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Over timehbodhweh&hs manol ved compl ex systems de
and host defence. Among these, the GI and i m
body that wpead&kl tahs vy d@loaedsomhiycsailol ogi( D&l vfewsnct
et al ., 2011; Ogopuierembdepegddendldd pfidd reantsi ons ¢
and provide sy merdd imshieinc oef hgctps operl vy, t he
provide a r odbowsde ff @uaeserautpitaonon to these syste
or i n coarbn ncad mipone énfi specctee ngtiivailntgp ra sreange of ¢
conseqlFemc esxiampdierred gut Il ntegrity i s assoc
irritabl e Hdwaealninnygnegrntomél a mPdiRsdd Psbdbwally et
2028) i n some seamtreiemuatoet Dixoe mi A Maodelsepsi st

2015; Potruchleteiamhati v2elRy2i) mmune function 1is

risk of il lbredanyg, iaplwelalt eas i nanpnawntdo it dMrowmrse s u
infl ammat rGpoydinseasexal ., 2024)

Whil e theseh egampltehe Itilg ni cal i mportance o0
homeostasis, disturbance to these systems ca
such as exercise. Acute and chronic exercis
hi ghensi nit es, has been shown to transiently

func(tNioenman and.AWd rhtoaa,gh2@h%®)se responses are

indicative of disease, they may still/l have p

Il n at hl etiensd,ucexerpceirsteur badarensr equeagnttl yi ndlege
prol onged or strenuous exercise and ar e of
perturbations may al so influence factors suc

could negativel yCoxntfd uenc@i mielc@@OIeW . pt exde ri cmnsug



perturbations may also increase susceptibil
could potentially int(eGlreugpstont raand i Pygn e,r ZXOInt
2019Bherefore, mai ntaining gut integrity and

supporting both athlete health and perfor man

Mi ddlkeri ved products have pbdmanwitarilat edp plt e memyt
bovi ne dalvesitgrwmuum t oexae¢ tienndsu&taedd | mpreurtar bati ot
(Davisool 82tym is produced only during thi
collection is restricted to the excess r ema
l'imiting its availablhicpynandst nhcMEGMIi ng @o
found i n bcootlho smirlukm arhdat can be mr bHiua eal ada |
generated as a byproduct skKiegu n®h arhéfyo rpe ,o tteh ins
interdp | toGle drmcomomdmudmt ory potenteabkbr mftn BIF GMe
camx hebfeompartr ahbsheo voifne cwhliolsef euimpng a mor e a

and -eefofseacti ve alternative

Incl. immunoglobulins
and lactoferrin

Retentate Large proteins

Milk Fat Globule Membrane
(MFGM) components

Microfiltration
membrane

Q
Small proteins

Permeate

Figurel.1. Diagram of MFGM productioduring whey protein manufacturing



1.Tlhe gastrointestinal system

The GlI tract is a complex system that consi s
smal | intestine, | arge intestine and anal c a
substances and is responsi bf ef od, thkesompgtisao

secretion of watderxazmeétenmnyf@foivast e .ptThalct s

Gl tract al so serves as a barrier to potent
(I umen) , preventing them from passing the 1in
(GieryEGka et al ., 2022)

The nguwtr orbefodras t o the | arge community of mi
fungi, parasites and archaea) that resi de i
funceahdngan act as one of the first l.i nes o

Numer ous factsoegexsneswurciht imen a dggnecnleetd ecnésgnasned eslt) r e
can affect and shape the composition of the

changing driinreorsmentThler e 2020)al so some fact

antibiot-ster andnafhloaarmmat ory drugs (NSAI Ds), t
gut mi crobi ot a, creating a window of wvulner
survival iavehe e . guiHtoo wmi cr obi ot a2 tnyopnitchasl |
foll owi ng Ngr eat mént 2019; Patangia et al ., 2

The gut microbiota provides defence against
mo s t notably througbhaihe fpatotdwcacpopds of SChAYS
propionat e, and acetate vi a( Keeu metn tSaQtFiAsn2 ® I 1
seravse the primary energwhi $estur @ad sborsupplbohoa
t hrough their arbtiil mitcyr otbai VaEpa n pheuphtlteiddess (pr oduct i

epithe( Nabgatebktsal ., .2BLFAsTad seot palo.v,i dx0 eq4)f



mi cr

occu

he gut barrier itself, having shown to u

ri bute to the maintenance of tighlt |junc

i ppala et-Raytor 2001883 P@Pnd@ddBiCFtAed effect s

obiota also provides protection through

py niches and consume available resour ce

by pat(hoagwelnesy and. Wal ker, 2013)

Regu

|l ar moderate exercise is |l argely benefic

greater cardiorespiratory fitness may <corr el

buty

Cl ar

may
peri

but

3
©

a st

t owa

de mo

rate | evel s dpureo duwc iinngd moerdgsednsi siamsSBGEA a 210y
ke etfoalnd (t2hOalt4)el i te rugby players exh
uenced by both exercise and diet. Mor e i
underpin atwhetkicy hpleyr ftorramamed ,i ndi vi dual
odi sat tpamt(eanutda ehi)glper f or med better whe
the sampeobeunhedheghcompromi sed perf or me

o(bFuortbaer et Thé.aubb@ers beésomchiopmdytdhat es l

oved performance, with subtle alteratio
obial communities were associated with b
ontrast, intense and/or prolonged exerci
ate of dysbiosi s, i (NMd ruids migmeae heatd adsldh ad ,f £ B

rds greater amount Karfl oetp oallttunh DL &I) pa

nstrated that faecal met abol ome of | ess

infl ammatory profile (fohadaowetngaldrtaln2ad ey , e XE

exercise appears to suppo(rComnmlesn rarbd eBimi ¢t,r 0d

al .,

wi t h

2WH&aneas prolonged or exHaucgctinesierxdr ail

outcomes influenced by host conditionin



Whil st the gut microbiota plays a cruci al r c
focus of this thesis is the gut barrier itse
attributed to the microbioani simsi matkelugndepe
integrity and function. Understanding the gt

these microbi al changes translate into physi

1. Th® gut barrier

The intestinallayamred edefisna@e muydtiem tasked w
absorption but al so protecting the host fro
pat hhogens, tokPatseranan aart dTgeentsi sy n ®Otlidgns of
barrier consist of a monolayer of intestinal

known as ti(gdetdi gjuli mcStirouncst ur e of t hlentsenmsatliln aili

epithel ilauldecelnlteriocytes, gobl et <celilesa,chent er
with specialised roles in digestion, barrie
def gmrSdei nert. et al ., 2011)
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Figurel.2. Structure of the small intestine barriEigure created usingiorender

The most

from 80%

abundant

(il eum)

cell s borderi the intest

ng
itmt ®H5t%6 f als oa@mintdimenlr ied Il aa glell y

for basic intestifwatefuncuoiohent sigedtvionami
unconjugat(eMi rban ea nsdal.@rdH nstt eerao ¢ y2tfetisd peerde coed Il tsm
possess an apical cel | membr ane or brudush bor
7000 per cell in the small intestine, althou
surface saorrepftDéohesab and . JAcwbsenyadgelpf dig
are expressed by enterocytes, as wel |l as t
monosaccharides and fatty acids, among ot he
|l ocated primarilyaatl|ltithataeapitdal tmamscahé ul far
the intestinal l umen into the cells. Once |



basol ater al membr ane into the bloOHadstore aent, &
2015)

Foll owing enterocytesntebetei malxae pnotgloellaidaul n da
di stributed across both the smal/l and | arge
synt hesi see handausesr ¢that | ines the intestinal
anapi cal sur face, characterised by microvil/
secretion. They also contain an endopl asmic
synthesis, packagiwngi masd thank@yrpradtiRemrynaod o m
Tonetti etThéeére @a0Q49ver 20 documented mucin
each with slightly different structures and
constantly secrete and renew t(HKe nmucawnd ilndaydr
2022)Gobl et cells are also implicated in micr
of AMPs s uclhi kees mfoelseigsathienr adteirn gv eids I13etpr ot ei ns
factor, whi ch combat commensal mactuer bar aine
(Ferrand .etDuwmd .t 0o 2t0H&Qi)r anti mi crobi al proper
gobl et cells in the <col on, where the exposu
agents (Behggthreem et al ., 2010)
Enteroendocrine cells (EECs)i ma&et upab emat h
however, they compri se t hel Huarrngeessst . eeth laelyg. r,a meC
thought to be the dominant chemosensory cel
subtypes nddentei faisesdo,ciated with the release
regul ation of satiety, GLemoandi Owydme, e ¢
were originally characterised basesed bor mbeeo
basi s, however, this has since been disprov
messenger ribonucleic aci(En@@meRNBA)fftoretmullt i,



al ., . 2wWiltrh the exception-HJfsemdteo micth)y o mBECS
evenly distributed across the GlI tract . I C
inhi bitory peptide [GIP]) are prembhsi(-gl boag
|l i ke peptli]jd,e dep[tGLdPe YY [ PYY]) are mainly |
Al ternative EECs such as D cells (ghrelin,

(hi stamine) are pr edon(iStaenitn eyr tl oectataeld. ,i n2 O lhle

Paneth cells were oridkteathuyydi astoheugth in

years | ater when Joseph Panet h, t he Praanneetsha k e
1887 )Paneth <cel-dlsapaerde, pcyolaum ndaarl, secretory ¢
intestinal crypts, also known as crypts of L
Paneth cells have been observég brenhacst eni
mucosal i nfl ammati onBdwisns aaln d f S Rlazmeadrb,t aZ2d ¥ 1s
critical roles in gut i mmunity, acting as k.
t hrough t he secretion of numer ous anti mic

i mmunog!l dlmAl lrysdziyme, UlategEkbesiensamadd Bevi
Quell et.teMamRyyl@drnanul ar components are synthe
granules in the endoplasmic reticulum and Gc
be synthesised el sewhere prior to storing i
prodilucboey plasma B cells prior toLbesoalgowt amn.
McEIl r oy, 2020; .SaAlodngesti del .t,hel d86vial uabl e f
regul ati on, Paneth cells also stand out as |
components that support and enhatce datntals.t,i |
However, whilst i mportant, Paneth cells are

shown to tolerate f{iKeé mamksemdc¢e ,of20R&Det h cell



Tight pumraactei omul ti protein complexes | ocated

epithelial cell s, where they connpeecrtmeadjl &c ¢
paracelluight bgurcioenitan Dbute to intestinal b ¢
regul ation of the paracellul ar movement o f

epithelea met . allthieg h2t0 1¢8a)mElt e oni s composed of
proteins, primarily c¢claudins and occludin,
zonula ocdl,u&ZelDanB)ZQ@Z@cts as a scaffolding

transmembr ane ctoingphotn etinat rst hoefo mtchtei( Mac Waag he loat

2006)

Paracellular transport occurs via two disti
primarily regulated by c¢claudins, which contr
on charge and si ze; and theilledatesl ¢ hitei viO Vv

| arger solutes in response (8hehysti.oldabhyi,x 210
paracel l ul ar transport compl ement s t he afo

regulating the selective permeability and in

Vari ous protein kinases thagwhe heact istbown ht @
phosphortyi ght eghusoadii othned pr otle.i nAsd diptairan alull ya,
i ght chain kinase ( MLCK) has been shown tc
|l eading to actomyosin contraction and cytos|

tight jumune@€iwmyi ngham and |ITurfneat,, 20129 mmon

pathogens to compromi se i nttdsgthitn gturntcetiwiner €
example i s elBtecowhatchogeni vyates MLCK, | eadin
filament and dephosphoryl ati on of occludin

transepithe¢lGli at feeésysaoaadcélecht, 2012)



1. Ex2rcise and gut integrity

The selepermeabsemfunction is a cruci al c hat
per meation of nutrients, water and i ons, w h
ot her har mful substances. Thbegdmes fcdrmpger dmi
such as throtuigdghhtdisjswmeptdi®@mectoepithelial <cel/l
barrier can become i mpaired, allowing | arger
the | umen iintho sciomd wloantmif am r ed Cthe | aak kiolte &ky ad
Dmytriv et al., 2024)

Il ntestathygl Aci d Bi-FABBPhg ®rddS5ekmda( cytosolic p
cellul ar uptake and( OekKrdrol asadan .MNd&n riist gey pladeis:
al most exclusively in matese¢ei aptema&kymngs i of

bi omar ker for daealtlesdalthrdere pciotphddi Ihiedolinsly odr st |

I-lFABP i s rapidly rel ealsdavdatiendt ol ecvierlcsul iartd ioma t
damage o Emeonesiset al. ,lFABPOhakabeebmal a,
mar ker of epithelial i njury and has shown p

bot h i n Kalnidrai ecdd nall .ex e2 @@ syen sWitjtcikn geNu naelr.o, u s2 |
exercise models have shown-FABPCastsa i gal |

I nterestingly, the magnitude ofandpittmpleiral u

dependent , with wvigorous running aBABRycl: i
concentrations, with the highest adfMaernc hacector
al ., 2019; Mosrrison et al ., 2014)

This is furtWaén esuppowmttedd29e&rlyed s iFAMBIPf i can

concentrations foll owi ngFAaBPs twaansd asrudb snmaarnatti haol |



individual s who -2xye@cii@tnecdcelxleagsese with h
significantl|l yabeghewvetbBamtprle hour after col
i mmedi atceolly apeet/ mar at hon was al sos 2(.3%9.A7C AG)
compared to the controls (36.2 AC). Not onl
intensity dep€ABPnbunafuréehef énforces the

bet ween intestinal damage and heat ill ness.

Due to the impaired intestinal barrier funct
el evaRABIP Iconcentration has al so b-ierediu csetdr o n

increases in(gost aeemeuwbridntt2y0ert)hods for as:

permeability typically involve either quant.
(Davison et al ., 2016pr Mmeabhbhankgesyatemi @0
dysfunction, such as the trans( Maradh oet odl .l,u
Ogden et. al ., 2020)

Earlier research wutilised single probe test:

glycol 400°gwBEGeft@d) EobOhyl en e diCafd hie)taelttrhmoauwogeh
the results were of tienndiivinodarmadi svtaernitatd wenst d
bal ance and(Memal sclaear ¥bdowadsyuygyghdIqdarlst s, in
nomet aboli sable disaccharides (e.g. l actul o
manni tol) are the gold standard for measure

relatively | arge) di saccbthouldd (B8d2p&Dmeate a

barrier. Though, when the intestinal barrie
epithelium through paracell ul ar pat hways.

monosacchharasder,hasmmcose or mannitol, to act
which permeates via transcellular pathways,
both transcellul ar and paracellul ar pathway:



barrier | argely unaffected by changes in per
an internal reference for factors of individ

vol yme avis and. Menzies, 1992)

The | actul ose/rhamnose (L/R) t est has pr ove
permeability across sever(abDawvinscemr vetntalons, 20
al . ,, 2R3A)D ( Plgeysftorod, eds awel | 289 10se in cli

in those with i r(rNMarasbh al |b ocenteyls si(ydnedzrid@mie i r st

et al, ,cdlOi8¥gLodbidemaseadndli.mmurddBdefaitciinegn ceyt al
Exercise has consistentllyi ksdlowntghtidolse amtpt e an e
tight ijnnutnedrdgqnyt haentida mbagseselcli at ed (Wiatvh sexerdi s
2016; Lambert et al., 2008; March et al ., 20

et al ., 2014a)

I n addition to wurinary recovery of carbohy
investigated for their potenti al as indirec
permeability allows for the tr anpdmemtts oinn to
circuilaatpirmomcess that would normally (ldhogheve
et al. , LR®20a key eamemmdneret bafctgmraimP Ineimdp G a n ¢
have been examined-i @aslumedk e mn(sBoatr boxea e mir aeits ea |

Jeukendrup. eThaltrarR9lO®gati on of LPS from tl
i mportance for its role i n sysstteenmmicc iinnffllaanmmae

response (Sym&nomend mul ti pl @Mioahgealne nfaa.idtur al

However, i ssues related to sample collectior
|l ed researchers to establish more reliable n
these |l imitations, researched ndmazyeduesadalt Darx

such &3 ndPBg P)r odreicnl usLtBer of di ffBeFHrenai adio



60 kDa glycoprotein responsible for binding
receptors | i-REeRECHDIdd|l amtdAITILR, na0Ltely, CD14 i s
predominantly by macrophages and monocytes

PAMPsSharygin .dgtl exli.s,t s20 23)t woo ufnadr naD 1 4me(mbC Cal
anchored to i mmune cell membr anes, and sol ut
t he membrane or secreted directly into the
used as an iofdimiecxrtobmarlketrransl ocation and

(Turgunov .et al ., 2024)

Using a similar principle to LPS translocati
attention in recent years as an indirect m

techniques employed for -tmemes uqumat btaatt &89 e adh

reaction (qPCR), 16S ri bosomal RNA (r RNA) g
sequencing. Though, shotgun sequencing is ge
in blood due to the | ow baghemamaubnbi omafest

bl ood, which account s f(oTrano veetr. aFD% afl0 2t80)tr eela s

amplicon sequencing and gPCR are the preferr
bl ood.

The 16S rRNA gene encodes the smal/l subunit
i mportant role in signalling genetic i nfor

transl ation of{BmRNA &0 Ilptt ot ® 2dBriessed excl u
archaea, and not found in eukaryotic organi
analysis in humans withokKimianerChBeneBOf4)pi
rRNA gene sequencing involves amplifying the

using PCR with primers that bind to conserve



The sequencing data is then compared to ref

present i(Cltarer ischgngp, e2004; . Janda and Abbott,

I n compari son, gPCR is a highly specific te
amplifying specific, t-ar met eddnDNReséagGgGesegu
amplifies all 16S rRNA in a sample,pgd®iCiRi d oc
pri mers and f I(Usrhemsmaced ntanmr.od®&i atad,l o %8 0 &)o
guanti fication of bacteri al | oad, and due i
measuring bacteri allSnmhkun daanndc eO sMdhoir bng th p2DEOEOR |
sensitive than 16S sequencing and provides
requires prior knowledge of specific bacteri
sequencing performsibltoadxdet emaki og ot Inmact
where the bacterial composition is unknown.
abundance data and may b-lei 6 mass qaiecBiatr deye eftor

al .,. 2015)

Al t hough the use of 16S amplicon sequencing

bl ood bacteri al -rDeNlAatiend nfiicerlodosi,o |l tolgggy ar e st

within exercise science. For tBisagréeadasse, meh
although a few studies do exist. At present,
on bacteri al | oad i n Dbl oo(dHeunsn inngg sle6nS ertiRiNaN .g,

study found that an exerVhsswenb88ACoé&él rannedg
increases in micrtobi-ppagstNAsefromtegrestingly,
bacterial groupPBrdeetebaetewBaekpaaRpRl&Of do® § g

and gCkwruwsi &8t 6 £o) .



Whil st the results were promising, the study
consideration of pOhlenrta peldea sdhcarstpB A Ndeutns , batst
present in the sequencing r(eXsulLtis,e.twhatlb & 8200t
i mpossible that theset wanel pcatsieon dwmetthe diu
known contaminants in 16S rRNA sequencing.

removedt angebf$s$equences. Thidatadbualse &lond abme n
t han sampl e Tddmtsanponsastiibolne t hat contaminat e
reference databases may | ead to incorrect t
requirement ftoar gdtc essencqpidhregspbbly al so assess
which poses its own | imitations. There is s
bacteri al DNA in blood is in the buffy <coat

phagoc(yPtaopssiss® et This,i 0pé&)ticularly i mporta

chall enges with 16S sequencing, where sequ
abundance of bacteria in the sampl e. Il n | ow
reduce bcoyt hanadc csuernasi t i vity of the analysis, *h
as much bacteria in the sample as possi bl e.
There are several mechani sms uinnddeurcpeidn niinncgr etah
gut permeability, the first Hefatwhsitahe siss (enlyepve
i mpairs gut integrity through direct ther mal
junction proteins, l eading to st(Dokbadhyaket
al ., 2016; Ghulam Mohyuddin. Getveal t ha202Xer ¢

consistently shown t(oGlienecsroena a ald9c9%8rv)e nt emmp er a bt
condi(tPi®nsard ,et tal s, | 2@2%kt)al to suggest that
damage and permeabil irntegl dthed umgdc tamies me.mpRu@

been shown that heating colon cells from 37



resistance, highlighting the pdqtMamtcihdlanfkorth
2011)Further demonstrat i argeltahtee di mfelcuheannci es nosf o
functi on, it was shown that passiveiyldeat.
relative to ambient tEeBEOTAt rem the twguans nd

(Prosser .et al ., 2004)

|t hasenapeseoulbeted-indace@dxbédeat sestress may i
apoptosi s, creating weaker points in the bat
showed that overexpression of heat shbtk pro
apoptosi s sidmalnigi eg. p@it hev@ Pt2h2a)t heat shock

by acutd Hexesttcii g g teti salp.l,aux0ld)e that ©prolo

could intensify these signalling cascades.

During exercise, and especially as exercise

nervous system is actiavaaye df rachnd tphhee oghuetar & ¢ s |

skel et al mps @anesini thedhypopat easi oal wicsaonh & 8 mii
damage components of the gut, such as &epit
(Ul'luwi shewa | mpaialed cQloarance of met abol i c

conditions may furthEvan nWiejnsk. f eRoéghlw.eh edglla )
t he gut mu s t be ntepedutesedxi dghtche and infl

further epi(tGreloitglandamageal .., 2010; G. Li et

Mechani cal stress is another-impatcttsbphbirag f
runnRepget i ti ve mechanical forces used in the:
intestinal ' ining, (Cbhbssawebhkkihi higer0,ih t) tbear g a s
and mechanical s tirnepsasc ti nsppoascetds | knyatyle i gelpi t hel i

possibly tha ghitsg]{ Chtaindrb aaf edi sar upttiigydrd 29 fu ntchtei



arrangementpsarmayg hdrad aatne t hef @i lttihhceh ain b ¢§ wva bt |

of I uminal cont en(tdse iOtiovetihrea belto cad s.t,r e2a0m. 4 ; .

It has been suggested that the transl ocation
periods -omdecedcisereased gut permeability m
el evations in GI symptom@hamtcl eenete &alol ] oD 2
al ., . .HoOed)er , Gl symptoms cannot be explaine
including nutrition, hydration and psychol og

the incidence and (Leowsdrai teyT hafis. Gl QOPsR@Y)LtMBEMS

a complex interplay involving various physio
with gut damage and permeability having sighn
1. Ppper respiratory tract infectioc
Upper respiratory tract infections (URTI), d
viral or bacterial) of the middle ear, nose
most common infection i n tay poihceaallltyh yedx ppeorpiud racti
epi sodes per year, and children experiencin

(Eccles, TROOBDPSt common symptoms associated
sore throats, headaches and nasal obstructio

shdritved, they may st{(Jinpeseah. buk2d2lhnt ¥ame c

extreme cases, URTI s have been seen to trig
myocarditis, otitis medi a, and gl omerul onep
soci ety, and (aBehrlteitrecs, exsQpOeZ;i aHunyg et al ., 20

When pathology testing has taken place to id

in athletes were the resul't of an infection,



for roughly H%oxf edl lalepi 2dOddDBs Gl eeson et al
et al. ,TRO&O&gHor e, the most common cause of |

viral wairicgi mas shown to account for over 7

(Davison et al., 2025b; Hanstbk&ugh, ailt i 204
that URS may nbectiomsnomigin, resulting fror
underscoring the i mportance of | aboratory id

Sphenoid sinus

Frontal sinus
Auditory tube
(entrance)

Nasal conchae

Nasal cavity

Nostrils

Hard palate Pharynx

Soft palate
I Nasopharynx

Oral cavity I Oropharynx

I Laryngopharynx
Epiglottis

[ Larynx
Vocal fold
Trachea

Figurel.3. Anatomy of the upper respiratory traeigure created usinBiorender

There are more than 200 serologically differ
rhinoviruses being the most common source, (
during pe@Ecclesmass,on2005; Hei kki nGtnheandviJadandvi
responsi ble for URTIs include adenovirus, CC

respiratory( Blyoomayd iaand.vBobmésect ROBR8) of viral



mucosa of the middle ear, paranasal sinuses,
are thought to be transmitted by any of the 1
secretions, i-menratl iad li eo na eorf ohseonhasi kl,i nogre rii-miga liant
particle aerosol s received Chiomemat ty edrem a
Hei kkinen and J2rvinen, H2@6der Maabmhewtgh!lthe
mechani sms are typically i nvol ved i n t he t

predomi nant modes of transmi ssion seem to

rhinoviruses via i ndhaltahtaduwgh itsr awneslnii sdsa counmevni
infected secretions is thought to be the mc
whereas influenza viruses are primarily spre
ai(rbi ck et al ., 1987; Gwaltney et al ., 1978;

Viruses may not only have differing modes of

may vary too. For exampl e, the replication
nasopharynx, as opposed to innfilnuetnhzea tvriarcuhseeos
epit h(eNiiauhmo | son et al ., .1A9&;0mMMomt heenrt reg/t pali .
may be either the anterior nasal mucosa or t

via the aforementioned mechanisms of transmi
l acri mal duct iompthaartymec , pa sitegr iwvarl Inaesnt er t he
replicatiHegi kii c&h yand Vidrrwsexeng!l 20 0Bi))f f er i
epithielhiimmvi rslhoevn Haoveause direct damage to
integrity wusing in vitro models such as higl
of pseudostratified epitheli(aDaavnids otnr aents eali .t |
Though, ot her viruses -Coc hh aavse ismfolwmne nczoan sa ndck
damage to epithelial (Poseshestialthe282aimeg ha

Vari ati on i n damage to t he respiratory epi



devel opment of URTI symptoms. Whil st some sy

the epithelium and subsequent infl ammati on,
i nfl ammat ory r e(sBoloanasse atnod iFnufcehcst,i o2n0 F®; | Wavi me
pat hogen entry and replication in epithelial

an array of cytokines, chemdanmedy eoepal degs:
results in i mmune cell activation and trans|

of inflammatory processecBhaadstgpd.cBRlUckBymp20

Due to the | ow incidence rate (~5% of URS e
| ooking at URTIs of bacterial origin when co
URTI s accaoulndr gfeorpraopobt oomc ofprescriptions,
infections may devel(oButrtesetstaln.ce2 25 ;t r2altkne

1997)Therefor e, understanding the aetiology

to developing effective methods for URTI man
Given the |l ow incidence rate for bacteria to
for the-mnfecheowms. I n many cases, bacteri al

with the compromi sed I mmuney dedietnlceel i(ulem gan d
mucociliary c¢clearance) creating a favourabl e
(Bakal etZhe 2Mtg) common bacteri al pat hogen

Streptepeccdlmemophnzlaes ainnf IMber ax é€Bl aclk,at 49 9 R
Gwal t ney eBacatler,i al97i8n)f ections | ocalised to

di splay distinct Ssyraptono.cchcr Pgmmmmiezesut e st

pharyngitis, commonliyt ytpeircnaeld y 0 scthraerpact Br bpae
infl ammation, pain swal |l owiHamialntdo rs weerl d i MicgC roe
Alternatively, bacterial URTIs can also | ead

med{ Bani shyar and Ashurst, B2dmm;d Nateerlao ceatl i



responses to bacterial URTI s, the activatio
proinflammatory cytokines and induce a syste
into circulation can induce fewyenptomsadiurd

mal ai se, mya(l BliampwidstacahnchgEngbl om, 2018)

1. Moderate exercise and upper respira

The effects of moder ate exercise on URTI T
randomi sed controlled trials and epidemiolog
consensus that regular moderatedexatesseft U:
and/ or | aboratory confirmed URI/URTI epi sod
education | evel, marital status, (Banmndern,t kdd
2018, 2012; Chubak et al ., 2006; Fondell et
1990; Ni eman et al ., 201.1,ThLigs9 8h asl 98135 o Zhhear
ani mal model s, as moderate exercise perfor me
pat hogens has been sbbwhetdomoedatcietynédedt mo

inac{Davtyg et al., 1997; Lowder et al , 2005

't is eénkahmmdhatfunction foll owingumedewuat e
mechani sms all working in unison. Sever al [
neutrophil s, -Bnfalna@mmatcerdy scytamkiines and i mmu
increased recirculati didiaos| ewi md . mo®2&rldt e Bad
LaVoy et al ., 2015; .SiFmpddrerenora@l,. ho2®bhes?2C
proinflammatory cytokines may not reach the

system following shorter ¢ xNareanasne elto watls ,at2 On



1. Prdl onged/ strenuous exercise and up

Wh i

pro

|l st regul ar physical activity generally s

|l onged exercise can, in some cases, | ead

temporary dip may increase ys WRTwgt s hiéti tgyl t,0

The

and

popul ation most | i kelnyutce des ydirefenasm i omo msh e

-mé gthor mance athletes, due to t heir hi g

competiti ¢fchaoweeéetdmussEOr amost 2p2a@pl e, URTI s

col

for

i nc

Bat

Thi

Mar

pro

URT

wWor

t he

wWor

dé are usudlivegdmi howaner shohese il 1l ness e
competitive athletes; affecting perfor ma
i ndi riendtnlgy iisf dtirsa upt ed. Due to the I mpor
reased risk of illness amongst (®ehlesesankh

eman, 1983)

S seminal study questioned 141 randomly

athon in Cape Town. Subjectsd WRTle -aymp t20

kKsr aoest Compared to 124 individualofy mat ¢
ner s experienced URT I sympt oms, as OpPpPO:
eredRTIngsymptom frequency was i nvteirmee,|l y r

h prevalence reaching 47% ambmes diurdngnse r s
mpted the idea that there could be a rel
Mehrough, this interpretation assumes that
kl oad during the race, and that faster ru
-bpitad the race. As t hesatvarnisahb Ipe b ewemee ni

kl oad and URTI ri sk was inferred rather t



Over a dedeaedmnl HylEod,dh)esi-slealpdadcd atelaatl]i onship

exercise workload and risk of URTIs, which
field. This theory suggests that when compa
reducesuisiclepesdi | ity, but that acute bouts c
heavy training |l oads may increase the risk o

revisions to this model hawd alpeemogltegpesedng
moderate exercise may only maintain 1 mmune

sedent aryedkeredrsup and Gl eeson, 2018)

It has also beeshaspgdgeseleat it hrmghiam mMay exi st
i mmune system able to tolerate and withstand
high | evel sport is a prerfaaudims. L2HoOV6eE) v-e a,t htl ke
shaped model is not-sadapwiddenodedccapt ediase tah
far greater infection rates théa@Bngebertaen a

2013,. 2I0n03agddition to this, those competing

more support systems (e.g. medical, financi a
to i mpl ement preventative and tireianbgent | 8¢
Therefore, it is more |ikely that reductions

at hl et esummar me®ac c o unatte rl peaatrsat stilane gsadpi@or t sy st
to mediate thesenritska,l |lags sappyede § oramaucheb ssw

2018)fe@ei gldafesrt yl i sed representations of thes



Nieman (1994)

Above s |eukendrup and Gleeson (2018)
average
s Malm (2006) V4
Average
Below
average

Low/sedentary Moderate Prolonged/strenuous

Exercise workload

Figurel.4. Proposed-3haped curve modeM/orkload can refer to acute volume or intensity, or chronic exercise
load.

