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Nonlinear dose.dependent metabolic and adhesive

responses of human neutrophils to chemotactic
agents

P, BELLAVITE, C. LIPTÌ, A, SIGNORÌNI' C. ANDRIOLI, P PIOVESAN' S' CHIRUN'{BOLO

I.{TRODUCTION

' 
ThLs paper presents a condensed account ofour recent studies regarding the

' a."a.p*"", ""a 
applications of laborarorv models for rhe regulation of neu-

t.ophii fur..tio.,, in response to agonists and antagonisrs The function and

',"rnolosr o'l- rl. vre'ior o1-' ou 'nrere t lrorn ''' r 'ndoo r r' of :n' no

loer ,,à ..' riologv, b-r ra' al o be orin'e-e't ror r\e inre r'ga'ror or'ne
boìi. prl".lpl.",.g"luting the response ofliving organisms ro ìow doses and ultra

1o* do.., oi,,ot"io1 .ompounds. In this context, the srudv ofthese hjghlv reac-

tìve an.i sensitive cells mav providc new insishrs in rhe field of homoeopathv'

rvhere the problcms of doses and individual sensitivirv receive verv considera-

Homoeopathy is a global, integrated approach ro human health and disease'

rvhich is open to dLscussion, there being a whole series of unresoLved questions

reganììng both its efficacy and its supposed acrion mechanismG) Horvever, several

.pi.iri. à.p*t, and probtems mav be investigared using rhe currcnr moìecular

pamcìigm and biochemical or phvsical n'"th"'l' In orher rvords *'hile it is con'

ceivabt thar homoeopathic issues cannot be fullv understood from a biochemi-

cal standpoinr alone, biochemisrrv and bioloev mav hclp ro provide ansucrs

to soecilie ouestrons.
>.-eho. oeop",hrri,ìl'-rro rl,eor etl,a'"va'"'a n'd o"' bv r-gu"t

l.e endogenous àefense mechanisms, and inflammation/immunitv is the main

l"iv d.ti"* an<l healing system, studies of leukocvtes mav be highlv signifi
canr duc to the rvidespread involvemenr ofthese ceÌls in inflammatorv reactions'

Thercfore. in rirro and er oìto testing mav providc important cÌues for invcsriga-

rion of homoeoparhìc drugs and homoeopathic principles bv direcrlv examin-

ing possible effecrs on cell funcrion. This conclusion is supported bv a substan-

riaì body of "*p..i-.ntal 
data, reported in recenr reviews bv ourselves ': and

other groupsr!. "An explanation of the acrivitv of homoeopathic preparations

might be fàu"d more rcadily ìf cellular or animal models could be developed

for their investigation"i.
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The laborarory models that *.e have devetoped deat wirh tivo rnain
d) the problem of doses, i.e. rhe sensitivitv limits of cell culrures ro lo*.
-l-r,: lor oo.e.. o-.liph drl-.ion.. ot:soni.-,3n,aeonr.r. dnd o,\er
icaLly acrive asenrsl
b) Hahnemannt traditional "similid princ,ple,, according to which compounds
that cause disease symptoms in healthy subjects can heaì patients presenring
rhe same symptoms as a consequence of acquire<j dtsease,.

Since inverse effects are the main ropic of rhis paper, a de{inition ofthis con-
cept G necessarv. Inverse effects may be found both clinically and experimentat-
lv..Cìinically, inverse effects may occrLr when sinilar conpounds cause patholasi,
cal phenonen:L in Lertlthl subjects and therdpeutic efecs in dìeased s,òyecrs preseir_
in] the same or sinlilat pdtholasic.tt pher()mena; rhis is a reelaboratio; 1n ;odern
terms ofthe old "similia similiòLs orren, r,, proposed by C.F.S. Hahnenrann two
én,LI i") ago
Experimentaìlv, inverse effects may be found rvhen compounds tÀar are J<noun

as stimulators beLa,"e tLs inhibitors br inhibitors behaxe as stimltlatars) of the sdrr.e
slirsm ù h€n t6 sensrrili.l or resporuireness is cÀang ed orcordiry to rana.bte etoerimemtn
co rdirior,.

