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Effect of acute exercise on some haematolosical parameters
and neutrophil functions in active and inactive subjects

ÀcccpÌed: 16 Septcmbcr 199.1

-\bstract ln ùis work wc srrdied the possible effects oI
acuie exercise on some hremalological paralnelers and
on some functions ofneutrophlls ìn seven acir\'e and six
inaclile sLrbjects. Phlsic.ìl exercìse (10 min on a c_\,cle

crglrmclcr at a hcrrr rele oI150 beàts min i) induced
e significanl incrcasc ir1 lolal tucocyte, lymphocyte
end ncutroplil conccnt Iions in aclivr subjects: s€rum
iro r "nd Llr ilr .on-.n[.r. cn] \crc lo\'Jl tn drli\i
comprrcd 1() inacli!c sLrbjccls. Ccllulxr xdhesion. bac-
tericidal activity and supcroxidc anion produclion did
not change after eriercise. while we also obscrlcd some
difièrences betveen actiIe and lnactive subjecls before
erercìse. In partìcular. the neutrophìls tuom acri\,e sub-
jccls sho$,cd a signilìcànt1y higher percentage of rd-
hcsion. highcr bactcricidal acLiriLi, and Iower superox-

Lr ..nio p uJur. Jr . ln J, n. . ' n. he r.,r ing rn-
duccd cheùges in some neutrophil lunctions. §hile
eculc c\crcisc inllLrcnced. oveftìll, leucoclte concentra-
tions.
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hcrlthy subjects (Nehlsen Cannarclla et aì. l99lì Nìe-
man et al. 19911. Reporls hale suggesled rhat. while
tt.,Jcr:'e e.erc.< r" -nlì. n." -e. .r-r.<'u ,:on-m^n
i Ie. .. ....1,. .Èert. o erce. rre 6'1. c. 1.... \.r n. )
be detrrncnlal (Ho1lmen et a]. 1962: l\fackinnon and
Tomasi 1986i N{idtvcst and Midlvest l9tlt Robefis
1986). Acute phlsicel excrtion ma1 ilduce phvsiolo-
gicel changes in the quallt_v and qual1titl ol circulalìng
§hite blood cells, eccompanied somctimes bI a frll in
lhc serurn concentr-atiorÌs of iron. Morco!'er. rhe ellèct
or thc immune response of physica I erercisc, wherl it is
performcd bl untruined people, rs still not ver,v'. clcar.

Neutrophils rcprcsonl 5091, 60'L oflhe total clrcula
ting §hile blood ceìls end coùstitute the lìrst linc of
delènce agaiDsl loreign orgxnìsms.

The prcsenL \\,ork ìnvestigates vhethcr a single
efi.^C( . ,(ure r' (r .'c c.p:cir.
of neurrophils 1() produce the anioD supcroride-
modìfyi g lhcir adhcsion ànd bacterjcrdal acdlitr' .

W..(\rr:ed i"c,lcr lr. JF(... ot :.'e e\e'.i,e
arc different in active end inacli\'e subjecrs and wherher
lhc altered response mey bc rclated to changes in
scrum iron (SI). lerrltln (FllRRl and tlrnsferrin (TRF)

lntroduction

It h.ìs generalli been accepted that physicaL exercise
ilduccs a series ol ch.rnses in the immune response
(KeÀsl et al. 1988), bul 1l has bccn sho$.n lhat the
timing and intensìt! ofcxcrcisc arc importanl in deter-
' "'9 os e\ercice inllu.n.c. th- rr nrune.-.r. n I
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Methods

SiÌ iraclrc.nd seren a.lire hediiht julrlccts. aged lron ll ro 25
!ei.s. participatcd ln rle sl dr llller beì.! Ìnlìrrmcd rhal l( could
cÀuse srre\s r\li iacrire nrbjeds deroc.l less rhln lÌr {eel 1

to cxerclsè-reinrd acnlirics and ircrc lorsùokèrs ard ieer.raÌ
Tre a«ire ùbjed! engased ù regùla, cxùcise. ùnsinin! ol
nrnnirg. $,rnlnlrg .!d cldnìg .1 j dati.rc.k I ard sere
membe.s ol d,c Rcsc!rch Ccnrer ol phrsi.al rìrnets and Slrl]s
ivcroml. The lìour\ trkcn ur r cxcrcisc rere diferenr lù eàch
actirc $rblecr. rinsing beLween I to.1i dar 1 Norc h.d any
\rìnfrou ol illrs or ùlè.Liùn or had (!ken drugs i! lhc prellous



