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Abstract

The study of saliva for laboratoy analses is an increasing area of researchwith
implications for basicand clinical purposesAlthough this biologicd fluid is easy to
manipulde and collect, attentionmust be direcied to sanple collection and starage,to
methoddevelopmenhandvalidaion andto variabiity evaluation.

The andysis of salva providesimportantinformaton aboutthe functioning of varous
organswithin the body. In this repect,endocrne researh certanly occupies a cental
role. In effect, some hormonescommony meaued in plasma suchas steroids non
steroid, peptde and protein hormones,can be detkectal in the oral fluid. The protein
polypeptide hormones are maybea new analytical approachof the medicine laboratory
but, at presenttime, therearestill too few investgationsaboutprotan andpolypeptide
hormonelevelsin saliva Detectionof steroid hormones is perhapshe mostinteresting
application in salivary hormonal studies. Steroids have often been studied because
salivary-free sterod hormonesseemto refled the serumfree levels. Among of these
steroids, salivary cortisol measirementis today a widely acceped altemative to the
determinaibn in plasma.

In the sectionl of the presentissertationa new ELISA mehodis explained.Reseech
wascarriedout to study andvalidatean assayto meauresalivary free | GF-1 (SIGFI)
in humansalva. The detectionrange,the detedion limit, the imprecision the recovery
and the specficity were evaluated.The pre-andyti cal variation was also studied. After
the method validation, sSIGF-I levelsweremeasuedin sedatarysubjeds andin athletes
(protocol A and protocol C); moreovertwo different acue physcal exercises in two
groups of athleeswere investigatedto assessa possibe effect on sIGFI (protocol B
and protocol C).

The sectionll describesananalysismethodwhich usedthe chromatograic techique.
A SPEHPLC method with UV dededion was developal and validated to
simultaneouslymeasire cortisol (sF and cortisone (SE) in human saliva. The
analytical performancesin terms of detecion range,sensitvity, imprecsion, recovery,
were evalaed. The pre-analtical variaion, with respet to collecion straegy and
storage conditions, was also examined After validation, the sF and sE method was
applied analyzing specimenscollected from athletes, before and after a physical

exercise(protocol C).
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The resultssugget further investigationfrom the laborabry point of view, taking into
accaunt the aspets relatedto the variousforms andthe specfic andunspedfic binding
proteins (for sIGF-1 assay and to other steroid hormonesand relaed metabolites

identifiedand probablypreentin humansaliva (for sF/sEassay).
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Lo studio della saiva nelle analis di laborabrio € un’areadi ricerca in forte crescita,
per le sueimplicazioni nella ricercadi base ma anchea fini clinici. Sebbee questo
fluido biologico sia facile da manipolaree da raccogliere, bisognaporre attenzone ai
process di raccoltae stoccaggiadel campbne,nonchéallo sviluppo e alla validazione
di metodianaliici, assiemalla valutazioneddle variabilita.

L’analid della saiva da importantiinformazioni sul funzionanenb di vari organi del
corpo. In relazione a questo la ricercaendocrinaoccupacertanene un ruolo centale.
Infatti, alcuni ormoni normalmentemisurdi nel plasma, come ormoni steroidei, ma
anche ormoni non steroidei,peptidici e proteci, possonoessereidentificat nel fluido
orale. Un nuovoapproccioanaliticonella medicina di laborabrio e forse rappregntato
dagli ormoni polipeptidici e proteici ma, tuttora, ci sonoancoratroppi pochi studi su
guest ormoni salvari. La misura degli ormoni steroidi, invece rappresentaforse
I'applicazionepiu interesantenegli studi degli ormoni salvari. Spessogli steroidi sono
studiati perchéla concentrazioe salivareriflette i livelli sierici. Tra i vari steroidi,la
misuradel cortisolosalivareé oggi unaalterndiva alla suadeteminazioneplasmatici.
Nella | sezbne viene spiegatoun nuovo metodo ELISA. Sono stat sviluppati test
sperimentaliper studare e validareun meodo per la misuraddl’ | GF-I libero salivare
(sIGFI1). Sonostai studiati il rangedi misura la sensiblita, I'im precisione,il recupero
e la specficita. Inoltre e stata studiata anche la variabilitd pre-anditica. Dopo la
validazionedel metbdo, sono statimisurdi i livelli di sSIGFI in soggeti sedentariedin
atleti (protocollo A e protocollo C); inoltre & stab studido il possibie effetto di due
differenti eserczi fisici (in acuto) sulle concentragoni di sIGFI (protocollo B e
protocollo C).

Lall sezioneprendein esane un metododi analisicheusala tecnica cromatografia E’
stato sviluppao e valicato un metodoSPEHPLC con rivelazione UV pe la misura
contemporaneadel cortisolo (sF) e del cortisone (SE) nella saliva umana. Sano state
calcdate le performance aralitiche (range di misura, sensibiita, imprecisione,
recupero). E' stal consderata anche la variabilita pre-analtica con paticolare

attenzione alle condizoni di raccolta e conservazne del campione Dopo la
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validaziore, quesb metodoé statoapplicato a campioni raccolt daun gruppodi atleti,
primae dopo un esercizidisico (protocollo C).

| risultati ottenut suggerisconaulteriori approfondinenti sopattutto da un punto di
vista labomatoristco, tenendo presentela possibie presena di varie forme e di
specificheed aspecificheproteinedi legame(per sIGFI1) e altri ormoni steroideie loro

metadoliti identificati e probabilmente present ndla salva umana (per sF/sE).
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1. Introduction

1.1 Saliva speimen: a new laboratorytool for diagnosic and

basicinvestigdion

Sdivais a “perfect analysismediumfor hedth and diseasesurvellance. Actudly, to
monitor healh staus diseaseonset and progressin and treament outcome, non
invasvely is amostdesirablegoalin the health caredelivery andhedth research[1-4].
Saliva resarchand studyare highly attractive asnoninvasive analyss method In fact
oral fluid offersnumerousadvantagegl, 4-5]:
o with a salivary specimen,one can collect multiple speimens from the same
individual atthe optimumtimesfor diagnosic informaton;
o salivacollecion without specializedpersonneblnd,with certain devicesis usually
stableatambenttemperaturdor severalweeks;
o saliva andysis is potentially valuabde for children and older aduls, since
cdlectionof the oral fluid with fewer complance problens ascomparedwith the
cdlectionof blood;

o salivaanalysismay provide a costeffective approab for the screaing of large

populations.
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Saliva sampescanbe analyzedfor: tissuefluid levds of naurally, thergeutically and
recreationdy introducedsubstancesmotiond status;hormonalstats;immunological
status;neulogical statusandnutritionafmetabolc influence [6-8].

In spite of all theseadvartagesjnterpreation of saiva assayss still difficult [1,5].

Few studies of nomal individuals, checking for known variabks, such as pH, in
relation to biorhythms and medications have been peformed and so absoluteranges
show variability in differert studies.A factor that could affect the resultsis the saliva

collection procedure since different devicesgive different results.Moreover, using the

same device, standardizatiorof salivary collection has a great importancein saliva
analysis,becaus severalffactorsmayaffectsalvary flow and compositon.

Anothe crucid aspet in salivacompoundmeasurerantsis the usedassay to obtainan
accuate daf, the employed method has to be validated spedfically for the saliva
matix; actualy, thereare a lot of studiesbasedon plasmaassgs “adaptel” for saliva

without andytical performancesevaluationandvalidation.

1.1.1 Salivaproducton

In humans,oral fluid originatesmairly from three pairs of major saivary glands
(panotid, subingual and submandilular) and from a large numbe of minor salivary
glands (Von Ebner glands and BlandinnNihm mucous glands). Paotid glands are
entirely serousglands, since their secréion lacks mucins, whereas sublingual and
submandibudr glandsaremixed sero-mucots.

The salivary glands are composedof acini, in which the initial or primary saliva,
isotonic comparedto plasma,is producel and stored. Through the excreory ducts

secteted sdiva is drainedto the oral cavity: durnng this passagethe concentration of

several electolytes change due to the active ionic transport,which rendersthe oral
fluid its hypotont characterwhencomparedo plasma(table 1).

Salivation stimulus is regulatedby the acivity of the autonomt nervous system:the
serouspartof the glandsis underthe control of the sympahetic systemandthe mucous
part of both parasympathretic andsympatheic stimuli systens.

Saliva composiion variesin relationto the serousor mumuscomponentf the glands.
Saliva componentdavealsoa non glandubr origin, so oral fluid cannotbe consideed
as theonly produdion of salivaryglandsbecausdt aso contansfluids originaing from
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oropharingeal mucose, crevicular fluid, food debrs and blood-derived compounds
(actively or passivelytranserred).

Tale 1: Electrolye concentratioain wholehumanoral fluid andplasma

Inorganic compounds the human . V\(holehumaq Plasma
(mmoll/l) unstimulated saliva stimulated saliva

Na' 5 20-80 145
K* 22 20 4
ca* 1-4 1-4 2.2
cr 15 30-100 120
HCOs 5 1580 25
HPQO,” 6 4 1.2
Mg** 0.2 0.2 1.2
SCN 2.5 2 <0.2
NH3 6 3 0.05

The clearame of compoundgrom plasmainto sdiva mayinvolve:

. ultrafiltration through gap junctions beween cdls of secetory units. Only
moleculeswith MW<1.9kDaareinvolved;

. trarsudationof plasmacompoundsnto ord cavity from crevicular fluid or
directly from oral mucosa;

. selective transportthrough cellular membraneby passivediffusion of lipophilic
moleculesor by activetrangort throughprotein channelqd1].

Healthy adult subjectsnormally produce500-1500 ml of saliva per day, at a rate of

approximatéy 0.5ml/min[1, 9-11].
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1.1.2 Salivacomposition

Inorganiccompoundswhole salivacontinsmainly water,strong andweak ions (Na+,
K*, Mg?, C&*, CI', HCO5, HPOs®) which cangenerateuffer capacity(table1). Many
factors may modify the salivary ionic compostion, furthernore, the composition of
unstimulatel saliva is differentfrom stimulated sdiva. Interestngly, ionic composition
may alsoinfluencetheactivity of organiccomponergin thesaiva|l, 9, 11].

Organicconpounds small amouns of organicnon-protein compounds can be deteded

in saliva; uric acid is one of the most important anioxidant salivary componers;

bilirubin and creatnine are also detetable. Saliva moreove contans also glucose,
amino acids, lipids (choleserol and mono/dglyceridesof fatty adds), fatty acids (a-

linoleic acid and arachidonicacid), lactae and amines (putrescen, cadaerine and
indde) [1, 9, 11]. Salivacontainsalargenumbe of protein/polypeptide compounds and
the recent devebpment of high throughput proteonic approabes has facilitated
progressin the catdoguing of the proteincompositon of saiva (table2) [12-13]. Many
of these prateinscontainhigh levelsof proline andare thereforedesignatd prolinerich

proteins (PRPs) further divided in acidc, basicand glycosylated basic PRPs Histatins
are smdl (3-5kDa) badc histidine rich protans found in both parotid and
submandibudr/sublingualsaliva with ani-canddal effeds. Mucins, the major organic
componentof submandibuwdr/sublingual sdiva, are large glycoprotens consistingof

two major groupsdefinedMG1 and MG2. Other proteins canbe derived from plasma
leakagesuch asalbumin, transferrinandlgG [1, 9, 11].

10
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Tabe 2: Salvary proteins

Origin Concentrations
Total proteins 3g/l
a-amylase 476x191ug/ml
Albumin Plasma 0.2+0.1mg/ml
Cystatins SM>SL 58+25ug/m
Hystatin P 1190+£313ug/m
slgA B lymphacytes 124.3335.3ug/ml
Lacbferrin Mucous>serows 3.7£2.5ugmi
Lysozyme SL>SM,P 21.8+£2.5mg/dI
Mucins SM, S MUC5B:2.4+1.7U/ml
PRPS b Acidic PRPs:456£139g/ml
BasicPRP5:165169 pug/ml
Statherin 36x18pg/m
Transferrin Plasma 0.58+0.20mg/dI

SM=sulmandbular gland,SL=sublirgualgland, P=parotd gland

Moreoverthereis a large variety of polypeptdesin salva whosefunctions in pat,

remainunknown. However saliva is a rich sourceof growth factors (table 3). These

biologically acive proteinsinclude epidermé& growth factor (EGF) and nerve growth

factor (NGF), which are synthegzed by the granubr convolutel tubule cells,

transforming growth factor -alfa (TGF-a), insulin, insulin-like growth factors| and i
(IGF-I andll), transforminggrowth factor - beta(TGF) and fibroblastgrowth factar

(FGF)[14].

11
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Talde 3. Growth factorsidentifiedin humansaliva

Growth  Origin in Human
Factor  Sdliva

SuggestedBiological Significance  Referene

Parotid and Sysemiceffecton skinandgagric

EGF submandibuér glands wound healng processsin vivo [15]

NGF Submandulargland ? [16]

TGE« 5 Malntan_lng _epll_hellal cell groyvth [17]
and implication in woundhealing
Cytoprotective againg

TGFB Submandibular gland gastromtesnal tractulperqtlonby [14]
promotingmucosalepithelid cell
replacement

EGE 5 Malnteparce of mucos_ahealthln 18]
theentireupperdigestivetract

Insulin Salivary glandsor Re_gulalon of amylasesynthess in [14]

blood transport? acinar cells

| GF-I .

and 5 rF]Qegulajon Qf salvary gland [19]

IGE-II omeostas

1.1.3Salivafunctions

Saliva function can be organizedinto 5 major categories that seve to maintain oral

health andcreak anappropriateecologicbalance[7, 20-22]:

1

12

lubrication and protection asa seronucouscoating,salivalubricates and proteds

oral tissues,ading as a barrier againstirritants. The bestlubricaing components
of saliva are mucins that are excretedfrom minor salivary glands.Mucins also
perform an antibacterial function by selectively modukting the adhesion of

microorgansns to oral tissuesurface.

buffering action and clearance sdiva behavesas a buffer systemto protect the

mouth from colonizaton by potentialy pathogenic micro-organisms and
neuralizing and cleaning the acids produced by addogentc microorganisms,
preventingenamé demineralizationThe carbonc acid-bicabonatesysten is the
most important buffer in stimulated salva, while the phosphat systen is the

prevalent buffer in unstimulatedsaliva. In sdiva fluid is also presenturea,
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produed by aminoacid and protein meabolism. Urea influences pH releasing
ammoniaand carbondioxide when hydrolyzedby baderial ureases. More than
90% of the nonbicarbaate buffering ability of saiva is attributed to low-
molecularweight histidinerich-proteins(HRP).

3.  mainenance of tooth inteqgrity: sdiva modulates the demineralizatia and

remneralization process.The main facors controling the stablity of tooth
ernamelarethe active corcentrationsof free ions, namely calcium, phosphateand
fluoride in solution andthe salivay pH. Staherin, a sdivary peptide contributes
to the stahli zaion of calciumandphosghatesdts in solution, serves as alubricant
to protectthe tooth from wear and may initiate the formation of the protective
pellicle by binding to hydroxyapatite.