The data presented here derive from experimenrs designed to investigare the
moduiuor o n-ur-oph,.!.r.rior . d ,r rg in,lartmrror ana or, -rg ;n . iio .,. ,lr,ronotirll nna-or. . ond:rr^r . fhe.edrLa 1ofin..-es, bol fo-"rurder
standing ofneurrophil biochemisrry and for the application of the .simjlia orìn-
-ipl^ ar ^ll-l - l-vel.

Neutrophil granuìocyres are on€ of the main cell types invoÌved in the Firsr
defense lines against infecrions. These cells *. ."d",*d wirh a ooivoful :r-

c.a,d. al.o.ao,b-olo oJL.ing. rJr.l^, ng,.g-
amount o{ toxic oxygen derivarives .hat mav serve for bacterial ktllinpl -

Cr"r-lo.r re l.a. e d nurber of , rn. I ron. !. hi. h . Jn be "\rtuaLed u rLi.", -al L bora,orr ..' 1.q. w" I are d- etoped: .-, .i-,ve 3, d re.idbte d..r) \yren
for rhe ev. l.drion ofsup-r-\id- p-odu. rior ard . o - on . Bo.t- rhe.e r-n
tions are dependenr on exrernal stimularion (Fie. 1): the metabolic activat;on
:lr d expre ior ol adl e.ire arrho,irg -rsrem. ,o I.". ."-U... .rilr r arion
bv ra 'o . ofb". Lerial orisrn o- la ror. p,odu.ed by rl - rrflammaLorv rea(,jonr.

Ihe ,- pon.e ol r\".e cell. r. a "pe, rfr .rirrta.o-v . ompound vane. ac.ord
ing to rhe sensitivity ofthe ce1ls. Enhanced responses (priming) may be indu;
when neutrophils are pretreated with low dose" àf.y,ot i,.,." o. É,.totil p;à;.;;
dampencd responses (desensirization, or adaptation) may be observea.:.ir." ii.
cells are pretreated with high doses of agonists actine on the same or relared
re ep'or... rh- .e.ond.riììu'anr. Depre. ioì ol leuLàcrte fun.,jons may,lso
!i 1:l]ld ,: a n rrrber of gener, or ,.ou red di+a.e., -he taLLer b. rs d:e to
rnhrb Lrng ba-reriat rox.n., virL.e, or even endogeno.r. fac.or.

biolog-
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Fisùrc I ' Three m2in Éun.rions of an !.tilared neurophil gÉluìocvte. Addition of sùirable
parti.ùlare Ò. solubìe sìmulans ìnduces g..nule reìeas€ (exocyrosk), a.rnarion oÉ i\ADPH-
dependenr n,peroxide p.oducuon and adhesion to su.fàces or to other.eìls.

Therefore, human blood granulocytes are good models for the study of in-
verse effects because: a) they have receptors for and are highly responsive to
a variety ofendogenous and exogenous compounds; ò) their funcrional acrivity
may be up and do*,n-regulated both in r,,irro (cytokines, bacterial produccs) and
in liro (disease states) and c) these cells may be easily isolated in borh heakhy
and diseased subjects.
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}IATERIALS AND METHODS

Material.,

, Th^, hemora. r.r, pep-.d_e forn"t nerh onvJ.ìr..vl.ph"nrt .:rrn..Mt tr and
lipor ol\.a..ha-rde'LlS.f-omF.h...crrracoli<.rJLvp^0io:Bo,w-rnrur,,.a.ed
from Sigma Chemical Company, St. Louis, MO; fVf_f 116., 1ra) ,,,,,r" a"-f".à
in drrerl .l.rlfo,,o" ard.r -edar 20.Cr , , Lo. nrome . "r. f,._ 8., À;;r.;
Manr \eim, uerman.:p-ril.ed i- .m"n albumrr from Behrr-g ln , ,-,;;.;:_;,
Cermany; feraì bovine serum (FBS) from FIow t_,t*".*i.,."reS 

"," i",;;;;-d bL in ubrrro. , t oo. f.- .0 min. divrctLd inro aliq,_. , .,._.a , .iò;C ."arhà$ed belore use

. Percoll rvas from Pharmacia, Uppsata. Srerile 96_well microriter plates with flar_
bottomed_wells (Ljnbro rype) were from Flow L"t *"r-i""; rfr. -i.."pf",* _J*
pre-coared with FBS in order to abolish nonspecific cel activation. O". t r"aJ
pl of50Ò/" FBS in phosphare-buffered saìine were dispensed i"," "";h,;ii;;the pìare was incLrbated for at least 2 h at room temperarure. lmmediareÌv before
u.e. 'h. pla,e. ur:-e l\.d.hed rhree rimc, wi.l O.o% \a.L.i.e r^. .,..,1t.
plate u,asher (Easy \t/asher 2, SLT Labs Instruments).