On the da! olthc lcit, a stald.Ldized èrdrci\e schcdulc sas !ndù
La(cn br ea.l flr'lic p.!r. The srrdr qri |.rLrDcd rt I i m i thc
farrilg srilè l'è.iphcral !en.ù5 bÌood samples rere dra\n b! dre-
clb lalrcnipucùrre innnediaLelr belole .rù! sc. Eùdi brect exÈL

,,1'
ìrleùiLr unLil a hearl rale ol 150 b.als mi! I wi! rsrched ùnhnì
5 min. Thlt eìe(i\e inrersìtr nas rr.i n,arnr.iled lor 10 nnr iher
nlrrch l0 Bl Òl blood "i! r.lleclcd. SlsolÌc bÌood pr.$!r. .!d|, ,,,,t (., Le

The iìeterDinr..n.lr.d blood cclLcourl rairnadÈ snh a Ieclnl
.on H4000 aul.ùxtic diÌt\c| SÌ and TRF corcùrtraliors rùe
derenniEd urnle Lhè Tedìnicon R^ lr00 \$rcnr nrcrr,ods (H.fi

"Ì Ro. 1b.. s l, I 'r .. '.
ùrured b! i luororrclrc.lzlmc iùnùro.§rl iSaRATUS.
Br{tÈr (Ììl Tolal l.ucoctlcs aùd diflerenriiL coùtrls sèÈ ennnalèd
by rL.ndrrl Froc.ìures I(i Ìrr Coùnrr T6601

srlùdr,n d ftna,.p,,ils

Thè neuLtullils se,. p,cFdrcd l,om .dr_rlcrc.rhvleùe Llliùntr
Èlr. iceric a.iLl anlic.n.sulalÈ.ì blùd. thàl Mr rfaclioiat.d h,r
dincrctrrccrrrlnreatlors orù ferrÒl1 gràLliènLr. TlccÈÌl\i > 98r'n or
luùncd !.urFphihl $ere !,ìàllr rerus!ènJcd n IIarl s balancd
\alr {nùti.n (HRssl mpplcnrcnr.d {irh 02% hùùar serun.l
bùmir 5 rnmol I L glu.o,e 0 5 mD.Ì.1 I C!Cl: anll I nlrol I I
\lgsoa IHCGNIAT .!.1 !se.l .L 1!è cln.enrralùn oL 4: la' ù.u-
lrcphils ìnl loriùt.roridc anio. x$a,rand a i 1!6 cells ù1 rlrr
ba.L*i.idil rctidr ariì ù!int1in.d I ro.m rcnrp.,ah!c nnrilus..

A rìld sùin! olSLaphilococctrs au,eù\. sroin nbriDhc.Initulnm
l'1'.

br.Lcixsr\ rher .enrrihÌgcd àl l01li rnùr tìr 10 mln .ùd. Lljs.àxhrg
liie supe lant. res!\FndÈd Ìn HaCVA Thc concerùitlon ol
hlctcri. !r lhc JùspeNlon r.s klju(èd ro obLaù an oprical dcnsnt
lODr alainsl a bufl* blink.r 620mr oI .ptxrrirìàrel.Ì 0.100.
.orrespor{lùrc 1. àh.ul ,{ l2 i 10'boclerla rd I SrLLlar dilùliÒh
lrl |orì tl. srarling $§pùNio! lDol nere FretrreLl lnril Dr.
A 25-!1,urlrc olrhe\e diÌrÌ1i.ns {!s dcl !.rcL1l! tipli..te nrto dre
nllÌj oli 96 !ell neLih rni.rùplare rirl ! lrt boti.m (Ì mbro rr|c.
I o§1. Thùr tlie selh e-e sufplernented ritì 25 irl .l l6 r.; t..Ìed
ItrDàn sera idiÌrÌtcd ii HBSSI and, aftù 10ùnr. sn! 50 B1 ùI Llè
eulrÒphilnrsFensìo or i0 !!lot HCGl\lA in conirolsamples Thc