Al ongsi de early ¢épPiedemisolaogdi Bat esnaar Ad®83; He

et al, ti1mMeOr0ed i s a compel l i ng -sbhoadpye do fc uerwied enmc
highlighting the association between prol ong
and increased i(lJlonneesss asnuds clgwiishanrn,it¥018; Ni

Howeweéere, rel ationship between exercise and

numer ous mechani sms, i ncluding various host
extent of pathogen exposur e. The contnibutic
an area of ongoing discussion, i ncluding tl

infl uenced momrdcu ded eixmmwne eperturbations or

(Campbell and Turner, .20Tlh8e |Siknmeplsiohno oedt i &l .t,
significant risk factor for susceptibility t
required to oOcatcho6 the illness. Pat hogen



standardise in exercise Iimmunology, possibly

cases, and the overwhelming relationship see
Anot her I mportant consideration in this fie
infecti owmd eant | @dns sonisgian.key I imitation for

previously mentioned in this reivinfeemgt iaould saragre

such as allergies and infl@ommaet oalwhid2®@®@Brsd

that wupon presentations of URS at a sports

cases as viral or bacterial URTI s, whil st af
ot her parameters indi dattialng |ierufkeocatyiten sa n(dd .og .
|l ower vitamin D concentration), only 57% of

recent studies have observed bettkaor saxampsls
Davison ehadla 1®ND%25detection rate in a total

studies which have found po6Hanseophtamwlgah. d

75%Val tonen .etThal grea®2t) success rates in r
i mproved detection methods, or other confoun
l evel . Nonet hel ess, these studies highlight

met htoasdi sti ngui sh between URI/URS (unconfir

the reliability and validity of reported URT
1 BEBxercise and the I mmune system
1. 3IhEe i mmune system

Through <contact, i ngestion and inhalation,
pat hogens (e.g. Vviruses, bacteria, parasites



system (deri viedmdinmesani mg Eaetienfrom), which ¢
organs, tissues, cell s, proteins and mol ecul

har mf ul (nDeclrvoebse se.t Vdhi.t,e 2b0llolod <cell s (1l euko:

foundati on of the i mmune system. Originatir
exception of T lIlymphocytes, which mature in
t he host fromthefecdctairamfsul amdyent s, and are

(neutrophil s, eosi-hmy)h,i | mo Mabddh)theassi @(p3air i ¢ j c 6 @
and |ymph2as%)t estlid5l atter of which can be s

[ NK] celalpst)i veend TadaftdoBesehhd).Dael ben, 2018)

A notable strength of the i mmune system is t
of pathogens after the first exposure, meani
and effective i mmune respohsegen|l Quiakeéypl &b
as adaptive immunity. However, the adaptive
pat hogens and relies on the I mme(dbDaltees estpoa
201ANt hough the innate i mmune system does no:
role in the first | ine of defence against ir
it recognises potentially har mfhwlayagentng tt fan

i mmedi ate response and activating adaptive i
(Al berts .etAlalhooughO0O®ad)t h i nnate and adaptive
and provide the host with valuable defence a

the synergistic interplay between tehese syst



1. 3 nhate i mmunity

The innate i mmune system is the hostds first
infectious pathogens. This arm of the 1 mmun
defence against infectious agéass, mMmMeanesgon
infections I 6MaDeshmi daanomditheey .nn2aG2e3) mmune s
of an array of defences, including physical
and i nfl amma(tMarrys hraelslp.oentseasl ., 2018)

1. 3PByd&i cal and anatomical barriers

Before gaining entry to the host, any infe
anatomical Dbarriers. The most obvious physic
of the body, but ot her physi catlhebaredpmgirrsati
gastrointestinal (GlI') and reproduct(iDwed vtersac't
et al ., TRO1&kin wusually provides a strong b
endure the |l ow pH (acidic) conditions gener ¢
and sebaceous secretions. Howevecpompmoew esretds
such as | acerations or burrfPel ves et sTkhleo{ E
epithelial cells that form the I|inings of tl
tracts also provide a barrier to iAMBSEti ons

met abol it es( Benldk eciyd os&kn chefsot heyr MMetd®rarni sm to

agents from the body iIis used when these mic
mucosal secretions or bodily fluids such as
mucus, theske premocédsvicanmechani sms such as
uses <ciliary movement to transport the mucus



action of tears, saliva and wurine can al so
(Del ves et Holweve201i)h the event that an inf
physical and anat omical barriers, it owi | e

i mmune responses.

1. 3cCc2l Rul ar def ences

Once physical and chemical barriers have bee
phagocytosis are activated. However, the fir
circulation is to nfiesdct nQuwt eseeibed sverecdn d&mlonod
or in other words, substances normally pres

(Janeway,THee 9®i)scri mination of these substan
receptors (PRRs), which are primarily found

exi st in other subcellular compartments suc|
granul ocytes dnrnanderedr idlRIRRs c20dlh59be di vi ded i
0f ami | i-leiskbe: rTeod d p t-toyrpse (ITeLcRsi)n, rCecephbhiomadi n(gCLR
ol igomeri z-dtNiGPn | de@maireceptor s ndNIcRH)RH @emnien ¢
|l i ke receptor slkie RLBs g p t(addasnAg( RERLR sl .t ,i mAaQ 3 )y ,

are a network of proteins and I|ligands that

pat hogens that are foreign to the host and 1
associated mol ectMabDopaldeand |feayMPAMPLI3)s de
PRRs, a cascade of proinflammatory and anti m
activation of macr ophages (enhanced phagocy
chemokines, which canmealkirleiatsye iemdblt hed i @ad pic
pl asma proteins (some of which with antimicr

whereas they would wusually be IlTimited to tF



capillaries will also allow neutrophils to e
wi || begin to destroy any microbes they encoc

subsequent el i mibaltyesn eantecdadla.n, sank1l1 ; Ni ederg

I f a PRR engages with a PAMP, phagocytic rec

against the pathogen. Phagocytosis, a key pa
process of when certain i mmurmreatdel |ldes(tphoagaa
agef(Resal es -Qured oUri R®N1Jogh the remodelling

membr ane and mani pul ation of the actin cyto
connect around the particle. The resul't I s
macr ophage(/Dheeluvterso penti Hawey e20l1lithere are sever
destroying the micdfFokRe mamcanidt Grs ncoef nne @0

Querol., 2017)

One such method is known as oxidative burst
of reactive oxygen species (ROS) from | eukoc
detected pathogen. Whi |l st themei mrehet hedyp
alternative sources of ROS f all beyond the
instead, this review will focus on the produ

monocytes (or macr op hhaeg eisnyn,a taes hao skte yd effuenncctei o

Upon t he initiation of phagocytosi s, hexos
significantly increased, meaning that nicoti

a product of the HMP, al so experi eancadsy saend ibny

the NADPH oxidase enzyme, el ectrons are pa
resulting in the creagt,i otnheoff iar sstupRQSo xiind et hair
t his, superoxide anions are tpnvicandesmeda



catalysed by superoxide dismutaséDeEBEOP}, etana

2011; Fi sher and Zhang, .2 0AN6 ;e xIaehsasmoosfh oHayn dt

degrade met haemogl obin, rel eastimmgpriadwnce omyd |
radicals (LOH), as se%®nm 6n( Rehnet ofg n t108n9 4r; e aPcu
Hal | i we.l ILaslt98y8) within neutrophil s O;amyckl opel
hali de/ pseudohalide J)Jons (pswadhuceaes hghbbal da;:
hypochl orous acid (HOCI) (hdi gypobr dmdchead
products of the reactions above are known a:
unstable forms of molecul ar oxy#¢laygat.t hlatD 1liésx s
the high reactivity that makes ROS such effe
The primary mechanism used by ROS to damage
to the | oss of electrons from a molecule. RO
agents, stripping electrons Hopwmvethert mbbken
that not all ROS a0y Wheehradisai | &Bughl gsr
downstream produc{ Dehved d.tr elalirsa d®xiadlgt i on
significant damage to DNA and proteins, by
damaging membrane | ipids via peroxJuanieotn, alt

2021; Mi | Kkovi cThet meoll .e,cu2®@®@X9)damage caused by

ant

u

h

h

i d

mi crobi al agent s, di srupting or even el

re of ROS also poses a danger to host DN.

he body to combat ROS, preventing i mba
ough, when there are not enough antioxid
ative stress, which headldiddk @A sotinsa fniuma d @ h

2020; Rotariu et al ., 2022)



Al ternatively, to the mechanism of ROS, p ha
secreted granule proteins. Once a phagosome
pat hogen, neutrophil granul es wi || fsusentwi th

the vacuole to attack the pantehuotgrécepghrian ol @ fciea

(Gierlikowska et al ., TBOR&; aDehimhneettwapes a
rel eased at di fferent ti me points. I nitiald/l
cat hepsin and gel atinase are rel eased. Ne x
|l ysozyme and ocllleaagseerdas d aasrt | y, primary granu

and proinflammatory activity are released, [

( MPO) and delf,e nkBNRnrsd3( HHWp(t F adlerss )chou and Borr e

Ot hman et al ., 2022)

The predominant | eukocyte implicated in the
are polymorphonuclear (PMN) | eukocytes, me an
multilobed nucl ei, and in thisfrcoamsehonehrmer rl
neutrophils are also known as granulocytes,
granules within their cytopl as m, containing

enzymes and other mol ecul meditatad ihrefl lpa mma tfii
al. 2013). Neutrophils express a wide range

by PAMPs aagds daimatged mol ecul ar patterns ( DAMI

sever al neutr opthialg ofcyn otsiiesns ,degua@amudsatp on ar
extracellular traps (NETs) (Jones et al. 201
NETs are a an anti microbial mechanism of neu
a cascade of intracell ul ar -l i &€posnsreusct @mn 8 u e

numer ous potent antimicrobial @Ra&dMca,s NETR)ase

consist of extracellular strings of DNA that



as histones and granule proteins that damag
formation is known as suicidal NETosi s and
oxi dase(Aazszcadeet UL ¢i RDI2ZINETosi s is chara
mor phol ogi cal changes: chromatin decondensat
MPO entering the nucl eus, breakdown of the
me mbr ane, reteaexng adlERddbpar Howeywe r |, gi ven
and rupturing of cel | component s, suicidal
Al ternatively, vital NETosis is the other ty

via vesicular tranisporthe andetrr o pliMolugslzifde edt

al .,. 2009)
Phagocytosis is a fundament al action of ma r
macrophages and dendritic cells, and invol ve

then subsequent(iored ianmndaRawigc hniretr ahl, y 20RRBR

PAMP s, DAMPs or opsonised particles on targe

ar ms) are wrapped around the microbe, engul
intracellul ar vesicl e knoomen tahse na fpulsago swinteh.
creating a phagol ysosome, containing variou:
RNS, that kil dRdctiangedst anlkde Emdc eshe 2014)

Macrophages are specialised | eukocytes that
pat hogens and other targets, as wel | as ot he
of inflammation and amMRogenetprals.&etadd b)h mma n

macrophages originate from hematopoietic st
where cells such as | ymphocytes and NK <cel
macrophages and other celsl ansublsaphnésgstmadp!l

myel oid progenitor cel . Il n the case of macr



monobl asts, which | ater mature into monocyte
in blood and act asi@gmeeumcocytte®s maeca\we htalyd

enter tissue, they diRofsesr eentt iaalt.e, 12n0t20l )macr op

Depending on the microenvironment surroundi
activation, they wil |l di fferentiate into e
activatedd M2 macrophages through ta vatede Dy
proinflammatory stdimgNi,umooh asecliTofanhé& nohor
|l i popolysaccharide (LPS), M1 macrophages are
and aptegenting capacity (Manmacebobphhge2020]
cytotoxic agents due to their increased syr
mol ecul es, chemoki-BesaanwetiVcheox @aeherasuegch pr

activation of t he( RNADSP He to xd InL.aseh BB e, m M2 ma

a more supportive role in innate immhuflty. A
4) ,-10 Lard3,| IM2 macrophages airref [meomnea tiomrwo | avnedo
functions, such asneéedies priomoedanedd Moibaguwd gs

argi-hhasaend stromal ac(Raabhien ahd, ra2mbdel Ros

Dendritic cells are important cells for conn

Ssystem. They are specialipedsémrtuikmgytes!| ¢ h ¢

detecting pathogens, processings{theu,an2Dgéh
Similarly to macrophages, dendritic cells po
they patrol and sample the environment Vi a
pat hogen, where a macrophage woéoweled tat ttdek nte
l ymph node to begin antigen presentation. Br
and break down protein antigens into smaller
t o T cells I n t he l ymph comgéeex hkaowh as m



hi stocompatibility complex (MHC). T cell s «cza

the cleft of an MHC mol ecul e, so t(hDeel|MHGC eests

al . ,. 2WHill)st dendritic cells are the predomi
as macrophages and B cells can also provide
NK cells are a subset of | ymphocytes and ar
combating infected and mutated cell s. NK ce
activating receptors, which -aocodead amel &NKulced |

' igands released fr o(nmSiiwmdreic t.etdA latned, nnd@iGilaggd dy , c
receptors detect MHC class | molecules, whic
attacks. However, MHC class | expression is
which reduces the wobl di uevugw!l bygpakesehhaNK c

triggering thEeEINKIi atet | ama.spokesyeama, 2011)

Foll owing activati on, NK cell s exhibit vari
mutated cells. Firstly, NK cells release |ig

rel ated-irapopiogi i gand (TRAIL), cwipitolh sbiomd t

surface of cells. Once bound, these I|igands
signallingapatghways 2.0 OR8c; rlLeacneipetro,r s2 000n8 )NK c €
region on antibodies. I f these antibodies artl

granul es wi(lAlgubd areledasadd , TRO628ytwaongic20028a
perforin, a glycoprotein abl e t o Qsoldsnkear ieste
201®Bhese pores then all ow granzymes to enter

enzymes and ind®cageel etapbpt o2i049)

Mast cells and basophils are closely relatec

to allergic inflammation and parasitic i1nfe



HSCs, containing histamine, proteases and in
acti v(aStioonne et Mast 2@10)s and basogfhfiilnsi tlyo!
i mmunogl obul inFER)(.|I gBF)i erfelcye pttohre (al | ergic r e
phases: the sensitisation phase and the actd.i
|l eads to activation of T helper 2 (Th2) <cell
bi ndBtRtroeceptors on mast cells and basophil s
sensiti(sSeadnet ette penpdOHU0g, the allergen bir
antibodi #€tRlbecept 6os on the mast celilnskianngd b
which triggers a rapid intracel |l ul(aDe lsviegsn ad tl
al .,. 20ddn activation, the granules fuse wit/|
serine proteases and other mediators that ca
i mmedi ate reactionsf armedemedmabtegds bgsd bedpl
medi ators and can include erythema, oedema,
respiratory tract and coughing to name a few

ast h®aone et Lladt.e p2hoals0e r e ax4 ihoonuwsr sc aanf tad rs ot hoe

reacti on. Typically mediated by cytokines a
characterised by oedema and influx of | eukoc
aat himaal |'i et al , 2008)

Similarly to neutrophil s, eosinophils are al
effector cells involved in the defence agair
as also being Iimplicated asrgiact(bDékbube enfa
201l1l)large parasites are too | arge to be phag
to eliminate these iIinfections by a differen
eosinophil maj or basic proteing gat@ainoahiec mat

(Acharya and AcEesmaaoaphi2lod4al so contain his



phospholipase D. Eosinophils express recept

activation, ar e capabl e of producing a s
degranuCarlioean et al . ,. 20dsdt | y,actyhede adel,| 2 0:
of granul e proteins, such as perforin, all o

membr anes o(fDetlavwregsetetcedll.s, 2011)

Gamma déltael(l s are a uni que, unconventional
beli evebdetowdend®ithnrhe innate and adaptiv-e i mmu
5% of tot al T | ymphd®Rytdesn iert. @dhreirpehaeBrOadh)o sbtl o
express &bPphaebletaedeptors (3ATRENR),, whheshe caal
activated independently from antigen present
quicker response t(hvwer kearkv een tLUsdd e & lo ATO4e)l || s

possess potent cytotoxic mechanisms such as
as the release oflandtoFiNoeks cerddls ag eTNRI |y
l eaving the thymusegeffiindi éhratv e a rat ibgreona dr eacnodg n i

incredibly ¢Lfhanort.cabgent922)

1.3S81 8bl e factors

Cytokines are smal/l proteins secreted by v
dendritic cells etc.) in response to encount
There are three families of dytotlaimme secirosesrs
factor (TNF) . Il Ls are a | arge group of cyto
regul ation of i nfalnadmmaanftiiammabhoovwghbhypobines.

i mmune defences by enhibanoi agdceAfadg amivt hefty ra

2024: Justiz Vaillaynpe anda®ilsd)@ENEROEKUEased



infected cells to activate nearby I mmune cel
(I BNi s typically secreted from NK and Thl
cytotoxicity of T lIlymphocytes(EHEhdnaatanwdt Gaeg
2024)Lastl vy, TNF cytokines are cruci al for n

proliferation and differenti(aMaingnanas Lwal | 28&

Chemokines are a group of secreted proteins

i mmune <cells to target areas. These proteir
chemokines, depending on the(gweeeamen ef abns
Chemokines work by attracting | eukocytes to

Subset possessing chemoattractants for diffe
being involveeélinadhesicen | of |l ewu(holcgyht eess a nod

Ni bbs, 2018; Kaiser and Balic, 2015; Lopez e

The compl etement system consists of a coll ec
to combat infectious agents. Once activated
cascades work to opsonise and i alk i mign acthee mp &
(Dunkel berger and Songhe2@bOmpl Rume nét saylst,em20
pat hways: the classical, l ectin and alterna
upon the binding of anti bodies (typically I
compl ement compohen{€1ld)py &cdqls (Cls) bind t
sur f(abcuensk el berger and Song, T22a@l10,eciamewa)y hevia
when gemmloidreel PRRs $bHuocldiag macbhosme ( MBL) det e
nonsgealffect i d Me dertiittoiveand The elwayt, i 20@&Ht) hway
associated seri-h;2 phdtwhisels dMASPY)ructurally
Clr components of the cl assical pat hway. On

work similarlyaglkeadi €g( B&BlI heedtCdhy, 2009;



Gsl et .allLagst2l0y0,7)t he alternative patlhwaey i s

hydrolysis o) .C3lhiemt,o fG@3I(HWwing binding to f

D, this pathway also results in C3 cleavage.
these pathways have sever al effector functd.i
cel |, Ityhsuiss 6compl ementi ngd t(hBeadiemmmuente arle s p o2n0s
et al., 2010)

Ot her soluble mediators withinpr diteenidnsaactug ei n
phase proteins (APPs). AMPs are smal/|l mol ec
ami no aci ds50( taynpincoa lalcyi disO t hat ai d in the ir
produced by | eukocytes and nepiutdhee Idied le ncse Inlss,,
cat hel(ituan net a¥Y.. , Zh2a0n2g0 ; e tQ .Daule. ,t 02 Ot2H @i r ca
amphipathic characteristics, AMPs are abl e t
l eadi ng t(oHuael letl yahidg i t2iokmal | vy, certain AMP
pat hogens by interacting with int¢tHeeklulaadr

2017)APPs refer to proteins that experience a

to inflammation. During periods of acute or
can trigger the |iver to prodoce( bhilstsien ¢ reott ¢
2021)APPs are important for maintaining home
have a role in immune defence. Specific func
sites of infection and promot i oonx iodfa toipvseo nd asnaz

promotion of Dbl ood c(lBoetrtriyn ga nadn dGiw o uennd, h2e0all4i;

Naryzny and. Legi na, 2021)

Lysozyme is a cruci al protein for the innat
mucosal secretions (e.g. sal i(v@ado metse aets )g | .b,u
Lysozyme is secreted by various epithelial i



enzymatic activity throwghdhydo oil yisé shomds ch
acetyl muramic aciedy( §JAMcoamadi Ne (NAG) in the
peptidoglycans, a RApaojsao rt i cveempboandetfredrr ircedlb dasredhi ve
2021)Due to the weakening, or even destructio

osmotic |ysis, (KBialrloinngitt Wd olh & 10l mmi cr obi a

to lysozyme is |l actoferrin. Also found in mu
possesses various antimicrobial functions. L
of Greagmti va, bacsemwpting bacteri al cel | me mb
ot her antimicrobial agent s. Due to the bindi

the release of cytokines(m&@gdrnand etx  Aalss,| v
alternative function of |l actoferrin relates
significant factor in the growth and virul en

may O6starved the badtPersiey, alnidmiGthiem@grdie nel, o 21€

Al t hough I gA is typically considered part of

suggest t hat it al so has innate mechani sms
component , both of which are heaaiynglfycwosgl c
secretory I gA (sl gA) closely resemble those
t hought t hat sl gA, whet her free or bound, C

binding to host cel ll Mainnitshetilmtildatci2®dlhuengir to

have found that secretory I gA carries ol i gos
intestinal p aE hohgeermisc@li sag tdha ldisumashodr e pit cc becu
pneum¢ Daheéas and Rol fe, 1998;. Lu et al ., 200



1. Adaptive i mmunity

Unli ke the innate i mmune system, the adaptiyv
def erucneg etcao g ni speadt ,h oogre nsnewdnstead, the adapt.
memory of armptaitehmegeeunatnar eéedni ti ates a significal
response upon s UCsheagpda.mtThReIcIA)inh eceamponent s
i mmune system are B and T | ymphocytes, whi

mi grating to ot(hGarr tanreera sa nidnAktihget ebyoidezy0 $1 )y men

i's an-adaphitee I mmune system interplay. Af t e
(usually via phagocytosis or those bound to
and macrophages wililgenbBen opmasieret (tcleede panto

l ymphocytes (GaadtnwvaaedtKamar, . 2019; Moi ni

A good example of adaptive immunity is vacci
| i-¥atet enuated o¢rl iivregc tfiovramse ds a(fneolny i nto the b
response. Following anti gen upyttaekse bayn dA PpCrse s ea
of Ilymphocyte responses ensues, i ncluding af

gain andaiffdmease for binding to the specifi
memory cell s, i n -l ti hypsd cof soomam coefl |1so nagn/Rio hnderatrod y a rE
Bijker.,, ThGdX1l)results in rapid and robust rec
the antigen. So quick in fact, the potenti a

symptoms even devel op.

1.3B3l ¢$gmphocytes

B cells dHS8EWiotphifnr obnone marrow before migra

ti ssues. They are responsible for providing



of creati 0édl ahwabqgqdbeand BBareddnirec2z2@2o)y s (B

me mb raalmncehor ed i mmunogl obulin (1l g), which act|
( Maur i et ®hce a0fidyated, napve B cells are
into plasma cells capable of creating Il gs. A
memory B cells, which possess a meanolroyw otfh e

body to quickly identify and comb@AkHkadaya aemtt |

al .,. 2020)s also possible for B cells to act
internalises the anti gen,( LperBiceens saensd. i Tte dadnedr ,p
l gs, also known as antibodies, are a | arge f
cl asses: | g M, | g G, Il g A, l gE and | gD, each o
func(tdiwsnti z Vaill agtM eés ahe, | 20894t | g and i
by B cells following recognition of antigen
activator and as an agglutinin, promoting th
| gM siusaldy in pentameric (five monomers) for
for cells pf(tVasi tev aett i alat,i oh016)

lgG i s the most abundant | g in circulation a
|l gG3 and 1 gG4, each of which elicit importa

|l gG3 typically protect againstipaodoeet ihmeamrbDimg

sys{®mdar sson. eltg@2 .pr o2W0ildde)s strong defence

with 1gG2 deficiency having been I|Iinked to
(Justi z Vaillant et .alAl,t eromRat;i Weuliy ,p elrgsG4e tp rae
as regul ator of I mmunienfil amman e §y;i @me ldc cthayli en
propdrmMaisés nska et al ., 2022)



|l gA can occur in two molecular forms, serum,

secretory, which is typically found in mucos
Gl tract), and provi des psotveina nduelfteinpceaesangeari hna
Vai |l | ant .fltt mdugh 20r2i4f |l y touched on earlier
structures. Serum I gA exists in monomeric fo

chains, ®sbamedgsardcture. Additionalg$iyonmono
and twobiamdii fglmres iRRaeusea ra and Woméri @0L§A, on
hand, is secreted by plasma cells and found
comprising of two | gA monomers joined by an
chaiJoohansen.efThel fj na00®&prm of I gA is slgA,

producegr ddduclighg ceddsociimtmdcdsyaiphoi d ti ss

typically exists in dimeric form, consi sti ng
with ayseomepboaent . The secretory component
polymeric i mmunoglobulin receptor (plgR), w |

cells during the process of tr(d&nddytgdslio®,8)ar
known to elicit o6i mmune exclusiond, the regu
to pathogens, bl ocking their access to epit

infedtMamns s et Oalheyr 2@hhested mechani sms i n

t hat have already passed the mucosal barrie
intracellular killing of pathdgems. ®BBJ t o
The two | east abundant I gs in circulation ar
I hypersensitivity reactions. Ugpfofni reixtpyo srue ee
on mast cells and basophialto,y yt rmeglg ertiomg tshue h
|l eukotriene and prostaglandins, (Mlrkeuklainrmo nd
Rachi d., 12dR 1li)s al so the most Il mportant antilk



concentrations spiking dramat{MokRbl yeit nBEbesp?d
| gD, little is known about its functionality
idea that |1 gD mnsatyi muwnlfdtueed cley mmhdogytne di fferer
evidence ¢$Gppomnigs IcttA®7 8a)l so function as a BCR

detection may be |l ess efNédvicslkintet haln. t hadl1l®F¥

1.3T31 g2mphocytes

Napuve T cells also originate from the bone m
di fferentiating i nt)o oei tchyaro thoé&lijpca cTk Tt eed d lasims( eCfL
2012; Philip and Clxéhlilest i migeert hOoOR2&imune resp:
including the acftdelalts omndfmaBcrcedHasgesCD8whi ¢
throudgmeddl Icontact or 't hecerlellse acsaen obfe cfyurotkh e
into subsets depending on the cytokines the
secr &t eanldlolrFNh2 cell s which rel-4,a58lelactdheét c
13 Yu et al ., 2018; Thheu saenwde r Rdawdd,d ts2 @iedg no ft h@
indi spensable to adaptmedci atmemdu niimmynéda nif é sIEor

i mmunity and adKresgietraspong26823; Murayama e

The other maj or sub'sTetcedfl sl ymplocayltseos ,i mphs
i mMmmune response as they are predominantly us:s
killing mechHancembsoar €D8i mil ar to those of
target cell s via two met hoKdosh: etth.ea |Apdedrif2odrd Bna |:
CD8T <cells can release c¢VyTt okedalnless,, caannd bsd mad 4 t
subsets primarily depending on the cytokines

(Tc1l) promotes the rel-Base -dafmNcetxdkibinds ¢the



cytotoxicity. Alternatively, cyt otdoxain T Lc el

and is more involved in infl anindatgdrsyh erneasp cen:
2016 ; Koh et al ., .20S23mi |Rlrdnyast oetmearo.r,y 2B0 1cbe
also differentiate into memory T <cells wupon

function t-bepmoprdéeecbdongphpLiagaen.sal i ts2@abb) ge

The diverse functions of B and T | ymphocytes
system and can be sumnraedogndi tiinowd igidhteusre phoa st
identification of specific antigens through
| ymphocytes wil!/ di fferentiate Iintacteivaheon:
pha(s@rotty, 2011; .NMexut ,andurPiarud ,wROflODs pknptra:
effector cells will perform their respective
(Al't hwaigeb andtBer sgerciret20dh4 el Zpuolkinne P atfu
20Q08) he killing "efe(tKerhg ett . @adlalss 2§ 3Gne8nory B

are produced to enabl e a moexpasawrieae tam dt threo by

known maesmotrhye (pAhkaksaey a et al ., . 2020; Lin et al
1. I he effects of exercise on the | mmu
't i-doweménted that a sedentary | ifestyl e ma
various infections and diseases, and it 1is ¢

moder ate exercise (i dmare fancd a3 a kMoglieartaiu,a | A2y :
activity has been s hgorwand et oi nrfd dainomeat ¢ lomo niiampl
vacci naantdi ossrusp,port vari ous chaealitohv acsocnud iatri aln ss,e
and c(aGlceerson et al ., 2011; HoHmaevetr, astr e

prol onged exercise, typically performed by,



t r ansdieepnrtelsys minbne system and increase the ri:
that seen in thétbedensabgespopelpalesmad edurbwe
modeMNi eman, 2000; Simpson eHowéver ,20t2l0i;s Spem
transient, and does not mean exercise is in
regul ar strenuous/ prolonged exercise may app
this effect i's acttadl tiyarndsiee nrte sdiilgs iof irmmwe
athletes experientndgcé@mpomang drpresseon
than the general population. When not wunder
these dtilHl dtikelw be at aclboweniciabdkeodisklase

even experiencEeBagtrieat@arandnygeanesy, 2014)

1. 3EAetdcise and cellular i mmune functions

Research into the effects of exercise on | eu
researchers flosaacesr aamdc &Sotrwdroyn, 12924; wliarerd gt
t hat exercise induces | eukocytosi s, an incr

neutrophil s a(nMevleysmpehtocdlthese2 xthm)hges can be
increases of up to 400% ha-ererbeiene.obMereaecwu
rel ati onsh-iamdi ¢ wreapteenadseintty, with endurance ex
1.5 hours typicalktl oif @elxdh)i bridtiengg a@fr elad ©kOo V83t 0 s
mi n) -imtemsi t(yGl exsroni,s€2007; . Rbbsbasebeah. sud
the increased cardiac output i n exercise cau
bl ood vessel s, which may resul tmargi nated epma
(Foster etHawWeven98éyge to the vast numbers o
vital organs such as the |iver, l ungs and sp