Hanl, s bal.r . ed .a t .oh_r on ru r-nour . :l.iur ano magne".um7 u a. non C.bco
Ltd, Paisley, Scorland. Other materials and r*g.*. ','i* "f i(. f,r:l'"rlp,aì,
available. ln order to avoid conramination, a possible cause of arrilr.r"jf 

"..i'_vation or primjng of ihe cells, sterile sotutions and disposable plas,i. _"." ;;.
used in all the experiments, which rvere carried our, -henc"er possibt", 

"";;:,1,: ."'r '.* hooo. Re"e-nL. \.ere p-eDd,.d " ,.g -. .s.. ,*. ",,., ". 0.o."

kolatian al neutrophils
Hunan blood neurrop\r.. ue - prcp.red rron eLhyt,re di"n:n- rerrd"cetrrern coJg. "rd blood b. .enrrituedtion ov- Ier.o srdd e1,. . Cell. \> oioo

pr,re neurophil.r qe-. finatlv.u.oénoed in " -.ai,- .""p"..a "f rf".r..b:ldn.èd ."1, \olu,ron , onrarning s mV s.u-o.e, 0.= mM C-Cl . I mM M,so
and 0.2oo hunan dlbumrn rH.uCVAr ar -he.on.en--,,ion., r _ rd -i,jkept at room temperarure until use.

S perc\ide anion prad" ction.
S.rocroxide un'on. u3. nìca.u-ed br rne SOD.:nhibirabte re<JuL or ol rer.-rcyro.nrome c wrrh a moditi. Erior of nirropla-e.ba.ed a::ays . The oo.uell

m:cror Ier plore. uere preprred according ro va- o.r, schemes and combinauon\.
oependrng or rhe re.r a..dv ro be c,:rried our (e.g. variou. ircubation Limes or
\€rious (on cn'rat.ons ofre.r Lo-noourd.. er..r anJon rhe nunber o, .._;;;, ;.ro be ,e.,ed. l.< r l0 . elI were added ro ,-ipli, àre we ts or fe,,l-bo, inei.o,teo

,)
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96'wel1 microplates, in a final volume of 150 pl of assav medium composed of

H-GCMA containinC 0.15 mM cvtochrome c as probe for Or detection 
."ff'" pf","".r*" S.."ght to 3?"C in a humidified thermostat bv preincuba-

ri; fo; 15 min, then incubated at 3?'C rhroughout the experimen! Vl'". il-
Ji."t.a, tl. plui.. *..e rapidÌ\' rransferred into a microplate reader (Reader 400'

;'LT i;t" i"",."",."..) and the recl'rction ofcvtochrome c uas measured at 550

"- ""i"g 
i+o ",n "",t.'e 

reference wavelength ro avoid interference due co light

scattering.

Fo. adh."io" measuremenls, immediatelv after reading cvtochro'' ' *q!t
,i;;, ,h";i",." *'ere transferrerl to an automarìc §asher (Easv \ asher 2' SLr

i"iì f""*'"."*l ".a 
subjecte<l to two §'ashing cvcles *-ith phosphate buffered

salinc at room temperature. ,A.dherent cells were quantitated bv measuring mem-

brane enzyme acij phosphatase at '105 nm and rhe percentage of adhesion was-

.,l:"ili." the basis of a standard curvc obtained *'ith knot n numbers of

--ne.p,o.'" 
for fMLP \rere quantitat'd usine radiolabeled formvl'

-.,1, à"trf .".rr't'H)phenvlalanine (n-E'r--Du Pont' Florence' Italv)' as

J"*rir..a'S, \letcalf et a1.". Binding was pe'formed at't'C for l0 minutes

[","r1 1..,i*O *i"t rhe final concenrration of L0rM radioactive ligand and

iò:' rur ""*,ai.*,i'. 
(co1d) lleand when necessarv for assessing nonspecific

and displaceable binding.