in.ubari.n sai carriùd olr lù 6lrmin rr l7 C ir a luùrdilìed
therùxllr. tù.. 25 IÌ ol n 3% sapolln .n.l l0lr|l .I brlh herrL
iniuiion \rèr. adLlc.ì nr !Ìl (.lls includirs blÙks Bacrerlalgronlì
ras lollo\r{l al LlnEd nrLesal\ 1*err hoù! ri.m 0 io 5 h)br r.adine
rÌ,c OD.r 620 nm ùilh àrni.n) ltereàde, Baclc, c](l.l.ap.crtyol
rhe reùÌÌophrls$!s clalu.red br-.ornpxdng Llclà.rcriàÌ gro\rlh ol
sdnFle. inculàred sith icùlùrphih lo lhe bi.terhl grosth in Lhe

.\!I.r.rni. rri,rr dJ!l

Thc supcroide.nlon wù ùèrsured by rhe \uferol(lc dr$ìùrdi.
rrhrbil!blc r.duction ol letri.lroctuoar r ùodined lù nricrotlàte
dsi r {Dcllirire .r il 19!:1.A!FÉlnln .r erFrnnenrs nx»cd thrt

r.uftophils sponLare.ùtr adhùcd ro rhè bol!,r .1 rhc rclh .rd
/. ,. c e b ., .o
1Òl!Ìl! cradiciled b! coarirg ih. n!;roplilè rvÈÌl\ nilh 100tl .I
lìeLxl borinc r. !ù lù i( lersr I h at roorl tùnperi(ure: iDmediarc
ll bclore usè. thc Flates rclc rashcd lhÈe limei i lh phojphitè
snLnc bnfer flrtsSl u\in! ar àùtomrt. phre wrsher iSLT I lborai
orr llstrumeirsl OpcriliÌelr. lle lrcÌls {cre !upplernenLed
§ùh l5ll1,\-linn!Ìrì.llri!nlll.lcrlphenrlalanrDc (Fll|l,ì
10 'nlol I 1 N a niùulxrr. 15 lrl .l c ochrom.-c.arrnepr.bclor
rhe .ìdcclion ol O. . lnd nnnlll 50 !Ì ol lhr aeulrÒplìil str\Fn5i.n
presrnìed ar.ì7iC tor l!!iìù. As.!ntrols in thc §.lls sere added
l-<lLl ÒI HCG]V^ :jtrl ol crloclrr.ùe-c arll 50|tÌ ol llrc c.Lh
rrtholl rhe nnnùlrnt Thc thrcs $cre rlìh bnrrght 1. ,17 ( in
a lumidLrcd itrcùb.Ìù rLruLshùur L]re erI]crincor. When n i.n{cd
lil 5. 10. 20. l0 r.d 40 miù ttre plales \rere rtrÌrÌdll rr{.ilcrr.d into
a nicropl.le reidÈr (REÀDER 400. SI T l-ùbor.tÒrr lùrrumerrs)
and tlr. rcducrnm olctroclrroN. §a\ iÈa5urcd di 550nùr ùtnì!
5ll nm !s a r.r.rcicc ralelelglh lo aroi.l irlerli!.ncc du.1o lighl
sc!(erlng. ln xll fnr.edùrcs, cùc \raj tilier Lo r\oid coohrg .1 lhc
fÌire wtren il ùns raken 1ronl rl,c ncubaroL lÒr readìrg' To obt! ù
Lìc inuLx LraloùÒle, ùl suleroÌidc !lion prÒdn.eLl. Llè ()D oi
Lre slmflc §.s divlded bv rhe ()D olrhc t., rìcrÌochtuaìe . rÈLlucd

Thc ren us made imnl.diat.h afrcr rljedÈLecrior olrlt \unc.oride
anion Tlie lliùoFlnle $às {Ìlìccrcd to ùìo eadrìrg .!.ler nrlh
PBS rl roon lellperalù.e rnd rhe cèll!Ìld .dtreslor sas elal rred
bl nea{ Ìr! rhc mcnbrùe en/Jrle arid tho\pì]àrdsc A qu.ltlrl
ol i5 pi Òl an r.etxlc hùlìcr 0 l5 nroÌ I r. 