1d ol d greater amount than in circulatibn)s
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ely tihmdueeeérefifsects on these organs al so

er ved wiHohg ge xaenrdc iDsobeer schuk, 1995)

rcise has been shown to increase activat
ot hm@mil tauwai dcrae rya | (HPA) axi s, causing el ev:
cocorticoids, such as corti(<€alp)] i whiet¢h al ot
is et al ., 199 E;x efnadriuscaei d elte uaklo.c,y t200s2i3s) t yp
trophili a. Thi s S t houigrhdu ctead aceomar gdoaea
trophils from margi nal pool s, whi ch occu

uced rellialse fofromelmdmeopmarr ow, (kAlolwsno pasetc

: 1992; |l nce et al .The 0mé@gniMcWCehenddufg e & x e |

—
-

ophilia is influenced by both exercise
tinct mechani stic pathways. Exercise int
er stress, whi inceld ibsy Icaarrgdda layc deutt eprut and
mo n a l responses to exercise may modul at e
r-icn csuec e d catechol amine rel eaceependhhnth C

cocorti coisd brodlhe-asd,e dwslheidtehnadim nt may aff ec

trophil releasenffuomolpdhmné smammaad w.deWlairlgs tn a
i bit similar maturity to those already i
row in response to glucocorticoid stimula

t rophsi Ibsan@sHuecehh éasi ngt on and Quie, 1985; M

| st -ienxdeurcceids echanges in | eukocyte and neut |
y are only a part of the i mmune response
these cells that deter miThes ntelueirompboht mie
rcise has been an area of i nterest amon .

iiam study design and Pecalkse dl2000a2h) | atct e mgt r



claritgl baershesyalua(2d088ari ous methods of t
on i mmune functions. When accounting for bi
feasibility, it was suggested that measurin
degr anwde hé gomiyt abl e for representing the i mm

due to their pronounced responsiveness and i

The gener al consensus is that neutrophil o X
vitro sti Mibbamebht ccanectye ny | dIMa]J/Pi b PFSh oorrb-o | 12

myr i s taxtedPaMAfP experience significant decrease

1.5(®h)inda et al ., 2003; Davison et al ., 20
Gl eeson, 2006, 2005; Jones et al. ,Al2tOhcbugh.,ai
degree to which neutrophil functions are su|
i mmunosuppressive and i mmuniosdi mattbemgedalby

magni tude qf dmueuttroop hhiel igaeater proportion of
circu(lPetakoenl t20@23) al sot tbete nn swtgrgepshields may e
periodo foll owing funosn iarutl eart eadt iavcet i svtait mwlni ,
damagdherefore, unexpscpedsabtevahabn and t he
may | imit the response to pathdgeédmiel ec&li!| en

2022; Peake, 2002)

As previously stated, prol onged exercise is
|l eukocyte count s, whiNelvese ®ul tad .i,n 20d ®th e el
rapid influx of cells into circulation cont a
exhibit I esser granular content and NADPH o»x
for the reduced k(iBelriknogw aacntdi vD otdys omme,a slu9r 8e6d,; H
1985; Pedkeha30@2s0 been theorised that some

exercise may have priming (e.g. induction of



receptor internalisation) effects on neutrop
to respon(dAnmuol isct iemulail ., 2012A] tReale, v20§F2; S|
suggested that neutrophil functions may be

this idea found th&89AER)gkahi bempdr greme=sr (®
neutroNahas et al ., 1971; .Rdlherst svaandl Stoe it gk
|l ater, findimgutbadt neMerpoapkdllied was hndthncr ec
myel operoxi dase, suggesting the possibility
( Ni ess et Hdwever003t)his is far from concl usi:
no effect of heat st(rLeasisngonetneaut.r,op2hGd8;f ue
Roberts and .Sandberg, 1979)

Some have debated whethepi acddmayalon( WPA) hax
exercise impair@Laiend r otp hiall e vfautddd 8donr t i s ol I
to decrease in vitro neutrophil chemotaxi s,

stimulated neutrophil d e gr anRwlbastoino ne tf oalll.o, wi lr
et al. ,Suppadnting this, it has been demonstr.
to an exercise stressobstitimuhanéeddnéeber opliulc
simultaneously with -egrduoucieg ¢tbelisgbitkied @ \me h
possibility that the absence of (cBaorsthiospoletmaa
20Q08)nce cortisol i s associated with the suy
numbers of primed neutrophil s, it is possi bl
responsi ble for decreases in reutBephop dEtuna
200 3; Bl al oc k, 1989)

The el evated cortisol release during exercis
neutrophils from bone marrow into circulati ¢
neutrophil f unicstli soonrst. h Trhotuigrhg tikhat although



hypot hesised to Iimpair neutrophil function
littl e effect on synthetic stimulants such
acti (atoiners and DaFVosohhi 2048ason, various o
been proposed to affect neutrophil functions
may cause greater | evels of catechol amines,
hor mones,ntcopmpdteenens and direct cellul ar da
calcium signalling, whi ch medi at es neutropl
intermedi ates of(Ilimmlrerc edtl udla.r, p2ath8vaylsai ng ¢

Robson et al . | 200 3; Suzuki et al . | 1999; Ti

Il n summary, the current -ienvd udceendc e c hsaungggeess t is n
oxidative burst are mediated by a compl ex
signalling mechani sms, which are yetesteo be
mechani sms may help to explain both the tra
functions seen under different exercise con
i mmune cells represent a key tomponentdeof hbw
responses integrate with other defence syste

provide one of the primary barriers to patho

1. 3EAeRcise and mucosal i mmunity

The mucosal i mmune system is the | argest | ym
of 4D0OBrmndt zaeg. efhealsystlea®99onsi sts of or
associated with the mucosal secretions that
and urogé€@lianketH@wvwdsBgr, these tissues can b

inductive sites based on their anat omi c al an



Peyer 6s patches and i sol at-&sls dcyimgptheod dl yfnod Hai

( GALT) , and the tonsils/ adenoids and-cervi ¢
associated | ymphoid tissues (NALT) .n Tahneds e s
Oprimingé of i mmune r ddMrdrhees atna &rtjii dhears ha x p
Effector sites such as the | amina propria of
tissues (e. g. mucous and sebaceous gl ands)

execute 1 mmune responses, seahi ag nemounal me

( Mowat and .Agkfcfee c t200rl 49 i-2 pec icfoind ae fnf eacnttd rg eme
producing plasma cells a@tB8ramedbzgelBn ah@OW) |
80% of all plasma cells in the body are | oce
antibodies provide such effective protection
mucosal secretions iIisefStgé@&towhfohcticos af t#h

sys{8mshop and.Gleeson, 2009)

Within exercise immunology, unstimul ated whoc
frequently used to measure mucosal i mmuni ty,
repr oduydiomielsi taywd DaDuesoho RD48) mportance in
ease of collection, salivary SIgA is a commo
not completely unani mous, it is generally ac
in salavas dfeaclrleowi ng( MaoKonged ardr desé&i ns,
al ., 2003, 200 2; Pal mer et al ., 20,03wi tSht eaer
combination of high intensities and | ong dur
SI gA conc(eMitgman oais Hobweve&r0,02as stated, som
contradicting resul ts, suggesting that sal i

prol ongedMackircne®e and -Horompaefr,etl 9814.;,, SA00 7,



Wal sh et nalt.ed( 2hhlt) such discrepancies in r

numerous factors, including wvariations i n s
However, discrepancies within the |literature
be influential. Foll owing exercise, whilst &

protei nBansyulcahs easmay experi enceatiesc aaVas e tietvi

al . ,. 1P®MY)ekgmphber g edteneolnst(r2altlesd) t hat f ol |l o
at moderate (HR ~130 beats per minute) and h
increased following the moderate bout. Exer

number of medcihmgiaansi Mantcilaun of t he sympathet
systems, and HKHWdmoataisonest fadct,a mMX0s2 2neason, r e
absolute concentration may misrepresent the
in hydration status and saliva flow rate, [

secretion ratty Blrammiln vat oaslmo, al998)

When expressed as secretion rate, it is gene
of prolonged dAll grenvee e¢xadcise008; Mat sub:
2016; Uchino lett eale.s,t i2n0g24y), some have suggest
concentration may be superior to secretion
sal i var y( Bfilsohw pr aatned . GlHeoenseovre,r , 2 MQU9Mer ous st udi
SI gA, when expressed as secretion rate, has
or URS, highlighting its cl(iFmaihdara ni nmnapnodr tEanngced
|l hal ai nen et al ., 2016; Ni.e mlamo tegh ,alal, o n2g0s0i3d

rat e, absolute SIgA concentration has al so

]

i sk of WURSTH set Hoéweve©Ollwhil st SIgA concent
resting sampl es are taken-iadecedononbangeseri

composition and SIgA concentration mean thal



SIgA should be normalised relative to osmol ¢

investigated, albeit-ihessedfohandgesri momec o #
preliminary evidence suggestnscetnhtartate xoenrsc, i sweh
decreases |l inearl y (wBiitshh otph ea nrde.dQi ceteisoonns, i2n0 0s9l’

AMPs are also valwuable components of the muc

and |ysozyme are the predominant AMPs f oun.
(Giansanti et al ., 2016 ;miRaegd arneds eaanrdc hCreixsiss,t
of acut e and chronic exercise on salivary
concentrations. However, from the data avai
prol onged dur atsihoonwsn has im#~ickriecgarstee esneyts al ., 20

2010, ard0oBWast et. Aldd,i tZ20®)I Iy, foll owing a
VAQmax, signi f iccoanncte nitnrcarteiacsness, i cnoantcieonst raantdi osne:ce
rates were observed fox an@n@lDlanvesonophi il pej
contrasther work has shown that sLys concentr
decreases following prol ongmax)xewictis el € 2e |lhs
to baseline 4dfDtaei sbnhandddeementi s 20m@e) good
suggest t hat AMP absolute concentrations ma
nor mali sed reporting methods such as secret
Though, the variation makengt fidndifngaul at t or
concl usi ons. Thedl dklekyinaddmetnd n sniattyur e of AMPs
i mportance of nor mal i sed reporting met hods

i nt er pr etiinndgu ceexde rcchiasneges i n AMP

The mechani sms undiemrrducmend ncgh armgee s xierr cmusceo s a |l
debated but are yet t-ondecédl bBytenderehsodn

plasma cells and polymeric i mmenbbbabgbtibhorb



componendlilsgmspaomee (tBoosexheredi Bbden208R2Udi es
t hat st ibaudraetnioorne coefpt ors above a cershgA thr
concentrati oms gwiansicrydroesased which was asso
avail @@adperyter et al.. Al20®4a;,ghPrsacthorme ch@n3)s
to be proven in humans, this mechanism of i
for the shgheasesesrani ons observed (fDalvliswinng
2011)Whil st this wouldshgt@®@nexmltaian itolmhes dceeme a
exercise, it has been theorised that repeat
available I gA, or there could be an addition
becomes (i Wmlash eelt Thadugh 2i0tlnladhehwaltd tthese t heo

specul ative at present.

Given that AMP and protein concentrations a
exercise, it is also plausible to suggest t
sti mu(dsguionet. aloweva0ll)increased HPA activit
AMPs foll owing prolonged exercise, as i ncre
reduced concefPeatraneltmBdoentydd®d0Ot7)t o endocri
AMPs, eixedwdesdk activation of granulocytes 1in
release of granule proteins such as | ysozyme

activation onfaygmarswll dcyitnesi ncreased circul a

translocate into saliva more readily. Thi s |
only reflect | ocal (oral) responses, but S )
(Gillum et al ., 2017; Morozov et al ., 2003)
To summari se, strenuous/ prolonged exercise h
Gl damage and depress several i mmune funct

consequences for the health andclpiemrifoalmacnocned i



related to the GI and i mmune systems. These
nutritional countermeasur ewi inindbblasedmptuppbeme

hawvsghown some promising results, possibly du

1 . Mi |l k Fat Gl obul e Membr ane

Mil k is a cornerstone in the nutrition of M é
nutrients in early |I|ife, hel ping to provide

intestinal bacteria and vari(oed notkher20ddmp &n

Well s, DhzzZ) a mammal is able to forage and
consumption is typically weaned off, resul ti
for breaking down | actose) activityctiHaweyv e
continues throughout [|ife, all owing for mil

(Barrei.ro, 2024)

Dairy nutrition is a field that has been ex:
nutrition and ability to support heal t hy ag
components that contributEeX.t oZhampanetBeala.bel 2
mi |l k contains 18 (oMi 2Ra elssssaqrn ieatc | ald.i ,n g2l s) d

bi oactive proteins/ peptides and fatty acids

| i plHdisnnol eni ¢ acid (ALA), conjugated |linoleic
ot her components grea(ldsougi ®aminns Bamd aii ab, 2
2011)Among the numerous components of mil k, t



been predominantly studied for its role in

receiving attention for its potential to pro

Mi | k f at gl obul es are presented as a <core
stabilised by a trilayer (ilnanyeer )l inpe ndb rmeomeo | cac
various bioactive components, ( Bwghe ratsz ganydc o
2021 )Whil st the main function of MFGM is to
admini stered at an efficacious dose, iIits bio

benefits.

of particul ar not e, pol ar i pids within mil
recognised far beyond their initial role of

of biological membranes, buandl Beaf (®We mkavite d e

et al., M2OR4PL consi st of phosphatidyl chol i
phosphatidyl serine (PS), phosphatidylinosi:t
pl asmal ogen for ms. Al ternatively, SL consi

cer ebrsouslifdaetsi,des, cer amVasse ra nedt sglh.i ,n glos9d M)e s

MFGM proteins have been studied extensively

tot al mil k fat-4%l obutkbembetsal apdiodei at fabhcti

Maj or proteins in MFGM include butyrophilin
proteins and adipophilin. These proteins are
are Iimportant for various bioédogomaeént uatcit o

to vary signifi ¢&ahbyeb.ebtlhectna2dhedrgiine,s al so Kk
gl obul e epider mal -EgBr)gwtihs fpaacrttoircu8 a¢ MFGi nt er
abundance in bovine milk compared ntfd ahmumad g vy

protein implicatedpitotikecel ¢t¢aradbeésois i mpo



as lactadherin deficiency or dysfuncf{W¥Fobon has
2016)Additionally, Il actadherin has shown to

barrier( Shnetne gerti tayl ., 2019)

1. HAeh!|l t h ef f exutts aonfd MFGM:N e

To date, there have only been t wog uwtt/uidmneusn e r

-

esponses in healthy alkewl tBs.uglghleen cfait rassts eosfa evdt

the effects ofEEcMBEGM| dmenge. ofFal | owing two we
using a milk protein concentrate rich in MFG
pl acebo consisting of sodium <caseinate, p a
attenuat ed H.i acoTHh®ecaogheinliecnge resul ted in inc
however, the MFGM group experienced signific
group, | argely being atanmd bsuptheidn gtool itphied b ifooauwr
Sulpement . I nterestingly, however, these resu

(7))

t udlyf f man etl aman @8 0a2as)o. e(x2abnkiznjed t he effect
concentrate rich i n MFGM (phospholipids S
suppl emented for two weekssx,ohadrd emnrgear dlo wekivearrr,
obser vdeidf freeo Enceoptduced stool frequency and

Rating Scale (GSRS) scores between MFGM and

Both MFGM suppl ements f rToem tbriwg gdnuadayte eaaaet tah

similar, especially in phospholipid content :
varied due to inconsistencies in trial sup
suppl emenul fummaend eldwaasl .a (Y2 )pr otein hydrol ys

(7))

ignificant confounding factor as whey (and



exhibit numer ous i mmunomodul atory effects i
i mmune( Meedllesnbroek et al ., 2la¥;r i Paretetalal,. ,:
Esch et aald. enh@hk) ng duwti slsanrr ieer.ailThh erg@ealfild2rye ,
i S poOssichdret rtraessttu Intgskeelme tBwailggrgenc and@l emaml et (21
(208s2)studies were influenced by the differ
research supporting the possible discrepanc)
' imitations and may not accurately iirneidt attoe

fully understand the relationship between MF

As previously highlighted, MFGM has been res
suppl emented in infant formulas, possibly in
in human bAmbsbUej | .kt MRSMp, pl2e0eln)t ed i nfant f
demonstrated numerous benefits to the i mmuni
medi a and subsequlamtbya retti paylu.nelt e 2c0 b#HS er oecsi pa treadt
adver se( Leaveatt saland 2t0d93 | febrile episodes
unsuppl ement ed( Yoat-Wandhtnefrosr neutl &bl we v e2r0, 1 2t)her e
contrasting |literature on thisri cvwi tfhorsmurhea sf i

affect the incidence(Birllseaediaety alf. ad¥@X &

To further elucidate the mechanisms behind t
studies have( MWeretB8meohdunceeddal .h,as2bdz4e)h report
and its components within (such as PL, SL a

having shown to reduce rotav4d0ds aindf Ewalclioen t vy

et al ., 2013; Kvistgaar.d Gft paar.FE u t2U0EO&4r; e hivboainka, c
further demonstrated that extracted |ipid fr
of rotavirus infectivity, suggesting that th
be a | arge contributor to the antiviral acti
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SO supporting the antimicrobi@pr orod.enHluladt

d Van ders hMenerd (t2hCaOiB)smpédt alpolsi hne of sphingo
rong bactericidal activig.y cionl iv,i tSaol,modneeclrle
mpyl obacgt elri sjteemdirmi monocytogenesf,oldmdvi €¢ o
cubation with sphingomyelin. It i's possi |
ti pathogenic properties of MFGM may be r el
ctors binding to tHer fFlentsaurag eettf oael 6. @ p(t20aosl )a n
action derived from human mil k was abl e t
xi BencoSpecifically, glycolipid globotriao:c
both Stx1l and Stx2 Shiga toxins, which wo
thS&agluegos. eThat ethd@lihigoxXdiimi ds, present
so contribute to a reduction in Bhi-gal it ox
duced diarrhoea.

though there is a |l ack of research on the
tegrity in adult populations, sever al stud

itro models. As highl iAgnhttoe de ti ,na Iminl (k2xQrzaedl)d re n i

ich include PL/SLs and make up a major C
crease the abundance of some beneficial ba
ctic Acid Bacteria (LAB) .i nljowehwere, pthheen onmeecn
der Ktosone .r | etsuaglg.es¢2d2lt)hat the interacti
i fidobacterial/ LAB occur due to bacterial su
en suggested that phospholipids, such as t
somedbrichgrcall gr owt h, instead of intern
uld subsequently affect sever al functions
hesi on properties. MFGM has al so been show



of SEFéAducing bacteria within the gut, resul

acetate, buty(bBéergaetd plropi 202abpep Gon@gECdtAsal

particularly butyrate, are crucial to maint a
have been directly Ilinked with s(eAvdeorlaplh iannfdl
Zhang, 2ZIthz2)ef ore, a connection could be made
possible effects on these functions, as a r &€
the gut .

At present, there is a gap in the Iliteratu
permeabil ity measarsmagl lakrtlmdbherp antgreir i mg er e s |

using rodent and nign evo taallol ws0e2h23)). e ment ed suc
MFGM from pof0Onatoblsedayng that i ntestinal d
protein expression was increased in the colo

was then propesednbhatdetvbbopment associated

increased activation of various signalling p
mi t cagcetni vat ed protein kinases, and myosin |
signiyf ixatnitMat ed compared to the control gr

Caeo cells with MFGM (400 Og/mL for 72 h), fi
el ectrical resistance, and increased exrdr ess
ZO2. Al so using hunMinl aerndt eertiocayld.le a (mo@led)sl, Kk po
and milk SM and hTCaAcwowel |l s, finding that milKk
junction proteilns | ®c awlawsd ian sand oZ2@d t hat mil
secretion and gnexd Rapaetsisonsn ome&8yhdti enditnige t
this resulted in overexpression of tight ju

mechanism underpinning the effects of MFGM a



1. SSummary and ai ms

To summari se, strenuous and/ or prol onged e:
depression of wvarious <cellular and mucosal

temporary, they may increase the aoh srkay fh awen
mor e l asting effects. Exercise of t his nat
perturbations, l eading to periods of el evate
barrier into circulation heaesaswdriionwsg denrcsee GU
and inflammation. It has also been suggested
al so be a contributing factor in exgut i amd l

i mmumeer t ur bati ons pose a risk not only to at

individual . For this reason, ways of mitigat
practitioners, and nutritional odt rdauteegtice st I
acces sxiatsiel iotfy i mpl ement ati on and potential to
Within sports nutrition, dairy supplements h

bi oactive compositionbadedni pkoddnt f alcdyv e sphmc
benefits to both the i mmune sybBéeemxaddicgdt,

gut andpémmumnigati ons. MFGM is a component o
aiding various health ogut¢omesdf ummoaihaems .ngHa W
there is a clear | ack aflurespapohabnoMsE GMwi
investigating infants, or using in vitro or

ef f ecthsdreerdmidoth @ MR GM suppl ement atnidougcuet@n aea er
i mmupneer t ur bations in healthy adul't popul ati o

foll ows:



1.To determine whether -MRERGMcead t gnotuatdeasma
subsequent (Feameabs!| Btand 4)

2. To determine whet kel |liwvidNei mpurnaccvtea son s,
attenuati amdafc eadx adrepirsssseanenc €h ap.f encd) o
3.To determine whether MFGM i mproves muco
exericncsieced depressi onChdptmarco sal andimiu)n.i

4. To establish whether MFGM rédc€haps erhé&)r |

Considering these a)i msnd takpt ehrgrpbtoave(slgs nwke e (
Hypot hesi s 1

Ho= MFGM wi |l | noti ntdruucnecda tgeu te xdearncaigsee and r educ
Hi= MFGM will t-rodoatd guerdamage and reduce
Hypothesis

Ho= MFGM wi | | nnoat g nri @ (budeecier decseed depressi on

functions.

Hi= MFGM wi | Imargend atfaiedeetidmeccuy seed depression of i
Hypot hesi s 3

Ho= MFGM will not reduce the incidence and se
Hi= MFGM wi | | reduce the incidence and sever.i
Hypot hesi s 4

Ho= MFGM wi | | not i mprove chronic mucosal i mr

Hi= MFGM wi | | i mprove chronic mucosal i mmune






Chapt@eneér al Met hods

2 . Elt abpproval

Al | studies in this thesis were approved b
Rehabilitation Sciences Research Et hics Ad)
demonstrated wer e I n accordance wi t h t he

paircti pati on, al |l participants were fully ©bri

provided both writtenAbBhdsvedbat wafer medspe

on a clinicwewlithrdatadbhstapanseseicthagtiem.t he corr
2.2 | delxedduasntcemr i a

Al | participants wer&5 rygdrhseedllndkc.b ubeobhetcweée:
participassmekeénons pbehawvwe no all ergies or hyper:

not be on medications or dietary suppl ement s
the four weeksipniofotbepakritgichbbpa, partici pe
Ohealthydé by a physical aQ@)tiwas yc anplddathed swiqt

enrol ment Adbpeuide xt s (

23Physiological and perceptual me ¢

For anal ysi s @k acaxnydg ema xu prtad o@omd(ylgleanmeigps tarkeemg n
of b-bywatelmath ventilation and gas exchange we
system (MetalLyzer 3B, Cortex GmbH, Leipzig,

system was calibrated in atcactdaonoe. wBrhefhg



calibration of the gas sensor, starting with
measur ement o f a calibration gas. The fl ow

syringe (Hans Rudol ph, KS, USA).

Heart rate (HR) was measured using a chest [
Kempele, Finland) and rating of perdeiBwed ex
scdlBorg, He8Zhht was measured to the nearest
(Seca, Birmi ngham( BM¥as ameda shuaodyd meas st he near
weight scale (Seca, Birmingham, UK). AlIIl ant

mi ni mal c¢clothing (t shirt and shorts) and no

24Sampl e preparation and analysis

24. 1 Bl ood sampling

To emsgw@amaelar di sati on poafr tpircoi cpeadnutrse swearned atth arte s
effembgement or opdrhtoisdiagpdamrct stureder,t ook a pei
with the excepti-exenc¢i seemedmpltesy whisth were
foll owing completionmoh -exaentcise) (nAll abbleood
t aken dvarad svteame p u n cgtauur gee, rnuese-ige ka{ B2elohpon Ox f or
from a vein withiSamphesamwtee ecullirtaavinr @ ent ®d .vwic tu
i thium hEePRA.i nl mrackcordance with the Human

and uses of whol e Dblood were performed on

processed as soon as possible andgfroendé®r end na
at 4AC (Centrifuge 5702 R; Eppendorf, Hambur

then aliquoted into 1.5 mk8OmMiQ rfoocre nitartierugaen a



24 2 Leukocyte counts

Tot al and differential (neutrophil, l ymphocy
counts were performedEDISANngawbdodol eablubadnéron
OL whole blood was drawn into a microcuvet
Angl ehol m, Sweden) and wused i n a portabl e

determination of | eukocytAensgl (eWBd m)i fSfweSlyesant)er
occur at inherently | ow pr(oPeolritei foingsu erse laantd vke
2023)and were rarely detected. As a result, b
10 repeated measur eme-at scaogeff fti hca esnaCGipoviesraenaprli ea
the following: total |l eukocytes 2 %; neutropt
eosinophils 15. 1%. Hi gher CVs for monocytes

counts, which may render themiwmose susceptib

24. Bl asfmaBR

I-FABP was mpasxuearelir-bgtpdeker eo&Eg§ganfdholpo-st
exer(tibeEPyosnnt mai n tcrhiaap taedddsy 83 caommer ci abll y ave
phase semdywmentked 1 mmundsSlolr 3YMEt0 78 ss awoSet,
systems, Minneapolis, USA) was uwEPTAo@mapéeédcsn
vacutainers. The capture antibody was recons
using phosphate buffered salineedP®&%. u3bd
reconstitute the-FRBtPectiaomn aa dt iamadyRiPAmdelt thlee
wor king concentration. The detection anti boc¢

reagent diluent suppl emeDY@Q®5 wi Rda &mn tn oA ddail t



systems, Mi nneapol i s, USA) . Al l samples and
reagent diluent with 10% nor mal g 0 a ta sssearyu m.

CV was 4. 809%.

2.4.4 Bacteri al | oad

Bacterial | oad was measured via gPCR in DNA
4. Bacterial DNA was quantified using a comm
kit (E2006, Zymo Research, Ilrvineegl CApldser) a

anal ysed -uismemgqRCReaystem (LightCycler 96, R

18repeat ed saasnspaye sCV. iwHsr a

To account for potenti al variation in the
guantification was normalised to total human
DNA samples wusi#tngnet g CRamg st eanl and a ncommer
DNA quantification kit (E2005, Zymo Researct

sampl eassant€d3Baes to the indihdececd dEerudoxernt

human DNA, human DNA concentration iwoars tnoor I
normal i sing bacteri al DNA concentration.
The thermocycling parameters in al/l experi me

i nstructions andlwassmepletrifnogr nteudrtveeo gd et amp | ah y «
or primer di d®rast, a &acsheianogl 985c Aui ring fluore

Thermocycling parameters are detailed in Tab



Table2.1. gPCR thermocycling parameters.

Numbe Acqui ¢

Ass a’ Step Tempera Ti me
Cycl ¢ mo d e
I nitial d 95 10 m 1 None
Denatur at 95 30 s None
BacteAnnealing 50 30 s 40 None
Extension 72 1 mi Singl
Final ext 72 7  mi 1 Singl
I nitial d 95 10 m 1 None
Denatur at 95 30 s None
HumarAnneal i ng 59 30 s 40 None
Extension 72 1 mi Singl
Final ext 72 7  mi 1 Singl

24516S r RNA gene sequencing

16S ri bosomal ri bonucl eic awiad (PEPreRNA) mgaen e n:
bl ood DNA samples in Chapters 3 and 4 to pro
transl.Bohtownng quali gtghrohnghlpu( Q@mpl hcon s«
performed-Vdnrehbeowvw3of the 16S SSU r RNA gent
(BMKGENE). Amplification was performed usi ng¢
515GTGCCAGCMGCCGCG@AGMAIACCGTRAATTCCTT)YGAGT MET

set. Pn@lxi 2&6d bp sequencing process was use

purified and demultiplexed, and adaptors had

245. 1 16S data preparation
The raw sequencing reads from BMKGENE were
LotuS2 software. Raw r e adbsaswed ewoprrkofcleosws etdo uisn

sequencing variants (ASVs). Prior tioercdenoi :



abundance filftrequence Mmpegueémaeves. Mini map2 w
and unsuitable reads (stunted or fusions), a
cut of f to ensure accurate sequenA®Vsaswagnm
performed with Lamda against the SILVA refer
is a 16S rRNA database with extensive cover

chi maeras and contaminated sequences.

245. 2 16S data analysis and visualisation

Al | 16S data analysis and visualisation wer €
The following Rdpathades whaiye ose@gd: ggpl ot 2,
mi crobi ome, vegan, mi croVi z, Pol yA3Vomeyntape
were first rarefied to 5,000 reads to avoid
Rarefying to 5,000 reads is generally a | ow
bi omass of bl ood, t hisfiwaisemtequu mizér It @f sna@ im

ensuring c(ovmplareadhld ¢t ealdat a was then tri mme

with | ess than 100 reads, as they would I i ke
foll owi-agdwasbseat ed genera were idepfalfied at
al ., aadlpurged from the dataset: Pseudomonas
Acinetobacter; Brevundi monas. Foll owing rar ¢
relative abundance. To assess ovedriavelrysdi f her
bl ood,-Car tBrsaydi ssimilarity matrix was used
(PCoA). A Permutational Mul tivariate Anal ysi
statistical analysis of the PCoA.