RESULlS

\\è investigatcd chc response of neutrophils to chemotactic peptides-wirh an

assay for the superoxide frod"ction and fo' the adhesion capabilitv of human

"."...of.,1, 
*o"*a - 1o* and verv lo" doses ofagonìsts and inhibitors The

g"".*ip*p*" "f"". "tu<lies 
ivas to verifu the Limits ofsensìtivitv and the regular-

i." " -,, "r 
,'olapd .e l' .rd'r r' 'dr-li:-d ond't or'

i..''",,."*,,"' cn.e Iro ho'r rl-,--h- opL n"l doe 
"\e'l"mota 

t

ag"nt t1'1LP for the t,iggering of superoxide production bv human blood neu-

,;\li. t. ,.", l0 ii ' , h.-'.*'\' t'rm ' : drlu'ion b'rv eer D' ard

òS, O*". .lrJer IO nl uerp o 'llr itlaettire We - d ' r' Jifferer-

methods for diìuting the agonist, i.e' simple dilution and dìlution folÌowed bv

'rporo.,,.rrr'nerl0:'e'ond 
u;r\. Vo -er':oe-i"'rì oulhe do e're'o' n'e

.,i... "r,.,i"""""i,1 rh" r,o re'h,d d.d ,ot drÉf-r a1 or- 'bl'' \e po:r'ed
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our rn d pre\roJ.5rudv 
-rh3r rhc.e e\pFflm-r ,on rdered " rrrjrarrèa1o, ro .,udì rhc infl renc. ol dilu,ion ne_hod" .. ,.r,,.ph;: ,:; 

";;.;and do not rule out the poxibility that sig"iii.,"r .rf..,. oi .,à";,;;;;i;i,-rion. mar b- obra n-d bv, hanging experiÀe..,t p--.."t.,..s.;.il?à. 
"ìl:i::l?. ",..". -,,.-.: ,. -n..ì_ods res u.rls r.ore,en.rrrre ne.hod.r onir

w, | .ldri{v rhi. imporr"nr pornr.l(, then con.idered th^ po.. bitirl or in,,e,. ng ,el. .-r.j-r. jtv b primjrethe cells rvith repeared treatment *t,1, ,.,iu" .oÀoou.ra". p.i-t"s i, 
.d;i;:;

a. Jr 
!in. 

rr.e in d!,.! rr e, hrb,,ed bv. etr.,\a- I a;" be., r," ;;.? ;;;.;.-rm-a'orydo\..ol !arior..onpound fo.uhi, h. e,t. hri*.p., 16,. r"..o,,r.., oe -e.urr. a!hrcved rrrh rario.r. oml_ir"r:on" of p,imr.g ,r.". preLredLm, n,l
l:j:,:1,]:l::l ;: "é.ond addirionì àgen,,.rpabr. or ."r-;bi,i"e,;. p;;;i.,sc,re(r rn reurroph t. hdv- been repo-red . 

.

, 
{n crprr imerl .howrrg rr e pr,ning phenonenon :. given r Table t, wrere.uperox.de r"lea e i. repo_red .n r^larron ,o .\e,on. 

^rLrarion or,,vLL,: r\é .rroprrr. were tr"ared to_ I \ou. wrr I rg n I tioopoly.a.. haridn ro rE coli (endotoxin, Lps), various doses of 0r4I-p;.,hei ":ilJ;ili. #";ofsuperoxide release in the foìlowing 10 mrnutes was qr.lantitared. lt can be seen'lat rredrrìen wrh endoro^,n in.rea.-. rhe ceìl.*"f"fi. r.,;",r",.ì"""*jl,
lN I LI a. . onoared to norm", etls. Howor er. 1 66 oo,"r,,,-i.. .f ,1. ."",ì,,ì^."bunt bv LISua. rplared Lorhe-x en "f",o",.-;;;,;"ì ;; ;;. ;;: ;;;:sensitivity to low doses. Maximum {ì4Lp stimulatory dose (peak) and;i;i;;;efÈcrive dose were borh simirar in treated and "";*""d':;i; iiì'.;;.;.;
Ill '.d - * rl-a, iLh, e expeflren,al ond,,,on" pn-n:ne ,. ... a,. - ....en.rriv rv br r rdrl-e o rne e ìhan, ed ._e.pon.ir ene.s- or rhe

5imr "- . on, r<:.ì. hdre o"en drawn .rom an ., ùiuo p..m.

