6n-3 supplementatiady was performed by the same research
group, and supplementation did not affect C22:6meBrporation in spermatozoa membrane or sperm
motility (90). A study in rabbits showed that atdieh in n-3 fatty acids led to rearrangements in
sperm membrane fatty acid composition at a suldeellavel (91), and a recent study in rats found
that a balanced n-3/n-6-ratio of approximately 1ga®e increased sperm concentration and sperm
motility (93). A n-3/n-6-ratio of 1.52 equals a m&3-ratio of 0.7. Participants in this master gthdd

a much higher n-6/n-3-ratio than 0<3), which in the rat study led to a decrease i lmootility and
concentration, and a tendency to increased spefonniéy rate. These findings are in agreement with

semen quality results in this master study.

Two recent studies on dietary fat intake and sequelity showed that a high intake of saturated fat
was associated with decreased sperm concentratioh tatal sperm count (94, 95). Serum
phospholipid SFAs were negatively associated vhighttvo parameters in this study, but did not reach
statistical significance (Table 4.15). The relasioip between dietary intake of SFA and correspandin
levels in serum phospholipids is weaker than foFR& (9). This may be the reason why this study
did not reveal the same associations. The dietargies also showed a positive relationship with
intake of n-3 fatty acids and/or MUFAs and normpérsn morphology, supporting earlier findings

(92), and the same trend was observed here. Thelatwns of MUFAs in diet and serum
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phospholipids are even weaker than for SFAs; héimeeobservation might also be due to multiple

testing.

There are several mechanisms in which food intake affect semen quality, without necessarily
being reflected in serum phospholipid fatty acitgophilic environmental chemicals have been
found to accumulate in high-fat food items, andstkhemicals may have endocrine-disrupting
functions and lead to a decline in semen quali).(3 high saturated fat intake from fat-rich dairy
and meat processed products seen in a typical Beanmh diet (94) may contribute to the observed
decrease in semen quality. A healthy diet with ghhintake of lettuce, tomatoes and some fruits is
associated with increased semen quality (52, 184)dative stress with increased ROS production
and decreased antioxidant capacity in the testi@n@ironment is associated with decreased sperm
quality. The healthy diet described in papers (B24) and by the Norwegian Directory of Health
(155) is consistent with an increased intake ofoaidants, and may have contributed to the higher
semen quality observed for men in the normal BMiugr These theories are based on speculations,

due to the lack of dietary data in this study.

5.2.4 The effect of weight loss

Participants were categorized after percentagehwéags (<10 % ok10 %) or bariatric surgery, and
semen quality and serum phospholipid FAME compasitiere investigated for changes after weight
loss. Results are listed in Table 4.18-4.24.

Semen quality

Semen quality at base line and after weight loss @eanpared within groups. Weight loss showed no
significant effect on semen quality. The lack gfsficant results may be due to small groups (ny3-8
Furthermore, non-parametric statistic tests weredut compare results within groups. Non-
parametric tests demand a greater effect to reaatistal significance compared to their
corresponding parametric tests. | therefore maye Hailed in detecting actual differences between

results at baseline and after weight loss.

Men in the three groups had different BMI at baselithe low percentage weight loss group had a
median BMI of 30.6 kg/f the high percentage weight loss group had a meBlil of 36.0 kg/m

and participants who went through bariatric surdeasgt a median BMI of 49.4 kgimMen in the low
percentage weight loss group were split between BMUp 2 and 3, while men who had a high
percentage weight loss or bariatric surgery werend@MI group 3. This may indicate that men who
lost <10 % of their body weight had an overall betemen quality at baseline compared to men in the
two other weight loss groups, when looking at semeality compared for different BMI groups in
Table 4.11. Semen quality for men with BMI categed as normal and overweight showed little

significant difference, and this may explain theklaf effect of weight loss on semen quality forrme
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in the low percentage weight loss group. BMI formie the three groups after weight loss remained
in the range categorized as overweight and obesk,namy explain why there was no significant

improvement in semen quality.

Four men in this study underwent bariatric surgeryachieve weight loss, while the remaining
participants achieved weight loss by lifestyle amonly. Three case studies suggested that bariatr
surgery and a following rapid weight loss give &ese worsening of semen quality in months after
surgery (139, 140, 156). These findings were chglid in a study by Reis et al. (157), who found no
decrease in semen quality in men experiencing weggs after bariatric surgery. Sermondade et al.
(139) observed improved semen quality for one efrtheported cases 24 months after surgery, and
Reis et al. (157) did not test semen quality u2@ilmonths after surgery, so Reis’ group might have
missed out on detecting a temporarily worseningamen quality for their participants. Studies have
observed an improvement in the male hormone balafteeweight loss due to bariatric surgery, with
an increase in testosterone (158, 159) and a derneastradiol. The suggestion that weight los=r af
bariatric surgery lead to severe worsening of sequatity in the time period when participants irsth
study delivered their second semen sample (appedgign 12 months after surgery), was not
supported by findings in this master study. Pgyéints did not show any obvious worsening of semen
quality after bariatric surgery and following weidbss, but it was a small sample size, and further
research in this field is required. In the HiOA dstu participants who return after their bariatric
surgery with following weight loss should be indtedo a third sample delivery 24 months

postoperative; to see if an improvement of semelitgis observed.
Serum phospholipid FAME composition

Men in the low percentage weight loss group preskit significantly increased proportion of n-3
FAMEs and a trend to decreased n-6/n-3 ratio afsght loss. Men in the high percentage weight
loss group showed no significant changes in FAMBmasition, but a decreasing trend was observed
for the proportion of SFAs (mostly due to a deceeas C16:0) after weight loss. The group of
participants who went through bariatric surgeryvedd a decreasing trend for the proportion of
PUFAs, n-6 FAMEs and SFAs. The proportion of Clshéwed an increase, but none of the observed

changes reached statistical significance.