2. 6Phospholipid quantification

I n Chapters 4 and 5, subgroup analyedsbweodé
cell s. Li pi dfsr am@ @l hedkptarrapcattekded r ed tlcagaud r eed
foll owing the centrisfewdgatomo e2mpie. lc e a kil igpeiada a i k
extract(iSofeAl 2k,i t Cel,ICABI dAJMa#&Bs used i n accordan
manufactur erTlse ilnisgwagkaobmaedat 37 hot pl at e

evaporkatte a gabned rste imea ipreil i gt wa8s0 fr dzoean laat er an:

Phospholipids were quantified wusing the Ste
phosphol ifwirdns at ocompl ex wi t h a mAmormoi nuinu mf er
ferrothiopyaeamanted way di ssol ving 27.03 g of f
Si gmladr i ch, MassachQ.sdetd sami&mrAi) umh8hi &cgaaat
Al dri ch, Massach®@s eavtatt €r WA i spehtibi siplphi otl @ p1 dL
concentration of 0.1 mg/smly wdhoosphepampedsby1l
Al dri ch, Massachusettpoi bEAtandamnd ocaf oemwm
concentrations of 0.10, 0. X8, raalt®@pj dOsa@mpl 8¢

reconstituted in 1 mL chloroform and vortexe

For thé m&say, each standard or sample was
ferrothiocyanate and vortexed for 20s. Fol l

chloroform | ayer was atndamsfiestaandtaoco da a6 dwela

>
o
c

plicate. Absounbanceg avarse ajdedp/Ostta ra OPA| M

BMG Labtech, Bwplke8damy,i claKkK)e. -aampy eBA. . wamd r a



247Sal i va sampling

To emsstuarnedar di sati on wcfubpreantediuepayrdanti phat
performed a period of 10 min seated rest pri
of Eassamples, which were taken as soon as p
t hami b -@xsntci se) . Par teidc inpoatn ttso wderrien ki nasntyr uwea
during the 10 min rest period prior to givin
thus emptying t he tnoeutshg mpled oacel Ibeeqgtiinmn .ngThe
remain seated, with the head and body tilte:
prweei ghed 7 mL bijou tube (ThermoFi sher Sci
Foll owi ng trhee wagsniawn iinfs ufhfei ci ent amount of
another 2ZmaxxinmpdmBt mi naor once an acceptable
Il f a sufficient sample could not beFomht ai ned
estimation of saliva flow rate, 1 hessalsieda i
previ ous( Draevsiesaornc het amatd. wag820@9) cul ated with t

sampl e.

Once the saliva samples were obtgdiomred5 nihne\
( AccuMspcirno 17R; Fisher Scientific, Hampton, I
debris, and the remaining acellular supernat

tubes an804ACofed Anter anal ysis.

Saliva osmol ality was measured using a free:
Gonotec, Berlin) which had been calibrated i

Based on 10 repeated measassmgniCi2 wfast Be san



248Sal i vary Sl gA

The concentration of salivary SIgA was meas.!
(Salimetrics, State College, PA, USA). Saliwv
in a 96 well mi cr o pslwaatse ,mearsdi r &lds o rsludbnt ae cati n;
correctspboonusatngA a microplate |l uminometer ( FI

Ayl esbury, UK). Based eans sd4aly4 Cdvu pMaisc adt. el %.a mp |

SIgA was reported in 3 ways: absolute concen
SIgA: osmol ality was calcul ated by dividing a
expresskenODsa's| ®gcretion rate was <calcul ated

concentration anmiBal expOpnsisnedr as e ( mL

249Sal i vary |l ysozyme activity

The activity of salivary |l ysozyme was measur
oBShugar. (TIM&2pr i nci pl e of t heomrmtsaiaryi ng $hmpl e
i s added toMacsospecnssoblybbddei ktcauses cell
turbidity Oooafs tnhmeea ssuorleudt iboyn a dseslresiseg i @ mbsO

l umi nometer (FLUOstar OPTI MA; BMG Labtech, A

A 50mM potassium phosphate buffer med®dyprepar
potassium phosphatSegmbdobab cMashbathodeit ml
1 M potassium phosplg#taelrdiclhas Massalchtuisen t (s,
water, to reach a final vol ume of A5Qsmlng Tt
either 1 M potassium hydroxide (KOH) or 1 M

A substrate suspkdinci ocoyqscdudedékldi cxwbsygensi on)



prepared usiMigrbygopbubicey d s dAgliSlkrgimehu,s Massach

USA) .

The following reagent sbiwedr e9 6t hweenl | p rneipcarroepd ait

2BC: O@A50f substrate Solaftipoatasnsialbih weosphat

bl ank well sof asnadl i2v0a in test wells. The well
decreasewas nmeAasured for 5 min in the micropl:
reaction was excluded, and the subsequent 4
using the following equation:
. o aQeYQi o a Qe awe Q
Y¢ "Qp'Qd 0
ap T8T TT P8I ¢

Where 0.001 repr aeasasntpert hteh ec huamigte denf iAni t i on

volume (in mL) of saliva used.

Using 286 dupl acatagy L¥mwlass 17i%ntr a

25Moni toringraf niamdnkEeoanp | i ance

Throughout studies 2 and 3, participants rec
survey platform (Qualtrics; Ut ah, USA) that
(Jackson eaend ad epeIrlftd S5trekippiemy i Ndhd® survey al so
a question confirming whether the participa
Participants were sent a personalised | ink v
day at e(iChaeptodr 2MPOLOp tAe 1r edni.nder was then se
if the survey hald an mti nlge d o acddo mpalse tcead .cul at ed

RPE (sRPE) and durattohasabhdenhotdtaembedt watkldy



andel i able tool for(mMosi eoregha@aidr dialioibdge)elno as

correlate witdammad (HRFesansethads, 2006)
26Val i dation of upper respiratory
A URTI episode was defined according to the

symptoms were added up per day to generate a

an illness lasting O3 days, odnddO6wiatnhd epietrhceerp
having an illness, (ii) a total Jackson scor
a total Jackson score of < 6 but with the p
present for at | east 3 days.

For wvalidation of I 'l ness;swadr tkii dispa mthsi cwe rc
sample swab and a tube with 1 mL stabilisat
Canada) , along with an instrucwepnpa Bhset udcDE
coll ect a throat and nasal swab sample on

experiencing a URTI epi sode, with day 1 beir
proved successful in ot-bwb(sBawivsean |eatn cael .s,t u2dl
al . ,. 203%3gb samples were returned to the | ab

manufacturer gui-8@ACnestilananaltypsies. at

27Moni toring of physical well bei ng

Duricrn@apten® 4ubjects coHplbetrendnt hemv€oheny ¢
Symptoms; (£€MHep €51 x1 @2 st hdyg was compl eted on

first experiment al tri &l iotf weaasc hc osnipul deyt eadr no, n



CHIPS is a |list of 33 common physical sympt
bothered or di-poiretssleidkethtemsoal a@a Banging fr ol
bot heredo. A sum of the 33 items wasicaedve
physi cladi(n@wlhlen and Hob&d&hman,sul9&y) wassadmin

using an online survey platform (Qualtrics;

28Suppl ement ati on

Al l suppl ements used throughout the thesis

gdaly and to be taken on an emptyMsitomawhey E

proteippl|l ement and placebo, whi ch welded admin
Suppl ements were only unblinded once all st a
Nutriti onoafl satnuadlyy ssessppl ement s, including pho
each experiment al chapter.



Chapté8trud@gefXfects of 2 weeks of mi
membr ane suppl emenatnatuicerd omcerars

gut damage and permeabil ity

3.1 Abstract

Exercise has been associated with damage to
a transient state of increased gut per meabil
benefici al for Gl i nt egr i tdye,t esrani tntee Wwhewernhes e
MFGM suppl ementation affects gut damage and
Twel ve healthygea27i¥eNmal eésyéars; height 178
W2mab 7.3 N 6L@i)ymlplakg i ci pabédndn ar odsosudou eer ,
controlled trial. Participants consumed MF (
completing an exerci seOitngxi. alUr{ 2@rwmi b/ Rumwaat
basel i-snuiepp(lpermee nt at€Eixon)asarmd mRaokter of gut per
sampl es wer-Ext aexe sd md -BPxrlef cProsa#ABYsi sCBfL 41 an
bacterial compositiomeaGlureymmptnomaiyrsci7rdence a
Urinary L/ R significantly imer@adda@)fr dmtbasc
MFGM tpr=i &l. 566), and was significantl ypl ower
= 0.033). The -FcAhBaPn gfer-boixm tPpHaRs(s@ . 00 1-Exanhd Pr A
Po&kp=( 0.036) was significantly | ower in the
pl asma sCD14, bl ood bacteripal 0c ®dmBpasiTthieosne &
demonstr &tGaM tilrsatabMe to protect the gut fro

permeability following strenuous exercise.



3. 12nt roducti on

Dur i
a nrdek i
skin
cont
( Mar
cont
cirec
unde
2018
of te
of e
seve
i ndu

heat

ng exercise, various physiological respo
rected spl anaohrnkiicn gb | sokoedl eftlaolw muws cl es and
for thWhimogtegtuhe@ase omre nor mal responses
ri bute to transient intestinal injury, ¢

chbank .etAl alhougBelrinteea bg emif uncti on of t h

rolling the passage of substances, i ncl
ul ati on, a compromi sed gut barrier due
i mall potentially har mful I(( Chieh alk kKOd n ted |

)JTransl ocation of contents such as bact el
n coupled with hi g hCeorstian ceitd eknucref ho2f® 2@la s,y
|l evated bacteraemia or endotoxaemia may
re cdgBad,lapowepgxei set lal .hhas20all8)o been sugg
ced increases in gut permeability may b

tLriaoxk and Mackinnon, 2006)

nge of nutritional suppl ement s/ experi mer
grity foll owing exercise i ncluding ac
ohydrates, amino aci dsf)ler e rettablye chlaingges

cchari des, mono¢FOOMAR] I desetand poldyclpeci

bi ot(i@€hsg ntcluerrc uenti ng | . ,. 2D0ake2r;y vCeods tsau pept!l ear
al so received considerable attention, d
to their richness in bioactive component

gut effecty attuME&M Bndhebakt hi nd(i hegms t ha
gencate et al ., Hawéder Ul @&manhet Bbioaci0Vv

ne colostrum, has shown to mitigate incr



strenuou(sDewiesacn set al ., 2016 ; March et al .,
anmany of the nutraceutical effects of bovi
mol ecul ar weight (< bpDakDadScomp2MEGBGMs awdt bk
colostrum may possess some similar l ow mol e
MFGM is a significant component of bovine co
may be seen. MFGM al so congsaimat omaegri bilbaemn.
|l i ke |l actadherin, d ngrd @atmeanian ok yowm ofper ti s a
removal of dpDOptf et il @ eel basd . wel2l00&@3 bei ng a

mai nt enance of (gSunte nb aertr iaelr. ,i n2t0elg9r)i t y

The present study aweaereekd MPGM sssemEgsl tewnimeehizehaet s o r
exericndsweced gotrpasmeahility, as Smeasudrneyg @Ay
the study were to det er mi-inred uheed haAaBWEFeGIM 6i& f
bacteri al transalnac avthiearhers €hksde changes i nf|
It was hypothesised that exercise would incr

but MFGM twoeunldas € perturbations.

3.8t hods

3. Ethi cal approval

Al |l procedures in the present study were apfr
and Rehabilitation Sciences REAG (Prop 75_
Decl aration of Helsinki. Written isfprimed to
enrolling Ohe tbeeudyt udgs prospectively regis

(Il SRCTN10,8B22@66/ / doi . org/ 1PlLSREBEN ISR Car NplrOi8ma2r;



https://doi.org/10.1186/ISRCTN10822766

study registry recognised by the World Heal

Commi ttee of Medical Journal Editors (1 CMJE)

3. Power cal cul ati on

No previous research has used MFGM for a s
calcul ation was performed (G*Power version
previous study (oMa rbcohvbi annek ,ceotloesshhr,uma 91 bhave so
mechani sms to MFGM. For the primatrkgeoat wasme
| arge efforectheietf ettumoifvsb(@WoawtenBiosyl7ddssi ng a
conservativet hesampdE G Waish £t004 of t hat of bo
an estimated efff=e0c.twassi zues eadf. @Poolmeenrdsc al cul at i
correlation among 5rmpd ad re de pneidldadn dv alad e @a ft hG
sampie@ee=10 woul d tbe detqadatreal significant di ff
from basetkxerAN®¥MHpOsrtepeatedsmbpaotB®8686% wowear
and al phaA |lteawrag= td 20fwas set dt opauoatount,ef of a

although no par,ti<o ptamd ef idmiadp plezdmm u t

3. a3 ticipants

Mal es and females were eligibladwebveahteatbttf
recreationasphytact patethali @ the study (age 27
cm; BM 74. ®N57139 Nk §;mmpeklg speed in incre

N 1.5% kmtaadmi |l Oxspeetd Bt 88AkmLpmartici pant s



injury or known medi cal conditions and were

health questionnaire (see Appendix) to deter

3. Btaudy design

A dobblad,cphacebbed, randomised controll ed
attended the | aborat ofrawOmant r ad ¢ c aasnido nas : maaitn
Crossovbletr baasmeslubnjeect s compl eted a permeabili
recovery and were randomly d®$i gWFeGdw it owhceoyn s
protein concentrate (MFGM) or a ¢@hmaweabo prc
assessed bdtlwee©Om dawys 15 of each ar m, partic
the main trial, cdarmsi stpiereg &88%gole®Oyall cetmito weod nb &
assessments of gut damage and permeability.

a 24 h food diary and were instructed to r
Foll owi ng t he-weierks twamaiornu tt rpneerti ,0 da fwRaesr pwehrifcoh

began the second crossover((Fagl).wi th the alte
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Figure3.1. Schematic of Chapter 3 protoc@SRS, gastrointestinal symptoms rating scale.

3.3.5 Supplementation

Participants coincshhmeakdewnpM&EIGMi n concentrate
consisting of aTahldy. pS wppelienmea stos awer § consu
gdayf rom -dHayB®t h supplements were flavoured ¢
were all obaied dodReadodommnissé¢ed ons were perfor

randomi s aittitom :t/davlww) gr Rhopptotomi ds are gen

whey protein supplements unlesShkldéesi gmued n
did not match tMecud atto ppaotheddtealbr giFeSf f ect s a
fat supBtaktueesk®bre@awdaw, the difference in
effect on daily fat dfnfteackte ocam dt h e ugpip indynda tod «
were prawvwodgthogd ade tubsumond oemplrenteidon of e

vol umpe wadfer r evius wneldl yivaisnnmsopneicttoerd suppl ement ¢


https://www.graphpad.com/

Table3.1. Nutritional analysis of Chapter 3 supplements.

PLA MF GM
Energy (Kcall/40 g) 146 157
Carbohydrates ( %) 2 Not determ
Protein (%) 92 70. 44
Fat ( %) 04 1. 11
TotlRbsphorhgthd ds ( 3.1 53.1
Sphi ngomgtEd i n ( 0.9 14.0
Phosphatimyli)g ho 0.8 14.7
Phosphatidymgtiy 0.7 13.9
Phosphatimgt)dyno 0.2 3.2
Phosphat imdgthg er i 0.3 4.8
Ot hmg g 0.1 2.7
3. r6natest/ R
Gut permeability hwasyviesdsmldbdedshaesatdgeLRni que
(Davison et al., 2016; March et al ., TR&17;

urinary L/ R mebthat
rhamnose aiid omhaoweetlaosluy e me n't
foll owi nRjh &mrhoosue san d
transcellul apaahdaypsayraceflattarng nor mal gut

| arger dtbBatclkdaesd@eaot

of t heir uri na

)

i ngedetabolhbies molet slugae s

manni ttoh atarcer arsosn otshaec cdhat

Ouhseuaal il hyy Bpaerirrm ecpr € e i baudt s

el evated gut per meabileltlyulcam( pes mesay &#&nd hMen

199Zhus, an el evatiendilLdart i(voer

reflecting a compromi sed

Al'l permeability

Participants were

assessments

nstructed

wer e

t

olf/ M)ncirseased

barrier.

o empty thei

perfor med



containing 5 g lactul ose, 2 g mannitol and
coll ected over the next 5 h, with participa
continue their wusual gar.i oWahreou gvadl ichhintseumea
providing a minimum of 2 L was consumed, to
centrifuggfdoratl®,mi0o® dt 4 AC and ~384 nMAIC dfors
batch analysis at a leatMarr cdhabtaen .k, Aedt hparl eswigauosll 1
separated using high performance | iquid chro
amperometriao |dSeQ eleicidBIe di t edCl i abaeradat acCthyem( st r

Cornwal | Hosp.i tals NHS Trust)

3. Preliminary visits

Omday 0, participants attended the | aboratory
and screening) and complete a baseline wurin
descurbedry IB/eR wteeddidOglawass measur ed using an
t e(st Klmhitlsnt ep r at e) on a motorised treadmil|
Medi dad s-toatinst ei n, Ger mavey p. rielmluivpadt iac ihpaar
throughout the durati omr aocfe dt hwea rtne sutp aenqdu i bveagl ae
on t-h@® Borg RB&r gclaleé 82 )tehpp atgaxnt atf alstlembLh ha
t wear maunpd | ncr e aseevde rbyy nili nkumtkeh unti | volitional

of gas exchange wer eChcaopnt3breet2erda la)sMatelsacd s bed

Exercisefarnttemes iwnagsi nc atlrciudlat ed t@lsata wawlad mel
8 0 WO2maxUs itntge f i nal 20 s of each ret apj ontshhei
b et wagann d treadmildsedpeted ovalscul at e t he

o8B0 %W..The speed was then reduced by)twm thi



account fwlper eshppordsagg. iThhi s model has been pr o
desired responpsreesvd foguaki esn mMa yihd sy agteaal . , 20

al ., 2017 Mar.chbank et al ., 2011)

3. Ma8tmr i al s

On day 15 of each ar m, participants attend
Participants were seated for 10 min with mi]
( P-Er) bei nd dnmLawmt o a -tlrietahtieudn vhaecpuatrti onn er an
KEEDT-Ar eated vacutainer. All exercise in this
in wOhet est, and at temperate A®nadnid iroenlsat(itveemg
20.5 N 3.6%). A 5 min warmup was performed p
min wal ki g 2atmi4n krsuhnbreidn ¢ g4ub @WOanhkemd 2 omi n runt
at BG¥%x Foll owing thi s0madvazs0 prairfPolr ude ddR 8 & 9%
measured at 5 min intervals. HR was measured
T31, Pol ar I nstrument s, Kempel e, o iyonrl eaantdh) .

(Cortex Metalyser 3b; LeipziagVOwWaasrarharuy )atteldr d
every 5 miin Fofl | ohwe ngedsthe exercise test, a b
Po&x, after which particiapartsprmeeiganst hedgst

A final blood sample was al sbx)t.aken after 1

3. 3 .e% k occoyutnet s

WBC differenti al c obEhn,t sPxwsdrned -8lr ahb yPsoesdi at t Pr a

using the meitrhoGQR&.pAeesrcea ri le)dMet hods



3. 3RPI1ds-MaBPR

I-FABP mwaass ur edx ,atPxPgsdend -BEx horPomdi n tri al days

Chapde@ener al ). Met hods

3. 3Plldsma sCD14

Pl asma sCD14 concentr altepar iwa st rammatl s el @ samd

Prex, -PPosand -Ex hud$iosg a commercially availa
DC140,; R&D Systems, MN, USA) . Al | tests we
manufacturer's instructions, and all sampl es

sampl eassant€d was 5. 75%.

3.3.12 DNA extraction

Foll owing the manufacturerés guidelines, D N ¢
treated whole bDNAdFusgalg/ BhacQwird la | Mi nipre
Research, l rvine, CA, USA) . Il ndividually pa
pyr ofgreene) pi pette tips and microcentrifuge
process to minimise contaminati on. Fol l owi ng

i mmedi atel y8andCsforedaneéer analysis.



3.3.13 Bacteri al transl|l ocati on

Bactleowed$s meiasuwkdlad -BPk eoHEh sand -Hx hugHPoCsR
andéS r RNA gemwass @geudroagpimegti de compositional

transloaat oan!| i2dednd n@GGEhapaée) Met hods

3. 3GUt4 sympt oms

Weekly GI symptoms were measured using the G
arm. The G&StReSm igsueastliSonnaire assessing the s
the previous week. The questpoinmtai medinet fisc
di scomforto to fAvery severe discomforto. The
survey ©platform (RQunrVtésnkwer, byUhaiatt WSAQO, an

remi nder want sent 24 h | ater i f the survey

3. 3Stl&dtistical analysis

Statistical analyses were performed using SP
of 16S amplicon analysis whfChbaptdadGeasendluct
Met hydSchsa pWirlck t esterasdcdl cul ated for skewnes
asseafsenror shalst r Daw i ovm-i dir malnodi stri buti on was
to anal ysi s wiMihs spianrga nieattra cwetrees timapxu tme ¢ at $ iom
and Littlebs test was performed to (vemove th

and Cipher, 2024)
The following transformations were used to n

LogFABP (absol ufx)andgqg¥hwaofe Po®t: GSRS scores



Onwayepeated (memsur ANOVA was usead i haryt héeR
Bonf eadjowns t-readt po9 s were used to follow up a
compavalnges across ba3wdvager (ardd hmailn Tt rtii anes
repeated measures (RM) analuysseds foofr vaanra laynscie
foll owingOxartifamd et: 9dk; HR; RPE; total and di

counkEABPIlI(absol utta)ang Chhdelf aRdea IGSIR&a dghcoocr e s .

contrasts were performed to follow up any si
point seExt.o-Feotetee st s were used following signi
compare adjacent time points. The proportion
trial was awmayluyasreedd uasnian gy sd Isi.

Analysis of 16S rRNA gene sequefbiaptledaPa w:
(Gener al ) Mealhysliss of 16S r RNA gene sequenci ng
4. 5. 1,; R Core Team 2025) . The foll owing pacl
dpl yr, ggpubr, Bi ocManager, mi crobi ome, V e

<

mi cr obigalepaend g

3. Rlesul t s

3. £Exkr diyse opogi calmeasdirgesr cept ual

Due to a technical |ieoueuwdthmoi nbé rmedascre dri
alob,anal yses werne gérf dhmed was Fa,6 maliOn ef f0ec
p= 0. 7@k (moMm. There was a si gnk(fli.cladrbt, mali.m 4¢
47. 4$8510.001. There wWas meo i 5F(gdriafcIttd)mar, 00 .83 22 ,

det ect-edc Bostoerrreoca setds , -utpo tfhel Imawn effect of



a significaatmimcfeame5i mp<n 0t.00 0110) mainnd (10 mi 1
(p= 0. 604BDE No main Feflf edt0) p== OO0.r 802683 ,% o0 0 f

W2mak was detected. There waB( l1la. 0s99g,nilf0i.c98n6t) m
p< 0.001. No Tstiigmei fiindF@eBria cB 6 jgass 00..830284 ,was det
Potbc Borfoerrrreocatsetds reveal ed a0¢ %gudinfki o amtm i n

5 min tp<1®. M@ h) (and A0 OMibD GIA €15 mi n (

There was no miEiln 1léf)fps=c tO.df2 8t rfioarl ,t ri al HR.
effect of tiFh8,w88)pEs@BY@B.4, There was no si
interacti &3 ,0b32yr ped, 0. 6I-Boc PBes mcfoerrrredcrei®tds
reveal ed significant incpeae®03)N, HROp&fmiom t5o

0.001) and 1p< mb.nBQA B®IARO mi n (

No main efARdc¢t 1d)p=t=r00abl249 ,was observed for t
main effect of Ft1me2lwasldez2&)0ecds5. Iheére
significant trial W 3ti nde3)part2r.laldRdic oRBsrl e m e
adjudtesasd s reveal ed significant psnere@ases 10

to 15%<miOn0@O@1) and A5 OmiBD G €20 mi n (
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Figure3.2. Exercise physiological and perceptual responsesO; (L-mint).. Two-way ANOVA main effects:

p = 0.731 (trial); p < 0.001 (time); p = 0.880 (trial x time interactior)wB; (% of WOzmay). p = 0.823 (trial); p

< 0.001 (time); p = 0.808 (triat time interaction). €Heart rate (bpm). Twavay ANOVA main effects: p =
0.629 (trial); p < 0.001 (time); p = 0.673 (trial x time interaction) RPE. Tweway ANOVA main effects: p =
0.627 (trial); p < 0.001 (time); p = 0.113 (trial x time interactior}lean values were significantly different from
previous time point (p < 0.05; pelbc analysis). ** Mean values were significantly different from previous time
point (p < 0.001); posghoc analysis).

3.4eakocyte count s

There was a signifiFchn212nai h3 .83 ¥k)c. t0=0dl3 6f.tdrdn#,
|l eukocyte count. There wad( ho 51)pmrF 00 IBHL ,ome
trial T tiFme,i @B2PpaO®0B@®B4 -aRlqg rufsdheodo mptioesstt s s h o

a significantEx ntceE rppossed . (UrQdiBiReP r e

There was a signifF(éedagd5maidl ., p8PPedB1l@Po6EME U
count. No signifiFfdnt 1hypi=r 00 00MBdtoroft rtirailal, t

F( 2, 22) p= Q. 8882, was -hobet eBcotrefde rr rddomsgti o we d



significant tEmxc rteck siegés Of.rOo0mM )P r&ex pl=( 10 .hTD BR4o) set

was a significand 1maDB, eflBe@B 50.f0=0t18 Adfecdr4 91,y mg
count s, but no signiFfl,cahl) pai(.. 56068 ecrt torfi atl
i nt er@clt.i3cbmB,, 14p=" 30.)1 Gbozx. ABIX=sFHfdg rutdaensid s r ev e al

a significantEX ntceE rppossed .fOrOolm .Pr e

There was a signifRRanZ2marrnBaA0@&Fcdgndfats mgn
I time iA(Rer 2@2HPp=¢n04 0974 f Dh ewNgsL nroatmad.ni af f ec
F( 1, 11)p== 00RB8B®G ¢ contrasts reveal-Ed thbhat th
Po&k was significantp=y OhiOgdbdmey IAMN OtVIiAs PleA famrm
each arm showed B( Imaz2?2n9 ,eflf3e.pstl ®Ff0A 131Meqgd 96 he
with a signific&nxtto i chxpike® sd.fOr0dlmvalpe eANOVA

performed on the MFGM ar mF(s2h,o we2d)p+=003ma® ®1 ,e f f

There was a signi fR(@ant22n@aa=n03edHAEOcft o ro f ma n oncey
but there was no stirgf@lf i claln fpp =méoi.8030sfabteicme o f
inter &c2,i oh2) p= O0.B6RODc Bomrfdgrumsoteesd s showed
significant -ExctreaxBaEs@.roB8)Per ewas a signi fical
time2, 22)p==06.0002,f or eosinophil  ctorufAfatl., Ther
11) =p2. 0187 adi me iR{Rer 229+ ¢ 12 47 Pookbsbecr v e d .

reveal ed a signi fEixc a mt -Ekpgr rRoasd@4 )fr om Pr e



Table3.2. Leukocyte responses strenuougxercise

p
trial
ti me
1647 P r-Eex Po-&K 1 h -BPxos inter ac
Tot al l eukoc) 0.735
PLA 4. . 79 6. 8B.16 5.08B.20 < 0.00:
MF GM 4. 8. 79 6.68B.09 5. RD. 24 0.393
Neutrophils 0.908
PLA 2.00. 46 3. H@.64 3. HN®.87 < 0.00.
MF GM 2. .67 3.B8@.72 2.8a&.89 0.188
Lymphocytes 0. 566
PLA 2. 8@. 47 3.08.59 1.8®.40 < 0.00.
MF GM 2. 8@.35 2.68m.69 1. 8@&. 46 0.105
N/ L ratio 0.380
PLA 1.0806.23 1. 1N®.23 1.8®.45 < 0.00.
MF GM 1. 8®. 35 1. R20.¢<¢ 1. H®. 39 0.017*
Monocytes 0.931
PLA 0. 8@. 08 O0.R®.09 0. R@.06 0.045*
MF GM 0.R8a.09 O0.R®.12 0. RO®. 04 0.402
Eosinophils 0.217
PLA 0. 6. 08 0. H®.07 0. 08®. 05 0.007*
MF GM 0. .09 0. H@.08 0. H@. 07 0.252

* Significaprt Om@iGN .efFfre St pi DL 6QA) . main effect (

3.4.3 Urinary L/ R ratio

Some baseline samples showedsortehaet eme avra ro fa bbic
was used for comparA soomeywANIOVAheewmaahedr aass
ef fectF(o2f, 2t2i)mpee=, 0. 083, f or-hwwiensatrsy wi/tRh. tPhoes tB

correction applied showed a significegmrt incr



0.029) but nop=the0OWMFEXGCM Wrimary L/ R was al sc

PLA trial compar ed 0o0oB#8RI).HMFGCGM tri al (

p=0.042

0.25 - =

=

=)

a
|

Lactulose/Rhamnose ratio

0.00 —— —

Baseline PLA MFGM

Figure 3.3. Urinary L/R ratio at baseline and P&t on main trials. Ongvay ANOVA main effectp = 0.003
(time). * Mean values were significantly higher than baselme: (0.05; posthoc analysis)PLA trial was
significantly higher than MFGM trialp(= 0.042; postoc analysis)

3. £l asmaBR

There was a signi fR(Q2ant22naitn ®©eOfbf4d abfii(@ad fn oftll jne ,
= 2.6101.,141 f ofFABPs clomtca mier & tsiwaymsi térilcaatnit me

i nt er B(clt.i303n2,, 14 p650)BaDf7ead 9oing t-realc ptoesstt s r ev.



t hat t he <chBxge¢esExo(s 0 . FOroel ) aEnxdp {1 Oh OP6GFt wer
significantly hiOnheary IANOWVAs PEBEAfarmed on ea
significant Mmé&(l In. 2e6fX,ecl1 3 .p&FE8 AN Okl 7.0 h5G Wwiet PL A
Bonf e-adp opsd-betdc dleswisng a signi fiExantExPmecitease
0.0BAl13i.gnificant Fmaj n22jpEeB50282wWamedetected

ar mp-hoc tests didspeti 6howsmpagy i(Fis igdd®net ¢

There was a signifA(danttlmnp+Fnld8d &R &P fclhtamigea |
fromeE®rewith MFGM significantly | owermr(2han P
22) =p7. 08004 and trifIl.B10i, md4ipAtl8n &8 EBi7Twd 9 ¢
al so det ec taad .u sB-beodt eptroesstns r eveal e dEX htaga R dset .
Exp=( 0. 001) -Bxpd( D.MW3Bgstwere significawtyly hi
ANOVAs performed on e#&thbctaF(oif.s3h6o3me dl 4apOndali)n =
0.007 in the PLAadjmstwdtboBpafesonsireveal.
fromEPrecExpPe(sD. 001). A signi fk(R2ant22maf=n 5e f2f9%e
0.013 was seen i n t he MFGM aa dnj, usttthtd c mppo s 6

compari sons Fwegrdd) edet ect ed (
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Figure 3.4. I-FABP responses following strenuous exercsePlasma {FABP concentration (pg-mt). Two-
way ANOVA main effectsp = 0.141(trial); p = 0.006 (time); p = 0.010(trial x time interaction). B Plasma 4
FABP% of mean values at PEx. Twoway ANOVA main effectsp= 0.004(trial); p= 0.004(time);p =
0.013 (trial x time interactiof. ** Mean values were significantly different from PEx (p < 0.001; poshoc
analysis) AChange from PrEX was significantly different between trigfs< 0.05;posthocanalysis).