:::o;;l:, ".,'., in .,p..'",.-,,.'i,;.a,.J ;:" -,;d;,,"I il;-:,J:;
I he.rdhe.r-n or tle cel'. to:erum.toarrd .urra -. wa. then inre.rgated inprimèd Jnd norn-:l ce't.. Tl e fVLt do.es ,l-ar .,im ..ar- adh*ion .r; si-,t,.

'f^BLE I . Supetaliàe pro(J.uction b1 normal antl LpS_treated neuoophils

Or p..n,-.n r.^ot tù. n 06 *[,)

alriLI

MLP

IN{LP

Valus arc ù,pli.ar dùqntn jons +SD

!
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CONTROL CELLS
(no LPS)
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(+ LPS)

t0

2A

t0

300 300

fN{LP (nM) IMLP (nM)

ditive to endoroxin in promoting adhesrorì.

Fisure 2. Efect ofdife.ent dos.: of Itr4LP Òn adhesi.n of LPsteat€d and nÒ ìalhuman blood
ne!ùophils. Ncuùophils se.e t.latcd in sùsp€nsion *ith and rvjthout I pelml LPS. theÒ in-
cubated Lr,i0 nìintrtes in micr.plates wirlì the indi.ated iVLP concentations. Ihe number
of adherent cells ras quantitaled as de(ribed in \'{dhoCs. VaLucs arc mcan + SD of I cxpcra

,o. or .gnrlr l-iphe' ,h,n l,e d-'"< "o"ble of 'r mula-irrg .u eroxide
formationLt. However, when studying adhesion, rve noted (Fig. 2) that LPS-
rreated ce11s shoived enhanced adhesion even in the absence of tl,ILP, and that,
on addirion of lor doses of t14LP. rhe LPS-mcdiatcd adhesion was inhibired.
ln synthesis, the results reported in fig. 2 irrdicate that: a) unrreated cells shorv

onìy minimal adhesion to serum-coated plastic surfaces and this adhesion is

not signilicantly af{ected by lorv doses (3 nM) of ftr4lP; ò) fully activatory doses

(100 nM) of fMLP induce a significant increase in cell adhesion; c) pr€trea.
ment of the cells for t h with 1 pglml endotoxin augments adhesion in the
absence of further stimulation; d) addition of verv 1ow doses of fN4LP (3 nM)
inhibits rhe adhesion of endotoxintreated cells and e) hieh fN4LP doses are ad-



t+2

ln conclusion, the chemotactic agent {lr4LP, which iì considered to be an ac-
tivator of neutrophil adhesion, paradoxicaUy inhibirs the same cell response
at low doses (details of these and related experiments are reported in a manuscript
in preparation). We repeated these assays six times with similar results.

ln the course of studies designed to investigate rhe mechanisms of priming,
we planned an experiment in order to evaluate the effe* ofrepeated additions
of the same chemotactic peptide flr4lP. Previous papers had shown that pretreat-
ment of the cells with the chemotactic peptide MLP prevents further activa-
tion by a second dose (receptor-specific desensirizarion, or adaptation). Adap,
tation has been recognized primarily as a homologous phenomenon: that is.

0 B

fMLP (second stimulus) (-1og M)

Fisure I - Dose{esponse curves ofhuman neutrophits stimulared with fMLp afrer pretrearment
s,,h va ,or. do*. or IML|. Np,,'ophil. we,e pr"'n.ub.red for ts mi, ure. L..h no A.lLp r-i,
, l-",,!i(h hich ÀILP oo.p. (lO 

_ 
V. sc ,a.esì and *'. r tou IMLP dors r5 : iO! M. ,ransteJ.

and then [eated with a second dÒse or fMLP, as shown on the x axis of rhe figure. Superùide
.eleasewasquantitatedbyrhecytochromecasaydesc.ibedinMethods.Value
SD for ùiplicate asays.
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DESENSITIZATION

t0

I/l

I/I-a
t -['I

-+-t Ì- '
t't-i

L1 to

NO I]FFECT PRIMING

É,

fMLP (pretreating dose)( Ioe M)

