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ABSTRACT 

The development, structure and function of polymorphonuclear 

leucocytes (PMN) is reviewed and methods for determining neutrophil 

competence are discussed. 

A technique, based on differential centrifugation and red blood 

cell lysis, is described for isolating neutrophils of 80 to 90% 
purity from ovine blood. A standardised, luminol-enhanced 

chemiluminescence (CL) assay was developed for ovine neutrophils 

using latex beads as the phagocytic stimulus and some conditions 

influencing the level of CL generated are described. 

Normal sheep of similar age, housed under identical conditions and 

bled at approximately the same time on different days produced CL 

responses ranging from 386 to 3084 millivolts (mV). Animals 

sampled once daily over 5 days showed large fluctuations in CL 

values both between and within individuals. Furthermore, sheep 

bled at 4 hourly and 6 hourly intervals for 48 and 96 hrs 

respectively produced CL responses in a single individual with a 

range of 618 to 2946 mV. There was no evidence of periodicity in 

CL activity over the time periods examined. 

Since peak CL responses showed such large variations between 

individuals, integrated CL values were also measured. Variations 

between and within individuals similar to those recorded by peak CL 

were seen in these results. 
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To examine the possible role of genetic differences in neutrophil 

function on the variability of CL, pairs of bovine monozygous twins 

were sampled. There was no correlation in CL response between 

genetically identical animals with the CL values from pairs of 

animals differing by as much as 2943 �V. 

The effect of cortisol on PMN CL was assessed. Synthetic 

corticosteroid in vivo and in vitro did not increase the peak CL 

response from isolated neutrophils. 

Profiles produced by recording CL against time were examined. Some 

cell isolates produced single peaked profiles while others gave a 

double peaked response. Single and double peaked profiles were 

recorded from the same donor at different times during a 24 hr 

period. Storage of the cells for prolonged periods sometimes 

resulted in an increase in the magnitude of the first peak possibly 

indicating an increase in the amount of more readily available 

myeloperoxidase (MPO). Prominent first peaks were still displayed 

after the cells were washed and resuspended in fresh media 

suggesting that the more readily available MPO was cell attached 

rather than truely extracellular. 

Neutrophils from ceroid lipfuscinosis-affected sheep produced peak 

CL responses and CL profiles similar to those given by normal 

sheep. These results did not confirm the postulated 

myeloperoxidase deficiency of this condition. 
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It is concluded that ovine neutrophil CL is subject to large 

variations which cannot be controlled by standardising the cell 

isolation and CL analysis techniques. The assay is therefore 

unsuitable as a measure of neutrophil function where single samples 

are examined. Where there are consistant differences between 

individuals over a number of days, then CL may be of use when 

considered in conjunction with other tests of PMN function. 
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CHAPTE R  1 

THE POLYMORPHONUC LEAR NEUTROPHI L GRANULOC YTE 

1 . 1 Ori gin 

A common pr ecursor f or al l bl ood cel l s  has l ong been pos tul ated but 

un til  T i ll an d McCulloch ( 1 96 1 ) devel oped the s pl een col ony-formi ng 

techni que , def ini ti ve exper i ment al wor k  to  test thi s  hypothes i s  had 

not been pos s i bl e .  The i ntroduction of in vi tro s oft agar cell 

cul t ur e  by Bradl ey and Metcalf ( 1 9 6 6 )  increased our unders tanding 

of haemat opo i et i c  t i ssue al though the or i gi nal as sumpt i on that both 

te chni ques i dent ify pl uri potent stem cells has been modi f i ed . I t  

i s  now accepted that pl uri potent or true st em cel l s , whi ch ar e 

def ined as cells that mai ntai n t heir own numbers throughout the 

l i fet i me of the an i mal despi te r emoval by d i ffer ent i at i on ,  ar e the 

same as s pl een col ony-f orming uni ts ( Lord , 1 98 3 ) . Cul t ure 

col ony- formi ng un i ts from the or i gi nal techn i que have a more 

l i mited diff er enti ation pot ent i al and pro ba bl y sho ul d not be  

referred to as pl ur i potent . D exter et al . ( 1 97 7 )  have des c i bed a 

mod ified cul t ure met ho d  whi ch is ca pabl e of suppor ting the gr owth 

of var i ous t ypes of bone marrow cel l s  including s t em cell s .  W i th 

all these techni ques i t  i s  ass umed t hat each col ony ori ginat es from 

a s i ngl e cel l  whi ch can be def i ned by the mor phol ogy of the progeny 

cell s .  Evi den ce that a mixture of male and f emal e cells does not 

produce mixed s ex col oni es has been ci ted to conf irm thi s concept 

( Fauser and M essner , 1 97 9 ) . 
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The bone marrow pool i s  bel i eved to cont a i n  both e arl y pl ur i potent 