The observed changes in serum phospholipid FAME position are consistent with nutritional
recommendations for a healthier lifestyle from Nwwegian Directory of Health (155). They define
a healthier diet as increased intake of vegetablgits and berries, fish and whole grain, andwtiéd
intake of processed meat, red meat, salt, sugasandated fat. It is likely that participants whave
lost weight by lifestyle changes have been follayinese or similar recommendations to improve the
guality of their diet and lose weight. Johnson andiorkers (160) observed that patients who have

been through bariatric surgery had a reduced inthkegetables and fish postoperative compared to
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their diet before surgery. The same study presehtgdarticipants in a lifestyle intervention prai
showed a more favorable diet in general after aywe follow-up compared to bariatric patients
(160).

The intra-individual variation of serum phosphdlipFAME composition is not known for the
participant group in this master study. The natwaiation may be a contributing factor to the
observed trends, more than a distinctively chandied Losing weight induces several lifestyle
changes in addition to diet alterations. A sedgntifestyle is associated with higher scrotal
temperature, which may lead to decreased semeityq(d7). A higher activity level related to a
weight loss process may have a positive effectames quality (147). There is a well-established
relationship between male obesity and an alterpbdeictive hormone profile (25) and this might be
a contributor to the observed decreased sementyjasakociated with increasing BMI in this study.
Whether the hormonal profile was improved by weilglss for the participants in this study is not
known. Findings in a related study (6) may indickigt further weight loss to reach the normal BMI
range is needed for normalization of hormone levatsl to see if the assumed negative hormone

related effect on semen quality is reversed.

5.2.5 Statistics and selection bias

The major limitations in this study are the smaimple size, especially the limited number of
participants who lost weight, and the multiple istatal tests performed. The small sample sizetded
wide ranges for the results, and findings mustetoee be interpreted with caution. With the number
of statistical tests performed, there are chantéslse significant results. With a significancedé of
0.05, 5 % percent of tests performed can theoibtigeve a false positive result. Approximately 26

of performed tests in this study resulted in aifiggmt p-value, which exceeds the 5 % possibly false
results. A solution to reduce the possibility ofanhe findings with multiple testing is to perform a
Bonferroni correction. The Bonferroni correctionthad is considered highly conservative for large
numbers of comparisons (161) and was not perfoiméus study. The lovp-values and biologically

plausible results strengthen the findings in thests, in spite of the multiple testing.

One cannot exclude a selection effect among thecymants entering such a study; they may be
interested in semen quality analysis because theg bxperienced trouble conceiving. This possible
selection bias is however present for all participaboth normal weight, overweight and obese,itand

is unlikely that it has contributed to the resuydtesented in this thesis. The age difference obderv
between normal and overweight participants is unf@ate because semen quality is age dependent,
and actions must be done to eliminate the agerdifte2 when recruiting more men. When semen
guality was investigated in this study, all resmlisre adjusted for age and are therefore validitdesp

the age bias.
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5.3 Conclusion

The GC-FID method used for analyses of serum FAMERis study need to be further optimized. An
observed deviation from results obtained by anraatdaboratory was within accepted variation, d#ut
low recovery and deviating response factors indidaat the GC-method used in this study needs
further improvements. The calculated response fadtw FAMESs with chain lengths >C18:0 deviated
from the expected, probably due to loss of moreatdel FAMEs during transfer of sample from
injection to the column inlet. The calibrated G@MFmethod must be validated with the use of
reference standards or other control sample mhteitla known concentrations of fatty acids before
analyzing more samples, and storage conditionsdtibration standards must be optimized as well,
preferably stored in appropriate containers in*@0GC-MS provided a more secure identification of
FAMEs, and a remarkably lower limit of detectionngmared to GC-FID, when SIM mode was
applied.

The results presented in this study show a sigmficiegative association between BMI and semen
quality. Men with a BMI>30 kg/nf had significantly decreased semen volume, spemuertration,
total sperm count, total motility, total progresdiv motile sperm count, percentage normal
morphology and total normal morphology count coregan a group of men with a BMI of 18.5-24.9
kg/n?. Total sperm count and total progressively matjperm count were significantly lowered for
participants with a BMI in the overweight range .(229.9 kg/m) as well, indicating that those two
parameters are more sensitive to a small increagMl than the other mentioned semen quality

parameters.

The serum phospholipid FAME composition was altefed men with a BMI categorized as

overweight and obese compared to men with a noBftl The overweight and obese men presented
a higher proportion of C20:3n-6 and SFAs, the fattestly due to an increased proportion of C18:0,
when they were compared with men in the normal BMige. Obese men also had a significantly

lower proportion of C22:5n-3 compared to men witioamal BMI.

Semen quality was investigated in relation to seplimspholipid FAME composition. The proportion
of n-6 FAMEs was negatively related to sperm mgtéind normal sperm morphology parameters. An
increasing n-6/n-3 ratio was inversely associatét sperm motility parameters and the same trend
was observed for percentage sperm with normal nobogly, without reaching statistical significance.
The proportion of n-3 FAMEs showed a significanpigsitive association with sperm motility

parameters, while the proportion of SFA showedgahee association normal sperm morphology.