Ficu.e .1 - Effe.t o{ preft.atm.nt e ùh incrrasins I\1LP rìoses on O, p.ÒCuction by neu roph ils
$imulatcd §irh an oltihal dos. Òf À'11,P. Tlìe r€sponsc to a se.ond fl!{LP addrion (5x10 i M),
dependnìg on rhc IMLP conc€ntràtìon olthe fi6t addition (i.e., rhe prercarm.nr vlìi.h .auses
homolosous prjmnìg and desensitization) is sho§n. Neuùophils e.re in.Lbated as desùìbed
in MerhÒds, anC the incubation ÉÒm the fìst tÒ thc sc.ond iMLP addìtion *as caded out
1o.30 min. The (]7 p.oduced i! tle 10 mìÀ following the second ltriLP addition is reportcd
as m€an 'alue + SD for ùipLicate asals.

the lack of, or che decreasc in responsiveness may be induced by pre.reatmenr
ofthe cells rvirh the same agent used for activation and is probably due to rcceptor
down-reeulation or desensitization i' :r.

To our surprise, we observed that pretreatment of neutrophils with a certain
range of fMLP concentrations did not desensirize the cells, but primed them
for a higher ftr4lP-dependent O, production (Fig.3). We called this phenome-
non homolosous prining and we carried out a number of additional experiments
in order to characterìze itr:. A typical dose-response curve of homologous
p.imiog, representative of a large series conducted, is shown in Fig. 4. Homolo-
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Figu.e 5 . Specifi. bìndins olIH-AILP ro human neut.ophits afre. rhe reatment wirh various
doses of fMLP. Neutrophìls 

"ere 
incubated fo. t5 minùres with the indicared doses of fl\,{t p

"nd " en r"p d. oo.d a1o . en«irs-d. fn-. -l we,e...pej ded .1 ! e. otd H.ucMA "rdthe specifi. IMLP binding was deie.mined as descrìbed in Merhods. VaLues are hean + SD

PRETREATED

r0 -M 
fl\,ft P

gous priming was caused by pretreatment with doses from 10r, M to 1Or M,
while homologous desensitization was caused by doses of 10s M and upwards.
Therefore, in these experimental conditions, the dose-dependence curve is biÉha-
.jc in rhe.en.e rhat lou doser appear ro be.timularort rprimingr. while Àigh
doses appear to be inhibitory (desensitizarion). These experiments are highly
reproducible, provided the cells are kept in sterÌle, apyrogenic solurions through,
out alÌ the experimental manipr:lations.
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ln parallel experiments, rve {ound that cells exposed to priming doses off\4LP

increased their-0r,{LP membrane receprors, rvhile cells exposed to high Gtimulat-

ing) doses of ttr,llP dramaticaìlv reduced their fMLP binding capaciv (Fic 5)r:.

DISCUSS]ON

The experiments reported here show that rhe function ofhuman neutrophils,

assayed as oxidarive metabolism activation and increase jn adhesive properties,

may be regulated in a number of u'avs bv in oirro experimental manipulations

These siudies have provided two examples of inverse effects caused bv thc

same compound at diff..."t do".'. On LPS-treated cel1s, MLP inhibirs adhe-

sion at loiv doses, whiÌe stimulating ir at high doses; on normai ce11s, f\4LP

enhances subsequent activetion of o)iidative metabolism at los doses (prim-

ing), rvhile inhibiting s,rch metabolism rvhen given at high doses (desensitization)'

Th.s" nppu."trtly pr.odoxical results mav be discussed in relation ro two main

"rp..,r, 
i... a) the fossible ph1'siological mcaning of such complex regulation

of neut.ophll bchaviour and b) the contrlburion that make to our understand-

ing Òf homoeopathic Principles.