4. antibacteria] antiviral and antifungal acivities salvary glands are exocrine

glandsthatsecrete fluid containingimmunobgical and nonimmunologcal agents.
Immunolodcal conents of salivainclude secrery IgA, 1gG andIgM. Secrebry
IgA is the largestimmurological componat of saliva: it can neutalize viruses,
bacteriaand enzymetoxins. Nonimmunologcal antbacteial sdivary conents
such as proteins, mucirs, peptdes and enzymes (lactoferin, lysozymesand
peraidase)help to protectteethagainstphysicd, chemcal andmicrobial insults.
Proteinssuchas glycoproteins statherirs, agglutnins, histidine-rich proteinsand
prdine-rich proteinswork to aggregatéaceria

5. tasteand digestion the hypobnicity of saliva (low levels of glucose,sodium,

chloride and urea) and its capacity to provide the dissoltion of substaces
erhancesthe tading capacitydue to the presenceof protans and gustin, which
binds zinc. Saiva is reponsiblefor the initial digestionof stard, favouringthe
formation of the food bolus. This action occursmainly by the presenceof the
digestivea-amylase(ptyalin). Salivary enzymesalsoinitiate fat digestion.More
importantly, salva servego lubricatethe food bolus,which aidsin swallowing.

In figure 1 (Amerongern2002)the mainfunctionsof salivain relaion to its constituents

arerepresened

13
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Gustin {carbonic anhydrase)
anq
Water

Cystating

Histatins . Mucins
VEGh  |Lacloperoxidase Immunoglobuling
SLP| Immunoglabuling SLp|

Chromogranin A Histating  Chromogranin A

\
/ Immunaglobulins \\
,
A

Figure 1. Schemadt presentationof the mainfunctions of salivain relationto its constituents

1.1.4 Salivahormones

Some hormonescommonly measired in plasma,suchas steroids, non-steroid, peptide
and proteinhormores, canbe detectedn the oral fluid [1, 23]. Cathecolamines canbe
recognizedn salva rangirg from 250 to 800 pg/ml, but therr origin is unclear.They
seemto originake by diffusion from serum,but thereis also an amount of salivary
cathecolamineglerived by direct releasefrom sympabhetic nervous termnations, so
their concentration is poorly correlatedwith that of plasma[24]. Little is known about
thyroxin andtriiodothyronine levelsin sdiva. In prdiminary studiesthey weredetected
and their salvary levelsseemto correlatewith plasmaevds [25].

The protein polypeptide hormones aremaybea newanalyical approach of the medicine
laboratoy but, at presem time, thereare still too few investigations about protein and
polypeptide hormonelevelsin saliva. Growth Hormone (GH) hasbeen detectedusing
an IRMA methodin salivain 51 heathy individuals. Sdivary hGH coneentrations
(8.6t11.1 pU/l) were 1000fold lower than the respetive valuesin seum (16.4+23.3
muU/l), but a clear correlation was found beween salvary and serum hGH levels,
suggesing a passive diffusion of GH from plasmato saliva [26]. Other protein

14
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hormoneshave been detectedin saliva sud as prolacin [27], mdatonin [28] and
Insulinlike Growth Factorl (for detailssee below).

Detectionof steroid hormones is perhapsthe most interestingappication in saivary
hormonal studies. Steroids have often been studial beause saivary-free steroid
hormones seemto reflect the serumfree levek [29-30]. Table 4 outlines steroid
hormones measued in saliva specimens.Among these staoids, salivary cottisol
measuremsat is todaya widely acceptedalterndive to the deteaminaion in plasma(for

detailsseebelow).

Talde 4. Steroid hormonesietectabléen humansaiva

Methods Concentrations
Androstenedione
DHEA ELISA
DHEAS ELISA 291.21+294.8pg/m
Testoserone ELISA 140.30£154.1%g/m

17a-OH progestrore

Lutealphase 436+34pmol/l

Progesterone RIA )

Fdlicular pha®: 22.1+2.7 pmol/l
Oestradiol RIA Luteal phase20.6:0.4 pmol/l
Aldostegone RIA 138475pmoll

RIA, EIA, DELFIA,

Cortisol HPLC

1.1.4A SALIVARY FREE INSULIN-LIKE GROWTH FACTOR | (SIGF-I)

The IGF family elemers consst of three ligands (insuin, IGF-1 and IGF-II), three
specific receptoryIR, IGF-IR, IGF-ll/mannose6-phosphat recepbr) and six specific
binding protensfor IGF-I, namelylGFBP16 [31].

IGFI wasoriginally identified asa sulfaion factor, stimulaing growth of cartilage,and
as a hypoglycaenic agent,which could not be neutalized by insulin antibodiesand

therefore wasnamed“non-sugpressble insulin-like adivity”. Theterm“somaomedin”

15
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was coined to reflect the ability of the substane to medide the effects of GH.
SomatomedinC wasidentified asthe GH-responsivdorm andlater IGF-I was shownto
be the somatonedin substanceToday, IGF-I is consdered as a true multi-potent
peptide, affecting cell proliferation, differentiation and apopibsis, tissuegrowth and
organspecifc functions throughoutthe body. Actually, the ubiquitous expressionof
IGFIR indicates that virtually all tissuesare responsiveto IGF-l. The original
somatomedinhypothegs evolved: from an initial proposalin which GH contols
somaticgrowth by stimulatingthe liver prodwction of IGF-I in 1950’s,now it became
clear thatsome localtissueaswell asliver producelGF-I andthatthereare directeffect
of GH, meadiated by the GHR and not involving IGF-I. Theseobsevations suggsted
that GH had both direct and indirect (via IGF-1) effects on growth and emphasized

local,autocrne/paacrineactionby IGF-I [32].

In circulation,IGF-1 is preentin threedifferentfractions: a free fraction (<1%), binary
complexes with IGFBPs and ternary conplexes with IGFBP3 and ALS (add labile

subunit) in which morethan95% of circulating IGF-1 is bound[33]. Initially, levelsof

serum IGF-1 were determinedby bioassaydasedon cartilage or fat cells, but due to

their lack of specificity and/or laborious nature, these methods have been almog

completely abandonedfollowing the introdudion of specfic immuno&says.Serum
total IGF-1 remans the prevailing measurerant in most experimentd and clinical

investigations: the employed immunoassayusualy non competitive immunoassay,
necessitateda sample pretreatmemn to remove or neutalize the influence of the
IGFBPs; the most commonly used treatment is the acid ethanol extraction.
Alternatively, acidification (to dissociae the binding betveen IGF-I and IGFBP9

togdher to the addiion of excesdGF-1l (to saturde the IGFBPs)canbe employed[31,

33-34].

The developmenbf assysfor free IGF-1 hasalowed studiesof whether serumfreeor
total IGF-1 yieldsthe bestpictureof IGF-1 bioadivity in vivo. There are seveal studies
to indicate the importanceof free vs total IGF-I in shortterm dynamic metabolic
changesbut also in long-term steadystate changesof human physiology (like linear
growth) [31, 33-34]. In particularit wasdemonstrad thatfree IGF-1 is responsibldor
the negativefeedbackon GH pituitary secetion [35]. Early methodsfor determination

of free IGF-I were basedon neural sizeexclusion chromabgrghy, neutral high
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pressure liquid chromatographyand reversephasechromaography, althoughit was
widely acknowledyed that chromatographylistoried the equilibrium betveen free and
bound IGF and grossly overestimatedhe levds of unboundpepide. At present there
are two appoactes to determinefree IGF-1. The first includes ultrafiltration by
centrifugation,followed by a sensitivesandwich immunoassg (UF free IGF-I). This
techniques extremely laboriousandnot suitéble for routine use. Therefore, the second
approachforeseesa direct sandvich immunoassayasal on anibodies sad to be
specific for unboundIGF-1 (IRMA free IGF-1) [31, 33-34]. The compaisonof the two

assaydor free IGF-1 hasshown thatconcordantesuls are obtanedin somne conditions,
whereadn othess the differenceis striking (table 5). The mentioned studiesindirectly
show that pituitary GH secretionis feedbak reguldaed by free rather than total IGF-I

andthisis in agreementvith Chenetal. [34-35].

Talde 5. Changsin UF free IGF-1, IRMA free IGF-I, totd IGF-I andendogenou$sH

secretionin variousphysiologicalandpathaephysiologcal condiionsin adultsubjects.

IRMA

Study group GH' UF free free Total
secretion  1GF-I | GE-] |GF-I
Healthysubjecs-increasingage ! ! U !
Healthysubjecs - GH treatment ! 0 1 1
Acromegaly 1 1 1 1
GHD ! ! l l
Short-termfasting 0 ! ! PN
Obesity ! 0 0 PN
ObesityT2DM ! N o] o
T1DM ) ! ! !
ChronicRenalFailure 1 ! /1 >
AnorexiaNervosa W ! — !

| reduced,—~ unchanged? increased
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Early edimatesof free IGF-I levels were given from studies of salivary content of

|GF-1. Neverthelesspnly a few studieshavemeaurel sIGF| providing interestingbut
not homayeneousresults. sIGF-1 conentratons, measuredby a RIA technique
demongdratedan averageof 0.52+0.37ug/L (70£50 pmol/L) in an equally distributed

maleandfemale nomal populationfrom birth to pubety [36]. WheherRyan'sanalysis
method measuredhetotal or free IGF-I forms, or not, wasnot discussedHalimi et al.

measuredsIGF-1 in healtty male and femake voluntees (age range 23-54 yeas); a
group of acromegaligatients(29-62 yeas old) was alsoinvestgated. The analysiswas
carried out by a RIA methodand saliva levels rangedfrom 2.3 to 26.9 ug/L (307 to

3587 pmol/L) and the concentations were found to be increaedin the acromeglic

patients [37]. Anotherstudy[38], de<ribing the IGF-I analysisin saliva, meauredthe
free fraction of this hormone. A RIA technique was employed. The aveage
concentrationin saliva collectedfrom normal individuals was 2.3+0.3 pg/L (307140

pmal/L); as expeced the concentrationsn sdiva collected from aaomegaic and GH

deficient paientsdemonstratethigh andlow leves respetively. A correldion between
salivary and plasmalGF-I levels in all the patients and control subjects was also
measuredThe above mentionedliterature did not demonstree homog@eousresults,
but the used methods,in particular disparée antibodies, labelled and/or labelling
antigensandexperimentalconditions were differentin eachwork. Moreover, the three
studies were not comparablein term of subjcts, age and other anthroponetric data
(tade 6).

To as®ssthe origin of sIGFI, investigatorshave admhisterel *2°-IGF| intracardially
into rats, followed by gel chromabgraphyand SDSPAGE analysesof plasmaand
saliva sampes [39]. Resultsobtainedshowedthat IGF-1 was unable to crossfrom the
plasmathrough to saliva,suggestinghat IGF-I in rat salivais producedlocally, like the
other growthfactors[40]. In situ hybridizaion reveakdthatIGF-I mMRNA was localized
primarily in the granularconvolutedtubule cdls of the gland [41]. Evidencethat a
functional IGF signallingpathway is presat in saivary glandswas provided by studies
showing that IGFI receptoris presentin rat gland [42]. At presentmary issuesstill

have to be resolved,such as the precisemoleaular mechanismsrespondle for the
reguatory rolesof the IGF systemin oral biology andthe potental interactions of the
IGF systemwith othersigndling systemsjncluding the extracellular matrix and other
hormonesand growth factors[19]. Recently, Shpitzer et al. demonstratd significantly

higher concentrabnsby 117% (p=0.03 in paientswith ord squanouscdl carcinoma
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(OSCC) conmparad to healhy age and gendermatched individuals. The authors
suggestedGF-I asthe growmh factorthatplaysan importantrole in OSCCpahogenesis
[43].

Tale 6. Literaturedataon sIGFI

SIGFI -
Study group Serumtotal IGF-| Reference
Hg/L Ho/L
327 normalsubjedts (1day20yr) 0.525+0.375 - [36]
13 healthyadults(23-54 yrs) 5.4+2.6 176+42.9 (37
17 acromegalcs (29-62 yrs) 10.55.69 520+98.8
14 normalsubjeds (31+5yr) 2.30.3 315.(:26.6
5 acromegatis(43yr) 17.246.3 494.8:58.0 [38]
15 hypopituitary subject§13+6) 1.3t0.2 50.3£17.5

1.1.48 SALIVARY CORTISOL (SF)

Cortisol (F), the principal glucoorticoid in humans,is synthesized from cholesterolin

cells of the zona fasciculataof the adren& cortex. Its release into the systemic
circulation is pulsatile and pulse ampitude varies acmrding to a distinct circadian
pattern. Serum glucocorticoid concentrationshow a 3-5 fold change over 24h, being
maximal just waking and decliningthereafterto reacha nadir earlyin the sleepphase.
Cortisol is alsoreleagdin respons to physical andbr enmotiond trauma The circadian
and stressinducedsecretionof Cortisol is regulaed by the hypothabmao-pituitary axis.
The hypothahmusrespondgo adversecircumstances, be they physica or emotional,
and circadan factors by activating the final common pahway to glucocorticoid
synthess. The first step is the release of two hypothdamic neurohornones,
corticotrophinreleasing hormone (CRH) and arginine vasopressi (AVP) from the
hypothalamugo the anteriorpituitary glandwhere they act synegisticaly via specific
receptorsto trigger the releaseof the adranocorticotropht hormone (corticotrophin,
ACTH) from the pituitary corticotrophsanto the sysemiccirculaion. ACTH in turn acts
on the adreral cortex to initiate the synthesis of Cortisol, which is releasedimmediately
into the systenic circulationby diffusion. The sensitvity of the hypothahmo-pituitary-

adrenocorical (HPA) axis to incoming stimuli is modulded by a negdive feedback
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systemthroudh the sequentl releaseof CRH/AVP and ACTH from the hypothalamus
and anterio pituitary glandis suppresedby glucocortimids thensdves [44]. Cottisol

exents its acions via 2 intracellular receptos which bdong to the nuclear receptor
supafamily and regulatethe transcriptionof target genes leading to the well known

anti-inflammabry actions The mineratorticoid recepbr (MR) has a high and

approximatelyequalaffinity for cortisol andaldosteone;it hasa restrided distribution,

being localized mainly to the distal renal tubule and other cdls/tissues concerned
Na'/K" balarce (e.g. sweat glands, parotid glands and colon). The glucocorticoid

receptor(GR) hasa lower affinity for Cortisol, butis glucorticoid sekcive anddoes
not bind aldosteroneGRs are widely distributed in the body [44-45]. Probaby, the

most important factor regulating the acess of endogenougylucowrticoids to their

receptors(GR or MR) is the local metdolism (pre-receptor metabolsm) within the

target cellsthemsebesby 113-hydroxysteroiddehydrogenasgll B-HSD) enzymes.11

B-HSD catalsestheinterconversiorof cortisol (F) andits inactive metaboite cortisone
(E). Two distinct isoformsof 11 B-HSD hawe beencharacterizedtype 1 and type 2

[44,46). Their propertiesaresummarizedn table 7 [47].

Tabe 7. Comparisorof 11 B-HSDtype 1 andtype 2 enzymes.