st em cells ( Trentin et al . ,  1 967 ; N owell et al . ,  1 9 70 ; Abrarnson 

et al . ,  1 977 ; M essner et al . ,  1 9 81 ; L im et al . ,  1 98 2 )  and l at er 

res tri cted s t ern cells ( Becker et al . ,  1 9 63 ; Adarnson et al . ,  1 976 ; 

Fauser and M essner , 1 978 ; Faus er and M essner , 1 97 9 ) . The curr ent 

unders t andi ng of haern�t opo i et i c  cell de vel opment and the 

nomencl at ure a ppl ied to  e xperiment al colony formi ng uni ts are 

summar i sed in F i g .  1 . 1 .  

The ear l i es t  progen i t or s ar e probabl y pr es ent in the mesoderm of 

the yol k sac and l ater mi gr at e  t o  the li ver , s pleen and bon e marr ow 

(Mo ore and Metcalf , 1 970 ) . The pattern of col oni sat i on differs 

between speci es ( Cl ine , 1 97 6 ) . I n  m an , s t ern cells ar e obs er ved i n  

per i pher al bl ood at the thirt eenth week o f  gestat i on ,  i n  the l i ver 

at the twelfth to twent ythird week , in bone m arrow at the f i ft eenth 

to s i xteenth week and in the s pl een at the e i ghteenth to ni net eenth 

week .  The thymus has no haematopoi et i c  a cti v i t y  in t he 

rni dtri rnes ter foetus ( H ann et al . ,  1 983 ) . Granul opo i es i s  )eS not 

occur i n  s i gn i f i cant amounts unt il  after bone marrow haematopoi es i s  

has been es t abl i shed 

continue to mi gr at e  

( Thomas and 

i n  pos t-natal 

Yoffey , 

l i fe 

1 9 62 ) .  Stern cel l s  

(Ques enbur y and Levi t t , 

1 97 9a ) . Res t ri cted col oni es can be cul t ured from adult peri pheral 

bl o od ( Fa user and Messner , 1 97 8 )  and bone marrow whi ch has be en 

subj ected to l et h al irradi a t i on will be repopulated if a l i mited 

ar e a  of the body is  shi el de d (Maloney and Patt , 1 972 ) . 
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FIGURE 1 . 1 . Haematopoietic cell development (CFU- colony� 

forming unit , BFU- blast-forming unit ) . 



FIGURE 1 . 1 . 

Pluripotent 
Stem Cell 

3 

B Lymphocyte 

� T Lymphocyte 

Stem Ceii-T 
Lymphoid CFU-TL 
Stem Cell 

__ ... · ·-........ 

/.::==--:-\ __. ( ···� -+ Erythrocyte � C-Fu:E 

/ :::: �.. /Macrophage 

--� -- � WJ!!) --+ ( � �

M
!

d 

� C�
�:

D C�,M').Granulocyte 

Stem Cell I( :·.�') 
CFU-S \� <� 

CFU-GEMM '� --------. Megakaryocyte ��::: ( \ � ------- Eosinophil 

CFU-Eo 

CFU-Stroma 
Restricted Stem Cella 

Osteoclast 
Tissue 

Mast Cell 



Whi l e  the mor phol ogy of the stem cell has not been f ul l y  

est a bl i s hed , D i cke e t  al . ( 1 973 ) des cri bed i t  as r ess embl ing a 

small l ymphocyt e .  Van Bekkum et al . ( 1 97 1 ) i sol ated cell s  from 

mouse bone marrow whi ch a ppe ar ed s i mi l ar to  small l ymphocytes but 

di d not conta i n  Golgi a pp ar atus es , centr i ol es ,  en dopl asmi c  r e t i c ul a  

or l ysosomes , all of whi ch a r e  s een in  l ymphocyt es . Rubins t ein and 

Trobough ( 1 973 ) isol ated what they ref erred to as a presumpt i ve 

stem cel l ;  thi s cell had a round nucl eus wi th numer ous fol ds and a 

thi n r im of cytopl asm conta i ning m any ri bosomes and f ew 

mi tochondri a and accounted for approxi mat el y 0 . 3% of the bone 

marrow popul ati on . 