a) Homologous prìming mav be of p arhophvsiological signìficance, in rhe ligh'

of the complex role played by neutrophil free radicals and neutrophil enzvmes

i,, rhe hori d.f",,'." and ìn the inflammatorY processes Formvìared peptides

ànd en.lotoxins, like the agents we,.rsed in oLrr investigations, are major bac-

terial productsl and can also be found in necrotic rissuerl (probablv due to

prorein fragmeuts of mitochondrial origin). Therefore, significant ar:rounts of

ih.'..o-pou"d. rr,uy bc released into thebloodsrream and mav prime circLLlating

".,.,t."phi1" 
in a number of conditions. One night expect that uhen phago-

cvres accumulate in the inflamrratorv focus and come inro contact again lvith

high doses of the srimulant, this mav lead to an enhanced respiratorv burst

and degranulation.
lnc.eased .elease offree radicals and enzvmes js beneficial because ìt increases

killing efficiency::16, but can also have pathological implications u'ith regard-

to rlss'uc danageri :'. Of course, our models represent an oversimplìfication o{

in rìro events. and we should also take into account the inrervention of other

regularing agens and the role pÌaved bv desensitiTation when the ce11s are repeat-

.dl1 erpo."d t" hish sgoni't on,ent-'r'^-"
it 

" 
i"lit itio" "f 

uahesion bv 1ow doses of fìr4LP mav also reflecr the actual

compiexìty of the regulation of neurrophìl kinetics and funcrions' Both adhe-

sion and derachment are necessary during directìonal migration: ìn this process,

neutrophils take on a bipolar shapei adhesion occurs in the pole ofthe cell orient-

ed tou,ards the higher concentrarion ofchemotactic àgent, \thereas ìn rlì€ rear
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pole of the cells the membrane undergoes derachment from the adhesion sur-
face. Adhesion and detachment are also imporiant for rhe kinerics and distri-
bution of leukocytes in the bone marrow, in the bloodsrream and in rhe vari-
ous districts where phagocytes are recruired to accomplish rheir defensive or
destructive functions. Therefore, the regulation of adhesion,/detachment process,
es is essential for rhe oriented migrarion of these ceìls.

It is known that a substantial proporrion of neLrtrophils in the bloodstream
are weakly adherent to endothelia and rhese represent the so,called marginat-
ed pool. Presence of endotoxins in the cell environment could enhance rhis
phenomenon, leading to an increased proportion of adhcrent cells out of roral
ciicLrÌating cells.

On this basis, it is possible to postulate (Fig. 6) that adherenr cel1s on the
outskirrs of an inflammatory focus are affected bv low doses of chemoattrac-
tants. These low doses induce the cells to detach and therefore to migrate towards
the center ofthe inflammatory focus. At the same time, loiv doses ofchemoat-
tractants are capable of increasing receptor exposure on the cell surface and
ofpriming neutrophils towards an enhanced response ro subsequent challenge
with homologous or heterologous stimulants. Vhen the cells arrive ar sires where
the concenrratìon of the agonist is higher, they re-express membrane anchor-

§§E::-;;:"qÈ§§
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inq proteins and adhere ro endothelia and orher connective tissue structures'

Ir-ore .ion or , r hor.ng prorin' rr:v al'o \elp rn rhe ''' ogn'tior and ph"go'v

to i' ot b,.t.""' ta-ge" o- orhe- foregn 'elì' p-''nrI g u'rrble rd\'ion
molecules. This model is consistent with the Fact that chemotactic doses offìr4LP

are as low as the doscs rhat cause detachment in our modeì svstem

According to our dara, the detachment does not reflect deactivation or ex-

nau.r'on or n ,Lrophrl'. bur. or -he.ontlar\' r'pr-'ent\ "1 "'ive r(spon'e

of previously adherent cells to Ìo',v concentrations of chemoatrractants -

b),A.s far as homoeopathic issues are concerned, we have shorvn that Hah-

nemann's .similia prhciple, may be investigated from a scientilic standpoint

in a cell model. Manv data have alreadv been published in suppor of this sug-

gestion.
For example, uc need only to mention the studies sho',ling anti-inflammatorv

effects ofhomoeoparhic preparatir:ns of apis and hisramine, two remedies *'hich

causc inflammation when given at high doses"r! and rhe studies sirowing pro-

tecti\e ef{ccts of lìomocopathic prepararions oftoxic substances against rhe ìn-

roxication caused l:y high doses ofthe same compoundlr: lnverse effects have

bcen recognized for a lons time in biologv and pharmacologv, rvhere the rerms

,,hormesis, o' .Arnclt-Schulz, larv have bcen used to indicare the stimulatorv

effect of lorv doses of inhibitors or Low doses of radiations6 r "rr'
Animaì cxperimental models have clearlv shoqn rhat the first inrerLeukin dis-