A <10 % weight loss led to an increase in the pripo of n-3 FAMES, and a trend to decreasing n-

6/n-3 ratio. Losing=10.0 % weight by lifestyle changes was associatiéd avtrend of decreasing
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proportion of SFAs. An increasing trend was obsgrfer C18:1, with a decreasing trend for the
proportion of PUFAs, n-6 FAMEs and SFAs for the nweimo lost weight after bariatric surgery,
without reaching statistical significance. Weigh$d was not associated with any significant changes
in semen quality for either of the weight loss greuThe lack of significant effects may be due to

small groups and that participants remained irotleweight and obese BMI groups after weight loss.

This study supports earlier observations that beiwngrweight and obese has a negative effect on
semen quality. A high proportion of SFAs and n-6Mi2s, and a high n-6/n-3 ratio in serum
phospholipids seem to have a negative associatitnsemen quality, especially sperm motility and
normal morphology. Overweight and obese men shawveigher proportion of SFAs, and changes in
single n-6 (increased) and n-3 (decreased) FAMisa lelear link between BMI, serum phospholipids

FAMEs and semen quality was not established.

5.4 Future remarks

In further studies on the serum phospholipid FAM&mposition and semen quality, dividing

overweight and obese men separated in groups wittvithout metabolic syndrome should be

considered, due to observed variations in metaladtivity and semen quality compared to men
without the syndrome (31, 86). It would be interestto see if reversed metabolic syndrome after
weight loss lead to an improvement in semen quadtityally, participants who lose weight should be
followed further until they reach a stable BMI witlthe normal range to confirm if weight loss lead

to improved semen quality and male reproductiortion.
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Appendix 1: Equipment, reagents, chemicals and commercial stock standard

solutions

Equipment

Equipment with supplier and ordering informatioorted by supplier.

Product name

Supplier

Ordering Information

7693A Automatic
Sampler

7890A GC System
BPX70 GC Column
ThermoQuest Trace GC-MS
TriPlus Autosampler

Aluminum crimp cap fitted with
a pre-cut blue silicone/PTFE seal.
Crimp Top Round Bottom Vial
100 pl - Clear Gold Grade

Hand crimper for 8mm crimp
caps.

9 inch Pasteur Pipets, Disposable
Bulk Pack, Non-Sterile,
Unplugged

MICROLITER Syringe, model
710

Disposable Glass
Pipets, Disposable,
TD, Bulk Pack,
Unplugged
Quickfit® Ground socket conical
Quickfit® Ground socket
cylindrical

Quickfit® Hollow-blown glass
stopper B-length

Quickfit® Hollow-blown glass
stopper C-length

Supelclean™ LC-NH2 SPE Tube
Visidry™ Drying Attachment for
use with Visiprep 12-port model
Visiprep™ SPE Vacuum
Manifold, 12-port model

Liquid

Serologica

Non-Sterile,

Agilent Technologies

Agilent Technologies

SGE Analytical Science
Thermo Scientific

Thermo Scientific
Chromacol, Thermo Fisher
Scientific

Chromacol, Thermo Fisher
Scientific

Chromacol, Thermo Fisher
Scientific

Corning®

Hamilton®

Pyrex®, Corning®

Pyrex®, SciLabware
Pyrex®, SciLabware

Pyrex®, SciLabware
Pyrex®, SciLabware

Supelco, Sigma-Aldrich®
Supelco, Sigma-Aldrich®

Supelco, Sigma-Aldrich®

Part No: 054623

Part No. 8-AC-ST101

Part No. 01-CVG

Part No. CR-8

Product No. 7095D-9

Part No. 7638-01

Cat. No. 7079-1N

Item No. BC24/C14T
Item No. MF24/1/5

Item No. SB14

Item No. 2595/03M

SKU 504483
SKU 57100-U

SKU 57030-U

Reagents

Chloroform/methanol 2:1 (v/v)

Reagents

Chloroform, MERCK (Art.No. 1.02432.2500)

Methanol, Sigma-Aldrich (SKU 32213N)
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Procedure

Components volumes and amounts to make chlorofoeth@nol 2:1

Components Amount
Chloroform 600 ml
Methanol 300 ml

1. Measure 300 ml methanol
2. Add 600 ml chloroform
3. Store the mixture in 4-6 °C.

Chloroform/2-propanol 2:1 (v/v)

Reagents

Chloroform, MERCK (Art.No. 1.02432.2500)
2-propanol, Fluka Analytical (SKU 34965)
Procedure

Components volumes and amounts to make chlorofepm@g@anol 2:1

Components Amount
Chloroform 150 ml
2-propanol 75 ml

1. Measure 150 ml chloroform
2. Add 75 ml 2-propanol
3. Store the mixture in 4-6 °C

6 % Sodium bicarbonate

Reagents

Sodium bicarbonate, Sigma-Aldrich (SKU S5761)
Distilled water

Procedure

Components volumes and amounts to make 6 % sodzarbbnate

Components Amount
Sodium bicarbonate 3049
Distilled water 470 ml

1. Scale in 30 g of sodium bicarbonate
2. Add 470 ml of distilled and mix well to get an hogemous solution
3. Store in room temperature.
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2 % acetic acid in diethyl ether

Reagents

Diethyl ether, MERCK (Art.No. 1.00921.1000)
Glacial acetic acid, MERCK (Art.No. 8.18755.1000)
Procedure

Components volumes and amounts to make 2 % acati¢rediethyl ether

Components Amount
Diethyl ether 98 ml
Glacial acetic acid 2ml

1. Measure up 98 ml of diethyl ether
2. Add 2 ml of glacial acetic acid
3. Storein 4-6 °C

Chemicals

Chemicals and reagents with supplier and orderifaggmation, sorted alphabetically.