The s ti mulus for commi tment to a parti cul ar l i ne of cel l ul ar 

devel opment i s  unknown . I n  vi tro , d i fferenti ation from stem cell 

to l e ucocyte i s  dependent on the pr es ence of certain col ony 

s t i mul at ing f actors (CSF ) . Thes e ar e a family of gl ycoprot e i ns 

whi ch a p pear to be anti geni c all y related.  Each CSF i s  s pe c if i c  f or 

a par t i c ul ar t ype of col ony . I n  man the main sour ces of CSF ar e 

macropha ges , l ym phocyt es (Cl i ne and Gol de , 1 97 9 )  and pl acent a 

( Burgess et al . ,  1 97 7 ) .  Kohsaki  et al . ( 1 98 3 ) pr oduced 

granulopo i et i c  s t i mul at i on in m i ce wi th an extract of human ur i nary 

CSF showing that there i s  a de gree of cross-rea cti vi ty between 

speci es . In vi vo , ur i nar y CSF sti mul ates monocyt es to pr oduce 

spec i f i c  granul ocyte/ macr oph a ge col ony s t i mul ating factor ( GM-CSF ) 

(Motoyoshi et al . ,  1 98 3 ) . V an Z ant and Gol dwass er ( 1 977 ) tes ted 

the s i mul taneous effects of er ythropoi et i n , a hormone necessary for 

red blood cell development , and CSF on bone marrow cells . They 
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showed an over l ap i n  s pe c i f i c i t y  and concl uded that the t ar ge t  

cells o f  t he two fa ctors ar e t he same o r  closel y r el ated . Foetal 

cel l s  ar e mor e  sens i t i ve to  appropr i ate stimul i than ar e adul t 

cells be cause of i nt r i nsi c d i ff er ences i n  the st em cells at 

di ffer ent devel opment al stages ( L i nch et al . ,  1 982 ) . 

C el l ul ar devel o pment , in  vi t ro , i s  dependent on cel l-deri ved 

mol ecul es whi ch s t i mul at e or inhi bi t prol ifer at i on 

d i ff er enti ation of progeni t or cells ( C l ine and Gol de ,  1 97 9 ) . Such 

interact i ons probabl y keep cell numbers wi thin cont rol l ed l i mi ts in 

vi vo ( Br oxmeyer et al . ,  1 980a ) .  Von Schul thess and Mazer ( 1 982 ) 

pr es ent ed a model for the cont r ol of gr an ulopoies i s  bas ed on data 

from pat i ents wi th c ycl i c  neutropaenia . They ass umed that t he 

control l ed compar tment i s  the bone marrow pool of mat ur e 

pol ymor phonucl e ar neutrophil gr an ulocytes ( PMN ) . I n  s i t uati ons 

wher e ther e is an i ncr eas i ng r el eas e of matur e gr anul ocytes to the 

blood , PMN production is s t imulated . The model is de pendent on a 

negat i ve feedback s i gnal from matur e  cel l s  to the mi tot i c  pool of 

early precursors . 

Lactofer ri n ,  whi ch i s  pr es ent i n  the s pe c i f i c  gr anul es of PMN , has 

been i dent ified as a negati ve f eed back re gul ator of gr anulocyte and 

macrophage pr oduc t i on ( Broxmeyer et al . ,  1 97 8b ) . Broxmeyer et al . 

( 1 980a ) pos tul ated that a s ubpopul at i on of matur e  cel l s  cont ai ns an 

active f orm of this  met al- binding glycopr ot ei n ;  yo unger cells are 

of inact i vat i ng sugges �ed to 

lactoferrin 

have 

whi ch 

pr ot eol yt i c  

are l ost 

en zymes capabl e 

wi th mat uri ty . Lactof erri n , 
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par t i cul arl y  i n  i ts i ron-satur ated f orm , i nhi b i ts the pr oduc t i on of 

GM-CSF from macrophages . I t  i s  hi ghl y s pecific , having no effect 

on macr ophage- produced B-lym phocyte CSF and lym phocyte- produced 

GM-CSF ( Bro xme yer et al . ,  1 980b ) . When the number of mat ur e  

granul ocytes in  bone marrow i s  de cr eased l ess l actoferr i n  i s  

secreted and macrophages release more GM- CSF , stimul ating increased 

mye l opo i es i s .  