11 B-HSD1 11 B-HSD2

Molecularmass 34kDa 40kDa

o invitro bidiredional
Enzymekineics = _ Only Dehydrognase
in vivo mainly reductase

Affinity Low (Km-uM) High( Km-nM)
Cofactors NADP(H) NAD™
Distribution Widegread Discrete
(liver, adiposétissue ,mature (reral tubule, sweatglands
brain, vasculaure) salivary glands, colon,
devdoping brain, placenta,
vasailature)
Function suppliescortisolto GR protects the MR from cortisol

Cortisol analysiscan be carriedout in serumfrom blood, urine and sdiva specimens

[48]. The laborabry analysis procedues caried out to measure cortisd in the
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mentional three different fluids use immunoassgs methods and chromatographic
techniquesSerumtotal cortisd measirementsare performedby various methodslike

colorimetric and chromatographic mehods other are ligand assag like
radioimmunoasay, competitiveproteinbinding assg, andnonisobpic immunoasays.
Non isotopic aubmated immunoassayprocedures for cortisol, employ enzyme,
fluorexent, or chemiluminescenimedated reactions. The plasnma cortisol values
obtainedby animmunoasay shoud not be diredly conparedwith thoseobtained by a
different assay procedue becausetotal plasma cortisol concentréions are assay
dependent.Then, healthy referencerange values must be ddfined for each method.
Methodsfor assayng serumfree cortisol are complex time-consiming, expens/e and

generallyrequire ultrafiltration, equilibrium dialysis or steadystae gel fil tration. No

kit for the direct measirementof free serumplasmacortisol is availableat this moment.
Free cortisol is usually calcubted from measurerants of totd cortsol and plasma
cortisol binding globulin (CBG) binding capaity or total cortisol and CBG plasma
levelsby Coolens’method[48].

Mostlaboratoris routinely useautomatedmmunoasaysandapply the sane procedure

used for plasna to analyse cortisol urine levek. Assayswhich measureurine free

cortisol directly, without samplepre-treament, are subjeted to interferene from other
steroidsandtheir conjugatesvhich maybe present in urine at high conentrdions. The
effect of these interfering substancescan be significantly redued, athough not
completelyremoved,by organicsolventextraction of the staoids from the urine prior
to measure urine free cortiool levels Therefore the sanple pretreatment is
recommendeavhenusingcommerciaimmunoassgakits. Dueto interferencesbetween
steroidsandcortisol metabolitegpresentn urine, the resuts obtainedon urine samples,
dependingon the immunometricmetha used, are highe thanthoseobtained by more
specific methods such as High-Performane Liquid Chromabgraphy (HPLC)
techniguesFor this reasona more appopriat term for resuls obtaned by automated
immunoassaylatformsis “urinefree corticoids” [48].

sk measirementis todayawidely acceped aternative to the deermination in plasmaor
serum:sincethe adrenalcortexis responsiveo stressyenipunctire for blood collection
can lead to an iatrogenic increase of plasma glucocoricoid levels. From this
perspetive, the stressfree salivary cdlection for F measuremet has an advantage
comparedto plasma,especiallywhena F measurerant hasto be achievel in children.

Salivary-free F concentrationslo not seento be dependenbn saivary flow rate [1].
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sk detamindion is basedon the assumptiorthat sF is a reasonald reflecion of HPA

axis function. Indeed, in the diagnosticseting, sF levels paralel thosein plasma
following ACTH and CRH stimulationandfollowing execiseinducedstressHowever,
the correlaton of sF with total plasna F is confounde by the presenceof

corticogeroid-binding globulin (CBG) in plasmaandF is largdy saurated up to 500

600 nmol/l. BesidessF correlatedetterwith measureglasmafree F thantotal plasma
F [29]. Thediurnalvariationof plasmaF correspond$®y similar changes[49] in sFand
hencetimed sF hasbeenused in a diagnosticseting. Early morning sFis usefulasa

screeningtool for adrenalsuppressn. Recently, therehas been consideableinterestin

the use of night time sF for the initial saeening for Cushng’'s syndrome,even if

repated cutoff valuesdiffer considerablyMethodological and stendardisatn issues
are likely contribubrsto thes differencesDetaminaion of F in salivahasbeen caried

out mainly by immunoasay anddiff erentspedficitiesof F antibbodiestowardscortisone
(E) areanimportant sourceof reault variabiity. As previouslymentioned the salivary
glands have abundant 11 B-HSD2 acivity: 11 B-HSD2 is an uni-directiona

dehydrogenaseonwertingF in E and,asa consegence saiva, unlike plasmahasup to

3 timesthe level of E comparedo F. Depending on the relative crossreactvity of F

antibodiestowardsE, there could be quite differentvaluesof sF measuredby different
immunoassaysOther techniqueshave been caried out to solve this problem: HPLC

with UV detetion, but alsowith laserinducedfluorimetic detedion andwith tandem
massspectomety havebeenemployed[29, 50].

Over the methodologicalvariation relating to applied laboratoy techniques,ther are
othe sources of variation in sF meaurenens. A crucial factor affecting sF

concentations is the collecting device. The more used collecion devie is the

Salivette®, that hasan absorbenmaterialin which saliva is collected. Thereare three
types of absabent materials, cotton and polyester and polypropylere and studies
repated different realts in sF measiremens aacording to the different material.
Moreoverother collectingdevicesexid, with or withoutabsorbenmatrid andalsoin

this casejnvesigators describedifferencesn sF measuremets. Soit is recommended
to usethe sane collectingdevicethroughouta study or studes[50-53].

Above the methodological aspectsbiological causesfor sF variations are repoted

Biological factors independently of individud choices (diurnd sF profiles, within

subjectandbeweensubjectvariation,seasonbvariation andeffects on ageandgende)
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and biological factors dependent on individud choiaes (lifestyle choices diet,
medication,smoking, alcoholandphysicalacivity) affectsFlevels[50].

Few studiesexist on salivary cortisore (SE) and on the simultaneousmeasureof sFand
sE [54-55]. The possbility to determinateE and F in salivacan sugget 11 B-HSD2
activity through the F/E ratio. Jerjeset al. investgated the diurnal paternsof sFandskE
in controlsandsubgctswith chronicfatiguesyndromg CFS): sEdiurnd rhythmsimilar
to thatof F wasfound.sFandsElevelsin CFS syndrone werelow comparedo healthy
controls Theratio of sFto sE remainedconstant throughoutthe daywithout difference

betweenthe groups[55].
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1.2 Insulinlike Growth Hormonel and CortisoVCortisone:

Clinical Applicaions Useand Abuse

1.2.1INSULIN-LIKE GROWTH FACTOR | (IGF-I)

IGFI is a growth hormonedepenént growth factor producedin various tissuesbut
predominartly in the liver. IGF-I circulaes boundto different IGF binding proteins
(IGFBP 1-6), which are regulatedby GH to varying degrees IGFBP-3 is the most
biologically important of these IGFBPs IGF-I levds are also dependnt on other
hormones including sex steroids (which may contribuie to the age-dependent fall in
IGFI levds), thyroxine (hypathyroidism is asso@ted with a decrase in IGF-1),
glucocorticods (associatedwvith an increasein IGF-1) and insulin that is the major
reguator of the liver’'s ability to synthesize IGF-I. Moreover other physiobgical and
biochemicalvariabkesregulatel GF-I secréion, suchasnutritiond status(asillustrated
below), physical exercise(see next chaper), age gengic factorsand cytokines[56].
IGFI actsnot only asa mediatorof the growth hormoneacion but alsopossessa GH
indgpendentaction. IGFI plays a pivotal role on postnaal growth (a GH-dependent
actions) and on prenatal growth and on a reproductve fundion (a GH-indipendent
action) [32].

1.2.1a Clinical Applications
IGFI, usualy thetotal circulating form, is frequently analyse to assessthe clinical
impact of disordersof GH secretionandto monitor the responsedo thergy in patients

who havethesedisorders.A first clinical application is the GHD in children, and,in

particular, IGF-I is analysedin short children to sdect individuds who requirea GH
stimulation test. IGF-I measurement is not a stand-alone test to diagnose GHD
definitively becausea level within the normal rangedoesnot exclude this diagnosis

Instead,low IGF-I valuespredictthe presene of GHD in aduls with 95% accuracy,

even if a “normal” value does not exclude the diagnoss. The degree to which a
“normal” valuewill leadto a falsenegatve resultdependson the ageof the patientat
diagnosisand the chronologicalage at the time of testng. Another appicaton is the

predction of growth respons after GH therapyand a postive correlationbetweenthe

changesn growth rateandthe changesn IGF-I is reportedIGF-1 measuremets found

their greatestusefulnessn monitoring GH therapy in adults to avoid side effects. In
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generalf sideeffectsdevelop the IGF-I levds areusualy subsantially higherthanthe
upper limit of normal[56, 57]. IGF-1 remans the mostsensitive andspeific testin the

diagnosisof acromegalyHoweverit shouldnot be relied on exclusivdy for diagnoss

or usedasthe sole indication of diseaseseverity. Measuremst of IGF-1 is one of the

preferred methods for pod-operative assessrmant of cure, remission and longterm
monitoring of perssting disease Neverthelessdiscordane betweenlGF-I and GH is

seenmorefrequently in pergstentacromegaly andboth tests shoutl be usel togetherto
achieveoptimal control of diseaseAn IGF-I alone cannotbe useal to estabish disease
remission as it is known that patients with normal IGF-1 but an abnormal GH
suppresson to OGTT areatrisk of relapseandknowledgeof this may alter the follow-
up strategy[56-58].

As it waspreviouslymentionedjn clinical pradice serumtotal IGF-1 ass# is the most
widely used IGFrelated measirementin GH disordes, but in certan paients the
inclusionof free IGF-I maybe useful:the measurerantof free IGF-I shout belimited
to caes where the diagnosisis uncetain and/or when treatment does not turn out
satisfactory.Inclusion of free IGF-1 may be of diagnosticvalue in patients susgded of
GH disorderswho sufferfrom comorbidites which areknownto affect GH/IGF| axis,
for instanceobesity and chronic renal failure. Measuremenof free IGF-1 in patients

during somatostati analogtreatmentoud be considerd during dosetitration [33].

Many studies on cirrhotic patientshaveshownthatinsulin-like growth factor 1 (IGF-1)
plasmalevels are relatedto the severity of liver dysfuncion [59-61] Theseresuls

suggestthat IGFI analysisis probaly useful for monitoring liver function in the
perioperative course of orthotopic liver transplntdion (OLT). Bassandb et al.
demonstragd that the severeGH/IGFI axis impairment found in patients with end
stagecirrhosisrevertedveryrapidlyin thefirstdays aftersucessfulOLT. Posbpemtive
modulation of IGF-I plagna level by the graft suggeststha this hormonehas the
potential to becone one of the early indicabrs of postOLT liver functon recovery
[61].

Nutritional staus is a key regulatorof the circulating and tissuelGF-1. Protein and

energy conent of the diet influencesplasmalGF-l1 conentrdions Becauseof its
sersitivity to nutrientintake, the nycterchemeal stability of its concentraion and its

short-hdf life, IGF-1 has been proposedas a marker of nutritional staus, both for
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screening manutrition and for monitoring shat term variations during nutntional
intervention [62]. Low levels of IGF-I, often asso@ted with increasedserum GH
concentration,have beenrepeatedlyreported in patients with eaing disordes suchas
Anorexia Nervosaand Bulimia Nervosa[63]. Recenly Stoving et al. speculatedthat
freeor bioactve IGF-1 are betterindications of the nutritional condiion ratherthantotal
IGFI: their study demonstratedhat total IGF-I, free IGF-I and bioactve IGF-I1 were
tightly correlded and so total IGF-1 level is a suitable marker of IGF-1 bioactivity in

anorexianervosg 64].

1.2.1b Use

The IGF systemis undoubtedlyimportantboth in physiologyand pahology. In fact
resarchcomprisesboth bodyfitnesslike growth, physical exerése,andmary diseases
such as growth disorders cancer, atherosclerosis, diabees, osteoporsis and
neuromusculadisorcers[57].

Growth disorders. growth hormoneddficiency is chaactkrized by low GH levels
togaher to low IGF-I levels,usually dueto pituitary disorders.n this diseasethe GH
administration usually is effective, but it became evident that GH therapywill not be
effective in all patientswith low serumIGF-I conentratons. The children with growth
failure and inapprqriately low serum IGF-I levek are classified as IGF deficient
(IGFD); paients with low serumIGF-I assoa@ted with low GH concentrations are
consideredto havesecondaryGFD, refleding a defect in pituitary producton of GH
and thesepatients are typically highly responsiveto GH therapy.Children with short
statureand low serumIGF-1, despitenormal or increasedGH levels, are classiied as
primarty IGFD, andgenerdly theyshow no or marginalresponsgto GH. Themolecular
basis of primary IGFD can reflect defect of the GH recetor gene,mutaions of the
signal transducerand activator of transcrption (STAT)-5b gere and mutations or
deletions of 1G-I gene,including bioinadive IGF-I. In thesecases,individuals have
elevatedGH prodiction and are unlikely to respondto treatnent with additional GH.
Foad and Drug Administrationhasnow approvediGF-1 for treatmentof primary IGF-I
deficiency. Few clinical trials are condiwctedin patentswith primaryIGFD, with dosa@
differencesand variationsin patientincluding criteria. All studiesshowedthat growth
rates with IGF-I treatmentalthoughsignificantly greder thanpre-treatmentvalues fail
to matchthe growth ratesachievedwith GH thergy of naive GHD paients. Thefailure
of IGFI to fully duplicateGH'’s effect on skdetal growth reflects IGF independent
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effects of GH and/or the ability of GH to induce local produdion of IGFs at the
epiphyseq57,65].

Diabetes: in recentyears,a very interestng literatureon the role of the IGF systemin
pancreaticp-cell developmat and function hasevdved. In poorly-contolled diabetc
patientscirculating IGF-1 and IGFBP-3 are deadeased.GH levek are increasedso that
GH resisance underliesthe decreasein IGF-I levek. Many of the hypoglycaemic
effectsof IGF-1 aremediatedby the IGFR andit wastherdore thoughtthatIGF-I might
“bypas” the insuln resistanceof noninsuin dependendiabetc paients. Shortterm
studiesandsomelong-termstudiesconfirmedthe efficacyof IGF-1 treament [57].
Osteoporosis: the IGF systemplaysa crucial role in skdetd developnent. SincelGF-l
stimulatesmineralzation and levels dedine with age IGF-1 hasbee proposedas a
treamentfor osieopaosgs: therole of IGF-I treament in this diseaseceriainly requires
furtherstudieqg57].

It is also of note that low serum concentraions of IGF-1 in the face of nomal or
elevatedGH levelsmay be observedn children with nutritional deficencies, chronic
inflammatory proceesses and some chronic diseases:future clinicd studies of the
potential efficacy of IGF-1 therafy in someof such conditions should be considered
[65].

1.2.1c Abuse

Endogenous peptide hormoneswith potental performarme-enhancing propeties are
listed in World Anti-Doping Agency(WADA)'’s List of Prohibied Substanesin panel
1 “Substancesand methods prohibited in spors at al time& under the section
“Hormonesandrelatedsubstanes”[66]. GH, IGF-I, togeherto erythropoietn, insulin,
gonadotrophinsand corticotrophins, and their releasing factors are prohibited. The
misue of endognaus hormonesappeas to have increases dramaticaly since their
detectionis extremelydifficult. Thesesubstancesare to a significant degreestructurally
and biochemicdly identicalto the hormonesnaurally producedby the body and they
are usuallyrapidly degradedindclearedirom the body[67].