FH j.l..ort!Ìning Q:_i,;
T!ùon X 100 \ùe Fhlèd: aircr 5 n I ro.m t.nper.Lure 15 B1 .l
0lt rì.Ì l 1..er.re buller corlri ne tì]. nÌhslralc ll0!!rNl I l

p nir rÒphenr lrno\rharcl lras aitdcd Aliù inùrbn rnnr at I .on rcn]
Fratinc lor 20 ùU Lhè reaction ùri rirrfNd br- .ddir! 100 d .l
NaOH 2 N The Fi tu!|Ènol lroductron ris rne.nrrèf \I]ècLr!-
FLrohncllicalil at:105 ùi Th. Fercdrrrg..lcdlul.r adLreiiùr \ns
.alorlatel! on d stardrrd cùr!e ùbrrnred !rùr, kno\n rùlibeÉ ol

lLle StudÈnfi r l.n ras !Ìd ilr.ÒmFan{Ì h.$.cn e(ups.

Résults

The hacmalological parrmeters iD où 13 subjecrs
studied beforc and aiÌer Lìn acute exercisc icst are
sho$n ir Tablc 1. The Lolrl number of lcucocltes.
l)mphocyres and ncutrophils rignilìca th incrcascd in
lhe acl]\'e sublccts after exerclse; ìn the iDaciirc subjecls
lhe exercise incrcascd all leuco.yles. but ùc dillerence
was rignilicanl lor lymphocl-tes olrly. Eosinophil con-
cenlratìoDS werc grcaler in actì\,e subjccls compared to
inactive both belorc rnd alter e{erclse. In ùc actile
subjects SI and EÈRR conccntmtions \\'ere lowcr com-
pared ù the inactive ones. eren ifnot significant. before
and aftcr crerciser the high inter,subjcct variabìlì1r §'as
rrre 1,. '( -nr .,.(. le'\-e| nC-ncn, I *omen.
lvrth somc fema]e subjecis sholvios ver] 10\\, concentra-
tions oi FFRR



18!

Tzhle I Hdcmatologl..l pxrurerers in oùr nù,lcns bdore {El .rd lircr (^) cxerclre

Tolalle!.ocrre!L10r.d L)

t.!nrFhocrrc! (i0: rl rl

Ncùropr, h (l1lr fl rl

!osirothil\ (l0r [Ì r]

11r0.10

lt8 20

-<,4.1i
5.19
I {11

tti

SLNl
016

11 67

16 82
1r l:
0 r5

i9l
r09 r0
1.1a.li

r'.51
).94

SE.\1
015

11..19

It.5l
r.1.09

110:

5.ll
tE.ii

1.16 r9

:.10
l+1

i.t,
1E l9
lE.61l
0 5.1

0.,11

0.1i

8:.t1 5.,1n

165 29 18 60
4618 1E.39

I20 0.:r.
5 l2 0.,-:lr

"P > 005 Bcrorc ard rft{ er*cir.
13], <001 hctn.cr i,rilcd and unrrained ibje.rs
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SENI

The percentage ol ccllular adhcsion belore rnd alter
exercise in our subjects ls sho§n in Fig. 1. We obserr'ecl
a significantly hìsher percerlage of rdhesion in the
.lclilc compared to the inactile subjecls whclhcr bclorc
or aftcr thc eaercise. $,hile thir parameter ol leucoc]te
fu ctjon wes nol inlÌuenced bl exercise in either group.

The results of thc bùclericidàl r:ìsay are shown in
Fig. 2. We evaluatcd rhc becrerial.lilution D] sìrce the
ratio cells:bacteria produccd lhc best resuhs in ihis and

p .. o . e.l.r 'en.. lt.- 
.

duced significant changes in rhc percentage of kiììing
bacleriain the active compared to lhc inacti\e subjectsl
in clcry case the neutrophils lrom thc scdcntar) sub-
ject! sbowed a lowcr brìcterial activil! at rest compared
to the aclilc subtccts.