Chemical Supplier Ordering information
2,2-dimethoxypropane Sigma-Aldrich® SKU D136808
2-propanol Fluka Analytical SKU 34965
3M Metanolic HCI Sigma-Aldrich® SKU 33050-U
Acetone Sigma-Aldrich® SKU 32201N
Benzene Sigma-Aldrich® SKU 270709
Butylated hydroxytoluen 1 % in ethanol (BHT) AppliChem A1874.0010
Chloroform MERCK Art.No. 1.02432.2500
Diethyl ether MERCK Art.No. 1.00921.1000
Glacial acetic acid MERCK Art.No. 8.18755.1000
Hydrochloric acid Fuming Min. 37 % MERCK Art.No. 1.00317.9200
Methanol MERCK Art.No. 1.06011.2500
n-Hexane SupraSolv® MERCK Art.N0.1.04371.2500
Sodium bicarbonate, BioXtra, 99.5-100.5 % Sigma-Aldrich® SKU S6297
Commercial stock standard solutions
Standard solution Supplier Ordering information
GLC #411 Nu-Chek-Prep GLC-411
Methyl heptadecanoate (C17:0) Fluka 51633-1G
1,2-Diheptadecanoyl-sn-Glycero (ISTD) Larodan 37-1700-9
cis-5,8,11,14,17-eicosapentaenoic acid ME Supelco 47571-U
Methyl cis-7,10,13,16,19-docosapentaenoat: Supelco 47563-U
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Appendix 2: Stepwise procedure for sample preparation of serum

phospholipid fatty acids

Lipid extraction:

©o NGOk ®DNE

Thaw serum samples in 4-6 °C.

Add 4 ml of chloroform/methanol (2:1, v/v) to coaldest tubes.

Add 15 pl BHT 1 % in ethanol (antioxidant).

Add 30 pl ISTD and then 200 pl of a serum sampleaith tube except the reagents blank.
Vortex for 30 sec and incubate in room temperadareéench for 30 min.

Add 800 pl 0.9 % NaCl and vortex for 30 sec at 1000

Incubate at room temperature on bench for 10 min.

Centrifuge for 5 min at 2000 rpm.

Transfer the lower chloroform phase to new roustl tigbes and damp to dryness under a
stream of N.

10. Dissolve in 300 pl chloroform and vortex for 20 sec

Solid phase extraction (SPE):

1.

w

No ok

Remove the needles from the Visidry attachmentpace SPE columns on the Vacuum
Manifold lid. Use low vacuum throughout the protbco

Wash columns with 4x1 ml hexane.

Transfer the 200 pl sample to the columns, leaded0n the test tube on ice for
transmethylation.

Wash columns with 4x0.2 ml chloroform.

Elute neutral lipids with 4x1 ml chloroform/2-prapa (2:1).

Elute free fatty acids with 4x1 ml diethyl ethentaining 2 % acetic acid.

Elute phospholipids into new round test tubes wih ml methanol.

Transmethylation

-both test tubes with separated phospholipids atadl lipids:
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Vaporize the phospholipid phase until dryness uhder

Add 1 ml benzene, 200 ul dimetoxy propane and 3 Mimethanolic HCI in that order.
Vortex

Leave samples dark overnight in room temperature.

0

Neutralize solutions by adding 4 ml NaHE@solved in destilled water. Vortex carefully, but
thoroughly with the stopper losely fitted, be awafgas. Tilt the test tubes until gas
formation is over.

Extract phospholipids by adding 2 ml of n-hexane @hthe tubes ten times.

Centrifuge samples for 3 min at 15 % U/min.

Transfer the lipid phase to new round tubes anceptiabes under N

Repeat point 5-7 three times to a total extractimome of 6 ml and vaporize undeg bintil
dryness.

. Resolve samples by adding 200 ul n-hexane. 400rolénk samples.
. Divide samples into two portions in special 10Qybes and replace air in the tubes with N

before capping. Samples are now ready for GC asalgsore samples in -20 °C until
analyzed.



Appendix 3: Contents of the commercial stock standard solution GLC #411 (Nu-

ChekPrep, USA)

CHAIN

C8:0
C10:
Cl12:
Cl12:
Cl4:
Cl4:
Cl6:
Ci6:
C1i8:
C18:
Ci8:
C18:
C18:
C20:
Cl18:
Cl18:
C20:
C20:
C20:
C20:
c22:
Cc22:
C20:
C20:

c22:
c22:
Cc22:
C24:
C24:
C22:

NHOBPWNDPWWHONHRHEHWWONRHMNORONONMOO

ITEM

METHYL
METHYL
METHYL
METHYL
METHYL

METHYL
METHYL
METHYL
METHYL
METHYL
METHYL
METHYL
METHYL
METHYL

METHYL
METHYL

METHYL

METHYL
METHYL

METHYL
METHYL
METEYL
METHYL
METHYL
METHYL
METHYL

GLC REFERENCE STANDARD
SPECIAL PREPARATION
Item % By Weight

GLC # 411

OCTANOATE

DECANOATE

LAURATE
11-DODECENOATE
MYRISTATE
MYRISTOLEATE
PALMITATE
PALMITOLEATE
STEARATE

OLEATE

PETROSELINATE
VACCENATE

LINOLEATE

ARACHIDATE
LINOLENATE

GAMMA LINOLENATE
5-EICOSENOATE
8-EICOSENOATE
11-EICOSENOATE

11-14 EICOSAD1ENOATE
BEHENATE

ERUCATE

11-14-17 EICOSATRIENOATE
HOMOGAMMA LINOLENATE
ARACHIDONATE

13-16 DOCOSADIENOATE
13-16-19 DOCOSATRIENOATE
7-10-13-16 DOCOSATETRAENOATE
LIGNOCERATE
NERVONATE
DOCOSAHEXAENOATE

¥ BY WT.