Nowadays,athletes such as cyclists, swimmers, power lifters and body builders take
recombinantGH or IGF-I for their anaboic effects assummg that they will improve
their peformarce, strengthandlook. Reportedy, it seemghatathletesuseGH or IGF-I
for long periods of time with supratherapeuic doses or in combinaton with other
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doping substancesuchas anabolicandrogers steroids (AAS). However, the curent
clinical evidenceof their anaboliceffectsin healthy adultsis notwell docunented:there
isthescientfic lack of performanceentancing effects in shortterm studies with normal
subjects.On the contrary,severeside effeds have been descrbed bothin GH treated
patients or athletes: intracranial hypertension, visud changes, headahe, nausea,
vomiting, peripheral edema, carpal tunnel syndrome arthrdgia, myalgia and
acromeayalic featuressuchas noseand jaw enlagemant, hypetension, cardiomealy,

increasedardiovascularisk, arthralgiasjnsuin resistane anddiabetes [67-69].

1.2.2 CoRrTIsOL (F) AND CORTISONE (E)

Cortisol (F), the most important glucocoricoid hormone plays a pivotal role in the
regdation of most esential physological proaesses,including eneggy metabolism
maintenanceof electrolytebalanceand blood pressureimmunemoduktion and stress
responsescel proliferation and differentidion, as well asreguldaion of memory and
cognitive functions [48]. Cortisol exets widespread acions in the body which are
essentia for the maintenanceof homeatasis and enable the organism to prepare for,
respondto and cope with emotional and physical stress(also physica exeacise, as
successivelytreated. It promdesthe breakdowrof carbohydrat andprotein andexers
complex effects on lipid depositim and breakdown. Cortisol is also an impottant
regdator of the immune and inflammabry processesand is required for numepbus

processesssociagdwith hostdefencd44].

1.2.2a Clinical Applications

Cortisol assayis usedin the assessmenof adrenal, pituitary andhypohalamic function,
and is importantin the diagnogs of Cushing’s syndromeand Addison’sdiseae. Total

serum cortisol concent@ation is the primary meauranentfollowing the admnistration

of dexanehasonein the Cushingdiagnoss. The diagnostial protocol includes free
cortisol measurementf 24 h urine, considenmng the free form to refled the integrated,
unbaund plasmacortisol levels Urinary free cortisol generaly showsgood ageement
with plasmacortisol levelsin hypercortisolemic states.Recenly salvary free cortisol

has beensuggestedsa usefulnes paraneterfor this syndrone [48].
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1.2.2b Use

Glucocortcoids (GCs)werefirst introducedfor the treatment of chroncc inflammatory
disease(e.g rheumatoidarthritis) well over 50 years ago and, despite their multiple
unwantedeffecs, they remainthe mosteffective meansof controling this debilitating
diseasef4]. Greaer undersandingof the molecular mechansmwherely GCssuppress
inflammation has openedup the potental for improvementin GCs [70]. The most
commonuseof corticogeroidsis in the treatment of asthma, whereinhaled GCshave
becoméfirst-line theragy andby far the mosteffective antrinflammaibry treament.
There is anotherdiseasein which GCs are admnistraed as hormone replacement
therapy(HRT). GC deficiencymay occurprimaily asaresultof diseasen the adenal
cortex (usudly referredto as Addisondiseae), secadaily (centrdly) dueto specific
pathologyin the hypothalams and/orthe pituitary gland (typically a tumour)or in a
tertary manrer due to a suppressedHPA axis after longterm high-dose steroid
treatment. For the diseasesnvolving adrenalinsufficiengy, the main challerge is to
achieve adequate replacementherapy. The gods are to mimic the circadian steroid
serumtime profile, to respad to the increase need for F during physical and
physiologicalsimulation andto achievenormal well-beng, normal metebolism anda
favaurable longterm outcome.The primary agentsusedare F and cortisone acetate:
despte the anttinflammatoy activity, they havemineratorticoid effects andare shot-
acting. Prednsolone has more antrinflammatory effect than mineralcorticoid activity;
dexametasonenainly hasantrinflammabry effect, with no minerakorticoid activity,
andit is longer-acting, with half-life of approxinately 36-72h [71].

1.2.2c Abuse

Glucocortcoids (GCs) are listed in World Anti-Doping Agency (WADA)'s List of

Prohibited Subséincesin panel2 “Substinces prohibited in competition” andtheir use
requresatherapeutieuseexemption66], evenif the mantenanceof GCsonthislist is

acontroversal issue.GCsareextensivelyusedin sportsmedicine andthey havenot any
demonstragd performarce-enhancingeffect. Anyway, GCsrepresenthe mostcommon
substance$ound during antidopingtests.Althoughthereis no clearscientific evidence
that GCs significantly increaseperformances in humans,limited dat are available.
Corticosteroids hawe antrinflammatory and psychosinulatory propeties these
propertiesprobably explaintheir frequent presaiption to athletes, making it possibleto

continue sportng activities or to shortenthe recovey period after injury [72]. It is
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suggesed that GCs are taken indiscrimnately in ultraenduranceevens during
competitionto inducesenseof euphorisaandperhapsto maskpain [ 73].
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1.3 Physicalexerise & training status: physiobgical condiions

to studyhormones andsaliva

The term “stress” describeghe stateof the organismunderthe influenceof extenal or

intermal forces, stressos threateimg to alter its dynamic equilibrium or homeostasis.

Exercise is certainly a stres condition for which the body must find a new dynamic

equilibrium. This dynamic processequires, anong otherthings, adaptiveresponsesf

the hormonalsystem[74-75]. Actually, physical exercse affeds five major categoies

of biologicd functions

1. Nervousstressresponses

2. Availability andutilization of metaboic enegy

3. Maintenancef homeosasisor the constang of internal environment

4. Growth and maintenanceof skeletaland cardiac muscleand other compamentsof
theleanbody mass

5. Reproducibn

The effects of exerciseare at once immediate and chronicdly pervasive. Acute

adjugments in function to meet the challenges of physcal work, homeostatic

compensabns duringandafteranexercisebout aswell aslongerlastingstructural and

functional adapations, including changs in fertility and growth, are al lamgely

controlled by coopeative actionsof hornones and the chanical messenges of the

autonomicnervoussystem(figure 2) [74].
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Figure2. Principal stresshormonesandtheir functionsduring intense exercise.
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1.3.1 EXERCISE AND INSULIN-LIKE GROWTH FACTOR-I

That physicalexercise significanty influences andis influencedby GH/IGF axisis well

recognized76]. The GH/IGF-1 system,ncluding the binding protens, plays a key role
in the adaptatn of the organisn to exercise [77-80]. Exerciseis the most potent
stimulus to GH relea®. [81] GH levels stat to increase 10 to 20 min after the onsetof

exercise,peakeitheratthe endor shortly after exerciseandremain elevatedfor upto2 h

after exercse[82-83].

The literature regardng the connectiondetwea circulating IGF-I levds, both astotal
and freeforms, doesnot demonstrateiniform findings[84-86]. The discrepanies could
be relatedto differencedn theinvestigate physica exercse (type, duraton, intensity),
but numerousarethe factorswhich might havean influence sud asbody compaosition,
training condiion, sleepwaking rhythm and nutritiond staus. Moreover, long and
short-term physical exerci®, fatigue and energy expenditurdintake equiibrium have
not alwaysbeentakeninto accoun{31,87-88].

1.3.2 EXERCISE AND CORTISOL

Together to the GH/IGFI axis, the activation of the HPA axis representsa

physiological response to the energy meabolc, vasawlar and sometimes
neurophysiologc or psychologicalneedsof exergse [72, 75]. Cortsol is the primary

catébolic hormone, since it decreasesprotean syntheis and increases protein

degradation. The antranabolic propertes of this hormone are also relaed to the
attenuationof other anabolichormmes,sud as GH and testosteone[80]. Becauseof

this caabolc characterof interestare the methodsto redue the cortisol respnseto

exercise: carbohydrateintake before and during exergse results in lower cottisol

responsesgvenif samereportsdescrile no effect[78-79].

1.3.3 EXERCISE AND SALIVA

Little attenton hasbeendirectedtoward idenifying the changesocaurring in salivary
compostion in respons to physical exercse [89]. Sdivary flow rate appearsto be
influenced by physical activity; neverthéess, the interpretaton of the results is
sometimesdifficult becauseof some methodobgicd limitations, mainly concening

exercise protocols, saliva collection procedues and fluid consumpbn [90-91]. There
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are few studes about sF and exercse. Cook reportedthe effect of an exacise of
moderateintensity(heartratesmaintainé in the range of 130-160 bpm) lasting40 min
in 10 volunteers.Salivacollectionprocedurenvas not describe andthe devicewasnot
declared.A significantly increasen sF wasdenonstated for all the subjects, but it is
not clearthe assaymetiod to analy® sF [92]. More recenly, Cadoreet al. repoted
correlations between serum and salivary hormond concentations in response to
resisane exerdse in 28 healthymiddle-aged males.Unsimulated saliva was collected
by passivedribbling into a receptacletube. sF concetraions were determined using
radioimmunoassaxits with the sendivity adaped for saiva. Therewere significant
increass in respnseto regstanceexercsein serumandsalivary F. Serumcortisolwas

significantly correlatedwvith sFbeforeandafter theresistane exergse protoml [93].
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2. Research Aims

The preentstudy aimsto investigatesalivay hormonesn relaion to a stresscondition,
such asaphysicalexercise.

Theinitial purposds to devel@ new analyical methodsto quantifyhormonelevelsand
subsequeny to validatetheseanalyical methodsjn orderto define sensitvity, limit of
detection, precision, accuracyand specifcity. Moreove the andytical range of the
invedigated meaurementshasto be defined to verify the suitability of the proposed
methodfor the humansalivarylevels

The third phaseis to applythe studiel methodsn a groupof humansubjects, secentay
and athletes,at rest or during/afteran exercse verifying the possibé effects of the

trainedcondition and/orthe exercisingcondiion onthehormoneevels.

In particular,the salvary hormoneghatare taking into accountare:

0 SECTION I: Insulin-like Growth Facor | (IGF-1) also in relaion to the salivary
total proten conentandto theserumGH andIGF-I levels.

o SECTION II: Cortisol (F) and Cortisone (E) aso in relaion to the urine

measuremestof F andE.
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3. SECTION I:
Materials & Methods

3.1 Specima collection: salivaandblood

Saliva sampleswere collected,usng Sdivette tubescontaning a cotton swabwithout

citric acid (Sarstedt)in the morning(8.30-9.00a.m.). Teeth werebrusha immediately
after breakfast.The mouthwasrinsedwith tap waterat least2 h after breakfastand10

min beforethe saliva collection. Within 10-15 min of collection, each sdiva sample
(typical volume aboutl ml) wascentrifugel at 2000xgfor 10 min to removepariculate
material.250 uL salivaaliquotswereimmediatey storedin vials andplacedin afreezr

(-80°C). This stepis carriedout also to break down mudn, until andysis. Whenfrozen
saliva sampleswere defrostedbeforeandysis, each sanple was centrifugel again (10

min, 2000xg) to obtaina clearfluid.

Venous blood (10 mL) was obtainedby venepunture of the antecubial vein into

VacuainertubescontainingKalium EDTA. Blood specmenwascentrifuged (15 min at

800xg) at room temperatee, within 10-15 min. Suitable aliquots of the plasma
specimenswereimmediatelystoredat —80 °C in a freezer.Whenfrozenplasmasamples
were defrosted before the analysis, each sanple was centrifuged again (10 min,

2000x%Q).
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3.2 FreesIGFI| assayprocedire

The assy was an enzymelinked immunosorbentassay (ELISA) standardzed for
measuringhe free-IGF-I concentratiorin human plasma sample by active free IGF-I
ELISA (DSL-10-9400 commerciakit). All reagatswerestoral andusedfollowing the
indicationsof the manufacturer.

The analysisprocedurewas modified with respect to the schene descrbedin the data
sheet.Briefly 20 ul of samplebuffer with 50 pl of IGF-I standard(0.05-5.00 pg/l) or
unknown salva sampleweredistributedin eachmicroplatewell (pre-coated with IGF-I
monoclond antibods mAb;). Variousincubaton timesweretestedand2 h was foundto
be optimal. The microplate was shaken(600-700 rpm) during incubaton at room
temperature An automatedmicroplate washer (ELx50 BioTek) was used for the
washing steps. Sulsequently the secondantibody, peroxidase conjugaed (Ab,-pox)
(100 ul), wasaddedo congitute atrimolecularsandwich complex (mAb1-Ag-Ab,-pox).
After 30 min the plate was washedagan and TMB (3,3,5,5-Tetramethylbenzidine)
(100 wl) wasadded.A stopping solution (100 ul) was added(after about30 min) and
absabancewasreadat 450 nm (AD340, Beckman Coulte). All stgps were cariied out
at roomtemperatre.Calibratorsandsanpleswereandyzed in duplicate

A calibration curve was constructedusing the standardsat the pre-defined IGF-I
concentrationgnamely 0.00;0.05;0.10;0.25;0.50;1.00and5.00ug/l). Thedat points
were plottedandalog—log functionwascalculated. Thefree IGF-I concentationsof the

saliva sanpleswere determinedy interpoktionfrom the calibrationcurve.

3.3 FreesIGFI1 assaymethod:evaluationprocedure

The detetion limit was determinedby the use of a cdibrator, IGF-I free (zero
standard),and definedasthe concentratiorcorresponding to a signal3 S.D. abovethe
averageof the zero stardard measuredn 8 replicates repeaed on threedifferent days.
The within and between run imprecision CVs (coefficient of variations) were also
measuredy the useof salivaspecimens.

The within run imprecisionwas definedas the CV of 8 replicate deteminaions of 3
human saiva sampes at 3 concentratins (low, medium and high) in one run. The
betweenrun imprecisionwasalso defined by the coeffident of variation measuredvith
8 replicate determinationsof 3 saliva sanples in 8 separat assays.The recovery

evaluationwascarriedout usingfour humansdiva speémens, namey 0.15,0.18, 0.22
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and 0.33ug/l. A human saliva sampleat high IGF-1 levelwas addedto the four different
samges to achieve saliva concentrationncrements rangng from 0.11to 0.31 ug/l of
free IGF-1, for a total of three enrichments per sampk. The final free IGF-I
concentratbons were re-estimatedaking into accountthe addedquanttiesand the final
volumes.The specficity wastestedby spiking zero calibrator with IGF-II andinsulin
assayedup to 200 pg/l.

3.4 Preandytical variability tests

Effects of sample storage time, temperature and preservative solution on
free sIGF-I

Freshmorning saiva sampleswere collectal from healhy sedatary female volunteers
(n=4). Specinens, after centrifugation,were aliquoted and storedeither at 4 °C or at
room temperatire (25 °C) for 0 h (basalvalue), 4 h, 8 h and 24 h. After thes pre-
definedtime delaysbeforestorage the sanpleswere deepfrozen andstored at —80 °C
until thesampleswereassayedimultaneously.
The addition of a presenative solution (inhibitor soluion - IS) wasalsostuded.
The IS solution (pH 5.0) was madeup of: EDTA 0.27 mmol/L (Sigma ED2SS)
PMSF 100 mmol/l (PhenytMethyl-Sulfonyl Fluoride), Thimerosal 25 mmoll
(ApplichemA12780010),Aprotinin 0.5 g/l (SigmaAldrich A1153), Leupeptin 0.1
g/l (Sigme-Aldrich L2884), Antipain 0.1 g/l (SigmaAldrich A6191) and Pepsatin
0.1 g/l (Sigma-Aldrich P5318).
2 ul of IS wereaddedto 150 ul of different stardard solutions(0.0, 0.1, 2.5, 5.0 ug/l)
and 10 pl of IS were added to Salivettesbeforethe collection of 4 hedthy sedentay
femalesdiva specmens.All samples(standardsand sdiva) were analysed with and
without IS addiion (namelytime zero). Thesefrozen sampés were retestel about9
months after the collection. These results were expressd as the percentag of

concentratbnsmeasuredait time zero.
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3.5 Biological vanation of sIGF-I

To evaluatethe biological variation a dayto-day variaion of free sIGKI was also
carriedout 5 saliva sampleof 2 subjecs for 5 conseative dayswerecollected andthe

sampleswvereanalysedall in the samebath.