3.4.5 Plasma sCD14

A t-way ANOVA detected a silkgnli.f2i9clantl 4npation7 )e f=f
0. Oflor pl asma sCD14 conceniF@la,t i loln)p=N0oQ .7"a®3AN,0 e
tri ati me iFA{tleB3®®Ot i dmp=390%.)2 2 1wBRe/mMBf ea ccjosetde d

po shtotd es &8 ealseidgni fi cantEX ntceE epassdd . BlO@GHS) Rr e

p=0003

2500 |
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= MFGM

N
o
o
o
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Figure 3.5. sCD14 responses to strenuous exera§&14 concentration (AglL). Two-way ANOVA main
effects:p = 0.755(trial); p = 0.019(time); p < 0.292(trial x time interaction) Significant change from P+EX to
PostEx (p = 0.003; poshoc analysis).

3.4.6 Bacteri al transl ocati on

There was a signif iF(ca,nt2 2ffgdi-in 02ff(cdoe chh | owd d th anet
|l oad. There was Kol mal7lB)p=e=Sf00Hct toimeéri ater act
F2, 2DpB= 900.7 Bonfaeij usnheodd to®s$ s h o weidn car esaisgen i

fromEPreeExPso(s 09 (BDgab).e



p=0.009
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Figure3.6. Bacterial load responses to strenuous exercise: Total 16S DNA/Total Human DNA R. (Two-
way ANOVA main effectsp = 0.395 (trial);p = 0.009 (time);p = 0.907 (trial® time interaction). Significant
increase from Pr&X to PostEx (p = 0.009; poshoc analysis).

After QC and filtering, 42 (21 PLA. 21 MFGM),]
for amplification. There was no difference i
DNA between PLA (58.3%, 21/36 sasntplledsyF anod2m
p= 0.886. There was no difference in-Ppxoport
(54. 2%, 13/ 24-Egsamhplbe2Po, t Ad3PA4t-BErampb@sd %antd6.
sampbe88), =p=1.05.2466,6. The pr dNpopteerndf abaot di 0

over timk 2)n =PI2A T.A4B54 E(2MFESMD. T8B7 6.

Bacterial composition in blood was mexsured
Po&xk and -BEx,h &@£orsdass both PLA and MFGM tri al

abundant taxaSWwegel Eachkeacthbacill usm &mudni no



Clostridium sensu stricto HRi,gGae ©HFanvhdshi m
relative abundance of these taxa ¢Famgl3Ihe seen
and PCoA analyses were performed to anal yse

bacteri al composition.
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Figure3.7. 16S relative abundance plots. ¥6S relative abundance for individual samplesM@an 16S relative

abundance for time point.



To assess overal/l di fferencesdiivre rBsGaAyéwa s |
performe@Guoni Brdlyssi mil arit y3tviadeudsntfeoracttriioar
PERMANOVA found no si Bi fOi. Efa&Qt, 5elf)fpe= 01, .@06575 ,r i
ti Mé= O0.F§ 28, 50)p== 0Q .9M2A2tti rmeali nR?er 8cMi2An ,47)

= 0.p&3 M, 0ohlmacterial céEmpga&@®etion in blood (

A PCoA Plot: Trial B PCoA Plot: Time
PERMANOVA: R? = 0.02, F(1,51) = 1.055, P = 0.267 PERMANOVA: R? = 0.028, F(2,50) = 0.722, P = 0.971
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Figure 3.8. Principal coordinates analysis (PCoA). RCoA plot for trial effect. PERMANOVA results:?R
0.020, F(1, 51) = 1.05%,= 0.267. B PCoA plot for time effect. PERMANOVA results?R 0.028, F(2, 50) =
0.722,p = 0.971. G PCoA plot for trial® time interaction. PERMANOVA results:?R 0.032, F(2, 47) = 0.830,
p = 0.810.



3. 45utf sympt oms

A t-way ANOVA showed a signH i c221)p=ma0i7 n0&3fL ffeocr
weekly GSRS scores. HoweverF( 1t hdldép=walf .7d662 ma
or triimeé i nk(er,ac2t2i)ps= 00.559 ,détoec tBodafdgPusstineid

ttests revealed a signifipamt 0@ g r = sDe. Ma3y20)@ 1 [

but there was no changpe> ble.fivbgaPH(eDay 14 and D

p= 0.032
40 = p<0.001 |
30— [ PLA
= MFGM
20

Weekly GSRS scores

0 ® I J o I <
Day 7 Day 14 Day 21

Figure3.9. Weekly GSRS scores. Twgay ANOVA main effects: p = 0.755 (trial); p = 0.003 (time); p = 0.527
(trial x time interaction). Day 7 was significantly higher than Day 14 (p < 0.001) and Day 21 (p = 0.03&@ost
analysis).

3. Ad&¥% erse events reported

No adverse events or reactions were reported



3.bi scussi on

The findings of the present study show that
attenuateddegedci®ereases in gut damage and

reductionsgs ndmcexdegats@erturbationhe, st gbasti e

changes in sCD14 concentrations, bacteri al c
The exercise protocol used i n t haOsmas twhdiyc hwa s
is a model t hat has been wutilised in previo
per me g MDialviitsyon et al ., 2016; Mar ch Tet eals.u,r e2
physiological stress imposehmMaasl ¢ dhmusi sttheents

equi val entwOitmewads0 %l eadfer mi ned within a week o
Furthermore, measur ementwd, bR, aRPuR ea npdh ytsoitoall o g
|l eukocyte counts, displayed the expected res
with the exception of N/L ratiotwhtchnwapobi
effects of MFGM were | ikely wunattributed to
i mposed. The | aboratory temperature was al s
ensure that di fferencesi nhhermfoadrye twimplter atppek
although core temperature was not measur ed

i nformati on.

The present study found that wurinary L/ R rat
only in the PLA ar m, suggesting Ashante nMFA GM evd:

due to var isabnel istaynpl eed mean for both basel

used for trilal iscopparii Pomrs.t hat such vari abi
factors. a Howevemw, of i ndi r eaoctdumedKk egrust odfa ma 1
permeability reported thaéexemoysetoadi ebBefoun

10



whil e others s@@hanatrigeer .lewf laleimg@aRO0ORY) popul a
| actul ose concentrations wi-i hdbeedeguyt | per mt
val ues i kely remai n near t he | orwet i mmintd @
det ecti on/.qg uMenatsiufriecmeetnitosn i n this range woul d
fluctuati ons, which may partly explain the
bet weeinadlShese findings ar e i n l i ne with pr
suppl ement s, whmrbadbobbear sbbwettw provide
agai nsti rekieded siencreases in urinabgvL>Ls&nrati.
2016; Mar ch et al ., 2 HoAvevMar c whenk e&tovalne,
generally seen tionducuendc aitnec rtehaes ee xierr cursienar y
to fully prevent suUudhlk anages pamee oif n cthlaing ec &
(2t 8l d i ncrease) was also similar with that
NSAI D inddmétayydoirad, etwhakch, hae0beren a proven
(Petruzzelli Tausal indkoéaZ)ng that MFGM coul
integrity in a clinical context as well as i

to confirm this.

Since damage to the gut epithelial cell s an:q
the key factors influencing el evFABPomaveéenbege
used to compl ement urinary L/oRn abneatl weseens ,t hwne
having been shown i n (sMamec hc aeste s&li nbjulta Onloyt) taol
L/ R, the present study s&WB®I § nbodni tPaE™mP o snth c r €
the PLA trial, but not the MFBM t eEixR basntdMdlr eno
Po&k were significantll.y Tooweer cionn stihset eMiRGMvittr
I-FABP was expressed both in abErlugBMaesghues

al ., 2019, 2017; Pugh et al .T,hi2s01l7s; dvuaen tVdi jtc

10



i n

t

(7]

di vi dual vari abidqABYP obheanseani oms pllas mat

udy, statistical anal yses did -rRABPdibaertb

effects may be visually cl| odr ®xx .ei SFABRBRSits r e

Th

w h

ecifically exprEelsaedetwidthhen &M@ @I toicyn ssee

gut epitheli al cel | damage experienced a:

(¢
=)

with bovine colndsitcredm,i nwh eRSBERB xmanyg ipH e
tenuat ed, i ndiictayt iinng rgersepgoiviesrec @l oe itenxiebrgetri s20 1

ould beFABPeids timatt d4 mar ker of gut per meabi

enterocyf+A8P powevdes WValuable informati
asurements and provi des an i hasmagddae drod tih
wnstream effects on permeability, and in t

change-Ekr osExPowats observed for plasma sCDl1
s no difference between PLA and MFGM. It h

surrogate marker of systemicCestdatexeami a, ¢

erefore, it could be suggested that el evar
ich may be a result of hi gher | evels of b
rcul ati on. However, sCD14 is nalngo idn ia&ac ue
sceptible to increases foll owiBmg @tthaerl .cau
ther than solely increasing due to endot o)
ith other markers of acute physiologi-cal st
duced tissue damage or i mnjsuryiignsaaitead of a
spite the changes in gut damage and per mea

bacteri al composition in blood either 0\

eviously demonstrated that el eviantcerde agsuet tph

anslocation of | uminal «con(tkemmnsi,ngsnen uedti nag
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March et . alSsuch2®@kt@urrences <could | ead to e

infl ammation, or in more extreme cases, caus
MOF, or in the most severe cases, death. [t
and overly permeabl e, then the bacteri al cCo
domi nant composition. However, since blood s
a common n{(iTcarno beitonael t , i 808 ¥%si bl e that most

already of gut origin, thus explaining the |

be noted that 16S rRNA gene sequencing i s n
measucempbeition of alll bacteria in a sampl e
confirm whether there was any quantifiable ¢

and individual t axa.

There was also no difference between PLA an

|l nterestingly, both PLA and MFGM trials expe

the first week. 't is possible t@mtktelse 1 nc
performed in that we ek, which was a maxi mal
di stress. |t is also possible that the symg
suppl ements, though, since no advdrhee sdwdrnt, s
is unlikely to be the case. Alternatively, i
Obaselinedé scores for these participants and

after 1 week of use.

There are a few mechani dmdutchreadu gghutt tdaa mamgdee rap

per meability. Firstly, heat i s generated dur
resulting in a ri{®amamnt coet ThlempeBadadlheqg r
temperatur e, which can | ead to a state of h
through direct ther mal damage to epithelial

10



cel | structure and those (fDbaokni aaqgn y het talg.h,t 3

Mohyuddin et al., 20ZRes®Wakfeteces mhy, |l 2ad1lb
i mpaired function of the gut barrier, creat.
vitro/rodent studies have supported this, sh

heatingcebl gC ftrdCfBMBT chbank. etkna&a.moRO&1éxtren
a Bdld i ntbreldBA tirmansl ocation from the gut
heating A{tPs osce4lefAndlt.her2P®4)si bl e mechani s
gut damage and permeability observed may be
sympat hetic nervous system is activated duri
manner, and opdi drl iotwi steos tbhe heart, l ungs an:
di version of blood away from the gut can cre
components of the (dutl ubwarshieava Edhlatbhwipo RO
i schaemi a, the gut mu s t al so be reperfused,

oxidative and (Gfdatmmanoregt salress2010; G. Li

Hi gh 1 mpact sports such as running may al so
stress that could cause microtrauma to compo
(Costa et TaHe ,odMur7/ir ence of dbégastric jostlin
occurring alongside the other mechani sms mer
the gut barrier may compromise gut dmnoti on

undesirable conteat®l ineior @i ecubhbt |lothOhas Kea

proposed that increased translocation of | ur
factors influencing the increased incidence
boutdse Ol i veiraHewewaér, 201¥4he present study,
not | ead to increased GlI symptom incidence.
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MFGM possesses numerous bioactive component s
barrier. Lactadherin is a protein in partic.l
infl ammatory properties and i s |a(s¥sicfiealtlead emi
al .,. 2Md®r7gover, it has been demonstrated tha
gut barrier, where it has been suggested tha
| actadherin may also restorejuhetieaprasdi an
junction proteinShen ot ialdl cedthBI)i nondse gut
damaged to the extent of becoming apoptotic
possibly creating a window of opportunity f
barrier. Thereftorkact adhesr ipnoswiitbHien tthhee MFG
facilitated the restoration of the gut barr.i
help restore the conditions of the tight/ ac
protecti acmntbgai astrel ying on paracel l ul ar t
Phosphowiitphiidhs MFGM have also shown to have p
integrity. 't has b eeéeimo shehrodampti rdastr eech steh & th e MRAC

beneficial bacteria wirtoldiurcitnfgé eoaatt etriimt | udR A

et al ., 2024, Kosmer|l 8CFAs.pr@aokde ®utebaant
various mechanisms, such as the upregul ati on
of -ipmfol ammat o(rlyi w ydato kallmmes £f0®rle, it coul d be

SCFA product i opnh casspshoacilitiaptiiendds MFiGM may resul t in

effects, supporting the integrity of the gut

transepitheli al el ectrical resi stance and ti
i ncubwittihonMFGM or i1its individual ¢tdmpogeret s a
2022, Mil ard et al ., 2019)
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3.

3initations

with many other nutrition clinical trial s
sure an appropriate placebo suppl ement was
tch the fat content of t he MRBRGMbsupple nbeer

ident that components mesdadi m o« hnaa tnd@T)di agtl yccoe

y have effecf(Riah ehe8Gh¢ceg2plé&imein was the
the supplements, it was deemed a priority
so essential that the total dose of both
ssing ftas eompbeepl acebo was substituted v

emed insufficient to have agyveeantsgmhelgl

ntri lWwutiilyn ftadAnobhbhekel i mitation of the pre

mperature measurement. As highlighted, cor
ctor dimdexerdcigue damage. Whil st the presen
eesawmdbiealvi son éobralxpe20&@) changes in cor e
asurement prevents anyr et anfidr neaftfieocnt so fs et

nsiderable variation seen in baseline L/R
eks priori alb, the was nnot possible to confi
nsistent during this time. To account for

asurements was calcul ated to providaes a mor

a singular poi nt of c omp aTlhies ouns ef oorf blo6tSh reRxN
sequencing has some | imitations. Since blood
is usually in very | ow abundance. The resul
sequencing mor e pronedeixo hoempi agi n altoi oaad da rneds
contaminants were purged from the amplicon
amplicon sequencing is its aitmamil iWwhy [ tsad @ roaon

10



anal ysis provides valuable insights to shift
l ook to include gPCR analysis for guanti fic
amplicboaastdatya. during statistical analysis, n
were not .céAhsthdegardi naFABR, RR mendhilghest val u

same insovidesabnlikely that these would have

3.5.2 Conclusion

This was the first study to-iassees ghe @fefr e

| t was demonstrated t hat MFGM was abl e to

permeabil ity mar ker s foll owing exercise. T
composition in blood or GlI symptom incidence
may be relevant to individuals working in ho
L/ R responses foll owing exelr cmesdei aeatsieanb | deo & en

may al so provide valwuable protection agains

further research is required to confirm this
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Chapté&trudiefZ ects of two weeks of
me mbr ane supplementation on I mmu

i ntegrity following prolonged cy

4.1 Abstract

Research suggests that strenuous/ prolonged e
inflict gut damage, whi ch may contribute t
symptoms. This study -aemsn MBGBsseppmfavimenttcatsi
the effects of prolonged exercise on I mmune
individuals (10 mal e, 1 female; age 36.9 N 1
KgoOmab 4.9 N dLdPH)mmiplak g i ci palileidnd,n car odsosuobvleer r
controlled trial. Participants supplemented
completing a prolonged (3 h) c¢cycling bout. V
basel i-snuep élpernet i-Bx,) -BPxXsda&nd -BEx ,h fPorstanal ysi s o
oxi dative burst, mucos al I mmune f-BEABBrandco
bacterial translocation). MFGM signifprFrcantly
0.006) compared to PLA and attenuatkExp=(the dr
0.015) a-BeEp=C Oh OB®Ksgt. MFGM al so att-EABBtfedomhe
Prreex t eExPe(sD. 001) . However, there sarFrevaoy sb
|l ysozyme function, plasma cortisol or bacter
suggest t hat MFGM pr ovi diensd upcreat edcetpiroens sa gpani nc

functions and provi depmr dtuadthiewe ee/fi fdeecntcse dforM
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4.2 I ntroducti on

It i-doweménted that prolonged exercise, or
sever al i mmune functions and increase the r
compared to periods of |l ower t raariyniinmgd ilva addu
(Schwel l nus. eWhidls.t, th®2 2me c hani-ismdsu cuendd eir ppmunrr
depression are not fully understood, it has
simultaneousliyndwicteld ¢>earkoicyd osi s, may i nvol
neutr opli Ilcd ricul ati on. |l mmature neutrophil s
exhibit | esser granular content and NADPH o x
reduces their antimicrobial function and ma
infecPeake., 220Me& )mucos al i mmune functions ha
foll owing prolonged exerci@Gli, and hGlase s dhre, s2
et al ., TRO®2)s also a I|ikely contributor to
performing regular endurance exercise, with
correlation wi(tFhahURTan iePciyaddhmd eo2g0merf)lur t hetr or
modul ate i mmune responses totkRatrpogsgeholwodgic
and acahetexacer-batdecedker mmeere depression an
contract{(@gha&RTés al ., 1993, 1991; Edwar ds ¢
Since markers of physical stress such as in
negatively influence i mmune functions (Wal sh
and physiological condition i mr iammumolto giond Ic
by such factors.

Foll owing from the work in study 1, another
epithelial cells and tight junction proteins
mechani s ms occurring simultaneomuatl yrre,i nrce diu

10



splanchnic blood flow and mechani cexersctirsees s
splanchnic reperfusion and oxidad hdecedr gss
damadgcehant |l er. eA a@adnse®WErnge of damage to epi
is that the gut barrier i1itself may become <c
l umi nal contents permeating the gut, causing
i mmeinr esponses and i(iMiexterl ema. cAB ad V. e s lysslpsa)r
gut may al so impair ¢VamndWiajndk, nenthriaclehn tc o2uld X Yi
athlete recovery and energy, but may al so be

evehFsng et. al ., 2021)

As demonstrated in study 1, MFGM wasandabled t
gut perturbations, potentially due t o bi o:
phospholipids. Although there is Imimuihleaodhe
gut functions in healthy adults, there are c
the effect-sioh pnoMEGN suppl éEme rctb bd n eonrgaels ,d iw
one demonstrating f a(viobeur abBrl ueg geef nf ceaattdes tedtfe ad k. @ N
di spl ayi fdgJl fanaef fedac thdwe v e2r0,2 2t)here i s promi si
and its relationship on earighlihkantmmiaemt
exhibited numerous beneficial effdcmbysethah
2015)f ebril(eVeepWawatdeerss etnadl r e apiGh&)artyed adyv

evenhltis et .al ., 2019)

Given the comparable findings of MFGM on ¢
suppl ement s, |l i ke bovine colostrum, it is pl
Bovine colostrum has shown to provide hmgmer
been shown to ai hdonoaeatedéepeesgseoni e neutrop

their ¢(Pawoveoy and Diment, MbrEovEkonedboet ne
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has also been shown to aid other i mmune func
l ysozyme foll owi MdPapn cloon qaendl, éDa anemit g e r2e0als0i) n ¢
SIgA levels (iGr oo&kme et asads. |, 2,008, t hMeur goh etth e
contrasting fi(nCdiomgkss fedr atlhe [2a0tlt0er Davi son &
2014)Such effects have | argely been accredit
components within bovidensehoetr winp 204@ppt
|l ow mol ecul ar weight fraction of colostrum e
activity 1 and Qi hcaf MEGMcamd ulmpvii m& .col ostr
|l ow mol ecul ar wei ght component s, it i's poss

i mmune functi on.

The present study aimed to assess the effect
and mucosal i mmune functions, and gut damage
|t was hypothesised that M FrnGdvu cweadwn| ddn eaptt tr eompha
function and enhance mucosal i mmune functi on
it was hypothesised that MFGMnoogeuetd dparnoatgeec t
i ndi c af ARIP brye.d ptbonvseevser , t he nmr ewit ®us tfhiarndirregs
damagédée magni tmalye mhtsemecalssarily transl at e

of gut bacteria.

4. 3 Met hods

4. 3.1 Ethical approval

Al | procedures demonstrated in the study we

Exercise, a nslc iReelRhEaADS | (iPtraotpi o2n6 _ 20 _23) . The st

11



accordance with the Declaration of Hel si nki

were required to provide their written and v

registered on t he | SRCSITRNC T N5 6r3e5g6i 0s2t 4r
https://doi.org/ 1pJ] BRECAMNI SIRSCT a5 ONHIO6 O&md | CMJ
primary clinical study registry.

4. 3.2 Power cal cul ati on

This was the first study into MFGM using t he
for a preliminary power <calculation. Since |
colostrum, a power <calculation warsmgrey)f ou sremnc
data from a similar( kduay etho @lotvh en2p ickojharsyt r al
the studyjimaMatred neutrophil oxidative burs
eff ecftorsitzhee 3tomdi t no@a hatat GG Rlodl )l .otwhiengr esul t s
Chaptaersl3,ghtly essbBmabaswhvrGiVe ed fleet a3t z20 %
ot habowif ne ¢ohoesntbrsuAd.wer cal cul ations incorp
among repeated measures of 0. 87 asaanplaenfe epsi |
n=8woul d bet o edgeutiercetd a signi ficant di ftfrearadnce
ITtime intaAMNODVAi, onepeat esdi bjjeescst &0 s powier hand a

0. A&counting for a dropout m=atle0 owa s2 0s%,t .a t &

4 . 3Participants

El evadi vi QU arhal eent of émsdlua)y,t bbeut 1 partici pa

to the first main trial. As this participant

11


https://doi.org/10.1186/ISRCTN56356024

recruited to ensure 10 participants were eni
protection afaeheaasltt hdyr,o proaud rsegtuil am Qlolgyc ¢ a ctilisv ¢
femal &4,.BHfyde 8r s; HET.gmt; BM TlklgwOmas5 .NL 0. 8

mL LRKgn)s o mp Itenteedst udy. Al |l individuals were f
conditions and were classi fHAKRI s@e Appahthy
Eligibility criteria included the absence ¢

enrol ment , as wel | as no known allergies or

4 4Bt udy design

The present sthudyndwascraosdoulkekre randomi sed ¢
visited the | aboratory on 6 occasions: at b
crossover ar ms.blAtodb aasnedl ismad ,i vrae sstaimpd es wer e
of neutrophil 0Xi datwOwmet elsur swa sanpderSlogAnedan d
partiwepantandomly assirgecéddwheyeiptrioerei MFGH N
for daily supplementation throughoutbLdéadyat ar
' and al |l randomi sati ons wer e perfor med u

https:// www) gr@mphappraeximmately day 7, a f ami

order to familiarise the participant with th
to ensure the work rate calculationswasre su
performed which included a 3 h cycling bout

threshoad:dacabghwhi ch wor k€@ %odifmad Wi S5i nt ensi ty
considered appropriate for asufécceanit onnaolrl y
exericndsweced depression of i mmunal fgmgstwionls . t

used in prenmvesti gauidmneg(sBawvmidonr etutalomes2009
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https://www.graphpad.com/

and Gleeson, 2006, .RIO®ddd amdesaleitv al-E8 mmRl0Oelss
Po&x and -Hx hf cPCrosanal ysis of cellular and muc
of stress @&red advlets idtasmagpea.rti ci pant sewerei sest
in the 24 hotins pheod8 a4albcaobkolprior and caff.
Prior to the main trial, participants compl €
this diet during the 24 Fbl pbowibng t blhidj hekcitrsetc
under wevrete ka washout period before beginning

suppl ement at Bas@Eligi®.ein the second arm

P "N

0

Daily MFGM or PLA

Arm1

; % N i
16 S0 00 : ﬂ e
Pre-Ex VO2max 3h@15% A Post-Ex

DE| ~Day7

14-day
washout and

crossover
ﬁ

Daily MFGM or PLA i

>

Arm2

Sc
ﬂa ¢° S 3h@15% A
i o'o O'o . “ 1h
Pre-Ex VO2max 3h@15%A Post-Ex

Day 1 ~Day7

Figure4.1. Schematic of Chapter 4 protoc@HIPS, CoherHoberman Inventory of Physical Symptoms. PSS,
perceived stress scale. ST8] state aspect of the stdtait anxiety inventory.

4 585uppl ementation

The placebo (PLA) wused in the tr-matchwad a0y
protein concentrate, flavoured silthaYdarlinwg Bo

the deswgalt edp |l e me nStuaptpil cenmewit nsd onaesr oen ypnroeupsa r

11



f ogd adeantdubrset urned at the end ofi emagdctaedn;t

confirm suppl eSuoepmptl ecnoempt laisaompopd .i ameedai |y | og

Table4.1. Nutritionalanalysisof Chapter 4 supplements

PLA MF GM
Energy (Kcal/40 g) 170 182
Carbohydrates ( %) 3.6 10.1
Protein (%) 67. 4 66. 2
Fat ( %) 14.3 16. 2
Totlabsphol lghi ds ( mg 12. 4 55. 8
Sphingomigl i n ( Not detec 14.7
Phosphatidigfcho 3.8 15.5
Phosphatidyl elgh 1.4 15.1
Phosphatidyli no 3.2 3.7
Phosphatidighseri Not detec 5.9
Ot heidgh( mg 0.6 0.8
4 . 6FPreliminary visits
Participants arrived at the | aboratory bet we
at |l east 10 h. Following a period of 10 min

sample were coldOgewad.c alf ¢ wiianwshrdecnnesn tnagl ar a mp
WL mtmamp rate) performed on an electronicall
Groningen, The Netherl ands). The handl ebars
participant comfort, and I f desiredt,heaartarmrhk
and use theieqguwwpmeadjdustemdeAntls and fittings
kept consistent in all/l subsequent trials. Pr
a -m0On warm up at 40 Wiaddtwere pnefeuceddctad

bet we®O rpm). After the war mup, participant
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cadence throughout the ramp test. During t he
measur ed asChdaepst3ériG ebbeedr ailnVBlebhbdencour agement
towards the final stages and the test was t e
or when t ibel Oc abdeemibendargdt eaderice for morethan 10s. V©2 maw a s

determined by the highest 30 s average duri
estimatedsubepagmehbold (detge otf ¢ aerxbcders eti@pbae)gii dhen

out put generated from (Beabeffetialb. pfl886@)o

For determination of familiarisation and mai
the power out pgwhireH awd rvlkee d oo ULthO%m05 4 0A.g5h | y 5
% o®2mdx The (submaximal) |l inear rcObwaatsi ounssend p
to calcul ate a ppWwersewas vahemtredudé&d by tw

(20 W) to acwOomdrnets pfoonrs elsa.g 1 n

4 . 7Familiarisati on

Familiarisationsupphéeémenbaki phacenmagdpr oxi ma
the participant with the calculated workIl oad
The ti mi ngvacsf stcthied utl reidalt o b e ctloo saev oel ndo ucghha ntge
fitnesssuwitrecen@gr gventdufrdthiggumal n addmayi on

effects on Gcedgypr esismmoumessfflwaeceéei erpected to
baseline wi(tWail s h?24tthhaaireeslsy®ngol 1c)ar r y o vteor tohfe e f
mai n.Ptarritalci pants compl et e@gdnat Behsamel engo met
t hatD2 matk € St , using the same saddl e, pedal s, a
throughout the ifndmiiaal tIh0e6@BOO 12 aybda ritdnein8 0

HR and RPE were measured at 30 min intervals
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in this visit as it was intended to familiar

and to ensure the calcul ated workl oad was <co

4 . 8Main trials

On day 15, participants arrived at the | ab
overnight fast of at | east 10 h. After arriwv
mi ni mal movement for 10 min, olliecPtaitobni.ceé ptainm

then compl-2t ¢dt &be ma ¥ ptercai)t odn xti heet yS)ti,antvteehret o
perceived stress schokl dWiSrB5g tamids ,t hpa rGHIck Sp.
exerci se3phamgcdbto,uthio®%was recorded throughout
to verify the correct Wwork art att'dl evBaBY 0d1f2M0i e v e
15Gnd'MBAute of exercise. HR and RPE were al
and saliva samples were taken -Exime ddmd etltyemf

after 1 h of -Erated rest (1 h Post

4.9 eukocyte count s

WBC differential Bas el SPhxeeeHo0 saimall-Bls didsPiasg t h

met hods descr#&Red Gem eCGhadp tMert hods)

4 13Neutrophil oxidative burst

Il n vitro neutrophil oxidati ve abuBatseiEn,neesp
Po&£k and -HAxulsi Rgsta commercially avail abl e <c¢h
(ABEL Cel |l Activation Test Kit; Kni ght Sci er

11



K:EDTA whole bl ood was diluted with the provi
The contents of each mi crdouppllanticen hvee2l0l One roef td
bl ood, 20 &L (oefn hAadnjcuevsa ntthe | dmi hegcanasayeoef wPh

whole blood), 50 OL of Pholasin and 90 OL of

The microplate was then gently shaken and in
BMG Labtech, Aylesbury, UK) at 37AC for 5 m
(RLU) every 1.36 s. At 37 s into tehde taos stahye
sample, Dbringing the total well volume to 2(
after which CL was continuously recorded for
was calculated for3bDosh amd 4008 MBImat @adned o ( Ot
subtraatviem@gteharnsti mul ated CL fromot hecstunimni

for any background assay noise or unstimul at

Oxi dative burst was reported on a per <cel/l b
burst activity from monocytes, as used in pr
i's mostly attributabl e (tMornoezuoctvr ogth iTéhle.r @f Db @
f MLt i mul ated area under the CL curve was di
well to provide a meastloeanentdy &N tREW, pSe rs annepul
anal ysaendd gotoesrt adg eACatf or 5 h, to replicate the

days -aslsnatyerCV was 9. 3 %.