covered (lL-1 ), ivhich has been impìicared in the pathogenesis of arrhritis, mat'

reduce the severiry and duration of antigen'ìnduced arthrìtis Ihen given 3s reperi-

rivc inrraarticular nìjections16. Othets have shown that oral administratlon of
mvelin mav reduce the severitv ofe\perimenral encephalomvelitis induced b-v

injectio. oi myelin". In general, specìfic irnmunosuppressive rherapv is a rapid-

lv developing approach based on the fine and complex homeosratic regLrlation

of hclper and suppressor immunitv pathrvavsr:'

The.efore, thc conccpr is emerging rhar Hahnemann\ old aphorism "sìmrlia
sirniliòls clrenarr, may be rephrased in more modern terms as 'biologicall''- ac-

tire componnds nral carse iacerse e//ects on a clberneticalb regulateà' compler sls'

re»r ulren either rhe doses of the compound and/or the re-sponsi'eness of the «nget

srstem are raried".
These concepts may be regarded as an application of an analogic approach

to scientific problems: the srudy of a simpler svstem (in this case, the white cell)

may provìde nerv insighrs into systems rvith higher degrees of complexìtv (ìn

thìs case. the inflammation process in the Nhole organism) k has recentlv been

poìnted out drat cìrculating blood phagocvtes reflect rhe state of the inìmune

rcsponse of rhe whole bodyr'. We con§i'ler 'ell§ tre'te'l s'irh hacterial to\ins
as a sìmplified model of celLs from subjects affccted b1' acure infections' irho
may have endotoxin in rheir bloodsrream. Therefore, LPS'treared cells mav be
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considered as (diseased" cells, as compared wirh untreated cells, rvhich may be
considered as .heakhy, cells.

Of course, clinicaL observations and experimenrs may be more directly rele-
vant to homeopathy, but laboratory models have the advantage ofgreater sim-
pliciry and reproducibility.

In !ir,o studies of experimental inflammarionri ri. 1r clearly indicate ihal
neurrophils are endowed with highly sophisricared regulatory mechanisms, which
appear to be stimulus-specific, depending on the rype ofagonisrs, on their doses
and on the cell microenvironment. Ve have recenrly sholvn rhar granulocytes
isolated from experimentally induced inflammarory exudate Gkin rvindow rech-
nique) are primed to some agents (fìr,llP, subsrance P) and desensitized ro orhers
(umor necrosis factor)r5. Others have reporred that human neurrophils rapidly
lose their TNF receprors after incubation wirh a variety of agents capable ol
stimulating their migratory and secretÒry responsesl':.

AIL these results suggest rhat a change in the sensitivity and/or rcsponsive-
ness to selected agonists may be one of the most important factors by *hich
the release of toxic oxygen derivatives by neutrophlls is controlled in the
contexr ofthc inflammatory {ocus. A parrern ofvariable sensitiviries is induced
by the .disease, pro.ess (in our case, by rhe formation of an inflammarory

These conceprs are ofobvious interest for the interpretarion ofinverse effects
in clinìcal pracrice, because they demonstrate tha! the responses of a diseased

or orherwise stressed - biologìcal system to regulatory molecules are d1ffcr-
ent from rhe responses of a healrhy svstcm. This concìusion appears to be suffi-
cientiy supported by eviderrcc obtained in a number of bioloeical sysrems'r.

The scientific vaÌidation ofthe similia principle is within the reach ofmodern
biology and pathology, and this important goal may be distinguished &om the
problem ofthe claimed effects ofextreme homoeoparhic diiurions. ln o.her *,ords,
the .similia principle" may be investigated and inrerpreted independently of
the so called "high dilurion, or .high potency, effects. ln fact, the "high dilu-
tion effect,, is mainly relared to the possiòle mechdnisms oJ int'onqtian ùanslet
in physical and biological systems, while the .law ofsimilarity, is mainly relac
ed to the general rules ol qbernetic regularion of complex homeostaric sysrems.
The study of this regulation may be important both ar high and lorv dilutions
or doses, according to the sensitivity of the sysrem considered.
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