3.6 Salivarytotd protein(sTP)assay

The assay utilised a modified colorimetrc Coomassie BG method (Micro Protein
Determinaton -Sigma Diagnosticscod. A-610). The saliva specmen was diluted with
Nad 9 g/L soluion (1:6) and, after centrfugation, 25 ul of the sypernaantwasadded
to a spectrophotometecuvette with 1250 ul of reagent(Coomase blue). The
absabancewasreadat 595 nm andthevalue wasmeasurel by a standad curveranging
from 37.5to 300.0mg/l. The standardsolutionswere obtanedby dilution of 300 mg/I
humanalbumin with NaCl 9 g/L solution.Each sampe (or standird) was analyzedin
duplicate. This modfied proceduredemonstateda limit of detection of 20 mg/l, the

within runandbetweenrunimprecisionCVs were4% and 9% respectiely.

3.7 Plasnma hormonemeasirements

Plasmafree IGF-I assay was carriedout following the “Acti ve free IGF-I ELISA” Kit

procedure (DSL-10-9400), an enzymaticaly amplified “two stes” sandwichtype
immunoassayThe measuredimit of detection of this assg was 0.09 ug/l. The within-
run imprecision CV was 4.0%; the betwea-runs CV was 9.1%, according to the
manufactuer's data.

Plasmatotd IGF-I wascarriedout following the “Active IGF-1 ELISA” Kit procedure

(DSL-10-5600), an enzymatically amplified “one stg” sandwich-type immunoassay.
The assayincludeda simple acid-ethanol extraction procedurein which IGF-1 was
separatedfrom its binding proteins.The limit of detecion of this assaywas 0.03 ug/l,
the within-run and betweerrunsimprecisionCVs were 6.0% and 6.6%, respectively,
accading to the marufacturels data.

PlasmaGH analysis was carried out following the “Human Growth HormoneELISA”
Kit procedure (DSL-10-1900). This assaywas an enzymaically amplified “two steps”

sandwich-type immunoasay. The limit of detecton of this assgy was 0.03 ng/ml, the
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within-run and betwveenruns imprecision CVs were 4.0% and 6.5%, resgectively,
accordingto themanufacturer'sata.

All ELISA dual wavelemgth aborbancemeauranens at 450and620 nm werereadon
an auomatedmicrotiter reader(AD340, Beckman Coulte). Calibratorsand samples

werealwaysanalyedin duplicate.

3.8 PROTOCOLA - effectof thetrainingconditionin females

The athleeswererecruitedfrom a youngfemde group,well-trained, volleybal playess
(n=15), aged22+4 yrs, weight 61+7 kg, height 1.71+0.05m and BMI 21.0+1.4kg/m?.
A sedentaryfemales control group (n=14; aged 25+2 yrs, weight 56+8 kg, height
1.66+0.06 m andBMI 20.3+2.1kg/n¥) was also recruited (table8). The saliva(with IS

includedin eachSalivette)and blood sampleswere collected from eachsubject at rest

(in the morning at 9.00 a.m.). The analyss were carried out within 1 week from the
specimen collection: free IGF-I and total protein conent were measuredn saliva as
previoudy describedtheratio betweerslGFI andsTPwasalso calaulated. FreelGF-I,

total IGF-I and GH were analsedin plasma asdescribé in the precalentparagraph.

The free IGF-1 andtotal IGF-I ratio percentwasalso calculated.

3.9 PROTOCOLB - effectof an acutephysica exerdase in male

cyclists

18 male,well-trainedcyclistswererecruted (aged19+1 yrs, weight 70+4 kg andheight
1.79+0.04 m, BMI 21.8+1.7 kg/n?) (table 8). Saliva and blood specimenswere
collected from eachcyclist at rest (B; 5-10min before exerceg and at the end of a
45min cycloegometertest at 50-60% of VO.,max (E), andin E about 15min passed
betweenblood and saliva collection Eachplasmaand saliva sanple wasimmediately
frozenat -80°C until analysis.Salivaryfree IGF-I1 ard totd proten contentandplasma
free IGF-I were analy®d, as previouslydescribe. The ratio beeweensIGFI andsTP
was also calculated. The flow rate of each salva sanple was also calculated. Each
salivette device was weightedbefore and after the collecion; consdering the saliva

densty of 1, flow ratewascalculatedastherato betweenthe differenceof the obtained
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weightsandthe collectiontime (2 min). Then the SIGFI rateof appeaanceandthesTP
rateof appa@rancewverecalculated.

3.10PROTOQOL C- effectof anaaute physcal exercisan male

roweis

- effectof thetrainingconditionin males

Salivette saliva samplesandblood sample were takenfrom a male rower group (n =8,
age 29+8 yrs, weight 81+10kg, height1.85+0.08m, BMI 23.7+1.8 kg/n") at Basal(-
30min), Pre-Ex (Omin), End-Ex (40min), Recovey (100mnin) undertking a Conceptll

Rowing Step-test. This testconsistedf six four minuterows,duringwhich ead athlee
rowed constanly atthe rate of 500 m/s. The pace wasincreasedfor eachstep of 25W
with a 30 secondrecoverybetweeneachrow. The 6" stepwasat the maximumeffort.

sIGF-1 and sTP were measureds previouslydescribed the rato between sIGFI and
sTP wasalsocalcubted.Theflow rateof each saiva sanples was calculated, asbefore
described. The sIGFI rate of appearace and the sTP rate of appearace were
calculated. Plasma GH, free-IGF-1 and total IGF-1 were also measure as previously
described.The free IGF-I andtotal IGF-I ratio percentwasalsocalculaied A group of
well-matchedmale sedentaryndividuals (n =8, age31+4 yrs, weight 75+10kg, height
1.81+0.07m, BMI 23.0+1.9kg/n) wasrecruted to comparebasalstead state leves
(tade 8).

The Ethic Committeeof the Medical Schoolof the University of Padovaapprovedhese
resarch protocok. All the subjectswere informed of the naure of the investigation
before their consat to participatewasobtaned.
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Table 8. Subject’'santhrgpometricdata

Praocol A B
ubjects Athletes Sedentary Athletes Athletes Sedentary
N 15 14 18 8 8
Sex F F M M M
Ageyrs 2214 2512 19+1 2948 31+4
Weight kg 61+7 56+8 704 81+10 7510
Height m 1.71+0.05 1.66+0.06 | 1.79+0.04 | 1.85+0.08 1.81+0.07
BMI kg/m2 21.0:1.4 20.3+¥2.1 21.8+1.7 23.7+1.8 23.0+1.9
3.11 Statistich analyss

Dataareexpressedsaveraget S.D. Wilcoxonsignedranktestand Mann-Whitney U-

test were used for comparisonwithin groups and betwe& groups, respedively.

FriedmnanANOVA tegd for repeatedneaurenents was useal. Resuls with p<005 were

consderedstatstically significant.
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4. SECTION I:
Results

4.1 FreesIGFI assaymethod:evaluationprocedure

The calibraton curve extension,for free sIGFI assay,coveed the rangefrom 0.05to
5.00 pg/l. This range allowed free sIGF-I to be measuredin the majority of saliva
samges An exampleof a dose-respmse function and curve fit (y=1.18x-0.67; r*
=0.998) is shownin figure 3. The detection limit was 0.07 pg/l. The within-run
coefficients of variation calculatedfor low (0.23+0.02ug/l), medium (0.93+0.11ug/l)
and high (2.36+0.19 ug/l) saliva sanples were 8, 12 and 10%, respetively. The
betweenrun coefficients of variation of 3 sdiva samples (0.46+0.06, 0.59+0.07,
1.32+0.14 pg/l) were 14, 13 and 11% respectively.The average recvery value was
88+11% (n=12).For IGF-1l, which hasa molecular structurerelatedto thatof IGF-I1, the
crossreactivty of only 0.1% was deteced. Moreoverthe Insuin the crossreactivity

wasnotdetecable.
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Fig. 3. Exampk of a standad curveof log of free IGF-I concentation vs. log of absrbance

4.2 Pre-analytial variability tests

Effects of sample storage time, temperature and preservative solution on
free sIGF-I

The stability study is shownin table 9. The immunoreatvity deteded by free IGF-I
assaydid not differ from the starting value, which is the measurerant carried out in
specimensimmediatelystored at —80 °C without delay, with sdiva sanples aliquots
stored at either4 °C or 25 °C for up to 8 h. A significant differencewas found when
saliva sanpleswere storedat either4 °C or 25 °C for 24 h (p<0.05).

The optical density (OD), measired with/without the addiion of IS in standad
solutions was equivalent. The saliva samples colleded with and witout IS
(demonstratd statisticaly comparableconentraions (0.33£0.04ug/l and 0.4640.14
ug/l respectrely) attime zero.Whenthesesanples(namely 100%)wereretested (after
9 monthsof frozen storagée the saliva samples without and with IS were 28+9% and
71+3%,respedwely.

Tale 9. Effect of storageof saliva specimensat differenttimes andtempeatures

M ean per centage of initial value (S.D.) n=4

4°C 25°C
4h 101 (11) 118(35)
8h 93 (19) 82(35)
24h 76(7)* 65 (21)

# p<0.05vsinitial value
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4.3 Biologicd variation of SIGF-I

The dayto-day coefficient of variation was 11% for 5 salva sampeés of 2 subjects,
collectedin five consecutivedays.

4.4 PROTOCOLA - effectof thetrainingconditionin females
Free sIGF-1 and sTP levels

Free sIGFI, measuwed in 15 athletesand in 14 sedatary femaks, denonstiated an

average concentation of 0.10+0.03 and 0.20+£0.05 ug/l respediely. A significant
difference(p<0.001)was measureccomparng the sedatary females with the athlete
group.

STP levels, measuredin saliva of the athletes and in the sedatary femaks were
comparablgp=0.2)andther avelmageconcentraions were 384+213and404+134mgl/l,
respectively.

A significant difference (p<0.05) betweenathletes and sedenary females was also
measuredfterthe calculationof theratio of free sSIGF1 with sTPlevels(0.34+0.15and

0.58+0.34ug/g, respectively).
Plasma GH, free and total IGF-I levels

Plasmafree IGF-I, measuredn 15 athldesandin 14 sedatary females,demamstrated
an averageconcentation of 0.25+0.09and 0.23+0.17ug/l respetively (p=0.2). Total

IGFI, measued in the plagna of athlees and sedentay females, demonstraed an

averageconcentratn of 369+76 and 284+98 ng/l, repectiely (p=0.1). The free/total
IGFI ratio percentdid not demonstratalifference betwea the groups (0.07+0.02and

0.07+0.0%%, p=1). The plagna GH concentations in the athletesandin the sedentary
femaleswere 5.0+£6.2 and 2.6+2.9 pug/l regectively, and the GH measuredn both

groups wasnot statistically different(p=0.4).

47



SECTION I Results

4.5 PROTOCOL B - effectof anacutephydcal exercisan mde

cyclists

sIGF-I concentations demongrateda significant differencebefore (B) comparedwith
the end (E) of the physical exercise (0.13+0.06 and 0.20+£0.13 pug/l, B and E
respectively p<0.0)). The plasmafree IGF-I concentations did not demonstrateany
difference comparing B and E (0.19+£0.13and 0.16+0.06ug/l regectvely). The sTP
level was significantly higher compring B and E conditions (326156 and
629+345mg/Lrespectively, p<0.00). No difference was observedwhen the ratio of
free sIGKI with STP levels was cdculated (0.34+0.17 and 0.40+0.36 pg/g,
respectively).

A positivecorrelaton betweersTPandsIGFI, both before(y=0.001x+0.039r°=0.460,
p<0.01- figure 4) and after exercige (y=0.001x+0.073r°=0.30, p<0.05 figure 5) was
obseved A posiive correlation betweensIGFI and plasmafree IGF-I only after the
exercise(y=1.448x0.032,r’=0.523,p<0.001)wasfound (figure 6).

Taking into accounthatthe flow rateof saiva was comparale in thetwo collectionsB
and E (0.32+0.18and0.28+0.14nmin respetively), the SIGF-I rate of appearancevas
significanty increaseccomparirg before with end exergse (0.51+0.35 and 0.82:0.49
ng/min, B and E respectively p<0.0]). The sTP rate of appearane was also
significantly increased (1.46+1.13 and 2.63+1.74 mg/min, B and E respectively
p<0.01).
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Figure 4. Correbtion betveensIGF1 andsalvarytotal proteinsin pre-exercise(B).
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Figure5. Correhtion betveensIGF1 andsalvarytotal proteinsin postexercise(E).
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Figure6. Correltion betveen sIGF1 andplGF1 in postexercise(E).
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4.6 PROTOQOL C - effectof anacutephydcal exercisan mde

rowers

- effectof thetrainingconditionin males

Effect of an acute physical exercisein male rowers

Salivaandplasmaparameterarereportedin table10andtable 11, respeately.

A positive correlaton betweensTP and sIGFI, both in the pre-ex (y=0.003x4.040,
r’=0.789, p<0.00% figure 7) andin the recovey (y=0.003x+0.320r°=0.910, p<0.005

figure 8) wasobserved.

Tade 10. Salva parametersat Basal (-30min), PreEx (Omin), End-Ex (40min),

Recovery(100mn) of malerowersunderakinga Coneptll Rowing Steptest.

Basal Pre-Ex End-Ex Recovery
sIGF-I pg/l 0.97+0.43 1.23+086 1.52+0.57 1.45+0.71
STP mg/l 383+184  478+6  877+28%  634+241°
sIGF-1/sTP pg/g 258:0.91 2.56+105 1.82+0.68 2.21+0.43
Flow rate ml/min 0.64+0.02 0.63+Q03 0.62+0.02 0.63+0.04
SIGF-l rateof 1524060 1.96+136 2.44+0.89 2.32+1.15
appearance ng/min
sTPrateof appearance g gn1999 0756048 1.42+046° 1.02+0.39

mg/min

# p<0.05:end-exvs pre-ex

° p<0.®: recovery vs pre-ex
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Tabe 11. Plasma parametersat Basal (-30min), PreEx (Omin), End-Ex (40min),

Recovery(100mn) of malerowersunderakinga Conceptll Rowing Step-test.