4 . 135ali va measures

Salivary SIgA and | ysozyme aEx, vwdsdnwlerle hmdéda

Ex, as cCuhwtalpid@ed 20@eh.er al ) Met hods
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4 . 13P| amat i sol

Cortisol was measesatred phastexp aBeokseamda-tdEx BPr e os

using a commercially available ELI SA kit (DI
were performed in accordance with the manuf a
in duplicate. Over -abs9 adyu pdM cwaatse 4s.adnip.l es, i nt

4 . 3PIla s-maBR

I-FABP was me&xyr r-x sand FElxeh aPso sdtet a2i4.1 Bd(nenalha

Met h.ods

4. 3DNA extraction

DNA was extractedtfeamedi whouen bepadi nFol |l ov
guidelines, DNA was isolated fDNoAm MiG p®le pwIK
(D3024, Zymo Research, I rvine, Calc¢dmtrmiifayg &

tube used for sample storage wa sB-ASR eErciolniosnmeyd

PCR UV Cabinet, Grant I nstruments, Cambri dge
80 AC for |l ater analysis.

4. 8Bdcterial transl ocati on

Bacteri al | oad was meRxs,urBdasdinnd -ER ohu aPiobslyo g & Cé

and 16S rRNA gene sequencing was performed t

transloast iooan!| i Medlnd nGGEhapaé)j MRt hods
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4 . BRP sy c h o& ophhi ycsail ow eolgli ceail n g

Due to the potenti al i nf | uefnacceb oorfs tpusdyyc hoou tocga
t hese f axdvacss emearignayAdrli aguesti onnaires were

online survey ,ptahf omWBA) QudDInt rtihees mor ni ng of
compltehteedst at e -Ap pectttt a&Eiots maneiSeTtAHd) Tihrev &MtAd r y
S i si taeBrOsegdrft questionnaire where subjects

a-pdoint Likert scala¢ | or damginmipotyr pnmrciinin stoedd t t o
guestionnaireori nl iapéppepnednifidsaese. &clc or dance with

instructions, the inventory includes a subsce
reverse scored. Foll owing the reverse coding
cal cul ated and oufs esdt aat@SeS panreXi ilmegti yg éPtaireétm ca lp.a,n t 1s9
compl ePedce¢iheed PBPYSdppeddatxea he morning of

The PSS tismras@doft questionnaire where subjec
5poi nt Likert scal e, ranging from fAnevero t
reverse scor ed,coanrd wa sc tamuwleadt iuwpe as (Lomeasur

et al ., 1983)

Physical well being was assessed on the mor

guestionnai rCeh,a pargGralred.rad ll )eMe ti mo d s

4. 3Mdni toring of illness and training

URTI e piysmpdeosws and training | oad were moni-t
ar m, and for 2 weeks following theCmhaphetr i

26(Gener al) Met hods
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4. 3BPA@sphol i pid quantification

Phos phodn tpe rdt in red blood cellassawms MGGBI Nt i
baseline and maenStmewahodagssnped in Chapter

Met hods)

4. 9Stlati sti cal anal ysi s

Before analysis was performed, all data was
Wil k tesdoraemsd fZor skewness and kurtosi s. Dal
normal i sed using either a | og romalriosoetd twiatnhs f

root transformationpawamet Mnasiypgtdsdasanwene
using emsmaxmamt sani on and Littleds test was pe

completel yGanoveaaddmCi pher, 2024)

The following transformations were used to p
Log: neutrophil couwmi o ;anngda Il dovaras® tpisennod arl a d ty:; N
monocyte counts; saliva flow rate; salivary

Comparwistohnibne tawneden t ri al s wer ettneasdtesva gTiviogr p a i
ITtime) repeated measures ANOVAs were used fo
count s, neut rFOABHPI, | cfourt d tslidden ,pnmld p8FggAon of S

bacteri al DNA present inseceuaamhedramdl waiss .anal

Anal ysis of 16S rRNA gene sequecbiaptled.aZa w:
(Gener al ) Med lhydiss of 16S r RNA gene sequenci ng

4. 5. 1,; R Core TeaRp2OR&gyJes TwWwer éolseavi ngevtoo
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dpl yr, ggpubr, Bi ocManager, mi crobi ome, V e

rd

mi crobial and ggrepel

4. 4 Resul ts

4. Exkr diyse op ogi cal and perceptual res

A significant mali.n 3a0f f elcbtpso/fa )t0ierGer, w82 3 pbser v
WO (miMH. There was né&( nai ©) p=f f0k.c4Z078® fo rtert iaalt,i o n
F(2.536, 22p82Q)24bald @&®&s s O\ érd Mt hsaitgni fi can
increased fropr 106.00@20) .18~ smigni(fF( 2afB89mailB. 81
= 9.pF23,, 001 waswdhoWndinfkor Tthroiuglh, there was 1
triF@L , 9) p= 00..640547 t 0 Mmet 1 in &(e5r, a c4t5i)pra= 01 .24360, Pos
hoc Bomrmfdgrutdadensid s reveal ed avOsi% adifali cfamdmi hx0

min to [@=800.nmMioN2)(.

Due to a technical Il ssue with HR monitors,
was anahys®d Thhere was a sigORfloantl1fmaBaoefi
p< 0.001 for trial HR.1,N®)npai nO.fZA& carmetfr itar
i nt er B(cot,i oQ) p= @O.. 682 ,was-hoBboeteaedjountdPteesd s

revealed a significant imp<rC.akltkl)i.n HR from 1

There was a signifRda®©94mailhb .pU4De OO 18R ot iOBeg ,i
There was no nFiln 60 p=c®. B¥dBt o mat i, n B Er, a &At5i)o n
= 1.pF7 D, 13h70.c PBosmfdgrutgaensid s f ound that RPE sic
from 30 mim< tOo. 06001 )mi n6 Op=miOn 0O2® )9 @G nmi WP&E( mi n t

0.010) .
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Figure4.2. Exercise pysiological and perceptual responsesc®; (L-mint). Two-way ANOVA main effects:

p = 0.403 (trial);p = 0.006 (time)p = 0.245 (trial x time interaction).-BuO2 (% of (X2may). TWo-way ANOVA
main effectsp = 0.457 (trial);p = 0.001 (time);p = 0.236 (trial x time interaction).-CGHeart rate (bpm). Two
way ANOVA main effectsp = 0.574 (trial);p < 0.001 (time)p = 0.684 (trial x time interaction). IRPE (620).
Two-way ANOVA main effectsp = 0.556 (trial);p < 0.001 (time)p = 0.137. * Mean values were significantly
different from previous time poinp 0.05; postoc analysis). ** Mean values were significantly different from
previous time pointg < 0.001; poshoc analysis).

4. 4. 2 Leakmtcyt e

There was a signifiFchn268nai hl .egffi<f 6Qc. t0-0ad2 3f.tdGrima,
|l eukocyte count . However F(1he9)ep=wal. MWD, maocirn t

It i me | nFE(e3r,ac2t7i)p¥= 02 .16 ¢ PBerfdg rutdoesid s s howed

significant incr e-Bgp=( fOr.o0nd 1B a dAeqajds( i@ . M DPALOFsat s t

There was a m&ih. 2490,ect3 p4£0D) @153 099heutrop
no main efFfectI9pp=t®.iBGEAt dmet i inBUe3r,ac2t7i)on= 1.

p= 0. 34Waoc PBocmfdgrutdadensid s showed a significant
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Po&&p<s 0.001) &mp= 10.h0O0OPlo)s.t There waFg 2a0ff8i n
18. 625)p= M..062141 ,f or | ymphocyte €&O0O,nt9g) p=utl0 .nD7
= 0.348tomet i n@(E3r,ac2t7i)p==, 00446, There were no
hoc comparisons detected.F(T3hek&) wasQA0@®BEBNHOE
N/ L rati o, but Ol mabh pef De @8 Zlptd rntet riankdtJer act
F( 3, 27) p= 0. 3 8BqgcnPBesrerdojnuitd teesd s showed a signi

in N/L ratio f-Erppr( Ba s0ell2i)n éa xpdd 1P.dBAPO st

There was a ma&( 8, e27peppt @50®B&Heor monocyte ¢
was no mainFeiIfee) pof0tT28itgrmet riin&(edr,ac2t7)ons
0. 4p6&, 0. 70-Bo0c PBe mfdg rurstt eesdt s revel ated that

significantly incr expe(dO0f00in) BRasmE=( 10n B0 OP10 s. P d\s
main effetls @&f per i BGalé@38B(,1.t8 1de,, 16p=330). 2=3 31 .05r1

t ritail me i nFE(e3r,ac2t7i)p=r, B09.36 4w6e,r e det ected for eo
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Table4.2. Leukocyte count changes in response to prolonged cycling.

p
trial
ti me
1647 Basel. P r-ex Po-&K 1 h-FPxo intera
Tot al Il eukc 0.995
PLA 4. 06.6 4.00.9 8.8383.5 7.84.3 < 0.00
MF GM 4. 8B.0 4.H8p2.2 8.HKN7.9 6. 85.8 0.1009
Neutrophil g 0.906
PLA 2.12. N 1.80.4 5.R8.6 4.883.1 < 0.00
MF GM 2. 8.5 2.0B6.6 5.087r.2 4. Ra.2 0.340
Lymphocyt ec 0. 348
PLA 1.80. 3 1. R®8.5 2.8@d.9 1. 86G. 7 0.024
MF GM 1.80.5 1.86.6 2.82.0 1. 80.5 0.471
N/ L ratio 0. 684
PLA 1.80.4 1. 88.1 2. H0.5 2.R®.9 < 0.00
MF GM 1. 8.4 1.MNa.4 2.8a.9 2. 61.3 0.795
Monocytes 0.728
PLA 0. N®. 0 0.R®.0 O0.HR@&.1 O0.8&.2 < 0.00
MF GM 0O.8@.0 O0.Ra.o0 o.HR8a.1 0. 8CT. 1 0.702
Eosinophil ¢ 0.089
PLA 0.1&¢. W o. . 0 o. M®. 1 0. H®. O 0.249
MF GM 0. .1 o.R8@.0 0. RNCO.0 0. H&. 1 0.593

* Significapxt Om®i5n .efFfreSti gri DI ©81) . mai n eff e

4. 4e@8t Nophil function

A t-way ANOVA revealed a siknli.f2i7cantl I1maH9rR ) e f=f
0.003 dndmer i aF(e3r,ac27)pnrs 04 .041022-sftoirmud MaLePe d

neutrophil (RLU). Therlwa®9) pe Mhadddbdef Boeaf er
adj us theodc ptoesstt s reveal ed that-Exgré Oh anlgpe s sfnra

decrease in MFEXMWF 8n033, hshast er decrease in

12



di fferent bewawgpeANOVAal per fOmremed on each arn
timel. 681, 15.pE30) 098111 n32%e -aPdjAu saatrhendc [Baegstft esr
showed a significant -Hepef da D& 9f) r-Eaxpd s ®I2RYP 6t
Il n the MFGM arm, there wasF(a. 8Bdgni llpdbd) mai
0. 008. Baodnj fuesrt-heodo i ptoesstt s s howed a significant

Exp=( 0.006), but no sHEXp#f0chhl) €Cdepa(khlsleBRD )Rt

().

To remain consisten(tJonetsh eptr eali .ofll2R0 rieUs| eaat PeOdh
neutrophil oxidative burst was alwaogy cAANOVAI at
showed a mai F( le,f fR)ctp=0DQ ODOERI,t i2n7e),p<s @R70Q@1L S5,
and Tttriimel i nFE(e3r,a 2t7i)p=F,04 04 1 5sftormuCiMléRe dneutr oph
(% of Basel iandej)u. s tBeada fpeoesstdo si r eveal ed t hat t he
Po&&p=( 0. 015, small er decrkExps(eOi A1RMFGMmMmal head
in MFGM) were significantway dAINfOVEArse mpte rld eotr winee al
arm showed a ma{h. e58ecl50818) me, 18. 260 in
adj ustheae posss showed a significaExp<(decoOease
and 1-Ekp®oGt0O01) . dgrhiefriec avats ma Kn3 ,e fX 7e)cp= ol 7 .t 6@
< 0.001 in the M&GMusatrhoodd @otmE esmowed a signi
from BaseHxipr(eOt 02PjJe but no siExpifd.caha) dercr

PoEkp=( 0.222)
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Figure 4.3. Neutrophil oxidative bursfollowing prolonged cycling A- fMLP-stimulatedCL per neutrophil
(RLU). Two-way ANOVA main effectsp = 0.218 (trial);p = 0.003 (time);p = 0.012 (trialx time interaction).
B- fMLP-stimulatedCL per neutrophil (% of Baseline). Tweay ANOVA main effectsp = 0.001 (trial);p <

0.001 (time);p = 0.011 (trialx time). * Mean values were significantly different from Baselipe: (0.05; post
hoc analysis). ** Mean values were significantly different from Baseprne@.001; postoc analysis)AChange
from Baseline was significantly different between trigls: 0.05;posthocanalysi3.
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4. Hadpayraamet er s

A significant Fnd8i 87¢fpEe®t @8b, Wasmedetected fo
No significantF(rmai )e+f @ca&518f i one i tah F@3r,a2c7t)i on

= 1.p5=34, 228 wer ehodke tteecsttesd .diRlosntot show any s

A significant Hn8i 27¢fpEebt 682, wamepbserved fo
Though, there wasF(nlo 9Maipn 36.f119018,t o met i nakF act

F(1.740, 15p663B.)1G4.2. 1 Redr,e woape oompagnesbhnear

Table4.3. Saliva parameters at baseline and on main trials.

p
trial
ti me

Saliva pa Basel. P r-Eex P o-& & 1 h-BFPxo intera
Osmol al i tkyk®g mOs mo | 0. 655
PLA 6 N2 2 6 N2 0 7 N2 3 6 N1 3 0.005
MF GM 67 N 61 N 83 N 62 N 0.228
Fl ow rilmi® (mL 0.108
PLA 0.50. N 0o.8G.1 0.H8a.1 o. 8C. 1 0.002
MF GM 0.506. N 0o.8m.5 0. 8@&a.1 0. 68@.1 0.104

* Significapxt Omadisn .ef fect (
4. Sad i vary SIgA

A significant H8i,n 2&f)p=ecl4 .08 N8t warse ,observed f
concentration. Howlkoert esosswgnefdebatt pdstT
main eff &clt, o) pg=r i.IQ®L, or Istiigme fii rctaEdta ct2rvilan s
= 0.p3=71,. 468. No signif Fclant9 )me=a nO.efHEE,8 {tsi noef,
27) =p2.63070I,tiome tirniFEeBr,a c2t7i)px= 0Q .4%183 ,wer e ob:

for salivary Sl gA:osmol alithgf.l,N®) =g i. ibdgnt
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ti Me3, 27)p==02119F.,ore t mi(alr 808Bi ol 2p=5304.)242 1.

were detected for sl g4dmey SI gA secretion ra
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Figure4.4. SIgA responses to prolonged cyclirg: SIgA concentrationTwo-way ANOVA main effectsp =
0.969 (trial);p = 0.011 (time)p = 0.468 (trial x time interaction).-BSIgA:osmolality. Tweway ANOVA main
effects:p = 0.620 (trial);p = 0.070 (time)p = 0.448 (trial x time interaction).-CGSIgA secretion rate. Twway
ANOVA main effectsp = 0.311 (trial);p = 0.119 (time)p = 0.242 (trial x time interaction).

4. 4.6 Salivary |lysozyme activity

A t-way ANOVA showed nd(ihai 8) p£f@.c BG&EH,fL .thirlnTea,l ,
12.139)p= B. ®&At o met i inB(e3r,a c2tdi)p+= 00.75H5 f or s a

| ysozy mgFiagdSie/i ty
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Figure 4.5. Salivary ysozyme activityfollowing prolonged cyclingLysozyme activity (unitsnL?). Two-way
ANOVA main effectsp = 0.162 (trial);p = 0.067 (time)p = 0.765 (trialx time interaction).

4 . 4. 7 CPlras msa |

A t-way ANOVA showed no sigr{ijcaphp=m@. 49&fdr
ti me2, 18)p==02.1963,for plasma cwamod s®il griofice a

trial T tiFme, i n8ep=aD0HBPHUE). e
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Figure4.6. Cortisol responses to prolonged cyclifirsma cortisol concentration (nmiot). Two-way ANOVA
main effectsp = 0.504 (trial);p = 0.106 (time)p = 0.459 (trialx time interaction).

4. 4.8 -PABP ma I

A t-way ANOVA showed no sigr{ijcanpp=m@.i 9ORFf dr
ti nke 2, 18)p= @..4150,f or &ABFPl wtoemcelindsmd i bns.
signi filctainthe tirntadr act Floh, wlas&) pHsP0 0PUDCc Post
contrasts reveaifFdA@Pt canctné rEoh atodr &P <df si@ald ORLr) e
was significantly | ewagr AINDVIABe pRIFGNTr asemh. o@n e
a significant Hh&in 187 p=c0s .23t iiMmet,he-hBICA arn
tests revealing a skExnt éEExpea(sD. DBd) e ace ofhm o m

ti rRe 2, 18)p==013B®4 was obser FegamWmer the MFGM

A t-way ANOVA revealed a sikK{lif i99 apt02maDi81¥Y 4 efrf
I-lFABP% chang-&€xfrwmthPr MFGM significantly | ow

significant ni2n dfsHp==t020lfBGt4iwmes, obserived. A
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ti me 1 nkE(er, aclt8i)pw, .10RR28wWwB9 nd lea @ jownne theodc ptoesstt s
revealed that E£ket ebxPo(g@sO00LpmEaBpdeD .0 2PIgstwer
significantly | o@eway nANOYASMFGaWw faornmed on ea
significant m&(l 2, eX § )epc=t 0B.f0414438 men,, t hreeh P Astar r
contrasts revealed a-Egi ¢ oH xPio(c & n.0 374 incari ena seef ffer

tiAe2, 18)p==00wmBB4n,0t observedrFifgoh).et he MFGM
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Figure 4.7. I-FABP responses to prolonged cycliny: Plasma {FABP concentration (pgiL). Two-way

ANOVA main effectsp = 0.960 (trial);p = 0.115 (time)p < 0.001 (trialx time interaction). BPlasma{FABP%

of mean values at Pfex. Two-way ANOVA main effectsp < 0.001 (trial);p = 0.162 (time)p < 0.001 (trialx

time interaction). * Mean values were significantly different from BasefireQ.05;posh o ¢ anal ysi s) . A
from PreEx was significantly different between triajs<€ 0.05;posthocanalysis).
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4. 4.9 Bacteri al transl ocati on

There was a signif F@4ast =m&pi=8 4 i0fledc tf oaf btl iorna
|l oad. There was &0l mag)ap=Lf0.edcnr todf metrriimdler act
F( 2, 18)p==005884;aklqQ ufse-eodd potss reveal ed a si gl

from-ERogto -Expr( Po 6tD § 48). e

p=0.006

0 [ PLA
2.0 B MFGM

-
()]
|

-
o
|

0.5 | :

Total 16S DNA x 1073 (vs. Total Human DNA)

=
o

| 1 |
Pre-Ex Post-Ex 1 h Post-Ex

Figure4.8. Bacterial load responses to prolonged cycling: Total 16S/Total Human DNA¥&®*), Two-way
ANOVA main effectsp = 0.078 (trial);p = 0.015 (time)p = 0.517 (triaP time interaction). Significant decrease
from PostEx to 1 h PosEx (p = 0.006; poshoc analysis).

16S r RNA gene sequencing was used Ea, aPoess
Ex and-Elx hi nPobsott h PLA and MFGM trials. After
20 MFGM) contained sufficient b ac tseirginailf i N

| owermroportion of samples WMFGM b6O8fther 28l 2DNA
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compared 9t60 6Pd, A 28 &Q9) sapy I0B.3Up0e5 .pr oportion of
present with bacteri al DNA -Exi d( 8n0o%, sli6g/n2 Of iscaa
Po€&k (95%, 19/20 s-Ermpk @3§) 88&ond 44(128 &apsep.|6elsl),,
0. 2Trile proportion of samples with bacterial |

2(2) =p2.BO0RL6 E(2MFEM2.H6B91.

At the genus |l evel, a diverse bacterial comp
abundant taxa wer e ofShigadal | arr i gihanct oBacheélt i
Clostridium sensu stricto 1 and @ultdaxmoont ole
classified Figa®eénuLhlasmmgels (n the relative at
be seen over the different exercise timepoi
rel ati ve abubwxdanecvee Ifsr ocrmnPrbeShs geh |l maomnds ¢t her u
Lactobaeigémaee in both trials, and a slight
the PLA arm. Though, these comparisons are o0

to determine whether there were any signific
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A 16S Composition

Genus (taxa >1% relative abundance)

MFGM PLA
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. Lactobacillaceae.?
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2 v . Romboutsia
C . g .
g . Clostridium sensu stricto 1
3 B sutuitatea
o 0.50- .
® Mycobacterium
>
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& . Methylocystis
0.254 Clostridia.?.?.?
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0.00 Terrisporobacter
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ad—adeaooaaaea-adea- C000ad el 0000000 N
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33333333333333333333 3333333333333?333333?5?33333
Sample
16S Composition PLA 16S Composition MFGM
Genus (taxa >1% relative abundance) Genus (taxa >1% relative abundance)
1,004 Tax 1.00+ Tax
. Escherichia-Shigella . Lactobacillaceae.?
. Lactobacillaceae.? . Escherichia-Shigella
0.75- . Romboutsia 0.75 - . Lactobacillus
§ . Lactobacillus § . Achromobacter
o - ) S .
3 . Clostridium sensu stricto 1 3 . Sulfuritalea
_g . Sulfuritalea E . Mycobacterium
0.50 - 0.50 -
g Clostridia.?.?.? g Clostridium sensu stricto 1
> >
® . Rhodocyclaceae.? = - Romboutsia
& . Mycobacterium & . Methylocystis
0.25- Subgroup 7.2.7 0.25- Rhodocyclaceae.?
. Achromobacter . . Clostridia.?.?.?
. Terrisporobacter i . Terrisporobacter
i 2.7
0.00- Methylocystis 0.00- _ Subgroup 7.7.7
1 1 >I< 1 L} >l<
w u
> - > -
g o4 % q 4 3B
¢ 2= ¢ %=
Timepoint Timepoint

Figure 4.9. 16S relative abundance- A6S relative abundance for individual samplesM&an 16S relative
abundance for time poin®: classified to family level. ?Zlassified to order level. ??@lassified toclass level.
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PCoA per f orQnerdt iosn Birsasyi mi | arity values were |
bacteri al c edmpvoesristiitoyn (bkeedtweeen suppl ements a
showed no &f=f elcdF§ B,L Ot r7i@a31709.6 , Rt n@e3F) 29 &

1. 1@0=41053, btri me iialR’er @ BFY) &gphnl= 2@=1062 for bact e

compositi@ngamebl ood

A PCoA Plot: Trial B PCoA Plot: Time
PERMANOVA: R? = 0.014, F(1,51) = 0.723, P = 0.796 PERMANOVA: R? = 0.043, F(2,49) = 1.104, P = 0.153

Supplement
@ MFGM Supplement
;
A ra @ vFGM
= 9 A ra
« \ Timepoint ®
o @ 1nhPostEx o Timepoint
g © PostEx e @ 1hPostEx
. Pre-Ex . Post-Ex
' Pre-Ex

/ — MFGM
' ‘ PLA

1 -1

2

0 0
MDS1 [14.3%] MDS1 [14.3%]
52 samples & 237 taxa (). PCOA dist=bray 52 samples & 237 taxa (). PCoA dist=bray

PCoA Plot: Trial x Time
PERMANOVA: R? = 0.048, F(2,46) = 1.221, P = 0.062

Supplement
@ MFGM

A PLA

Timepoint

@ 1hPostEx

© PostEx

@ PreEx

— MFGM
PLA

MDS2 [13.3%]

0
MDS1 [14.3%]
52 samples & 237 taxa (). PCoA dist=bray

Figure4.10. Principal coordinates analysis (PCoA). RCoA plot fortrial effect. PERMANOVA results: R=
0.014, F(1,51) =0.723 p = 0.796. B- PCoA pilot for time effect. PERMANOVA results?R 0.043, F(2, 49) =
1.104 p= 0153 C- PCoA pilot fortrial x time interaction. PERMANOVA results:?R 0.048, F(2,46) =1.221,
p=0062
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4. 4. 10 Psychological and physical wel!/l

A pairedteamptegseal ed there was no significe
trial days betN&e®nSWMEGMr ¢ B0 alod 8P LSAT 4(£3016.%2) ;

= 0.®B800.713. There was no significant diffe
(1561 PSS scor 3. anBSBL#&COL 6L D)daFHs .t0r. 5819 .d a
Lastly, there was no significant diff&rence

7.7 CHIPS scoKN3®.)2 a®Hl PIsAt § 8. &0P=52,0m0 7 6 .

4. 4Trldi ning | oad

A pairedtt samplseioswed weedMiryafiern @mBREMDiald dur at i
bet ween MFGM (335 N 1&77) anpdd .@rL3 gi8B8i6r9e N sl&6mMp

tt est showed no difference in we%k9dly nmirna)i na nnc

PLA (866 fi7nd ,=15=0,0. 885 .

4. 4UdRer respiratory tract infections
No URTI cases reported met the Jackson crit ¢
coll ected.

4. 4. 13 Phospholipid quantification

Due to iIissues with | ipidavaxt raduhloigdpyh @lnidpisdid s
be quantified Red RRlIldodacelilci phaspholipid ¢

subgroup nEn®4 ymalse paflla d elmbhmmea)iamaf r t &k MFGM ar
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(2 weeks of MFGM suppl emnteensttatrieoneal eAd pai giedghn
in red blood celll phospholipid comMcetnd rmdii mr

trial (0.043) ¢N4)2.®@=2L ,0ngd4ind.

4. 4Adiver se events reported

No adverse events or adverse reactions wer e

4.5 Discussi on

The present study demonstrated that 2 weeks

i ncreassetdi mML®t ed neutrophil oxidative burst
FABP <concentrations following prolfoenrgeendc ecy c
(compared to PLA) in the responses of pl asn
composition in response to exercise. This is
innate i mmune functions inthéalttehwtadal t®, c
However, it has already been stated that MF
dairy suppl ement s, |l i ke bovine colostrum. T
provide relevant i nsi ghitnsniinmgt oeftfleet sne o a nMFE

functAi snud.group analysis demonstrated that p
bl ood cells following MFGM suppl ementation.
the most bi oactive coimpathesxnttsh aotf pMFSGM, i viehi ef
trcaebded related to the phospholipids within.
measured in the PLA ar m, so it is not possi/l

the MFGM ar m.
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In Iine with similar studies in this field,
l ymphocytes, N/ L ratio and monocytes were ol
(Davison and Diment, HXMHOWeyvedonesnet ahere2wt
tot al and differential l eukocyte trafficking
effects of MFGM on neutrophil f-ruenlcat ti eodn faar cet
Similarly, tkhecreswébeéeweendekperi mental ar ms
perceptual responses, so any effects observe
i nconsi stencies in exercise workIload. Furth
wel hgeand training | oad did not differ betwe

physical states of subjects were consistent

The present study demesrndtmudtagd e dt matut r ephi h

increased following 2 weeks of MFGM suppl eme
Baseline |l evels following the prolsengegoexec
with bovine colostrum supplementation, wher e

f MLPt i mul ated oxidative burst (flolnleswientg aa .pr

Bovine colostrum has al so shown to-exrehanoce,t

however, the authors measur e@Ddviisonsamdg Bit
2010)Given the similarity in oxidative burst
suppl ementation, it is possible that such de

suppl ements and could provide a future oppor

I f the enhanced neutrophil function demonstr
|l eukocytosis (via catecholamine or HPA actiwv
proposed may be the priming odemedidmoompstirl st e
|l ow mol ecul ar weight (< 10 kDa) fractions of

pri mingd Sfuggdtsarwsa . efThel | pw20O0®&@pl ecul ar wei ght
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mi |l k and colostrum are not fully understood,

may be a contri(bMdroirn tet sallc.h, eX T EXAIsSegnastawa

neutrophil s may enter a primed state- follo
infl ammatory | ipids, (EBennka nets. alilde rcafe@d®&k,i n
possible, albeit speculative at present, tha
to indirect priming of neutrophils and incre

The present studyrolmderdidd emenkcetswe ean pl as ma
further enforces the notion that the benefit

HPA activation. These resuleéardhffewhi Ehomavé

observed increases in co(dawiodor odtl oawli.n,g 20 ®
Gleeson, TAOoO0Gh, a |ikely explanation for the
study is the timing of the exercise trials.

around 09: 00, with some trials ttha&k i omtgh erl asteu
started all (®aei cioneeat al0; 0Q@Q007; Chaviison 4dn
generally follow a consistent diurnal patter
in t-h@e ®@On foll owing waking, before dropping
then dropping at a silmtwear o w(tAbd d reecddii. ma f.t, ¢ Rad 1
cortisol response in the present study was p
Prex sample aligned with high diurnal corti s
a few hour-Ex aand hEx PoeBsositdi ur nal cortisol W
substantially. Therefore, since the expecte
suggests that activation of the HPA axi s o0¢cc¢
rhythm. This linghlfi gthtes pa elsiemitt asttiudy, as it
trials for | ater in the day if cortisol i s

outcome measure in the study, it was deci ded
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of difference in cortisol responses between
observed, such as enhanced neutrophil funct.i

bet ween conditions.