LWWWLWWLWWWWLWWWWWLNWLWLWLDWLWDWLWWWWDLRLRWWWWWWWWWW
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Appendix 4: Conversion of FAME results to FAME equivalents in serum

Internal standard (ISTD): 1, 2-Diheptadecanoyl-gregro-3-phosphatidylcholine. Amount ISTD
added prior to sample preparation:|B®@f a stock standard solution with concentratic®0Img/mL

o]

/\NV\/\/\/WOJ@,\O J\/\/\/\/\/\/\/\/

o}
O

o-P-0

o]
e

Physical data:

Molecular formula: GHg/NOgP, molecular weight 762.09 g/mole.
ISTD contain two C17:0-FAME equivalents:

C17:0 — free fatty acidz,;H3,0, 270.451 g/mole

C17:0 — FAME:CysH350, 284.477 g/mole

Recovery of ISTD in analyzed samples:

Added ISTD at start3010°ml (11.00ng ML = 0.030ng = 3@g

3010°g
762.06g imole

Mole ISTD added =3.9410° mole

Grams of C17:0-fatty acid/FAME equivalents at Start:

Mass, fatty acid-equivalent®[B.94110° mole1270.454 role= 218y
Mass, FAME-equivalents2 [8.94M0° mole[1284.47F rhole= 22y

ISTD is added to 200l serum. Calculated concentration of C17:0 FAMR@® pl serum

_ 22449

= =112 /ml
'SP 0.200ml ~H9m

In analyzed samples:

The total lipid fraction is split; 2/3 is fractiotea to isolate the phospholipid fraction. Maximum
amount of micrograms C17:0-FAME present in a prepamalytical sample:

2[B.94110° mole1284.479 nhole oéggm = 143 TQy= 148

Concentration of C17:0-FAME in the analytical saenplith a 100 % recovery:

14.9ug
0= ————=74.6ug Iml
170 = 5 500m H9
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Appendix 5: System performance for GC-FID analysis of GLC #411 FAMEs

Retention factor (K)

Table A5-1 Retention factors for GLC #411 FAMEs obtaied by GC-FID analysis.

Calibration level

FAME 1 2 3 4 5 6 7 8 9

C8:0 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06
C10:0 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.81
C12:0 3.00 2.99 2.99 2.99 3.00 3.00 3.00 3.01 3.01
Ci12:1 3.48 3.48 3.48 3.48 3.48 3.49 3.49 3.50 3.50
C14:0 4.58 4.58 4.58 4.58 4.59 4.60 4.60 461 4.62
C14:1n-5 5.04 5.04 5.04 5.04 5.04 5.05 5.06 5.06 5.07
C16:0 6.34 6.34 6.34 6.34 6.35 6.36 6.37 6.38 6.39
C16:1n-7 6.70 6.71 6.71 6.71 6.72 6.73 6.74 6.75 6.76
C17:0 7.23 7.23 7.23 7.23 7.24 7.24 7.24 7.24 7.25
C18:0 8.10 8.10 8.11 8.11 8.13 8.14 8.16 8.18 8.19
C18:1 8.39 8.40 8.40 8.40 8.50 8.52 8.53 8.54 8.56
C18:2n-6 8.94 8.95 8.95 8.95 8.96 8.98 8.99 9.00 9.01
C18:3n-6 9.32 9.32 9.32 9.33 9.33 9.35 9.36 9.37 9.38
C18:3n-3 9.65 9.66 9.66 9.66 9.67 9.68 9.70 9.71 9.72
C20:0 9.86 9.87 9.88 9.88 9.91 9.94 9.97 10.00 10.02
C20:1n-9 10.05 10.06 10.06 10.07 10.09 10.11 10.14 10.17 10.20
C20:1n-15 10.14  10.15 10.15 10.16 10.18 10.21 10.23  10.26 2810.
C20:1n-12 10.21 10.22 10.22 10.23 10.25 10.28 10.30 10.32 10.34
C20:2n-6 10.86 10.86 10.87 10.87 10.89 10.91 10.93  10.94 9610.
C20:3n-6 11.28 1129 11.29 1130 1131 11.33 1135 11.36 11.38
C20:4n-6 11.57 11.58 11.58  11.58 11.60 11.62 11.63 11.65 6611.
C20:3n-3 11.67 11.68 11.68 11.68 11.70 11.72 11.74 11.75 11.77
C22:0 11.85 11.86 11.87 11.88 11.90 1194 1196 11.99 0212
C22:1n-9 12.26 1226 12.27 1228 1230 12.33 1235 1237 12.40
C22:2n-6 12.99 13.00 13.00 13.01 13.03 13.05 13.07 13.10 1213.
C22:3n3/C22:4n-6 13.89 13.90 13.90 1391 1393 1396 13.98 14.00 14.02
C24:0 14.03 1404 14.04 14.05 14.08 14.12 1415 14.18 2114.
C24:1n-9 1448 1449 1449 1450 1453 1457 1460 14.63 14.66
C22:6n-3 15.12 15.12 15.13  15.13 15.15 15.17 1519  15.20 2215.

99



Peak width (W)

Table A5-2 Peak width for GLC #411 FAMESs obtained byGC-FID analysis.