Basal Pre-Ex End-Ex Recovery
hGH pg/l 037+0.56 0.9%1.49 7.56:2.87 1.02+0.5
Free | GF-I pg/l 0.18+0.04 0.20:0.06 0.27#0.07 0.23+0.07
Total | GF-I pg/l 262156 251453 23740 24048
Free/Total IGF-I ratio%  007+0.01  008:0.02 0.11+0.03 0.10+0.02
# p<0005:endexvs pre-ex
§ p<0.001:endexvs pre-ex
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Figure7. Correhtion betveensIGF1 andsalvarytotal proteins at pre-exercise(PreEx).
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Figure8. Correhtion betveensIGF1 andsalvarytotal proteins at the Recoery.
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Effect of the training condition in males

sSIGF-I levels in rowers were significantly higher compared to sederdiry males
(0.97+0.43and 0.18+0.11 pg/l, respectiely; p<0.001). No differene was observedn
sTP of the athletes comparedto the sederdiry (383+184 and 475+1® mgl,
respectively p=0.3. A significant differencewas observel whenthe sIGKI and sTP
ratio wascdculated (rowers 2.58+091 ng/mg, sedentay: 0.35+£0.14ng/mg; p<0.00).
Plasmafree IGF-I, measuredin 8 rowers and 8 sedentay mdes, denonstated an
averageconentraton of 0.18+0.04and 0.23+0.11ug/l respeavwely (p=0.3).Total IGF-
I, measuredn the plasmaof the athletes and the sedentay males, denonstated an
averageconcentratn of 262+56and357+167ug/l, respectivey (p=0.1). The free/tota
IGFI ratio percentdid not demonstratalifferencebetweenthe groups(0.07+0.01and
0.07+0.01%; p=0.2. TheplasmaGH concetraionsin the athletes and in the sedentary
males were 0.37+056 and 0.43+0.97ug/l respectively,and the GH measuredn both
groupswasnot statistically different(p=0.9).
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5. SECTION II:
Materials & Methods

5.1 Specima collection: salivaandurine

Urine sampeés were collected as detaled in protocol D. Suitable aliquots of the
collectedurine specimes wereimmediatly storedat —80 °C in afreezr. Whenfrozen
urine sampleswerethawedbefare the andyses,each sanple wascentrifugedagan (10
min, 2000<Q).

Saliva sampés were also collectedfrom the invesigated subjeds at the same time of
urine collection; the salivaspecimensvere also collected and processd following the

procedurealreadydescribedn thechapteMaterial & Methodssection .

5.2 Salivay Cortisd and Cortisoneassayprocedure

Stock soluions of 1 mg/ml of cortisol (2.77 mmoll), cortisone (2.75 mmol/l) and
Internal Stendard (IS) (2.67 mmol/l) were prepare separgely by dissoltion in
methanol.All solutions were stable for up to 4 monts when storedat —80 °C. The
stancard solutions were preparedfrom the stock soluions by dilution with 20mM
phosphatebuffer pH 7.4.

Extraction procedure. Each saliva specinen was extrected using the solid phase

extraction (SPE) technique.The SPE Discovery DSC 18 columns (endc@ped- 100
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mg/ml Supeto — Bellefonte, PA, USA) were usal for saliva sampleclean-up and
enrichmen. Each sample(500 pl), spikedwith IS 53 nmol/l, was appliedto the SPE
column, which was previousy equilibraed with 3.0 ml methanol followed by 1.5 mli
water.The successivetepswere: wading with 0.25ml of water followed by 0.5 ml of
acebne: watersolution 1:4 and 0.25 ml of hexane and elution with 1.5 ml of diethyl
ether. Each samplewas dried and successively re-suspaded with 50 pl of HPLC
mohile phase.

The standardsoluions were also extractedfollowing the same procalureto obtain the
calibration curve.

HPLC-procedure. After the SPE, each extraced sampé (saliva and standard)was
separatedby HPLC technique.The chromdographc equpmentconsistedof a solvent
delivery system mod.126 (Beckman Coulter, Fullerton, CA, USA), an injector
mod 7725Rheodyr (BeckmanCoulter,Fullerton, CA, USA), a deecior UV mod. 166
(BeckmanCoulter, Fullerton, CA, USA) and a column oven Thermospherel S-130
(Phemomenex Torrance,USA). The anaytical column was a stanlesssteel Discovery
HS-F5 column(15cmx 2.1 mm, 5um), purchasedrom Supel® (Bellefonte PA, USA).
The chromabgraphy separationwas caried out by isoaatic elution, with 27%
acebnitrile and 73% water at 35°C and the processof ead chromatographt analysis
endedin 14 min. The mobile phaseflow rate was 0.25 ml/min. The sanple injection
volume was 10 pl. A Sydem Gold (Beckman, V 8.1) software integration was
employed for F and E quantitatie analyss measurng the absorbane at 254 nm
wavelength.The chromatographiccondtions were chosen in terms of peak shape,
chromatogrghic analyss time, column efficiency (N), capaity (k), sekecivity (o) and
resolution(R). Theseexperimentaparanetas aresummarisal in table 12. An example
of an extracted standad chromatogramis repored in figure 9. An example of an
extracted salva samples reportedn figure 10.

Therangeof 5.555.0and11.0110.0nmol/ for F andE, respetively, wereusedfor the
calibration curves,defined by the peakheight ratios of F andE aganstIS (53 nmol/l).
The concentréions of salivaF andE werecaculated from these height ratios usingthe
calibraion curves.The linearity of the calibration curves was also calalated and a
determnatio coefficient (r’) of 0.998 andof 1.0 wasdeemedsatisfacory for F and E,

respectively.
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Talde 12. Chromabgraphc parameterselatedto the expermenta condtions utilizing
HS-F5 column.

Cortisol Cortisone

IS
(F) (B)
Retention time (t) min 6.82 8.23 10.41
Efficiency (N) 1323 1781 3082
Capacity (k) 5.50 6.84 8.91
F-E E-IS
Selectivity (a) 1.24 1.30
Resolution (R) 1.84 2.85
A
10
= E IS
e
F
2

6.15 1-§

trnute s

Figure9. HPLC sepaation of anextraced standardsolution cortaining13.9nmol/l F, 27.5nmoll E ard
53 nmol/l IS.

55



SECTION I1: Materials & Methods

6.5 tritite s 13

Figure 10. HPLC sepaationof an extraciedsalivasample (16.3nmol/l F, 32.4nmol/l E).

5.3 Salivay Cottisol and Cortisone asay method: evaludion

procedue

The detectionlimit wascalculatedoy measuringhe noiseof the chromabgraphysignal
in three zones (1-2 min interval) after the F, E and IS peaksusing saliva extracted
samples(n = 10). The averageof the various peaks(in totd thirty peaks)in these
windows plus three standarddeviationswas cdculated and the F and E LODs were
obtained from the calibrationcurves.

The within- and betweerruns imprecision CVs (coefficient of variations) were also
measuredy the useof salivaspecimensThewithin-runimprecisionwasdefined asthe
CV of 10replicate deteminationsof 3 humansaliva sanplesextradedin onerun. The
betweenrun imprecisionwas also defined by the codficient of variaion measued
analysingthreesdiva samplesxtractedor five consecutie days.

The dilution testwas carriedout with four different saliva sanplespreviouslyspiked
with 40 and 79 nmol/l of F andE, respetively, thendiluted 1:2, 1:4 and 1:8 using 20
mmol/l phosphatebuffer pH 7.4 and finally extraded and analysedfor F and E

measuremas.

The reavery evalationswere carried out using four different sdiva sanples spiked
with two different levelsof standards:13.9 and27.5nmoll and 27.7and 55.0nmol/l for

F ard E, respectvely. Therecowery % wasexpressd asratio of (found conentration-

endogenougoncentration) spikedconcentation x 100.
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5.4 Preandytical variability tests
Effects of sample storage time, temperature, cycles of freeze/thaw on sF

and sE.

Salivary stability before centrifugation. Threestimulaed saliva sampleswere collected
with threeSalvette tubesfrom eachsubject consttuting a groupof five volunteersThe
first Salivete collection wasimmediatelycentrifuged andthe saliva sample was stored
a -80 °C (basal);the secondandthird Sdivette specmenswerestoral at +4 °C andat
room temperaturefor 24h for eachsubjet, respeavely. Then both were centrifuged
and eachsdiva was storedat -80 °C until andyses. The resuls were expressedas
percentagef its relatedbasalvalues

Salivary stability after centrifugation. Stablity at different tempeatures:the saliva
stability, obtaned after centrifugation,was deermined by keepng aliquots of three
saliva sampkeseitherat roomtemperatureandat 4 °C for 0 h (basal),4 h, 8 hand24 h
before storageat -80 °C, andanalyzingthesesamples simultaneously.The resultswere
expresgdaspercentagets basalvalues.

Salivary stability stored at -80°C. The stablity of saliva sampés storedat -80°C was
tested threesalivasampleswvere storedat -80 °C for 1 day (basd) andfor 1, 2 and3
months before extraction and separationThe results were expresseas percentagef
basalvalues.

Sability after freezing-thawing procedure. The salvary stability of F and E was also
assessedafter a freezingthawing various procedures: one aliquot of three saliva
sampdes was storedat —80 °C (basal sampe), anothe aliquot of the sane sample
underwentfreezing and thawing for four cycles and then stored at —80 °C until the

analygs. Theresuls wereexpresseaspercatagewith respetto its basavalues.

5.5 Urine F and E measirements

Urine cortisol (uF) and cortisme (UE) were analysad with a previously describedSPE
HPLC method[94]. Summingup, 3.0 ml of each urine or standardsampé (F: 69-690
nmoal/l, E: 1391387 nmol/l) spikedwith 1S 133 nmol/l, wasappled to a SPEcolumn
DSC 18 (endcapped500mg/3 ml), which hadpreviouslybeen equilibrated with 10 ml
of methanolfollowed by 5ml of water. After sample injection the washing stepswere:

1ml of waterfollowed by 5ml of acetone/wadr solution (1/5, v/v) and 1ml of hexane.
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Two millilitres of diethyl ether were then added and the eluaie was collected and
desiccded Eachdried samplewas succasivdy re-suspaded with 200ul of HPLC

mohile phase.Chromatographyseparation was carried out by isocrdic elution, with

methanolwater(63/37,v/v) at 30 °C andthe procesf eachchromadographic analysis
endedin 11 min. The mobile phaseflow rate was 0.8 ml/min. The sanple injection

volume was 20 pl and the ab®orbarce detection was monitored at 254 nm. The
calculateddetecton limits were 9 and 82 nmol/l for F and E, respedtely. The intra-

assayCVswere0.9%and 2.2%for F andE, respedtely, with interassayCVs of 7.1%
and 5.0%for F andE, regectively. The averageanalytical recoveriesof urine samples
were 95% for F and 96% for E. The dilution test denponstated goad correlations
betweenthe measure@ndthe expectedvaluesfor F (r>= 1.000)andE (r>= 0.999).

5.6 Urine creatininemeasirement

Urinary creainine (crea) was meaured by a previously descriled capillary
elecrophaesis(CE) method[95]. Briefly, the CE method was caried out in a fused
slica capillary of 47cm length x 50 um internad diameer. The running buffer was
100mmol/l acetite, pH 4.4. The constantvoltagewas 30 kV andthe sampés (40-200
pumol/l standardsor urine diluted 1:80) were electrokinetic mode injected, 10 kV for
10s. UV absorbanceletectionwas monitored at 254 nm and the creatnine migration
time was 3.19 min. The calculateddetecton limit was23.1 umold, theintraassayand
the interassayCVs rangedfrom 2.9 and 3.7 % andfrom 8.0 and 8.4 %, respectiely.
The avelageanalytical recoveryof urine creatnine sanples was 99% and the dilution
testdemonstrad a goodcorrelation(r’=0.988, p=0.001)betweenthe measuredndthe

expectedvalues.

5.7PROTOQCOL D - effectof an acutephysica exerase

in maleand femalerowers

Salivette sdiva sanpleswere takenfrom male rowers (table 13) (n =8, age 2948 yrs,
weight81+10kg, height1.85+0.08m, BMI 23.7+1.8kg/m?) andfrom femalk rowers(n
=5, age202+0.4yrs, weight 62.2+0.4kg, height 1.68+0.45m, BM| 22.0+0.4kg/n") at
Basal (-30min), PreEx (Omin), End-Ex (40min), Recovey (100mn) undertakinga
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Conceptll Rowing Steptest, describedin deail in the chgter Material & Methods

secion I. Urine samplesveretakenat Basal,End-Ex andRevery.sFand sE,together
to uF anduE anduCrweremeasure@spreviouslydescibed.

The EthicsComnittee of the Medical Schoolof the University of Padovaapprovedhis

researchprotocol. The subjectswereinformed of the nature of the investigation before

their conentto participatewasobtained.

Tabe 13. Subpct’'santhopometricdata

Protocol D
Athletes Rowers
N 8 5
Sex M F
Ageyrs 29+8 20.2+0.4

Weightkg 81+10 62.2+0.4
Heightm 1.85+0.08 1.68+0.45

BMI kg/n? 23.7+1.8 22.0+0.4

5.8 Statistich analysis

Dataare expressedas meanz S.D. Wilcoxonsignedrank testand Mann-Whitney U-
test were used for comparisonwithin groups and betwe& groups, respedively.
Friedmnan ANOVA testfor repeatedneasurenens was used.Differenceswith p<0.05

wereconsideredtatisticallysignificant.
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6. SECTION I1:
Results

6.1 Salivary Cortisol and Cortisone assy method: evaluaton

procedure

The calibration curveswerelinearin the rangeof 5.555.0and11.0-110.0nmd/l for F
(y = 0.024x + 0.124;r* = 0.998; p<0.001)and E (y = 0.022x + 0.073;r* = 0.999;
p<0.001), respeawely (figure 11 andfigure 12). The calculatedLOD were0.1and0.2
nmal/l for F andE, respectively Theintra-day CV of the method rangedfrom 5.8 % to
7.0 % for F and from 2.7 % to 6.6 % for E, for the threesdiva sampeés. The inter-day
CV rangedfrom 11.7 % to 13.1 % for F andfrom 5.6 % to 7.0 % for E, for the four
saliva samples.Figure 13 andfigure 14 showthe correlaton betwea the expectedand
measuredcone@ntationsof F (y = 0.989x— 0.348;r? = 0.973; p<0.0001)and E (y =
1.015x — 2.154;r* = 0.996; p<0.0001) respectivelyfor the dilution test Therecoveries
for the first and the secondlevel of enrichment were 885 and 92+14 % (for F) and
103+12and 107+12% (for E), regectiwely.
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Figure 11.

F calibrationcurve (y = 0.024x+ 0.124:r? = 0.998; p<0001).
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Figure 12. E calibrationcurve (y = 0.022x+ 0.073;r? = 0.999;p<0.001).
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Figure 13. F dilution curve.
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Figure14. E dilution curve

6.2 Preandytical variability tests

Effects of sample storage time, temperature, cycles of freeze/thaw on sF
and sE.

Salivary stability before centrifugation. F and E values measuredin stimulated saliva
samgdes from five volunteerscollectedin Salvette tubes, keptat 4°C and RT for 24h
and thencentifuged andstoredat -80°C, did not denonstate significantdifferencesn
respectto the values measuredn the samplescollected and immedately cerrifuged
and storedat-80°C (figure 15).

Salivary stability after centrifugation. No significantdifferenceswere observedn F and
E valuesmeasuredn threesalivasample<ollected andkeptat RT andat +4°Cfor O h
(basal)4h,8hand24hbeforeseparatiorandstorageat -80°C (figure 16 and figure 17).
Salivary stability stored at -80°C. The F and E concentationsin threesalva samples
collectedandstored after separationat -80°C until three monthsbefore extractionand
separation,did not demonstratany significant difference(figure18).