A dual feedback control mechani sm for gr anul opoi es i s  invol ving a 

balance between CSF and prostagl andi n  E ,  both of whi ch are prod uced 

by macrophages , has been pr opo s ed ( Kur l and et al . ,  1 97 8 ;  

Ques enbur y and Levi tt ,  1 97 9b ) .  I t  i s  i nt eresting t o  not e that 

l actoferrin decreas es the pr oduct i on of pr os tagl and i n  E from human 

bl ood monoc ytes ( Bro xmeyer et al . ,  1 980b ) . 

The stem cell i s  infl uenced by the mi cr oenvi ronment i n  whi ch i t  i s  

de veloping .  Thus cel l s  i n  the s pl een tend t o  de vel o p  i nt o  

er ythroi d el ements wher eas those in  the bone marr ow tend towards 

myel oi d el ements (Wolf and Tr entin , 1 96 8 ) . Evi dence sugges ts that 

bone marrow stromal cel l s  ar i s e from the pl ur i potent haematopoi et i c  

stem cell ( I za qui rre et al . ,  1 982 ) and t hat their arri val i n  the 

marrow cavi ty pr ecedes that of the de vel oping haemat o poi eti c 

progeni t ors ( Hann et al . ,  1 983 ) .  I t  has been proposed that both 

osteocl as ts (Marks and Wal ker , 1 98 1 ) and ti ssue mas t cel l s  

(Ki tamura e t  al . ,  1 98 1 ) al so develo p  fr om the pl uri pot ent s t em 

cell . 
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The r el evance in  v i vo of these di verse fact ors has ye t to  be 

def i ned but i t  appe ars that compl ex cellul ar i nter act ions cont r ol 

haemato poi eti c d i ffer ent i a tion and devel o pment 

Has ki l l  et al . ,  1 972 ; C l i ne and Gol de , 1 97 9 ) . 

1 .  2 D evelo pment 

( Ersl ev , 1 9 7 1  ; 

The earl i es t  def i ned neutroph i l  pr ecur s or i s  the myel obl as t whi ch 

is a ppro x imat el y twi ce the s i ze of the mature cell ( Da v i s  and 

Gal l i n ,  1 981 ) .  I t  has a l arge , oval nucl eus contai ni ng one or mor e 

pr ominent nucl eol i and diffuse chr omat i n  whi ch shows som e  

condensat i on near the nucl ear membr ane .  The c ytopl asm i s  scant and 

stains basophil i c  due to evenl y distri buted ribonucl eopr ot e i n  

par t i cl es . I t  al so contai ns numerous mi tochondri a an d a s pars e 

endopl asmi c r eti cul um wi th a G ol gi region adja cent t o  the nucl e us 

(Kl ebanoff and C l ar k ,  1 97 8 ) . I t  has been sugges ted that a 

neutroph il bl ast cell can be dis tingui s hed from those of t he 

monocyte and l ymphocyt e ser i es ( Klebanoff and Clar k ,  1 97 8 ,  Davi s 

and Gal l i n ,  1 9 8 1 ) but the evidence that all bl ast cel ls origi nat e 

from a common stem cell makes such a cl assif i cat i on equ i vo cal 

(Mur phy , 1 976 ) .  The m yel obl ast di vi des and event ual l y  be comes t h e  

promyel ocyte wi th cyt opl asm cont ai ni ng m i tochondri a ,  a r ough 

endopl asmi c reti cul um and a pr omi nent Golgi appar atus . Prot e i ns 

ar e s ynt hesised on ri bos omes associated wi th rough endopl asmi c 

r et i cul um and trans por t ed to the Gol gi compl ex wher e they are 

incor por ated i nto granul es ( Kle banoff and C l ar k ,  1 97 8 ) . P r im ar y , 
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or azur oph i l i c  granul es , so call ed because they ar e the f ir s t  to  