Calibration level

FAME 1 2 3 4 5 6 7 8 9
C8:0 0.05 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.04
C10:0 0.06 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.06
C12:0 0.08 0.07 0.07 0.07 0.07 0.07 0.08 0.08 0.08
Ci12:1 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.09
C14:0 0.09 0.09 0.09 0.09 0.09 0.10 0.10 0.10 0.11
C14:1n-5 0.09 0.09 0.09 0.09 0.09 0.10 0.09 0.10 0.10
C16:0 0.10 0.10 0.10 0.10 0.11 0.11 0.12 0.12 0.13
C16:1n-7 0.10 0.10 0.10 0.10 0.10 0.10 0.11 0.12 0.12
C17:0 0.10 0.10 0.10 0.10 0.11 0.12 0.12 0.13 0.14
C18:0 0.10 0.10 0.10 0.10 0.12 0.14 0.15 0.18 0.20
c18:1 - - - - - - - - -
C18:2n-6 0.11 0.10 0.11 0.11 0.11 0.11 0.12 0.13 0.14
C18:3n-6 0.12 0.11 0.11 0.11 0.12 0.12 0.12 0.12 0.13
C18:3n-3 0.11 0.11 0.12 0.12 0.11 0.12 0.12 0.13 0.13
C20:0 0.12 0.12 0.12 0.13 0.15 0.19 0.21 0.24 0.37
C20:1n-9 0.12 0.12 0.13 0.14 0.14 0.18 0.22 0.25 0.35
C20:1n-15 0.12 0.12 0.12 0.12 0.14 0.16 0.18 0.17 0.22
C20:1n-12 0.12 0.12 0.12 0.12 0.13 0.12 0.12 0.12 0.15
C20:2n-6 0.13 0.13 0.13 0.13 0.14 0.15 0.15 0.17 0.19
C20:3n-6 0.14 0.13 0.14 0.13 0.13 0.14 0.15 0.16 0.18
C20:4n-6 0.14 0.13 0.14 0.13 0.14 0.14 0.15 0.15 0.16
C20:3n-3 0.14 0.14 0.14 0.13 0.14 0.14 0.14 0.15 0.16
C22:0 0.15 0.15 0.15 0.14 0.16 0.20 0.22 0.26 0.29
C22:1n-9 0.15 0.15 0.15 0.14 0.15 0.16 0.19 0.19 0.24
C22:2n-6 0.16 0.16 0.16 0.16 0.15 0.16 0.18 0.20 0.22
C22:3n-3/C22:4n-6 0.16 0.16 0.16 0.16 0.15 0.17 0.18 0.21 0.23
C24:0 0.16 0.17 0.17 0.17 0.17 0.20 0.22 0.25 0.29
C24:1n-9 0.17 0.16 0.17 0.17 0.15 0.17 0.20 0.20 0.23
C22:6n-3 0.17 0.17 0.17 0.17 0.17 0.16 0.17 0.18 0.18
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Plate number (N)

Table A5-3 Plate number for GLC #411 FAMESs obtained byGC-FID analysis.

Calibration level

FAME 1 2 3 4 5 6 7 8 9

C8:0 100555 145241 165378 182710 206182 207993 20292896689 193419
C10:0 211133 222802 228385 226947 222618 217307 207016 192847 181186
C12:.0 230003 237183 230727 236102 225002 209226 19503404947 152518
Cilz2:1 263993 261412 268274 264824 257340 244148 224550 200279 182442
C14:.0 307043 303697 310493 307101 280820 242862 20688519483 152147
C14:1n-5 340005 347488 350159 341339 324054 291828 269060 228010 200821
Ci16:0 449939 439401 430842 423940 363017 290847 24409071989 160472
C16:1n-7 477818 474650 478204 468922 425667 366153 321695 274848 239442
C17:.0 498699 478421 472260 465095 408732 364895 33120846329 259401
C18:0 615108 581101 556633 532034 383465 239993 172403 125363 97567
cis8:1 133464 131890 130819 128271 601964 510437 45465932258 335102
C18:2n-6 663974 664355 652522 644901 545657 475571 413856 350633 284420
C18:3n-6 645205 645598 649289 636675 583605 514201 45832916340 353023
C18:3n-3 654661 672374 642062 642572 598847 516457 452195 391221 347103
C20:0 627503 576501 525779 483201 296858 176246 125324 63293 72326
C20:1n-9 579906 551666 524879 474970 308749 156868 89605 67518 73077
C20:1n-15 609889 602815 575887 556231 401359 238392 13557602851 119023
C20:1n-12 637746 654419 644197 650380 577015 479729 403009 297764 303050
C20:2n-6 626806 604030 584076 605013 523313 401735 33061874235 198892
C20:3n-6 635189 623178 617511 616592 541129 452028 383036 309553 256118
C20:4n-6 614566 656045 643623 629052 598514 516029 45067204680 338639
C20:3n-3 625685 629013 629384 645144 580908 497307 456414 386482 328873
C22:.0 615839 572421 570342 539383 373134 224285 16366697080 80155
C22:1n-9 613307 603209 601145 574807 478408 350451 266869 210108 152512
C22:2n-6 628924 629340 611184 603018 522040 400919 3325265483 200985
C22:3n-3/ 657525 668934 655527 643055 547532 442073 359713 280999 233172
C22:4n-6

C24:.0 648658 611328 609170 567054 421255 287448 2138481718 118130
C24:1n-9 655703 651192 636436 629879 527568 406475 323301 267984 228837
C22:6n-3 713868 714214 708723 716175 655177 586172 50808005284 391101
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Resolution (R)

Table A5-4 Resolution for GLC #411 FAMESs obtained byGC-FID analysis.