Sability after freezing-thawing procedure. The F and E values,obtainedin threesaliva
samges after separationand four cydes of freeang and thawing, did not differ

significantly in respecto thebasalmeasuredaues(figure 19).
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Figure 15. Salivary F and E stahlity at room temperatte (RT) and at 4°C for 24h before Salivette
centrifugaion and sepaation (n = 5). The resuls (average+ SD) are expresed as percentag of the
concentraton obtained analysing ead saliva sample after its separatin and direcly storedat -80°C

(basalvalue,100%).
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Figure 16. Salivary F stahlity atdifferernt timesand tenperauresafter saiva Salivettecentrifugaton and
separation (n = 3). Theresuts (averaget SD) areexpressedispercenace of the concentraion obtaired

aralysing eachsaliva sampleafterits separatiorand diredly storedat-80°C (basalvalue,100%).
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Figurel7. Salivary E stability at differenttimesandtemperatues after saiva Salivette centrifugationand
sepaation (n = 3). Theresuts (average + SD) areexpressedaspercenage of the concentraion obtaned

andysing eachsaliva sampleafterits sgparation and direcly storedat-80°C (basalvalue,100%).
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Figure 18. Salivary F and E stability at -80°C up to threemorths (n=3). The results(average + SD) are
expressedaspercentag®f the concentation obtanedanalysing eachsalva sampleafter 1 dayof storage
at-80°C(basl value,100%).
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Figure 19. Salvary F andE stability after four cydes of freezing andthawing and thenstorageat —80°C
(n = 3). Thereslts (average+ SD) are expressedss percenageof the concentrationobtainal analysng

each salivasampe after its sepaationand dired storag at-80°C (basalvalue, 100%).

6.3 PROTOQOL D - effectof an acutephysica exerase

in maleand femalerowers

Salivary cortisol, cortisoneandcortisol/cortsoneratio levek in male andfemale rowelrs
arereportedn table 14 andin table15, respeately.

Tabe 14. Salva parametersat Basal (-30min), PreEx (Omin), End-Ex (40min),
Recovery(100mn) of male rowersunderakinga Coneptll Rowing Steptest.

Basal Pre-Ex End-Ex Recovery
sF nmol/l 45126 45+41 49+17 42+20
sE nmol/I 46+11 51+20 62+17"° 59+17
SF/sE 1.0£0.5 0.9+0.6 0.8+0.3 0.740.2

# p<005: endexvs basal

§ p<0.0L: end-ex vs pre-ex
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Tabe 15. Saliva parametersat Basal (-30min), PreEx (Omin), End-Ex (40min),
Recovery(100mn) of female rowersundert&ing a Coneptll Rowing Steptest.

Basal Pre-Ex End-Ex Recovery
sF nmol/l 23+15 2148 28+11 16+5
sE nmol/| 35+9 41+5 46+14 49+11
SF/sE 0.6:0.3 0.5+0.2 0.740.3 0.3t0.1*

* p<0.06: recowery vs basal

Gender differences. Significartly higher levels of salivary cortisol at basal(p<0.05),
pre-ex (p<0.03)andrecovery (p<0.004)were obseved in males comparel to females,
togetherto a significant higherlevel of cortisol/cortisoneratio (p<0.04)at recoveryin

malescomparedo females.

Urine cortisol, cortisone, cortiol/cortisoneratio, credinine levek in male and female

rowersarereportedin table16 andin table17, respectively.

Tale 16. Urine parameterst Basal(-30min), End-Ex (40min), Re®very (100mn) of
male rowersundertakinga Cornceptll Rowing Steptest.

Basal End-Ex Recovery
uF nmol/l 226+158 265+326 388+341
uE nmol/l 305+185 360+265 445+262
uF/uE 0.7+0.2 0.6+0.3 0.8+0.5
uCr mmol/I 15+5 12+10 18+9
uF/uCr nmol/mmol 17+12 22+16 21+12
uE/uCr nmol/mmol 22+13 38+17 26+10

# p<001: erd-exvsbasal
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Tabe 17. Urine parametersit Basal(-30mn), End-Ex (40min), Recovey (100min) of
female rowersundertakinga Conceptll Rowing Step-test.

Basal End-Ex Recovery
uF nmol/Il 156+72 232+112 343+16F
uE nmol/l 372+163 460+185 545+204*
uF/ukE 04+01 0.5+02 0.6+0.2
uCr mmol/Il 7+6 911 10+7*
uF/uCr nmol/mmol 39+34 54+44 44+21
UuE/uCr nmol/mmol 85+57 10063 7234

*p<0.04: recoweryvs basd

Gender differences. Signficant lower levels of urine corisone/ceatnine ratio at basal
(p<0.03) and recovery (p<0.03) and of urine cortisolcredinine rato at recovery
(p<0.03)were observed in malescomparedto females, togethe to a significanthigher

levelof cortisol/cortisoneratio (p<0.@) atbasd in males comparedto femdes.

A postive correlation was observed betveen salivary cortsol and urine
cortisol/creainine ratio in female rowers (y=0.233x%11.723, r’=0.4304, p<0.007)
(figure20).

sF nmol/I
)

0 20 40 60 80 100 120
uF/uCrnmad/mmol

Figure 20. Correlaton betweensdivary cortisol (sF) ard urine cortisolcreatnineratio (UF/uQr) in female
rowers.
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/. Discussion

7.1 Sectionl

To our knowledgethis is thefirst time tha thelevel of free IGF-I has beenmeasuredn
humansalva in relationto trainingcondiion andphysica exercise.

Scentific literaturedemonstratesery limited resarchin thesdivary IGF-1, furthermore
thesefew studies useda RIA methodand investigatedwell characerized GH related
clinical conditons. In thesepapersthe authorsobservecdigh andlow levds of sdivary
IGFI in acronegalic and GH-deficient patents, respetively [36-38], suggestinghat
salivary IGF-I reflects the systemicGH staus [19], evenif thereare no literatue data
aboutr-hGH administratioreffecton sIGFI levds. Consequethy, the evidence of GH-
dependencef sdivary IGF-I is presentlynot consistent

In 2007,Shpitzer et al. reportedsignificantly higherconcentration of IGF-I in salivaof
patientswith oral squamouscell carchoma (OCSS) comparedto heathy, age and
gendermatchedindividuals, suggesve of an important role in OSCC pahogenesis
[43].

We studied and validated an ELISA method to andyze sIGFI: the sengivity,
specificity, precsion and accuacy of this method, taking into acemunt the analytical
performanceparanetersmeasued in the experimental validation tests,are suitable for
the measwemens of the concentrationof free IGF-1 in human saliva. The present
researcldemonstates theimportanceof the pre-anatical variabiity, andsothe effects
of time intervals,from collectionto analysis,and temperatire of storaye beforefreeang
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a —80 °C are also relevant.Moreover when the andysis is carried out after seveal
morths' stora@, the use of the inhibitors' presenative solution (IS) has been
demongratedto becrucial.

The free sIGFI levels measiredin the female (n=14,25+2 yrs, 56£8 kg, 1.66+0.06m,
20.3+2.1kg/m?) and male (n=8, 31+4 yrs, 75+10 kg, 1.81+0.07 m, 23.Q:1.9 kg/n7)
sedentary groups were 0.20+0.05ug/l (protocol A) and 0.18+0.11 pg/l (protocol C).
Taking into accountthe literaturedata,evenif they arelimited, the present resultsare
comparabé with Ryan'sresults(0.52+Q37 ug/l) [36]. The latter and our methodsare
certainly different but their sengivities are similar (0.05 vs. 0.07 pg/l respedtely),
when comparedwith the other two literature methods demonstrahg 10-fold highe
values(0.5and0.7 pug/l Halimi etal. andCostiganetal. respectrely [37,39).

The measuredevelsin female and mde sederdry did not denonstate significant
difference even if the anthropometrida data are different and consequetly the

comparisons notcompletelycorrect.

The free sIGF-I levels in saliva specinens collected from well-trained athletesand
sedentary subpcts demonstratedsignificantly different concentations. This variation
could be related to the differencein a sedenary vs exercse training condition. In
particularin protocol A we found significanty lower (p<0.001)sIGFI levelsin female
athletes conparedto female sedentay subjects (0.10£0.05ug/l and 0.2040.05 ug/l,
respectively),but in protocol C significanty highe (p<0.001)sIGFI levelsin male
athletes comparedto male sedentay subjed¢s (0.97+0.43 ug/l and 0.18+0.11 pg/l,
respectively) The scientific basesf theseresuls arenot easy sincethe data arenot so
numerousbut actuallythe differencein the athletes (volleybal playersandrowers)has
to be takeninto accaint.

The sIGFI levels studiedin a steag state, stimulated our interestto investigte the
effect of an acute condtion, like a physial exacise, on saivary free IGF-1, asin

protocol B andin protocol C.

In protocol B sIGF-1 wassignificantlyincreasedat the endof the exergse (p<0.01),the
free IGF-1 rate of appearancevas increasal (p<0.01) in agreenent also with sTP
(p<0.001)andsTPrateof appearanc<0.01);a correldion beweensaiva andplasma
freeIGF-1 wasfound only in postexercise.This could be explaned by locd synthesis

of IGFI in the basalcondition.In the literaure to our knowledge thereareno studies
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on the origin of humansalivarylGF-1, but Ryanet al. demonstreed a local syrthesisof
IGFI in Sprague- Dawley rats [39]. After the acute exercise a correhtion with the
plasmavalue was found in the presentstudy. One possble hypothesisto exgain this
resultis that exercise, like a stres condtion, may leadto a free diffusion from plasma

to saliva.

In protocol C a significanty increaseonly in sTP (p<0.05) was demonstated even
when we calculated the rate of appeaance (p<0.05) at the end of the execise,
maintainedalso in the recovey (sTP p<0.05, sTP rate of appeaance p<0.05) The
correlationbetweensIGFI andsTP in pre-ex is in agreenentwith the results obtained
in protocd B.

The increaseon sTPlevelsobtainedin both protomls agreeswith Ljungbeg etal. who
demonstragéd an increasedotal protein concentation after a marahon in well trained
subjects[96]. Moreoverthe sTP rate of apparane was significantly increasedat the
end of exerciseTherefore the obsened phenomeon suggestshattheincreaein sTP

levelmight not beinducedby fluid lossesfrom the sdiva.

The obtaineddifferencesbetweenthes two protocok on sIGFI were expecta since
the two protocok were different in mary aspects: subgcts’ anthropometical data,
athlete(cyclists vs rowers),exercisg(in terms of type, intensity,duraion). Moreoverthe
saliva samplecollectionat the end of the exercsewasa bit different: in protocolC we
collected sailva simultaneous/ to blood, instea in protocol B salva was collected
about 15 min after blood. This may explan why in protocol B we found a correlation
betweensaliva andplasmafree IGF-1 attheendof theexercise,but notin protocolC.
However, the observeddifferencesin the effect of the exercse on sIGFKI are in
agreementvith theliteraturedatadescribingplasma IGF-I. In literature thereare mixed
results,either increa®d, decreasear no variaion, in studyingthe effect of physical
exerciseand/orexercisetrainingin the circulating IGF-I levels,mainly total IGF-I [84-
86]. The discrepanies could be relatedto differencesin the investgated physical
exercises (type, duration, intensity), but the influenang factors, like age, body
composition sleepwakingrhythm,nutritional stausandenegy balan@ arenumeous.
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7.2 Sectonll

This is the first time, to our knowledgg, that the humansaliva levek of cortisol and

cortisone,in relaion to a physicalexercise havebeenmeasure with a cromaographic
method.

In the preent study a SPE-HPLC methodwas utili zedfor simultaneoussalvary F and

E asay. This method is recommendedo substitite the immunoassaysthe mog

common analysis methods for urinay, plasma and salvary F concentration
measuren@s. In effect,consideringhatF conentrdion in salivais generaly lessthan

in plagma, RIA methodsareusuallysuggesté as sensiive methods However,inherent

differencesbetweenimmunoasaysmay influence the dat analysislimits and ranges,
therefoe, thediagnhodic criteria. Many steroidimmunoasaysaresensiive, althoughthe

presenceof F crossreactivity with other steroid isomers/netaboites causedrelatively
high measued concentrationUndoubtedy, giventhe speificity of the LC-MS/MS and
HPLC andUV deectortechniquessalivary F assg with this type of metodsshould be

preferredto RIA or ELISA [48]. Moreover saliva has a high viscosily and contains
some floating insoluble substancesuchas dead cels and food residues a SPE pre-

treamentof saliva samplewasutilized to eliminat interferences andto enrichten-fold

the salivary F and E concentrations.The sensiivity, spedficity, selectivity, precision
and accuracyof this method takinginto acountthe analyical peformane paametes

measuredn the experimentalvalidationtess, are suitable for the measuremats of the

concentratiorof cortisol andcortisonein humansalva. In agreenentwith theliterature,
salivary F and E did not denondrate significant varigions comparingbeforeand after

centrifugaton, moreoverthe salivasampésdid not demonstree differences after three
morthsat —-80°C[97].

The basl levels of sF and sk, measurd in the male (n=8, 2948 yrs, 81+10 kg,

1.85+0.08m, 23.7+1.8kg/n?) and female (n=5, 20.2+0.4yrs, 62.2+0.4kg, 1.68+0.45
m, 22.0+04 kg/m?) rowers,were45+26 and23+15 nmol| (for sF)and 46+11and35+9

nmal/l (for sE), respectively (protocol D). The calculaed cortisol and cortisonemolar
ratios were 1.0+£0.5 and 0.6+0.3 for mdes and females, respetively. Even if very

limited, these levels arein agreementvith the Morineauand Jergs’ resuls with RIA

[54] andimmunofluorimetric methodg55].

It is well known that exercise(as a physial stressor)activates the HPA axis with a

circulating cortisol increase[78-80]. Anyway, seveal factors have beenidentified as
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influenang the adrenocorticakesponseto acute exacise, notably timing of exercise
(fort the cortisol circadianrhythm), exerciseintensty andtraining staus [98]. Limited

dataexiston salvary cortisolandexercse,but it is clear thatthe results are influenced
by manyfactors(asfor plasnacortisol)[92-93,99]. Maybethe moreinterestingfinding

is the gencer difference:a lessHPA acivation was found in female compare to male
rowerswith a higherlevel of cortisol/cortsoneratio at recovery in malescomparedo

femalesThesediff erercesmight repregntadiversity training statusbetveenmalesand
females. Certanly further investigationsare neessay to confirm thesedaa and to

better undersand if salivaanalyss canbe an dternative to plasmao urine in athlete
training statusevaliation. The urine cortisol and cortisoneratio is propose by many
authors as a marker of training condtion, in particular to assss the overtraining
syndrome[94,100-102.

The results of the study on salivary free IGF-1 have been submitted and accepted for

oral and poster presentations during high level international scientific congresses.
Moreover manuscripts were submitted and published in peer-reviewed scientific
journals (described in the chapter 9 “ Overview on publications”).

The results of the study on salivary cortisol and cortisone have also been subjected to

poster presentations at international congresses and they are now submitted and under
evaluation for the publication in peer-reviewed scientific journals (described in the

chapter 9 “ Overview on publications” ).

In conclusion, thesetwo methodsare able to meaure free IGF-I and cortisol and
cortisone in human saliva with apprqriate analtical performances. These results
suggestfurtherinvegigation from the laboratorypoint of view, takinginto accountthe
aspectsrelaiedto thevariousforms andthe spedfic andunspedic binding protens (for
sIGF-I assay)andto the othersteroidmetaboites identfied in sdiva (for sF/sEassay).