Ihc supcrori.le rnìon released bl' neutroplìils. willl
and sirhout the stìlnulant FNfLP. isolated bcforc and
alter erercìse is gn,en in Fig. -1i lhe !alucs werc signilì-

fig.2 Ba.Èric ddL.ctnirr, derecred ir j r..r icnrroDljils.bLeincd
riom lur \ubÈùs hcro,c (l) and after (I)erercir Thc rahes .re
e{Ìrrcslcd.s aìern ard SD

canllv lo\ler in lhc actiye compared tu ihc inactive
subjects aod lhc cÀcrcise.li.l nol !igniflcanrlr- irlluence
the supero)ilde aDion release in either group. Clolnprred
1o vahes obiaincd withoul stimulant, lhc supcroxi.le
anion release in the acltvc and the inactì\'e subjecls \las
significantly higher in the prescnce ol FÀ,{LP.

Discussion

It has recenll_v been rcporte.l rhar rigorous trainins
produced a slale ofim unodelìciencvin aùlctes, !-àus-
ìng increased suscep!ibilny to inlèctìors (Firzgcrald
lrrijE, Hon!\' LeT--.,eb..i..'rl-'.f erìone..r .
not cìear. Thc clÈcr olph)sical e)iercisc on immune cell
lunction has hardly been investigated. rvcn though ir
has beer widely accepted that quartitatirc and quali-
talive alteratiolls ot immune ceììs are produced xlter
physlcal c)§rcise.
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ln thc prcscnt work we hale studied the eiècr thal
aculc cxcrcisc on a cycle ergomeler has on the concen-
tration o[circrllaling b]ood cells and on some 1ìrnctions
ol neulrophils in actrve and inaclile sublecis: o\ crall wc
lound solne djfferences ìn neulrophil .rcd\ny indlÌced
by nahing lvhich ere more ùen lhosc found ir the

The Sl. FERR and TRÌ concentlations do not seem
ro hà\,c hed an-v influence, at least in these subjecls. on
Ìhe ncùlrophil functiolls. Wlth relpect 1,:) the number of
il]]mune cc11s. our rcsults showed a slgnìficant increrse
in tolal lcucocllcs. in l-vmphocltes and neutrophils
JÌer c\crcisc in the sctr\e sub.lects. These results rre in
aglccmcnMith other published datr that ha\e in-
dicnted the appearance ol leucocllosis aftcr physlcel
erercjse (Christensen rnd Hill 1987r Nlccarlh-v and
D..le loqq O rJ. i .l. l.òòr. \1. ro\.r. hc \ie^ro.,
d..il\ , - n ìg fr^\ bl) r..-cJ 'lr( . cird.( Ì

cosinophilconcentrations obserred. crcn al rcst. irì our
active subjecls: the \alues wcrc- howeler. withìn the
nornal range xnd not duc lo any pathologlcaì inllam-
malorv .lxnrgc as lound b-l Hanson and Flahertr-
(1981). In inaclire lndiriduals. the onli signilìcanl
changc in total leucoc_vtes has been lound to bc lhc
incrcasc in lyuphocyte count afler erercise. according
.^..t erso'e-. orep: e.,l loo..l. llre r: iur - urcc
of polyÌnorphonuclear leucocJtes obser\ieLl alter acLLtc

exercìse in active \ubjects has been ascribed lo ihe
mobjlìzation of white blood cells liom lhc merginal
pooldue to h.ìemodlnLìmic redisldbuiion (Alhens et al.
1961; Mluir c1 a1. i98,t) and augmerlatìon by corlìsol
and oalecholaminc secretio lNìeman et aì. 1991).

In recent years, solnc aulhors have lound th:ìt
phagocylic lunction is slimlÌ1aicd efter aclÌte exlalìst-
irg exerclse bolh in periloneù1 macrophages (De La

Fucnle et iì1. 1990; Orlcge cr a1. 19921 an.l ir blood
neutrophils (Roddgucz cl a1. 1991).