Calibration level

FAME 1 2 3 4 5 6 7 8 9

C8:0 -1 -1 -1 -1 -1 -1 -1 -1 -1
C10:0 2950 32.62 33.83 3453 3530 3517 3455 33.79 33.01
C12:0 41.22 42.16  42.07 42.32 41.64  40.62 39.43 37.38 7235.
Ci12:1 1429 1438 1437 1441 1412 13.68 13.15 1235 11.73
C14:0 29.09 29.00 29.36 29.19 28.37 8.64 8.34 8.21 7.87
C14:1n-5 1118 11.19 11.29 11.18 10.78 10.08 9.46 8.77 8.13
C16:0 30.48 30.51 30.45 30.16 28.64 26.38 24.72 22.48 6520.
C16:1n-7 8.32 8.24 8.21 8.12 7.56 6.87 6.34 5.77 5.27
C17:0 11.54 11.38 11.31 11.19 10.49 9.66 9.02 8.32 7.56
C18:0 18,56 18.22 18.05 17.82 16.07 13.99 12.62 11.32 10.38
Cc18:1 - - - - - - - - -
C18:2n-6 7.25 7.19 7.13 7.07 9.04 8.32 7.76 7.07 6.43
C18:3n-6 7.46 7.44 7.40 7.35 6.86 6.39 5.98 5.53 5.07
C18:3n-3 6.44 6.49 6.42 6.38 6.15 5.73 SES0 5.03 4.72
C20:0 3.91 3.94 3.87 3.86 3.54 3.15 2.90 2.72 2.58
C20:1n-9 3.25 3.13 3.01 2.85 2.18 1.58 1.27 111 1.05
C20:1n-15 1.57 1.55 1.54 1.47 1.25 0.91 0.66 0.56 0.56
C20:1n-12 1.24 1.24 1.20 1.22 1.10 0.91 0.69 0.56 0.55
C20:2n-6 11.19 11.09 10.92 11.02 10.20 9.00 8.16 7.05 6.55
C20:3n-6 6.98 6.87 6.79 6.85 6.37 5.67 5.15 4.56 4.07
C20:4n-6 4.60 4.65 4.60 4.56 4.33 3.98 3.68 3.39 3.06
C20:3n-3 858 1.57 1.57 1.56 1.54 1.45 1.39 1.32 1.24
C22:0 2.79 2.81 2.85 2.87 2.66 2.35 2.20 1.97 1.82
C22:1n-9 6.05 5.89 5.87 5.71 4.92 3.94 3.34 2.77 2.34
C22:2n-6 10.62 10.55 10.43 10.29 9.44 8.11 7.21 6.41 5.46
C22:3n-3/C22:4n-6 12.44 1250 12.34 1223 11.34 10.10 9.15 8.12 7.23
C24:0 1.85 1.87 1.89 1.87 1.74 1.58 1.46 1.35 1.23
C24:1n-9 5890 5.88 5.83 5.70 5.05 4.29 3.72 3.30 2.92
C22:6n-3 8.36 8.28 8.19 8.15 7.43 6.55 5.86 5.24 4.76
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Peak symmetry

Table A5-5 Peak symmetry for GLC #411 FAMEs obtained  GC-FID analysis.

Calibration level

FAME 1 2 3 4 5 6 7 8 9

C8:0 0.57 0.82 0.92 0.97 1.08 1.16 1.21 1.28 1.36
C10:0 088 097 1.02 104 117 133 145 1.61 1.82
C12:.0 0.96 1.00 1.07 1.11 1.37 1.63 1.87 2.20 2.49
C12:1 099 1.02 104 1213 132 156 1.77 2.08 2.42
C14:.0 0.96 1.12 1.12 1.15 1.44 1.93 2.28 2.74 3.19
C14:1n-5 096 1.03 1.07 112 145 177 1.93 2.19 2.85
C16:0 0.98 1.03 1.19 1.29 1.73 2.31 2.82 3.11 3.81
C16:1n-7 1.01 102 118 126 145 2.03 2.46 291 3.53
C17:0 1.38 1.34 1.32 1.36 1.44 1.28 1.19 1.10 0.94
C18:0 1.05 116 137 133 192 255 393 4.23 4.78
C18:1 - - - - - - - - -
C18:2n-6 099 112 116 120 155 205 261 3.05 3.53
C18:3n-6 1.04 1.13 1.11 1.23 1.45 1.92 2.41 2.62 3.32
C18:3n-3 1.00 117 113 120 153 191 245 2.77 3.37
C20:0 1.13 1.22 1.27 1.48 2.19 3.17 4.01 5.08 4.96
C20:1n-9 1.04 117 119 129 138 204 283 3.47 3.46
C20:1n-15 1.06 1.15 1.41 1.33 1.56 1.97 2.48 2.83 2.32
C20:1n-12 1.03 121 128 141 173 238 263 2.97 2.77
C20:2n-6 1.07 1.18 1.24 1.36 1.70 2.31 2.93 3.46 4.09
C20:3n-6 1.00 108 118 1.28 166 218 241 2.79 3.65
C20:4n-6 1.05 1.15 1.13 1.26 1.47 2.09 2.32 2.87 3.21
C20:3n-3 099 111 115 119 155 213 248 3.07 3.62
C22:0 1.07 1.25 1.44 1.56 2.25 3.27 4.37 5.36 6.11
C22:1n-9 1.04 115 136 139 194 278 3.28 3.20 4.68
C22:2n-6 1.02 1.14 1.21 1.35 2.00 2.28 3.04 3.67 4.25
C22:3n-3/C22:4n-6 1.10 118 119 132 195 289 3.39 3.78 4.62
C24.0 1.01 1.24 1.30 1.46 2.21 3.42 4.54 5.66 6.37
C24:1n-9 1.07 121 120 134 190 291 3.05 3.72 5.27
C22:6n-3 0.96 1.03 1.08 1.19 1.47 1.94 2.48 2.38 3.30

103



Appendix 6:Mass spectra for peaks representing the use of expected features for
identification, and TIC and EIC displaying an unexpected elution order for C20:3
and C20:4.