Certainlytheseanalyss offer numerougerspeaves. Undoubtedy, the measuremenof
salivary IGF-1 levels would allow new perspetives in GH/IGF axis studyin athletes
and sedemary subjectsbut alsotraining stae evaluaion and doping purposs could be
proposed. Moreover clinical application could be proposedin GH/IGF disease:in

particular it would be interestingto verify sIGFI levelsin GH deficiency, before,
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during and after r-nGH adminigration. Surdy, the salivary cortisol and cortisone
analysis with a chromatographianethal would consentto investigate many physio-
pathological conditions in which the activaion/inacivation of HPA axs is known; in
addition, the simultaneousassessient of cortisol and its inadive metaboite cortisone

could enhancetheknowledgeon 113-HSD activity in alocaldistrict asmouth.
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Abstract

The assay of saliva is an increasing area of research with implications for basic and clinical purposes. Although this biological fluid is easy to
manipulate and collect, careful attention must be directed to limit variation in specimen integrity. Recently, the use of saliva has provided a
substantial addition to the diagnostic armamentarium as an investigative tool for disease processes and disorders. In addition to its oral indications,
the analysis of saliva provides important information about the functioning of various organs within the body. In this respect, endocrine research
certainly occupies a central role. The present review considers the laboratory aspects of salivary assays with respect to the different analytes
including ions, drugs and various non-protein/protein compounds such as hormones and immunoglobulins, This review also examines the
consequences of preanalytical variation with respect to collection strategy and subsequent storage conditions. It is likely that the use of saliva in
assays will continue to expand thus providing a new instrument of investigation for physiologic as well as pathophysiologic states,
© 2007 Elsevier B.V. All rights reserved.

Keywords: Saliva; Hormones; Collection; Storage; Stability
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Abstract

Objectives: To examine an immunoassay for measuring free IGF-1 in a saliva specimen (free sIGF-1) and 1o study the levels in relation to the

training conditions comparing young athletes and sedentary females,

Design and methods: The analysis was carried out by modilying a commercial kit for plasma matrix to measure the free sIGF-1 The plasma
free and total IGF-I fractions, hGH and salivary total proteins were also measured. Saliva and blood specimens were collected from 15 well-trained
young female volleyball athletes and from a control group of 14 young sedentary females,

Results: The calibration curve o assay free sIGF-1 covered the range 0.05-5.00 pg/L. The detection limit was 0.07 pg/L. The within-run and
between-run imprecision CVs were 10% and 13% respectively. The average recovery was §8%. Free sIGF-I. measured in 15 athletes and in 14
young sedentary females, was 0.100.03 and 0.20+0.05 pg/L respectively (p<0.001).

Conclusions: There were decreased levels of free sIGF-T in well-trained athletes, compared with sedentary females. This decrease could be
related to a greater tissue requirement by the active muscle subjected to intense exercise for several days,
© 2007 The Canadian Society of Clinical Chemists. Published by Elsevier Inc. All rights reserved.

Keywords: IGF-I; Salivi: Immunoassay; Physical exercise; ‘Training

Introduction

The positive effects of the GH/IGF system on muscle
function, performance capacity and health status of physically
active people have been proposed by numerous Authors [1-4],
Tt has been verified that a healthy status has reciprocal positive
effects on the GH/IGF system [5-7]. The literature regarding
the connections between circulating IGF-! levels, both as total
and free forms, does not demonstrate uniform findings.
However, nutritional state and training condition seem to be
responsible for these contradictory results, Moreover, long and
short-term physical exercise, fatigue and energy expenditure/
intake equilibrium have not always been taken into account.

* Corresponding author. Fax: +39 049 §272485,
E-mail address. eliof.depalo@unipd it (E.F, De Palo).

Further findings and investigation could help in a better
understanding of these various effects and different conditions.

The complex interplay in the metabolic actions is important
for this GH/IGF system. Protein anabolic aspects have
principally been studied in the circulation, and little is known
at saliva level. The fact that IGF-1 stimulates protein synthesis
with no effects on proteolysis must be taken into account in this
matrix of the body. Moreover IGF-I stimulates growth and has
been proposed as acting both as an endocrine hormone via the
blood and as a paracrine and autocrine growth factor locally [8).
The repair of oral tissue has been reported to be in relation to the
abundance of growth factors in the oral cavity. IGF-I together
with IGF-II certainly occupy a crucial role among these growth
factors [9].

Another important aspect is that the saliva is a rich deposit of
proteins of which immunoglobulins are typically an important
component. Moreover human saliva proteins are different from

0009-2120/5 - see front matter € 2007 The Canadian Society of Clinical Chemists, Published by Elsevier Inc. All rights reserved.
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Abstract

Background: Human growth hormone (hGH) responds to bouts of exercise by increasing, while the insulin-like growth factor-I (IGF-I) responses
are conflicting,

Methods; Twenty well-trained male eyelists completed a brief duration exercise (A: warm up-+increasing workload until exhaustion, lasting
25 min) and a medium duration exercise (B: warm up+70-80%VO, . +increasing workload until exhaustion, lasting 40 min). The
immunoreactivity of plasma hGH, the IGF-1 in ils total and free fraction were measured before and at the end of the exercise, and the free/total
IGF-I ratio response to the two cycling exercise bouts was examined.

Resulis: Both A and B demonstrated inereased hGH (from 774122 to 544£327 and 2868 to 369276 pmol/l respectively) and total IGF-T (from
671010 70=10and 55£14 10 61+ 15 nmol/l respectively). The free IGF-T was decreased only in A (from 0.380.16 to 0,32£0.14 nmol/). Both A
and B demonstrated a decreased free/total IGF-T ratio (from 0.5720,30 to 0.46£0.22 and 0.610.37 to 0.52£0.29),

Conclusion: Brief and medium duration physical exercise influences the hGH, the total and free 1GF-I concentrations. The free/iotal IGF-I ratio
was also influenced and it might be related to the GH/IGF system, Its investigation might be a way of studying the training condition.

© 2007 Elsevier B.V. All rights reserved.

Keywords: GH/IGF axis; 1GF-1 free/total ratio; Physical exercise: Physical training

1. Introduction

The GH/IGF-I (Growth Hormone/Insulin-like Growth Fac-
tor-I) system, together with binding proteins, plays a key role in
the adaptation of the organism to exercise. While the GH
response to exercise is established [1.2], the IGF-I research
demonstrated mixed, non-homogeneous results [3-5]. The
discrepancies could be related to differences in the investigated
physical exercise (type, duration, intensity), but there are

*® Corresponding author. Section of Clinical Biochemistry, Department of
Medical Diggnostic Sciences and Spec. Ther, University of Padua, c/o ex
Istituto di Semeiotica Medica Via Ospedale 105-35128 Padova, ltaly. Tel.: <39
049 8213016; fax: +39 049 8272485,

E-mail address: eliof. depalo@umipd.it (E.F. De Pulo).

0009-8981/$ - see front matter © 2007 Elsevier B.V. All rights reserved.
doi:10.1016/.cca.2007.09.005

numerous factors which might have an influence, such as body
composition, sleep-waking rhythm, nutritional status and
energy balance [6-8]. Recently Izquierdo et al. [9] studied the
effects of 11 weeks of resistance training leading to failure (RF)
versus not to failure (NRF), followed by 5 weeks of maximal
strength and power training, The total IGF-1 levels were reduced
after 11 weeks and after 16 weeks in RF group. In NRF group
only the serum IGFBP-3 was significantly increased after the
16 weeks of training. This Author suggested that IGFBP-3
increment was a compensatory phenomenon preserving IGF-1
bioavailability [9]. IGFBP-3 was proposed as a marker of
overtraining [10]. Furthermore the IGFBP-3 area under the
curve (AUC, representing the total amount of IGFBP-3
measured, therefore the presence and bioavailability of this
binding protein in the circulation during the investigated time)
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Urine cortisol and cortisone and water intake in athletes

R. GATTI -2, G, ANTONELLI 1, B. ZECCHIN !, P. SPINELLA 3 F. MANTERO 2, E. F. DE PALO !

Aim. The aim of this study was to investigate the urine cortisol
(F) and cortisone (E) relation, having a well-defined water
intake.

Methods. Urine specimens were collected from 10 male trai-
ned cyclists (19+1 year, 70+4 kg, 179+4 cm), at rest just before
the test (pre-exe) and until 45 min after the cycle ergometer
exercise test (45 min at 50-60% VO,,,,..) (post-exc) in the mor-
ning, This investigation measured the diuresis in the pre-exe and
post-exe after cach athlete had drunk 1 L of water from waking-
up, after bladder emptying, to the start of the test (pre-exe)
and 1 L during the 45 min after the exercise (post-exe),
Results. Urinary F and E concentrations demonstrated a signi-
ficant decrease comparing pre-exe with post-exe (177134 vy
64221 and 706475 vs 372178 nmol-L-! respectively, p<0.05).
This significant decrease was verified when diuresis and urinary
creatinine were taken into account and the ratio measured.
Conelusion. One litre of water intake after exercise scemed to
have no effect on urine F and E excretion. Moreover the urine
F/E ratio was not statistically different comparing pre-exe with
post-exe.

KEY worps: Drinking - Hydrocortisone - Cortisone - Urine -
Exercise.

he hypothalamo-pituitary-adrenal axis (HPA) acti-
vation represents a physiological response to the
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strain of muscle exercise. Numerous factors interact
with the HPA axis like stress, exercise, ete.!7 The HPA
response to exercise may depend on training status,
intensity and duration of exercise.® The urinary corti-
sol/cortisone ratio (F/E ratio) has been proposed as a
marker of the catabolic status.? 10Tt has also been sug-
gested that factors namely type, duration and intensi-
ty of physical exercise, influence the anabolic and
catabolic turnover processes.

The F response to exercise depends on several fac-
tors including the previously mentioned ones, mode of
exercise and the training status of the athletes.”- ' But
the meaning of urinary F and/or E values in relation to
exercise may be difficult to standardize, not only from
the physical exercise point of view, but also from oth-
er aspects such as water intake and urine volume col-
lection. Previous studies showed that the urinary F
and E excretion depends on urine volume and the rea-
son is that F and E excretion changes with the times and
intervals of the collection.!2In relation to the diuresis
(804.4 - 823.3 mL-day-! in female and male, respec-
tively), Atlaoui e al.® reconsidered the initial data of
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Salivary free insulin-like growth factorl levels: Effects of an acute

physical exercise in athletes

G. Antonelli’, R, Gattil.2, M. Prearo!, and E.F. De Palo?

1Section of Cinical Biochemistry, Department of Medical Diagnostic Sclences and Sp. Ther. University of Padua; 2Department of
Surgical and Clinical Sciences, U.O. Endocrinalogy, University Hospital, Padua, Italy

ABSTRACT. Background/aims: The offer of human saliva IGF-I
(sIGF-1} measurement in athletes investigation is a new pro-
posal. The aim was to investigate the physical exercise effect
on sIGF-l and explore plasma free IGF-| relation. Materials and
metheds: Saliva and blood were collected from well-trained
athletes, investigated immediately before and at the end of a
physical exercise test. Results: sIGF-| was significantly increased
at the end of the physical exercise. The plasma free IGF-| con-
centrations did not demonstrate any difference. The saliva to-
tal protein level (sTP) was also significantly increased. A posi-
tive correlation between sTP and sIGF-|, was observed, both
before and after physical exercise, and between salivary and

INTRODUCTION

IGF-l is a peptide hormone which plays a crucial role in
the GH/IGF axis (1). While the GH response to exercise is
well known (2, 3), the literature data about the effects of
physical exercise on the |GF-| system does not give the
same uniform results. In any case, it is commonly ac-
cepted that IGF-| influences and is influenced by physical
exercise and training condition (3-5). Some studies have
shown an acute increase in serum IGF-l levels following
physical exercise (6-8), others have observed a decrease
in circulating |GF-| in response to exercise training (2, 10),
while others have failed to observe any changes after re-
sistance training and acute heavy resistance exercise (11,
12). Some of these discrepancies could be related to the
different exercise protocols (type, duration, intensity), but
numerous other factors such as gender, age, body com-
position, level of training, nutritional status, and energy
balance may also be involved (6-13).

However, IGF-1 is not only the endocrine mediator of GH-
induced metabolic and anabolic actions but, taking into
account the IGF-| receptor ubiguity (14), this hormone al-
so acts in a paracrine and autocrine manner; in particular,
it is thought to play important roles in stimulation of DNA
synthesis, CEHuEr proliferation and differentiation, amino
acid uptake, protein synthesis, and glucose transport in a
variety of tissues (15).

IGF-l in the blood circulates in free and bound forms: the
former is the bio-active form, the latter, namely the bic-in-
active form, is bound to a family of 6 specific proteins,
namely IGF binding proteins (IGFBP). IGFBP prolong the
half-life of circulating IGF-1 and regulate its biological ac-

Key-words: IGF-I, physical exercise, saliva, saliva rate appearance, total proteins
Correspondence: E.F. De Palo, C.D. Clinical Biochemistry — Department of Medical
and Diagnestic Sciences and Sp. Ther. University of Padua o/ ex Istituto di Semeiotica
Medica, Vis Ospedale 105 - 35121 Padova (Kaly).

E-mail: eliof depalo@unipd.it

Accepted June 12, 2008.

plasma free IGF-l only after physical exercise. The salivary free
IGF-| level significantly increased after physical exercise, more-
over a correlation with the plasma levels exists in post-exer-
cise condition. Conclusion: In conclusion, the physical exercise
affects sIGF- as well as the sTP. The correlation between plas-
ma and salivary free IGF-| levels only in post-exercise condition
suggests further studies to investigate the effects of different
type and duration of physical exercise. The comparison with
other salivary biochemical parameter investigation would also
further increase comprehension on the role of salivary IGF-1.
(J. Endocrinol. Invest. 31: 22-77, 2008)

©2008, Editrice Kurtis

tions by modulating its bicavailability for the receptor (16).
We recently demonstrated that free IGF-| is also present
and measurable in saliva (17). The saliva laboratory anal-
yses represent an upcoming research area for basic and
clinical application purposes (18). The salivary components
are of different origins, locally from the mouth cells, main-
ly from the salivary glands, and/or by diffusion, mainly
from the circulation. Ameng the numercus compounds,
proteins play an important role, having immunological,
enzymatic, and other activities (19). Between proteins, al-
so growth factors play an important role in the mouth and
their analysis may help in understanding hormonal in-
volvement both in oral and systemic biological processes
(20, 21). IGF-l is actually involved in many physiological
and pathological oral processes, in particular in growth
regulation of salivary gland cells, tooth growth and de-
velopment, promoting periodontal wound healing (22).
Moreover other non-peptide hormones have been stud-
ied in saliva, in particular steroid hormones represent an
investigated endocrinology topic (23). Their relationship
with training conditions has been reported (24). Further-
more IGF-l, like GH (25, 26), is potentially abused for
doping (27, 28} and the finding of a reliable IGF-| analy-
sis method in saliva specimens could be practical in
sports doping investigation.

The aim of the present study was to investigate the effect
of an acute physical exercise on the salivary free IGF-|
levels (sIGF-1) and to explore if a relation exists with the
plasma free IGF-| levels (pIGF-)). The purpose of the pre-
sent work was also to examine the salivary total proteins
(sTP) to verify if a relation with the sIGF-| exists and if
physical exercise has an effect on the salivary proteins.

MATERIALS AND METHODS

Subjects

Eighteen male, well-trained cyclists were recruited [aged 19+1
yr, weight 70+4 kg and height 179+4 cm, body mass index
21.921.7 kg/m?]. About a month before participating in the
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