Many studies have shown that exercise, of I
i ncreases -FIABPplcoasnmanitrations, Il ndicating i
(Davison et al ., 2016; March et al ., 2019, 2
Consistent with the previous research, the p

significantly-FABCPr e&sxePdmlt aomd yl in the PLA
c hanges -Efxr @ mE ¥Proasntd -BEx hweProests iogveir f i oanthley MIFGM

Further sdpmdrtnigrsg otfrhesstud dys 1d,e ntolnesster at e t hat

successfully prevent a significant i ncrease
findings of study 1, hareg es eisrenltiacttardiyalal cson
despite the elevations in gut damage. The 1¢
t axa, and there were some Vvisual changes in

not transl at es hiof tamyi meaommurfiutly composition

A key component within MFGM that may support
|l argely implicated witllADbéetl aaebAdbli Di 88A06
there is evidence to show that | actadherin
adherens junhShemnetpra&lok,] oI INY) exerci se cessa
gut must be reperfused, which can (€adntoeel
et al. ,C@2@pgdnents of MFGM such as | ssdatnadd her i

TNRactivation, ¢timdd aprmaviodiyn g fdretcit s (afbde r e d L

et al., 2014, THkfctetvaal on 2@22nl so (Brirgihat e
et al ., 2014; Wozswomi cslippetsaion 202t1this sign:
the extent of enterocyte apoptosi s, mai nt ai

14



infl ammatory properties, alongside the <clear

barrier and speed up repair in the case of e

Phospholipids, which are a major constituen

production of SCFAs tprodglititnlyeibrace fefre at, s | on

and (CA8ng et al ., 2025; Gong et al.,l 202d; w
known that SCFAs have beneficial effects on
a resul t -ionff | tamemart oa iyt ief fect s, which can red

mai nt enance of t(ilgihut ¢ tu nadPthigesn® lOp2rlla)tpa idm,ss such
shown to integrate into the plasma membrane
(K¢l'lenberg &t vah. tha20Otd)e of (phospho)lipic
st abliAmmeyndol i a ett als. ,po0o2s0s2ilb)l e t hat suppl eme
and their incorporation into cellular membr g

and in this caseduasetdennmareasesrcinsenterocyt

A mai n effect of ti me was observed for abs

di fference between PLA and MFGM. Despite a

osmolality and fl ow rate, SIgA:osmolalboyhan
arms, thus highlighting that factors such as
have an effect. Thi gJiosreisnelti mé .wi 20159 m&Kustz
al ., 2005; Li ,andutGlepesom, | 20@&G4&) it has be

concentrations can experience signi Bhdatt eds

2004; Wal sh elti keelwi,se20Gh)ere was no differen

salivary |l ysozyme activity. This also follo
colostrum having shown | i t(tJdoeneso ento lalf.i,s c2awolo
noting that Jones and coll eaguesdé analysed s
study measured the function of |ysozyme. Con

14



rel evant cont ext for the effects of bi oacti

should not be taken as exact comparisons.

4. 3 initations

A consideration of the present study was th
bet ween 0B8BMG0h@@emnrvdnear awakening. Since cort
rhythm, characterised by high | evels upon wa

probable that cortisoExXxIAdaen stwal i, s2I0AK )k x g

the | ack of a cortisol response to exercise
expected that <cortisol |l evel s started | ower
pattern would insteaedeabadeoséenrtedehi glot and
exericnasweced effect. | f cortisol was a pri ma
beneficial to start the exercise trials | ate
measur e, and glarrgady praenguwsi rweed et o remain f ast
Il i mitation was considered acceptable. Anothe
enzymatic assay to measure salivary |lysozym
actyi vaft |l ysozyme, it does not quantify its
analysis of |l ysozyme i s often considered th
|l ysozyme concentration, all owing feorusdeidr etchte
same techniques. However, measuring |ysozym
provide a greater i nsight into its function
presence. Therefore, althoughst ce mpar hed ol ovg
studies using ELI SA, it offers valwuable i nsi

re@dr |l d conditions.
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Similarly with study 1, it should also be hi

for bacterial transl ocation poses some | i mit
makes 16S amplicon seqguencingndoi@dexsbteppi
series of filters were applied to the dat a
purged from the dataset. 16S amplicon seque:

absolute quantificatsequemncibagterowai dd$ Sc amp
giving insight into the bacteri al community
gPCR would be required to provide quanti fiaht
gPCR and 16S nacmpnlgi ccoonmpsleegnueent each ot her wel

l ook to include them both if possible.

4. 5.2 Conclusi on

This was the first study to assess the effec

functions. MFGM significantly increased r1e:
exericnasieced drop below baseline | eavellasmdFGM
FABP, indicating a | ower extent of gut epit
mucosal I mmune functions, cortisol rtespadn s e

The findings of the preserdtirstudy arses episo mF
context, further research woul d be benefi ci

MF GM.
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Chapté8trud@dyEef3 ects of 12 weeks of
me mbr ane supplementation on I mmu

respiratory illness i n active pe

5.1 Abstract

Foll owing prolonged exercise, or during per
i mmune system can become depressed and incre
from the work of Chapter 4, MFGMI hasashowmun
function and may potentially reduce the ris
study was to determ fd2whwetetkesr) Isaump@pl ement at |
the incidence and/ or DburdeneoffudRTli ®nandnaftf
population. In total, {353 (ydamaiNeh i3@mtf e BIM3
74N86.2 kg) heal t hy, active -blnddndd, dpat al Ipalr
randomi sed controlled trial. Participants ¢
weeks. Il 1l ness/training | ogs were | oanmdp!| eatnedd
URTI s were confirmed via pathogen detection
|l ysozyme actiavVvitwel abeéi pHhy ssas measured ever )
di fferences im= UWRTIO0 4)npci dilerrec3d )o,n g ypyrmpOom5) at i

or viral/ pacOebDbal beobwdefi MFGM and PLA. Ther

n

alivampyxy 81 0A) ( salivapy 0.yBDd7z)y mer aghy vii ¢ &

0.559). Lastly, there wereOn60#l)fferampoesgid

0.265), or tpai bi0ogldagse mi ssUEBRTIEh.atTheaxe
previously demonstrated benefits of MFGM ma
However, these findings may be influenced b

used.
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5.2 I ntroducti on

URTIl s are the most common illness seen in p.

substantial proportion of prifmMoybegretcahsu

Whil e moderate physical activity is generall
il l ness susceptibility, athletes who engage
be at risk of transient i mmune ydespiraetses ioofn,i n

il Il ness suSclrewdlilbndd te&tn dlact ,2WURIT) s are one
medi cal conditions seen i n athl ete clinics

(Engebretsen et Thk. ri 8RQ18%f 20f@kxtion in som

numer ous i festyl e factornLal dearc!| wadidn gl arcktsro
psychol og(iCeoahle ns terte sasl . , 19091 ;s (Bdevwpa rhdesr ectt aall..
and vacci bavboeost ataualat,i o2n0s2 5ian) t hese URTI r
i s no uni ver sal guanti fication for t he i

prol onged/ st.r elnhusoaugsh reale r sctoundsii essh etmahviey ncr eas e d
of URTI withl bava y y reexpeoencpiistiee -f6lod d i ncr eases i
incidempar ed w(i Tihmpk2nOtH To;l asK oSnpiegn ceet eatl ;al ; Ni e
1990; Peters &SmdnbdatMmdie ABRIII;s are general |y

dooth require extensive treatment or hospital

may still have significant economic and soci
reduced soci al I nt er ac thieoinnsg /aghudal Iriétdyl c e U RT kB & |
have a severe impact on the performance of
around competition) and indirectly (e.g. I mp

Due to the consequences associated with URTI
exericndsweced i mmune depression are of interes]|

the results of studi es 1 anmlurmB@er adaus ilse allteha ri
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including those supporting the i mmune and G

i mmune functions provide a mechanistic insi
MF G M, a more clinically relevant oukecome Wwo
translate to changes in illness susceptibil:]

colostrum has been associated with a reduct:i
i s l i kely attributable toomnthei bduitvienrgset obi @& ¢
i mmunomodul d Davy sehf, eQtO1;, Lonwesn ¢thealtompdB.
possible functional connections previously i

it is reasonable to suggest that such simil a

This study aimed to assess the effects of 1
i mmune functions and URTI i ncidence, dur at i

training affected (reduced or mi ssgesd)ofdutehits

t hesi s, it was hypothesised that MFGM woul d
duration and severity of sympt oms. It was &
mucosal i mmune functions.

5. M8t hods

5.3.1 Ethical approval

The study was approved by the University of
REAG (Prop 40_20_23) and was conducted in at
Al'l participants were infor medst uwryi,t tiennc | aundd |

ri sks, prior to giving their written consent
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on t he | SRCITSRGTeNyl 1s6h3t6y0p0s(: / / doi . org/ 1P. 1186/

| SRCTN is a WHO and I CMJE recognised primary

5.3.2 Power cal cul ati on

This is the first study of Il ts type using
preliminary power calculati on. However, MF G
col osatnrdum he previous stude®tsi mant éechi MF GM eesfi fs

using bovine cowl astprowardatad cul ati on was perf

Kiel, Germany) wusing a bovine(XXornestemwmmalst u
Foll owing the simidmad bHowidnegsolf@st rMFiEMacr o
studies, an assumed e@ef&H&ect tshiez eprofmaMFGNM uw acso r

number of URTI episodes, Jone&o hedrxbsl5.7Uc20H4)
this dat a, it was nc=allcOu0l awtoeudl dt hbaet rae gsuai mpelde tc
di fference in number of URTIlat e Bi090 heosvely e tameal
l evell t@&wva@dd ed it &eSti onncceeatsh enroe cvonser vawi vle app
MFGM effect size and to protect agaiemstui pot

beyond the target.

5.3.3 Participants

The present study recruité&ld. 215e67 % ;NBakRegh8Ss
c m; BM17%4 .28 k g) wihrmod irwigdid a&lthdey i exeé usii e criter
participants tol8Xemmeed fhAoOr datmgldbe oautse | nt er
Participants wer-eemremchmededatifom,n ilfong URTI

experienced within the 4 weeks preceding the
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t hat mi ght affect the i mmune system, i f t h
suppl ements used Iin the study, @&rcd eiefnitnige yh ewa

guestionnaire (see Appendi x) .

5.3.4 Study design

The study was a-bprnosgpecptarvael,l ed o ugbrloeu p, ranc
Participants wer ewem&nipteorrieodd , ovdeurr iangl 2vhi ch
MFGM or PLA daily. Treat ments were randomi

https:/ /T www) gr Panpaci pamts atiwerdked nttlee vaht

Baseline, Week 4, Week 8 and Week 12 to pr o

mucos al I mmune factors. Threpwghoutr attme nh2 awe
were e@eccoadd oral/nasal swab samples were t
pathogen screening. The study took place in

were monitored between January and May 2024
20ahd MayTh20X353.udy wasahdmietedyt spwingemont h
seasonal wvariattionmiimi MiIRTe trheklileldi hood of

beimigscl assified as URTI sympt oms.
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https://www.graphpad.com/

CHIPS CHIPS CHIPS CHIPS

Week 0 4 8 12
P~

0

Daily MFGM or PLA

Figure5.1. Schematic of Chapter 5 stugyotocol CHIPS, CoherHoberman Inventory of Physical Symptoms.
MFGM, milk fat globule membrane. PLA, placebo.

5.3.5 Supplementation

MFGM was suppl ementell wbhewpnpM&EGMi n concentr
supplied by Volac Whey Nutrition Ltd. An i

concentrate was used for the placebo (PLA).

consgdmatd a4f0org 12 weeks. Due to manufacturing
contained phospholipids. This was only made
be chd&degad.the daily | og, supplement compl i a
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Table5.1. Nutritionalanalysisof Chapter 5 supplements.

Pl acebo MF GM
Energyd @ Kcal / 159 157
Carbohydrates ( %) Not detern Not determ
Protein (%) 70. 2 70. 44
Fat ( %) 1. 3 1. 11
Total phonsgpHgl i pi ds 40. 8 53.1
SphingomgtEd i n ( 0 14.0
Phosphatimyli)g ho 19.3 14.7
Phosphatidymgtiy 5.8 13.9
Phosphatimgt)dyno 8.7 3.2
Phosphat imfjygser 0 4.8
Ot haenrd mi no(mg B)p e 9.9 2.7

5.3.6 Laboratory visits

Participants visited the | aboratory every 4
fast of at | east 10 h, whereby only water co
to abstain from vigorous exdroaiesd hfeorvizxz4 th
participants were screened for eligibility &
and anthropometric data was collected (heig
CHIPS and provided iavaesaimmlige wrpO@nviiaslillt sst &ldltc d
8 and 12), just the CHIPS and saliva sampl e
opportunity for participants to deliver any

or swabs when necessary.
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5. Mohi toring of wupper respiratory il

Set éport training |l ogs and t hel ak&kslanoretc oaamm
were compl et ed davielek tshurppud ghmewntft @atth ewl e rt oa

outl i ned 5(nGethearpatle rMe2t.hods) .

5. a8 hogen confirmati on

Participants wer e -sgwavbe(nkR NeAn GCoernaolt/erka s ad,t istetlsfv

containing 1 mL stabilisation buffer and wer
were experiencing a URTI episode, on days 1
Al | nucl ei c aampl iefxitac atcit o m,n,onpvaerd eqRCRNamcali
performad IIS©O 9001: 284 &r eadnidt e@CLfPaci | ity (Cet

Services, Car di fNNucUneiivce radcietdlys,f miednN et fex t s @& b s ¢
commercially avail abl e nucl ei c acid extrac
Roskil de). DEBembr RPCR was performed on the i
commercially available array Raski l( dA&)9,0B&n mé
containing 4clauknown plaRJolagé s udoo -Thi2nkke FAGR R
Syst(eflher mo Fi sReskiScdenk dDteEhhapmearks wer e nor mall
RNas(eGwest et al ., 202@si Migbaihta DEt t@mkt hod ) 2

relative quantification (Rq).

15



5.3.9 Saliva sampling

Whol e, unstimul ated saliva was coll ected at
using the methhhadpsdéedre2ari mé.d Mehehsoed ss)a mpl es we

the analysis of salivary SIgA and | ysozyme a

5.3.10 Physical well being

The CHIPS was completed on every | aboratory

| i stCehda pithe Ge@er al Met hods) .

5.3.11 Phospholipid quantificati on

Phospholipid content iaBaseell ibrl e aadn dn gWektebke W& ¢ e
assay i n a surbgrldup 4a nPalAy,si6s MFfGM) . Stewart ¢

in ChafpteGeRedal Met hods) .

5. 3Stlati stical analysis
Al | statistical anal yses were conducted wusi
anal ysis, all data were checkWid kf otressoto rasenad zd

for skewness amd mhut yodiis.tr Nont ednglaéiat hwerr e

natur al |l og or root (sqguare or cube) transf
nor malised by Il og or root t-pamamet viad s beg wa.
data wer e i mputnmadx iunsiisnagt ieosntt iemadt iwarg t p er6f or me d

data were missi ng( Groonvpel eatnedl .yCiapth erra n d2o0n2 4 )
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The following transformations were used to p

Log: URTI( sdviarbataingindtam)kaslonJackson scosrad i(vJaac k
osmol al i ty-S&a&loiokwa ;fSlgoavh rreaatrey | ysozyme activit
days affected and stopped ChS8Md g@uRTA o n(cleanctkrsaotni @

secretCdhP&aseor e.

The foll owing variables could not be nor mal
anal ysed-paii & imne tnroinc t est s: Number of URTI ep
Jackson mean score per day (bot h H.r oiunpfsl)u; e nveee

ansl. a.ur eus

Group comparisons wer e mtatdees tuss i (nngo rimad e pdeinsdter
ManWhi tney Unoemab ¢@nhnstwdywumixed . ( Jivoume [ bet
[ within]) ANOVAs wer el wscecay rhet Ha cRiad ipthyo,s pdifo |l $
concent reaxplonssatuamry dchminal yses were perfor mec

URTI days to whole study days and use of OTC

5.4 Resul ts

A tot al of 115 participants were enroup ed (5
n= 8 [5 PLA; 3 MFGM] due to volhsnfafly WwWILAHKM
MFGM] did not replhy o[ doMmGM|] cdukeoh®; surger
fol-upw 6 were | ost prior to reaching the fir
any analyses (,3 whleAr;e add Ndth@MEpacthhagpbentf i wet e

i ncl (ddd&d A; 2. MMGE&M)participant tway exomplbdadc

MFGM). Thus, anal jnmsi 480®ag¢56o0mphblAet 88 MRFRGM) .
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. Assessed for eligibility
[ Screening J (n=132)

Excluded (n=17)
Not meeting inclusion criteria (n = 14)
Declined to participate (n = 3)

[ Allocation ] Randomised (n =115)

l l

Allocated to placebo (n = 58) Allocated to intervention (n =57)
Received allocation (n = 58) + Received allocation (n =57)
Did not receive allocation (n=0) * Did not receive allocation (n = 0)
Lost to follow up (n = 6) Lost to follow up (n = 5)
Voluntary withdrawal (n = 5) * Voluntary withdrawal (n = 3)
Did not reply to communications * Did not reply to communications (n
(n=1) =1)
Foll +  Withdrawal for medical reasons (n
ey Ly Of the 6 lost, 3 reached the first =1)
checkpoint and were included in
analysis. Of the 5 lost, 2 reached the first
checkpoint and were included in
analysis.
_ Analysed (n = 54)
[ Analysis ] Analysed {n=66) L Excluded from analysis due to poor
* Excluded from analysis (n = 0) ) H
study compliance (n=1)

Figure5.2. Consort diagram for participant recruitment g@nogression through study.

URTI analyses wer e :pdrafodrbrgend wdn cthwo ngrl aadpesd a
t hat met t he Jlaacchkssdtonmswabt emed wbisbdewsly in
URTI epi sodes that met¢tredred agksiotnicvaau isfi angi kar

pat hogens.

5. 4.ak kvseorni fi ed upper respiratory tract

A total of 42 URTI epi sodes recorded met th
number of epi sodes per p er=s oOn. 3Welt. weTehne r MF G

di fference i n URTI episodet( d0)y atpFr0O788BBwe€&he
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were no significant differencse®G) i3mp=U.axc®BI 6N -

mean pex 0d.a8lL 4, orp=epPi BadblBe peak,

An exploratory analysis was performed, which
days -UBThodays in PLA (4. 1%)c(cloymp=apkedd0 1t ® IMF G

Since this anpallannesd wahse sneotr epsruel t s shoul d be

Table5.2. Upper respiratory tract infection parameters using the Jackson questionnaire

Vari abl e PLA MF GM P
Number of URTI ep 0. 30¢
Me a5 D 0. AG. 69 0. Be. 58
Medi an (1 QR) 0 -Lp 0O -Lp
URTI episode dur a 0. 43¢
Me aNis D 6.N3. 8 5.8 . 3
Medi an (interquar 5 8x 5 -8
Jackson score (wh 0. 56¢
Me aNs D 37N22. 6 31NB3. 2
Medi an (interquar 35.0-51128 31.0-39L4
Jackson score ( me 0.81:
Me aNs D 5.8 . 2 6.\8. 0
Medi an (interquar 4 . 8 -5(.48.) 4 . 9 -7(.8.)
Jackson score (ep 0. 14!
Me aNs D 8.NB. 2 10KN2. 0
Medi an (interquar 7. 0 -1(06..00 9. 0 -1(57..0
Tot al URTI days < 0.0«
% of total study 4.1 2.6

** Signi fp<c aOn.tO Oelf)f.ect (

5.4.2 Pathogen confirmation

Swabs were collected for 41 episodes, al | of

total, 27 pathogen strains weBac iddetkreoeptheade uasc |
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coronaviruses, -Bamntrela erimuosp 8 i, | &9 shtuverhdnru emerape s v
influenza viruse«K,||l emeeitealplna, uMmorwwwmdgljaaecat ar
Pneumocyst,i sr esipriorvaetcoiriy Sy ncSyttaipahly | eco,asus r &

Streptococcasndp BoRBO)N,i ameany oifnfvactchowere co

Of the 4popathwegeswab cases, 29 Bad s®uUbmgrnt ou
analysis was performed on these caseasnd Ther
Jackcesoonnf i r med URTI epi 0849, per t(&)s oquadr. &t3i0q |
0.312. There were also no diff &r2e7/nc e=p=0i.n7 7J1a

0.447, meanpsch.red p,eror @&pl .s78Ee, 0p ®aBESI3).

Table5.3. Swab and Jacksowwonfirmed upper respiratory tract infection parameters

Vari abl e PLA MF GM p
Number of URTI ep 0. 51¢
Me a5 D 0. 8a. 60 0. B®. 51
Medi an (1 QR) 0.0-0(.00.) 0. 0-0(.00.)

URTI episode dur a 0.31:
Me aNis D 7.\ . 3 5.8 . 7
Medi an (interquar 5. 0-1(04 .00 5. 0 -5(.38.)
Jackson score (wh 0. 44"
Me aNis D 36 N&B1. 3 31ND5. 3
Medi an (interquar 35.0-5114 30. 0-4(0L7
Jackson score ( me 0. 74.
Me aNs D 5.8 . 4 5.\ . 8
Medi an (interquar 4 . 8 -5(.41.) 5. 5-7(.37.)
Jackson score (ep 0. 08
Me aNis D 8.\». 7 10KN2. 0

Medi an (interquar 7. 0 -1(06..00 9. 5 -1(56..0

Due to the wunexpected bioactive potenti al |

exploratory analysis was perfor med, compari
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another study taking place at the(BPawmesbdonmet
al ., .20Ah=b)subgroups included in this analys,i
bet ween January 2024 and May 2024 (tranche 1
al. 2025). As no significant resulktsosnwd&Rd]| de
par ameters, the treat mennt=s 1wWer(e/ pPdoA;e d5 fMFGM
present %t uld4g, famdt he Davison and coll eague
reveal ed thatt( 1LBRTOI3 99 p —a t03..d20848 ,faommrd wWltoIre epi s
t((14. 629 pP==030233were significantly | ower in
(24 .6p05,0. 506 andtegi)socp=l @Weg28%k4 were not s

di fferent bet ween studi es.

Table5.4. Comparison of Jackson URTI parameters between present study and Davison et al. (2025).

Davi son Tranch
Vari abl e p
(2025) ( MFEGM +
URTI =episode dur a 0004
Me aN§ D 16 NR3. 3 5.8 .5
Medi an (interquar 11 (752 %) 4 (% .-60)0
Jackson score (wh 0007
Me aNs D 90N®8. 2 32 013.
Medi an (interquar 862®2-187. 3 G(83410
Jackson score ( me 0506
Me aNs D 59N2 . 9 6 .\25
Medi an (interquar 5.(34-8.01) 4 (8.-80.)1
Jackson score (ep 0294
Me aNis D 11RN%. 2 9 .1\&3
Medi an (interquar 12 ®. @5.8) 90(5 .-12.8)
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5.4.3 Viral/ bacteri al | oad

Oof the 17 different p a tHh. o giemf, | sugBandzi acesie ¢ @exsn | y
recorded in sufficient quantities to perfort
gr ourmdbase. No significant difference was det
PLA and pMFGME667. There were al soHnoiadif,i uemem

p= 0.aM94 a,pwpreQs737 betweermaPibe. and MFGM (

Table5.5. Viral/bacterial load by relative quantification (Rgq) method from array card analysis (mean of days 1
and 3)

Vari abl e PLA MF GM P
Rhinovirus viral I n= 21 n= 21 0.667
I 1-8 RgRNase P) Mear
Me a5 D 42Np13. 29KN@6. -

Medi an (1 QR) 1 -{05) 0. 5193.0¢

H. infbaenemrieal | o¢ n= 14 n= 14 0.0914
I 1-8 RgRNase P) Mear

Me aNis D 38N87.: 3.\&. 9

Medi an (interquarti 0. 8-3(60.. 0 -305)

S. abreweri al | oad n= 18 n= 13 0. 737
18 RgRNase P) Mear

Me aNs D 49N123. 13N420.:

Medi an (interquart:i 0 -104) 0. 50 .(9

5.4.4 Salivary SIgA

There was a signif F(czZa.n26 6ma i In8 5 £8f 284c)0 00 f 4f . b5 218s,
osmol al-hdy .t otss showed that saliva ospmol al i

< 0.001) compared to Week OFR( 1Howeyma=,00ncR®83 i
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or girtdume i nE(e2r.206t6i,0mM,8 9=8R24yY98.0TB8B88e was a
effect F(o¥F, tA4mep==030625f or saHdo at €4 tosw rreau eea
saliva flow rate was significamtl 9. 00gher That
was no mai n Fflf e 8t2 )w=f= OdLr2ABF toir me r io ufg €3r, a c2t4i60 n ,

= 1.p%5 3, ThdR6E

Table5.6. Saliva osmolality and flow rate at Weslk 4, 8 and 12.

p
group
ti me

Saliva pa We e k We e k We e k Week 1 intera
Osmol al i tkyk'g( mOs mo | 0.525
PLA 6 N2 3 6 N15 6 N2 5 7 N2 8 0.009
MF GM 6 N 42 6 825 7 N30 7329 0.798
FIl ow rilmi® (mL 0.211
PLA 0.46. N o. 8.1 O0. Ao.1 o. 8a@a. 2 0.014
MF GM 0.4@a. N 0. AB. 1 0. H®.2 0. HO®. 1 0.122
There was no mar(d, eBRep=t 0Q1f10@PAS utp 2nmle6, p== 1. 9(

0.129 ori me oiupR(e3r,a 2t4i6¢n ,=0 .11 537 1f,or salivary S
No main effFett 82 )pyFro0dplbl>ER 3.t 26 p==0113690pr
grolupg me i nk(e3r,a 2t4i6gn ,=0 .11 851 7was det ected for S
was a significart2.maddh, eZdPec3I DY 1¥idnetl sl gA
rate. Though, there ®als rm®)p==i 00 .3FGH%itmeprfowp
i nter B(c22.i50m3, 209p82D) 14®dc Pddntrasts reveal
secametriate was significantly hpghér &6aguiweek

5.3) .

16



)

< 1500

1000

500 -

SIgA concentration (mg-L

T T T T
Week 0 Week 4 Week 8 Week 12

=]

o

o
|

(2]

o

o
1

400

200

SIgA secretion rate (pg-min'1)

o

=T T T
Week 0 Week 4 Week 8 Week 12

Figure5.3. SIgA responses at Weeks 0, 4, 8 andAl:2SIgA concentrationTwo-way ANOVA main dfects: p =
0.103 (group); p = 0.129 (time); p = 0.153 (grougime interaction). B SIgA:osmolality. Tweway ANOVA
main effects: p = 0.114 (group); p = 0.156 (time); p = 0.145 (grotime interaction). €SIgA secretion rate.
Two-way ANOVA main effects: p = 0.355 (group); p = 0.017 (time); p = 0.149 (grdimpe interaction).

5.4.5 Salivary |ysozyme activity

A tway mi xed ANOVA showedF(rng niai)m==e0f0f.3e2cm5 , otfi n
F( 3, 210)p==011990dpi mgr oup(edr,acxli®ps=004928B0for

salivary |l y&sopgpwdhe activity (
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4000 1 PLA

B MFGM
3000 -

Lysozyme activity (units-mL"")
- N
(=] (=]
o (=]
o o
| |

Week 0 Week 4 Week 8 Week 12

Figure 5.4. Salivary lysozyme activity at Weeks 0, 4, 8 and Igsozyme activity (units-mt). Two-way
ANOVA main effects: p = 0.327 (group); p = 0.129 (time); 0.418 (gredime interaction).

5. DDa6 ly training | ogs

There was no siignwdaelclaynwtt rdaifriiem ¢ nilc @ a(dl Ob2e)t we e
= 0.Pp=2050.T6Melr.e was no si gwmdéeklcyanttr adibrgif wg edncrea
MFGM and=fLAbBl6er e was also no significant di

by Jackson UYRT) egp=a1s00ld2e®Bs5, or training days s

epi sfdyg, =p=1.08 DABLLIT7).
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Table5.7. Training load and impact of upper respiratory tract infections using the Jackson guestionnaire

Vari abl e PLA MF GM p
We e kil i ni n(gs RPoEaddu r a 0.60
Me aN$ D 238 8148.22208150. 6
Medi an (1 QR) 230. 5-3(052 202. 1 -3(0132
We e ktlryai ni ng dur at. 0.15
Me a°nS D 2722263.5 216°163. 1
Medi an (1 QR) 233. 6 -3(2187. 2 0 3(.8752.868 .
Training affected I 0.26
Me aNS D 4. \2. 1 3.82.0
Medi an (1| QR) 4.0-6(.20.)0 2.0-3.5.)0
Training stopped b\ 0.08
Me aNS D 3.\, 7 1.8 . 7
Medi an (1| QR) 2.0-4(.25.)0 1.0-2(.10.)0
5.4.7 Use of OTC medication
There was no significant di fference 1in the
bet ween MFGM (52.9% of cases: 9/17 ed@d@{bodes)
= 1.p0=88B76. OTC medications wused in the MFGM
(paracet amol [ acetaminophen] and/ or ibuprofe
flu remedies (e.g. Lemsi p, cough syrup, Ni gt
used in the PLA group congiostdedndf famwalrgeneidd
cases, and a combination of both treatments
5.4.8 Physical wellbeing
A tway mi xed ANOVA showed Fhb, m&6 np== f0D. &85494 ofr

gr olutpi me

MFGM and PL

i nF(ex.a4ct6,0n212p984068) 830 0f @ 4CHI PS

A . However, a

16
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< 0.00Hoc PBemafdgrursareid compari sons showed th
significantl yp=1l06we09at oW OMNOBDK ()12 o(mfTaarbd e t o

5.8).

Table5.8. Physical wellbeing at Wesk), 4, 8 and 12.

p
group
ti me

Vari abl « We e k We e k We e k Week 1 intera
CHI PS Score 0559

PLA 10NB4. o.Nmw6.! 8.f4.: 8. N13. " < 0*00

MF GM g.\mo.: 6.\8B.6 6.\®. 0 6.N\7 . 6 0.12

** Signi fp<c aOn.tO Oelf)f.ect (

5.4.9 Phospholipid quantificati on

Red bl ood cell phospholipidneoaDefd Ra&AH, méay
aWeekandd Week 4 (4 weeKkTsheorfe swapsp I msaingeditffiaaota) r
ti mel, 8)p= O0/.02A5., Thegnenfanaiineaot FOL =B H22,
p= 0. 5343toirme rionfle,r a&)t ips nM®.. 7 HBAlo ¢ PBosmafdg rursa neid
ttests revealed a significant Weaelk ela¥er k nd4 ph

=0.025) .