Mass spectra for FAMEs with varying number of deubbnds, representing the expected features

used for identification.

Ci\Xcalibur\data\Siri-data\d11-niv 401 01.02.2013 12:49:29

411-niv401 #3727 RT:29,05 AV:1 NL:1,93E6
T: {00} + ¢ El det=350,00 Full ms [ 35,00-420,00]

741
1003

©

©

@

@

~

~

C16:0

2 o

o

IS

Relative Abundance
@

g 8.,5.8.4.5.5.8.5.8.8%.3.%3.5.5.3.8.

w

552

w

~

n

o

692 1432

59,2
>9 ‘ 832

-

129.2 273
1712 1852 199 ’

1152

972
44,2 ‘ ‘ ‘ 157,2 ‘ ‘ 2393 2703

130.2 213,2

L o 1 R R O i OO 1722|1883 | 213 2433 2723

L L e B e e s s e s s s
40 60 80 100 120 140 160 180 200 220 240 260 280 300

miz

LN e s S B
320 340 360 380 400 420

Figure A6-1 Mass spectrum for C16:0, a representate spectrum for saturated FAMEs.

C:\Xcalibur\data\Siri-data\411-niv401 01.02.2013 12:49:29
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Figure A6-2 Mass spectrum for C20:1n-9, a represeative spectrum for monounsaturated FAMESs.
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C:\Xcalibur\data\Siri-data\411-niv401

01.02.2013 12:49:29

411-niv401 #5366 RT:39,19 AV:1 NL:101E6

T: {0:0} + c El det=350,00 Full ms [ 35,00-420,00]
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Figure A6-3 Mass spectrum for C18:2n-6, a represeative spectrum for an unsaturated FAME with two doube

bonds.

C:\Xcalibur\data\Siri-data\411-niv401

411-niv401 #5812 RT: 4195 AV:1 NL:9,79E5

T: {00} + ¢ El det=350,00 Full ms [ 35,00-420,00]
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Figure A6-4 Mass spectrum for C18:3n-3, a represeative spectrum for a unsaturated FAME with three daible

bonds.
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C:\Xcalibur\data\Siri-data\411-niv401 01.02.2013 12:49:29

411-niv401 #9321 RT:63,65 AV:1 NL:290ES
T: {0:0} + ¢ El det=350,00 Full ms [ 35,00-420,00]
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Figure A6-5 Mass spectrum for C22:6n-3, a represeative spectrum for an unsaturated FAME with four or more
double bonds.

Contamination identified as C20:1n-9 in a participsample.

Ci\Xcalibur\data\Siri-data\R1-501 280113 28.01.2013 12:32:18
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Extracted ion chromatogram for the FAME molecutar for C20:3 vz 320)
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Figure A6-7 TIC and EIC for the molecular ion for C20:3 FAMEs (m/z 320).
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Appendix 7: Calibration curves obtained with GC-FID at two different time points

Calibration curves for the first (left) and secdright) calibration of the GC-FID method
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Figure A7-1 Calibration curves obtained with GC-FID for nine concentration levels of GLC #411 FAMEs. Crves

from the first calibration to the left and curves for the repeated calibration 8 weeks later to the ght.
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Appendix 8: External control of results from serum phospholipid FAME analyses

Results for serum phospholipid FAME analyses addew this study were compared with results
from an external laboratory. Numbers listed intddge is the difference between obtained perceatage
for single FAMEs out of total of 100 %.

Results,,gster — Resultsyitqs

Table A8-1 Differences between obtained percentagésr selected single FAMEs out of a total of 100 % fonine
participant samples.

ID Ci16:0 C18:0 C18:1 C18:2n-6 C20:3n-6 C20:4n-6 C20:5n-3 (C22:5n-3 (C22:6n-3

1 -3.8 -0.4 1.5 -1.2 0.9 0.3 1.6 1.7 -0.7
2 -3.8 -0.6 1.4 -1.1 0.7 0.1 1.3 15 0.3
3 -4.0 -0.6 1.7 -1.7 0.9 0.0 15 1.7 0.3
4 -3.1 -0.7 1.7 -1.3 0.6 0.3 0.9 1.4 0.3
5 -2.4 -1.1 1.4 -1.4 0.9 0.1 1.4 15 -0.4
6 -2.3 -0.9 0.8 -1.5 0.8 0.4 1.4 1.4 -0.2
7 -4.0 -1.5 1.5 -1.9 1.0 0.9 2.7 1.7 -0.3
8 -3.7 -1.5 3.3 -1.5 1.4 0.9 1.2 -1.0 1.3
9 -3.8 -2.2 2.4 -1.2 1.1 0.5 1.4 1.9 0.0
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Appendix 9: Storage of standard solutions

Aliquots of 1 mg/ml total FAME concentration of GL#111 analyzed after preparation and after one
month storage in -20 and -8C. The experiment was performed to see if storamgeliions and
standard solution preparation procedures were adeguecause of observed increase in areas

measured for stored standard solution comparedrashly prepared standard solution.
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Figure A9-1 Aliquots of 1 mg/ml total FAME concentraion of GLC #411 were analyzed directly after sample
preparation (blue), or after one month storage in20°C (red) or -80°C (green).

116