OÌrr rÈsults. 1ìrstlr-, shorcd tlal, irrespecti|e olrrain
lng. thc physicel erercjse e hanced the capaclt! ol
circulatìng neutrolrhìls to produce re.ìctne oxygen spe-
cies upon stimul:ì1ion. We obserYed, moreover. lhrl the
lrainins depressed the neulrophil anion supcroxidc
oro,r cr'u' . iù 

' 1: red ro ..dc' ..'I . b,c. .. 'r..'..1-
ive o[ the ellects oI crcrcisc. Tlìis is in agrccmcnl lvilh
othcr workers. r,ho ha\e sholvn that lhis ectilit] ol
cclls isol.ìted hom traìned indiyicluals ìs rlepressecl
(Smith et al. 1990). §,hile noderate exercise has also
b-r .ee t^ - <.\.r( .1eJe.
lrophils lrom untràined subjecls (Smilh el .rl. 1990).

\.'or.el"l.ur h..\'eerr"ei,'e,ì.ir\.t"e . \( \r.
gen fonnatjon ard kjlling capacity ma_v be expecred.
since patjenrs wirh severe ìmpaìrments in thìs pathwal
have been sho\,!n to suffer ffom recurrent inlections
(Curnette et al. 1988).

Al rest. it has been sho§,n thal there is higher neu-
l'. p' h. c.e ,. ,1. I rrtl' rtr .,(tI c ' 'J rn r,:r!ll\.
subjects Lìnd this dillerence bccomcs signilìcanl lollorv
ing acute erercise. Sincc ir is 11ol possibic lo crplain this
obscrlalion on rhc bèsis ol a high ànion sLLpcroide
prod cli.rn. \\'e hlpolhesizcd thil olhcr nLrno\ydalivc
nÌechanisms. wlich ha\c bccn found lo includc mcdi-
alors such as adrenàlin (Bevilacqua e1 Lll. 1988J, nÈuro-
peptidcs like subslancc P (Scrra cl e1. 1988) as \\,e11as
lalioLLS cicosanoids and lèsdy nilric olidc (NloDca.ia
et al. 1991). could influence tlìis activit).

In our research. a correlation w:ìs found 10 exist
betreen neulrophil adherence and bacterici.].ll acrilily
ln rctive subjech. No signiiìcanr changes lvere lound in
adherence alìer acule exercise in eirher group as has
been seen by other.ìulhors (Lewicki el al. 1987r Orteg.r



cl el. 19931 c\.en §,heD it was found 1o be lisher ln
.. \ec. prcJ ù n..ti ..rDec.b..or. ee'rerc.-

Olher authots hare oLrserred a lor,, adherencc oI
nculrophils jn trained clclists (Leu ickl cl e1. 198?) and
Ioorball pla)ers (Scneczko 19E3). Probabty these dìs-
similar rcsuhs are a consequencc ol the diferenr
methods uscd. ol the chrracteristics oI ihe ercrcise
(duratìon end intensitl) end ol lhc tvpe of athlclcs
tested. Anolher explanadon mar be ùat rhe adhcsion
receplors ol neuirophils mar not b,c allected b], acute
e\ercisc performed br- untrained subjects:ìs has bccn
describcd b) other audlors (Ortega ci a1. l99i).

The Dumber andror amnitr- ol neutroplil membrane
receptors ma) be rnodìied br. lactors such as T\F. Ior
erampìe. lvhich has been found to increasc lhe Crb
lcccplor expression on neuirophil (Berger et al. 1938).
and leucocyte cyrotoric acijlrl_v has been found ù
incrcase in parallcl rviLh enhanccd C3b receplor crptcs-
sion .rlter an e)ierciso-induced asihùa atlack tl\loobcl

The most obvious conclusion to be drawn lrom thìs
r- -J c i L, r rning. |lo
inrjuces chanses in some neutrophil Lunctrons end lhrl
thcsc are more 1ilcc1y to IaIe a bcneficial than a del-
ctcrious €Iìèct on thc phagocytic sl,stem. Becausc Dru-
lrophils are lDlohcd ln bolh immumlv rnd inffan a-
.. n. -1, n.e.'. lirc. .rJl\r\ r "r 1r .rJe.r .e..ir,r<
markcr lor o!erlrarning.

Certainh lurther studicd.rre needed on dre resoonse
olnatural killct cells to r,aflous lolns of exercisc.'eqre-
cially to deterlnine possibìe mcchanisms bv which erer-
cisc may inlluencc ùe rrn mun osur\ eilla nce and other
funclions ol natural immunitv.
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