Table5.9. Red blood cell phospholipid concentration at Baseline and Week 4.

p
group
ti me

Variabl e Week O Week 4 i nterac!

Phospholipid kBndhcentratio 0422
PLA 0. OND4 002 0. OND1DO 0.025*
MF GM 0. OkD6 006 0. OK®1 005 0701

* SigniffipeseaBtOBbjfect
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5.4Adverse events reported

No adverse events or reactions were reported

5.5 Discussion

This was the first study to assess the eff e
the present study, MFGM did not reduce URT
duration, severi tcommar evd rtad /thha&u cetr h &arl smd rogardo |
did not affect mucosal i mmune functions, wit
significant changeBowketelne e c octomal t isaumpyp.l e me
compar abl e cpohnotsepnitiesii adlp ind t a pbpeacroenmett eu nttihle ast ud.
alreadyThstsaritsedal so supported by a subgroup
red blood cell phospholipid concentration be
when comparing toomat molre wlpipclhpwasateeri ved f
another relevant boetbhdgpuppl emens amseshawead, si gn

URT I par ameters

Comparing studyreupmwelremerot sd,i ftf er ences bet we

number of URTI episodes, episode duration, o
guestionnaire. The present study saw a 100%
coll ected,ditfhfeeree wees inm URTI parameters bet:
subgroup. Whilst there is no current researc

of the present study do not caeluitgnc awist,h stuhconhs €
col osAt siym.t ematbhi ¢ mrealisasgh ovin t hat bovine col o
URS days afdoeepssedesht. ha280kh6)so been demon

colostrum may have bene(fdanead etf fleedctt st Hoahslel)R S
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are | ess supported with varying outcomes 1in
colostrum increased (&hi agi @en. afh.ulsR 2 @ Eeia 3r oedseus
present study do not align with previous fin
An exploratory analysis showed that MFGM r ec
whol e study, which $sficodismngs$(elnonn etsh tekt parle.V,d

However, since t hplsanmed yisti sr esmaasi msote xpprleor at

A subgr ouwphoaveadl ytshiast red bl ood cel |l phosphol i
weeks of suppl emenctoantfii omeianp adrdatédhl eg rpohugossp, h o | i
bet ween s ugmlceemediitest.ary phospholipids are t

MFGM with health benefits, it i's possible t
i mmuni ty, reducing the significance of any

exploratysniy a@mwmanpari ng Jacksfornom atrhaemepreersse nftr o
tranche 2 from a similar study taking place
| oca(tDaovni son et Whler,e 2Mh25kp)resent study saw r

MFGM for Jackson URTI par ameter s, t he explo

duration and total episode score were signitf
the placebotheepresent study provided a | eve
explain the | ack of significant -braesseudl tpsr ootbesi

conceinhnreamneenhi hiomalaviei oactivity. However t hgh
suppl ement due t op onasdubddaytitawnrtiicg piad *wWde P,r e s en
and we were not made aware of this by the ma
started. Therefore, since the study was | i mi
were measured at the samenttiinmee, tthhee rset undays wniot
Whil st this thesis has focused@eronmethehosephal

these propeekt end nbhags epll gpophtosphol i pi d sour ces:c
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evidence of these effects. For exampl e, SO0y
enhance macrophage phagocytic activity and |
stimu(Miti @amda etTheéeé . auRl0@®@By accredited these
l ecithin, and the PC concentration in the
suppl ement than the MFGM suppl ement, t hus

confounding potenti al

Viral and bacterial | oadHwer ef, buShyzaadenaesuwsroe d
no other pathogens being recorded in suffici
or bacterial |l oad between PLA and MFGM. How

i mportance of sample siRaviisnon heame athwarl 62 GR B

and bacterial | ¢da d i ind. | ouTehnemya efi o wrsd aandsi gni f i
rhinovirus viral | oad H.n itmfdiarcetnearaeemtl md rota dg r c
magni tude H.f icnhfélaugeenezraneal | oad was greater th
|l oad, only the rhinovirus results were signi

sampl e sizes bt vbeOeth. armhai frifhotve3r@dase (Ther ef or e, |

that thedpreagnhaste suffered from insufficie
Saliva osmolality and flow rate were consi st
study found no differences in absolute Slg

secretion rate between PLA and MFGMstAlutmhoug
can increase restf{@Ggoclkd ietargl S| gA0OO G ee MO
sever al studies that have repo(rDew smmn, e f2f0e
Therefore, the study findings are generally
including the findings from study 2. There w
MFGM for salivary | ysozyme act irwisteya.r cHho wenv edr

suppl ements and antimicrobi Dlavprsotne i&n Di anrech t p

16



found t hcaotl olsawiume truncated a decrease i n sa

exercise bout. I n contrast, the findings of

—

hesi s, which found that MFGM had n®t edfi@ct

—

ol l owing exercactitrseer., AtdWditeonlaaVveg reported tl

effects on antimicrobi al proteins such as |\
exer(cleores et al ., 201.5; WhMclKsetn nah et | adk , 0 f2(
treatments in |ysozyme activity is in agree.]
di fferences in measurement techniqgues shoul d
anal ysed | ysozymeawiab £dll BtAe acempoartimat i on,
and/ or secretion rate. Il n compari son, t he p
|l ysozyme activity, which although <could be
|l ysozyme fupcitoonsef (bastreri al cell walls), E
rather than function, are widely co@6HIBS8Tred
scores and training | oad were consistent ac
similar physical stress experienced between
di fferences in training days affestlkademrs hbsadw

that training days affected and mi ssmedeby UR
such as durat{Dani aod et vdtleirtef 2025b)gi ven t he
bet ween PLA and MFGM in the previous URTI pa

no differences in training days affected or

Foll owing the posstiudivees tlhsasn dt $12e siemsn MFGM ma
expected to provide some beneficial effect s
demonstrated in previous research that bioac
bacteri ci(dSgplr oaaqgt ietanayl .i,nh2 ®0Xb)pat hodemr eria ul

|l nsua et. aHowev20Ql)t hese factors did not tr e
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p

S

a

esent study. A potenti al reason for the | a

acebo used, which undesirably contained el

5.1 Limitations

rstly, and most I mportantly, the phosphol
gni ficant l it mitation of this study. As pr
acebo could have reduced the cdiegnNFGManc
ppl ement . This was an wunexpected product.i
tritional analysis performed after the fir
|l evant comparisons could ssiVvVkeE be madeahs,
re absent in the placebo. G{(Vemkatheetbi alact
was possible that the MFGM suppl ement cou
mpari sons-bheewe amadsmgpd pnhtosphol i pids coul d
research. Another | imitaeitoar gét tWaes shadeg
participants rather than number of URTI s.
set a target number of URTI s f or( Dtahvei ssothu d
al .., WsO2n5gh)data fromDakesonpeewawvusoRi0@d
| l eagues predicted that a sample size of -
rget of ~88 URTI 4 hakpwetverd, idwe dteomcleowar e s
rticipants were requemed The rpaeherithestrudy
bject to the same risks of | ower 1incidence
the present study and second tranche of

me time aodraphstcml | hocgeions. To address

prudent to set a target number of URTIs inst
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present study was part of a PhD thesis and

possible to do this in the present study, fu
Another | imitation of the study was that in
the extent of pathogen exposure between i ndi]
pat hhogens, the inclusion darmiatndrsi & oo fe ntglaeg es ti u
of mode®emdteense exercise per week. This ensur
threshold of physical stress, however, t her

participants may havmorbeeephwsideal cotnrsedsrab
consistencies across training | oad and CHI PS
of physical sympt omenweéer eas$immaintagroups. Alth
have also affected the results of the study
stress on the Iimmune system than those taki-t
trag(nScnhl agheck dthealefor2020@uture studies ma

endurance a¢thdet @asceoat mloamt es .

5.5.2 Conclusi on

To conclude, the present study found no eff
i mmune factors. Whilst this was the first st
with those found usihydosesi étrlatldad,sr 3s0pk4cyud lad m
results could be partly due to bioactive <co
contained comparable | evels of some phosphol
use the present srtadegarash,a a@ddrdesdiomg faudmue er |

infection rates and inclusion criteri a.
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ChaptGenéliaslcussi on

The overarching aims of this thesis were to
i mMmmune responses to exercise, and to deter mi
protection against URTIs. To comPprehadsesmvecky
control ICaapt®&)r awe8r d undertaken, each empl oyi
approaches to evalwuate specific mechanistic
Chaptwars 3a pr os phkelcitn dv,e, c rdoosusbdnweerro Im=at nidRopnyi s@ehdi cc
assessed theteirnmmpa(c2t wefe ksshho rMFGM suppl ement at i
was demonstrated that MFGM was able to preve
foll owing strenuous exer ci-tsered fFactt rerof e xVer
suppl emehtaaptti,eorng Mot her pr eéod g enadt,i ver, o ssowlkelre
controln=edl1dri ahvesti-gatlke dMEFGNE st ppcémenfati
and mucosal i mmune fyunfcotlil corwsi,n ga npdr od wtn gierdt € o8I

found that MFGM enhanced resting neutrophil

|l evels following a prolonged cycling bout, a
functions. MFGMWMt adamagedtoketdowi ng the prolo
demonstrating its ability to provide gut ©pro

prol onged duration. Buil ding orChtalpesedt mauth g s
to determinetewmebleaeaefsher of MEGNM toraoneilcdt @cd
URTI s. Il n a pihds melgt ipvme,aldedblge oup randomi s
11m= 108 aftactdwvepiodis) dual s were suppl em
pl acebo for 12 weeks during winter mont hs. C
were recorded, alongside regular (every 4 we

Despi ositheep fi-mnadMm@d odpghemént ati on, no be
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for -tleornmy suppl ementati on. However, it I s pos:

t he placebo exhibiting unanticipated bioact:i

6 MFGM and gut integrity

| €haptdand stherm MFGM suppl ementation prevent
FABP, a marker of gut epithelial cel | damag
respectivel y. Given theFABR,entshdge dfeiprechidreqng
robpucsttenti al ofprMR&Mtasnga nguuttr aceutical . A co
this thesis has been bovine colostrum due to
research and its simil aMF®M oiaxcta veo rcotmptowsa i ti
of MFGM orABIPasame Icomparable with those of

shown to prevent increases in the @bhakpeerfol

3(March et al ., 2017)

The effects of dRABR madparcxead itcal msr wlhornged

researched, although bovine colostrum-suppl e
FABP |l evels following a 90 minnmcyedi mger 660
running and (IMormiim ony.celfihnagugh, 20 h4¢) fi ndi ngs

coll eagues are not a fully robust compari s
met hodol ogi cal di fferences. These include a
suppl ement ataywss adAgsdginid Whetdher parfiwhepants
it has been ws=wegedtsed fteleati ngr enay mi ti gat e ¢
(Chantler .etNeakrt helD@23Chapmteeafmpil ceimegns ftrhooms e
Chapt,erdeS3monstrating that MFGM can protect

exercise of a strenuous or prolonged nature.
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Damage i mposed to the gut can compromise t he

transient state of elevated permeability. TI
wasChapt,erwhd ch used wurinary L/R following a
L/ R test is a robust techniqgue that has been

model (20 mMrmaikutno ads SOYs (Patvi pemmedabial ity 20
al ., 2017, Marchi@anknstural comgadabpility wit
exercise and clinical gastroenterology studi

composition was wused to maintain consi stenct

mann(bavi son et al ., 2016 ; Mahmood et al ., z
2011, 2008; Pl.ayford et al., 2001)

| €Chapterit3 was demonstrated that while exerc
increase in the MFGM ar m. Mor eover, urinary
compared to the placebo. These findings als
which is known for its efficaanyuicedppereatib
including(Davnaow kBtRal ., 2016; Mar ch Tehte al

simultaneous reducti &e&rABPIi h eget spevi mé&a MFIGIMt s L
provide a mechanistic insight, i ndicating t

reduced epithelial <cell damage.

Ther e ar e vari ous cons e gtuheanncremsa | a sgswtc i pe e e
including increased Gl symptoms, (Castammat iat
2022bgagnd it may evenebtanedi(bleiane arnod eMascskciinsneo n
Despite clear reductions i n gut damage and p
Chapt,ert h2se effects did n&l eagpedpe Gine alyimlpit t
also been suggested to create a window of op

content s, such as bacteria dmhdsdmdcttoing, 2i

17



translocation can | ead endotoxemia and/ or ba
activation of 1 mmune (ared kiimnfkl.annmeaatlsoe,we 2nee0dti Jaast
conditions are implicated in SIRM,cMOFenase@ts
2015)Some have invedutcgdhtedarges cisecircul at i
gut per h€almiulsi teyt al ., 1998, Howlerdr upt het |
amoebocyte |ysate (LAL) assay is generally t
with various | imitations: reagent contami na
i nasesay variabilitypn &SndgaPiSvesbaot gr paewkn
detecti omoift iGreKmbams eir i atBadct er 2&IL1IDNA anal
of the 16S rRNA gene has been suggested to

assessment nafucexde remidsoet o(xCeonsitaa/ beatc taelr.e,mi2a0 2 2 b))

Where some investigations have quantified I
indicati ofd ndiucedegatii((Maercnne aebti | alt y, 20,19; Og
Chapt eamsd us e d 16S rRNA gene sequencing to

composition in whole blood. Unt i | now, 16S ¢
other study 4 adassdsguéexeecmsability, althou
not wholodlenni ngsen dtesplite 2024 aapsand Gut
dHanper mea®hdptier it her study observed any ¢
in bTlhedmost abGChdp®BBandldexeaecitred were predomir
such as B&schedil ahiamd Lactobacill us. Despite
bet ween chapters, Cagtesehaosdi thige as anopglee sdiivrer s e
coul d be due t o mul tiple factor s, includi n
durati on) and DNA extractiChmapkwe&ds 3aTmer € xt otk
fungal / bacteri al DNA speci fi d-bkyiste, bwvahcitcehr inaa W

ki tChiamptmear ®Mot have been able to do. The diff

17



also simply be due to having diff eWwheimte | ndi
changes were observed for the composition
highlighting that 16S r RNA gene sequencing
absolute guanti fication. Despite alnges obse
Henningsen et al. (2024) saw an increase in
16S rRNA gene sequencing coudnslilpooati @ atnshig
than others, however, if translocation of a
similar. Thus, gPCR assays for bacterial DN.

Chaptandandd provide direction for future res:¢

It has also been suggested that sCD14 may ac
role as a r(eCeoespitaoretChbad ptsPaBv03 2b) ncrease i n s
Ex toExPRosbhtut no differences were detected be
sCD14 increases in respofkaendmaaehe,gtittati. 4 PabI9
increased by i mmune arcc iarsdTadhFalgiE Mdarnys knme deita tac
2011)Thus, sCD14 does not exclusively indica

influenced byl pdssirblnye dd xahtiolristi ng si mil ar p

physiological stress, such as |l eukocyte coun
The <causesi nodfucexdergeuitsedamage, which can | ead
el evated permeability, typicalDoykliandenlyu deet ealle

Ghul am Mohyuddi mr edtuceld. ,s pd2 H2U)H uiwd sihleovad eft | @

van Wi jck,etanal mech@hbhdRsctaa estt rags.s, a 2Madr7e ¢ omp |

review of t hee arpd.celrani sms, see
MFGM has drawn interest as a potenti al nut
components. This incl udesES8I, acat gdhoetreiim, oal spoa |

17



abundance in MFGM t hianf Ipoomma&tsesreys praocp e@rutsi eaant
the removal and cl éaDanhetl afeaCept gt @O0 T dhlel s
barrier may become apoptotic as a result of
as exercise or iOWNé@mmait oe tyH aavioenvdei r2,0 babpgso pt ot i
a oOoweak linkdé in the gut barrier, resul ting
undesirable contents gaining passage across
these cells isBnt@ainricreg siihtye dtoirnarna homeost asi
significant rol e i n t his. Lactadherin has
tight/ adherens junction (ESheri at. e3Ad ro;mxpS0 tWee)
mai ntenance of intestinal <cell homeostasi s,
al so provides greater protection against | ar

gut barrier.

MFGM is rich in dietary phosphablenpefdisc,i aMh iecfh

It has been demonstrated that MFGM or indivi
can increase epithelial barirdgteancfeu)ncan dnt i(gh
expr e(slsiiaonng et al ., 202Th;e Mielcahrach i estmsa lu.n,d e (1l !
are not yet fully elucidated, but it has be

the production of SCHsAcuwiea itah e isrucehf faesc tBsi fa nd c
(Feng et al ., 2025; Gong et al.,SE€BR4; akKe slkne
to possess various proper(tlieus etth aad ob,en2d0fi2rith g

be made betweemetdhateglos pmkoleiapiedi n SCFAs and

gut function and iIintegrity.
Lastl vy, phospholipids are known as membrane
me mbr anes. Phospholipids such as PC have sho

membr ane of enterocytes &Kdl canbarfd eé&ti naler |

17



phos

it i

pholipids are implicate@d@Ammeadbl i st etictal

s plausible that the delivery of phospl

suppl ementation, may promote the upkeep of

and

functi on.

To summé&rhiapd , anddMBGM e monstrated its potentia
i nduced increases in gut damage and per meabi
components such as | actadherin and dietary g

on mai nt ai muitng napetgirmaly. g Recog mmalinreg rteheat s pyn

Chap

i1l n

6. 2

The
i mmu
pres
me c h
oxid
i mmu
posi
prev
part
i ndu
not

i mpr

tanSiof4 this thesis explored the infl uenc
ess susceptibility.
MFGM and I mmune functi on

worChapthewas4 desi gned t o provi de me c h a
nomodul atory effects of MF GM, l aying tt
e nGheadp tjemrwh5i ch f ocused on more clinicall
anistic. The priCharpyt wa 8 t4€&sdMin®mun eaat seudr en ei unt
ative burst, a proven marker of neutroph

nol ogyDasvtissdbinesand Gl eeson, .200MKRGM Jbinsesl aw

tive effects on neutrophil functi on, i
enting a drop below baseline |l evels foll
ially agree with thobBeermfsthown nteo -cmil toisg «

ced depressiofJoheseetrBphudR20dBg\vii men co
shown an ability to inflihegbéighstnggan:

ovement (wiotnkesMREGM al .I,nt2e0rle5s,t i 2@l 4), bovi
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demonstrated other benefits to nédbavoplinl afnua
Di ment, W@WWWi1®OH may provide an idea for future
MF G M.

A common mechanism proposed to influence ne
release of functionally 1 mmat uheaprteatwrdomhi |
di fferences between treat ment arms for tot a
assumed t hat t he benefits seen t o neutr
|l eukocytosis/ neutrophili a. Whi | e t he me c h
suppl ements on neutrophil functions are not
mol ecul ar weight components (< 10 kDa) comp«
coul d i nclude (EWMeortieros et, parpatyo n@2s0s0sle)s s neutro
propegrStuigassawa .etDuarli.n,g 2n0e0u3t)r op hi | pri ming,

oxidase complex transl ocate towards the cell
may sensitise the NADPH oxidase system, al |
sti mulNgtuegyden et al ., 2017)

To accompany celluChapticaarnsiaésdunedi maospsal

par amestadrisvary SI gA and | ysozyme activity. Se
exercise immunology and, i n some <cases, h a s
exercise of a prol@oOhgreas oan d t.Da&wmhusowgsh , n2iQtlu 8 9eh
noted that others have also found that saliyv
of a | onMdgMackckri antniocmn and -FHaororpeefr ,etl 9DBI4Sa |ISaa @7y 3|
is also a clinically relevant mar keirl oawseri t h

SIgA |

evels or secreti on( Tceaemnr niamc reeda sael .URT20 2

2011Q@hnap4, et here was an effect of time for sa

no di f

ferences between MFGM and the placebo

17



SI gA: osmol ality and SChhaAp taeéércsoe siawnnoadef ferl
MFGM and placebo for salivary SIgA responses
rate. It should be noted that saliva osmol al
groups Chapbany 40 they would not have influ
Chapt eamdlagree with some previous research,

influence saliv@€rgpolsgAtraspong2e40; Davi son

al ., ,2QUib)not all, as some have (oCrsoeorkvse deti na
2006; Mero. et al ., 2002)
I nterestingly, one of the previous studies

foll owing 2 weeks suppl emsentaniddrtee il oB@mgien e |

over tMWMeradayyt. allhi,s 2s0l0ggjest s that multiple d

effect, possibly through sustained exposur e
absorption and wutilisation of such componel
comparing ewi tdl Meft22002) i's the placedro use:
macronmatrcbkbetd, thus providing a poor control
Salivary |l ysozyme is yet anot her cruci al C

mechani sm of acthblo+m My dshretiscl leeatvwenggn oNAM and
pol ysacchari de seicwhiiocnh oafr ep eap tcied ol g Fpyackal nt sc v enp |

bact(eFreirar aboschi Uétiamht el 021 his results in

the cell wall, effectively(BadomnngChbhalpsepgah0o I
4dandmeasured salivary |l ysozyme activity throu
Shugar (1952). Neither study detected any cl
bet ween treatments. The | iterat urce nftoers tdeadi,r yf

instance, while benef ihaibeele pepfo{r&leevds son kodi De

2010)others have foupdomes se.ignf ifciacnaski0dlebrhapt ai cotr
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comparisons is the analytical met hod empl oy
colostrum quantified salivdmbDuviiyvyosmnzyvma O Mee
Jones et, Cala.p,t eeere8Bleddpl oyed the aforementi one

Consequently, comparisons to the previous st

It has been suggested that activation of t he
various i mmune functions, i Ochudgne@tatniadd s e 12
mucosal( Usauwit oerts &lor, th0k1 )y eason, the cortiso
was mea€baptdeifThere were no changes in pl asm:é
bet ween treat ment s, which was wunanticipated
foll owing sim(Davieweaeretsal bou07; HDaveiveon

this almost certainly occurred due to timing
experi menChhptteamkd spliance at 09: 00, wiitthhe s o me
timing of thetsewakemilsgweCerci osk f olhli gWws a

|l evel s upon wakening, a td4@nmienandutbgeni a

decline over t(hfed afnoleltowa Bign sheouirdsnt | y ,-Exi t S

samples were taken during a peExodawmpiteat ur
taken when the diureffdlecltewelly Rkadhcadeédli inme d u
(skiegtl) e Previous studies have avoided this

(Davison et al ., 2007; Bawesgsen, aadr tGil ®@®ls owa
measu€Cbhapovaenrd 4 he subjects were already requi
ti me, it was deemed an acceptable I imitation
|l evel s bet ween MFGM and placebo arms sugge.

functions were not a resul t of HPA activati on
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Diurnal cortisol

VAR
\
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\
/
f \
Cortisol g Chopterd A
. cortisol
concentration [
I
| \
I ~
Cortisol exercise ~ -~ ~
l response ~,
I S o -
Exercise time point Pre-Ex Post-Ex 1 h Post-Ex
Time of day Awakening +4h +8h

Figure6.1. Schematic representation of Chapter 4 cortisol response, diurnal cortisol rhythm and typical cortisol
response to exercise.

So far, this thesis has demonstrated that MF
i mmune functions. Yet, a more clinically rel

protecti on Ghgaapitnasntds odb g hesso address this que

incidence, duration and symptom s e harpittey, 4t h
and no illnessésapwee® REFésowded. measured vi a
cold que(sta oksan reendapathadaggés8)detection in o

which saw a detection rathe dfil) 106l%wemeswahboc
in URTI incidence, duration or symptom ratin

for Jaeksbnem= URI)I sandndaswabhi ed= URINI.s Ther
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were also no differmemncéed) iand abuadtuesrr3Hai;in o(vi r

infleme=nz28) | oad between MFGM and the pl acebc

These findings were unexpected following the
in previous chapters and they contrast with
colostrum has been associated wWiythéddmhresecadtU
al .,. 2wWHi4dl)e research directly investigating
infant studies provide supporting e(vTiidrebnyc e,
et al ,, reodpb)ator(yLiadeteraed ,efveldn i9l)\ee egqeimamnd e

Wauters et al., 2012)

The | ack oThafpiteedrensggs pedayned by the placebo

el evated | evels of PC, PE T®Bmids Pwa sd ueo ntfoi rnmaer
subgroup analysis of red blood cell phosphoc
foll owing 4 weeks of suppl emeSti aatcieo rp hiors plhotl t

are proposed to be a key component of MFGM
that the placebo also providedfactite®vert MF GIg
examine this further, an ee&hm@mlpdreactodmpya rainnag yJsa
URTI parameters with those of another study
and at t h(eDasvanseont iemeAabupg202Pbpnal ysis of el
part from January 2024 to May 2024 revealed

score wereChaweeohdr tt,hesuggesting that the |

degree of support. Following the positive fi
composition provides a | ogi caQh aepxtgelsZEZmbat eon f
6.1) .
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Table6.1. Comparison of placebo supplements used throughout Chaghers 3

Chaptet Chaptet Chaptet
Energy (Kcall/40 g) 146 170 159
Carbohydrates ( %) 2 3.6 Not det e
Protein (%) 92 67. 4 70. 2
Fat ( %) 0.4 14.3 11.33
Total phdsghagl ipids 3.1 12. 4 40. 8
Sphingadmgdlgi n 0.9 0.0 0. 0
Phosphat i(dygicgh ol 0.8 3.8 19. 3
Phosphatidy({eagha 0.7 1.4 5.8
Phosphat i(dyglkign os 0.2 3.2 8.7
Phosphat{aogtgeri 0. 3 0.0 0.0
Ot her and Mmimghg 0.1 4. 0 9.9
6. 3 Practical i mpl i cations
This thesis conducted a series of i nvestiga

which had previously demonstrated promising
tested overrrmotathds inmmtgppl ement attihoen fwoiltlho wN K

practical i mplications have been identified

1.Shetretrm suppl ementation with MFGM can hel

increases in gut damage and permeabil ity
exercise. Due to the potentially har mful
perf o mamdk health, these findings may be

practitioners within sport.
a.These findings were demonstrated witd|

el evated gut permeability, commonly re

18



i n vari ous clinical conditions, par

infl ammatipomt ecthhe veputef fects of MFGM ma

for these populations as well, althou

confirm this potential application
2.Shetretrm MFGM supplementation increases r e
mitigate the drop in neutrophil function
heavy training | oad are known to substan
suppletment may hold practical rel evance
training or | eading up to competition, wh
3.MFGM was delivered in the form of a whey
widely used in sport nutrition. This deld.
incorporated into the diet easily,emaking
and heal t hy i ndividual s. Sport nutriti
incorporating MFGM into such products, pr

in a way that maintains convenience and f

6.4 Future directions

Foll owing the positive r@mbadtteand f8 tMFBadMy olme Gu
to examine whether these effects hold up unc
are known to be temperature dependent, so f
of MFGM on maintaining &lericntseegriint yt hdeu rhienagt .|
such benefits would be particularly relevant

mar at hons and tour cycMFGY asdacomajdrfgut heu

Further i nvestigation into the GI effects o

mi crobiota. There is strong existing evidenc

18



influence the microbial community in the gut
to exhibit numerous GI, immune and infl ammat
l omgrm effects of MFGM on GI f um@gteiso nisn, tahle

mi crobiota to occur.

Foll owing theChapetandhapgt,®nmshdei n mportance of

bacteri al |l oad i s apparent. The use of 16S r
relevant for providing insights into whethe
ot hers. Howeveers i sas 1s6eS& nr RNA tgheinse tshequencing
if the composition remains the same. Theref

rRNA gene sequencing witchi fgPRCRhagaamaulfd cpt ©

compositional anal ysis of al | bacteria and
pragmatic to use the 16S compositional analy
Chaptaremdnstrated that MFGM possesses I mmu
neutrophil oxi dative burst. Given the comp
colostrum in this thesis, it may be prudent

col ansthms demonstrated favourable effects t o,

As mentionedChtpeéwseried dumagnst iicni pated and wer e

placebo providing a | evel of support. Ther e’
woul d be beneficial to conduct another inve
Il i mitaaddnsesaed. Logically, the first consid
pl acebo, mai ntaining the ener gy and macr on
bioactive effects. Indwotultdha |l powdre g@malgmait s

of URTIs rather than number of participants,

URTI moni toring research. The final key con:

18



i nclusion criteria, ensuring al |l participal
inst@mazetreeq i red al l particvpgotesusoegrgagse

h a week, but this did not specify the type

woul d be useful to conduct an i nvesttihgeitri on
greater risk of illness, and if needed, empl
There I s research to suggest that prior inf
increase the risk of URTI s. Therefore, futu

relationship between MFGM and EBsV afefreocsttsat Wk
incidence or sevediirteycd uBlaadot her appbmcatngn of
mar ker s. As highlighted, there is a demand
i mmunol ogy, and the use i@arsenNsi mMavkeysrespao
|l i ke DPCP, may provide an insighttiimdg oi mrhene

def ence.

6.5 Conclusions

Previous research has indicated that MFGM ma
particularly in relation to GlI and i mmune f 1
the |iterature regarding theowrd$fewhisclofamM&EGM

confirm the potewotilad ed6hdctsonsder real

The collective findings otfertnneMRGM s3 sp pd eemmoen

protects the Hhionsdtu caegda ignustt deaxneargcei saend mi ti gat

gut permeability folChapwt em4lsd8renubesf exet cr ¢
control trials assessing the effects of MF (
established MFGM as a promising nutraceutica
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integrity are |likely mediated by the bioactdi
and dietary phospholipids. Building on these

t he.pgotective properties of MFGMsapredtex todn dl

and function, including its effects on the g
Chaptperrovdi ded a mechanistic insight into the
significant i ncreases in neutrophil oxi dati
neutrophil function following prolongaed <cyc
i mmune functions, Whaophewaes paltso tehwei dpersti tiinv e
on Gl and cellular i mmune functions, this d
Chaptelhrseérved no changes i n URTrlatiinncgisd e nHoewe !

the | ack OGhaptmadyi Bppss siirbl y be explained by is

suppl ement wused, although further research i
To summari se, this thesis presents the first
cont ext and assessing these outcomes. These

evidence t he heal t h benefits ofurMF QM saemd clhi

examine its wider roles in GI and i mmune fun
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