a ppear and colour blue wi t h  Wri ght ' s  stain , devel op d uring thi s 

s tage . At  the end of the pr omyel ocyte phas e the cel l  i s  

approximatel y two and a half t imes l arger than a mat ur e  ne utro phil , 

has an eccentri call y-pl aced , bean- shaped nucl eus and cytopl asm 

pa c ked wi th gr anul es (Davis  and Gall i n ,  1 98 1 ) .  Azur o phil i c  granul e 

pr oduct i on ceases pr i or to f ur ther cell di vi sion an d the gr anul es 

are distri buted between ens uing daught er cel ls . The ne xt 

devel opmental stage i s  the mye l ocyte in whi ch s pec i f i c , or 

secondar y ,  gr anul es occur . C ell si ze de cr eas es dur i ng thi s  stage 

wi t h  t he nucl eus be coming mar kedl y indented and i ts chr oma tin 

condensed an d marginat ed . There i s  an i ncreas e in  both ri bos om es 

and endopl asmi c reti c ul um and gl ycogen par ticles appear throughout 

the cytopl asm . Spec i f i c  gr anul es al so ar i se from the Golgi com pl ex 

but the me chani sm of t heir pr oduction d i ffers from t hat of primar y 

granul es ( Ba i nt on and F ar quhar , 1 96 6 ) .  The trans i t ion from 

myelobl ast to myelocyt e ta kes four to s i x  days (Davis and Gall in , 

1 98 1 ) .  C ell di vi s i on then ceas es but i t  is f i ve to  seven days 

bef or e the neutrophil i s  f ul l y  mature . Se veral i nterme di ate stages 

ar e recogni sed , begi nni ng wi th the metamyelocyte whi ch has a ki dney 

be an- shaped nucl e us , t he band cell wi th a hors eshoe- sha ped nucl e us 

and finally t he matur e  PMN whi ch has a fully segmented n ucl e us .  

Thr ougho ut the fi nal mat ur at i on both cell and nucl eus be come 

small er with increasingl y condense d nuclear chromat i n .  There i s  a 

reduc t i on in  the number of cellular organel les but the number of 

granul�s remai ns s t at i c  with a r at i o  of s pe c ific  to a zuroph i l i c of 

approximately 2 t o  3 : 1  ( Kl ebanoff and C l ar k ,  1 978 ) . 
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1 . 3 Str ucture 

The mat ur e  PMN has a m ul ti l obed nucl eus wi th condens ed , m ar gi nated 

chr om at i n , and cytopl a sm cont a i ni ng a bun dant gr anul es and gl y cogen 

par t i cl es . The pl asma membran e i s  tril am inar in s truc t ur e ,  the 

m aj or cons t i tuents being pr ot ein , chol est erol and phos phol i pi d . 

Ther e i s  also a small  amount of carbohydrate incl ud i ng 

N-a cetylneur ami ni c aci d and s ome a denosine tri phos phat ase ( ATPase ) 

( Woodin and W i eneke , 1 96 6 ) . I t has been suggested tha t ATP as e  i s  

r es ponsi bl e  for maint a i ning cati oni c  gradi ents wi t h i n  t he cell 

( Sha0af i et al . ,  1 97 6 ) and is al so invol ved in pha gocytos i s  

( M edzi hr ads ky et al . ,  1 97 6 ) .  C hanges occur in the cell membr ane 

dur i ng the f i nal stages of cel l  mat ur at i on .  The nega t i ve sur f a ce 

char ge decr e as es gi ving an incre ase in adhesi veness and a hi gh 

degr ee of surface deformabi i ty .  M ot i l i t y  rates incr eas e and ther e 

a p pe ars to be de vel o pment or a c ti vation of a chemi co-me chani cal 

s ys tem to f aci l i tate ps eudopod f ormat i on ( L i chtman and Weed , 1 972 ) . 

Mi crof il aments , consi s ting of a ctin and associ ated contr a c t i l e  

prot e i ns , occur as a r andoml y or i en t at ed meshwor k in  the 

gr anul e-free peri pher al c ytopl a smi c are as ( Stoss el , 1 97 8 ) . 

Funct i onal mi cr of i l arnents ar e pr obabl y necess ary for cell 

ori ent a t i on and may provi de a l ocomotory a ppar atus ( G al l i n  et al . ,  

1 97 8 ) . Boxer et al. ( 1 9 7 4 ) studied a chil d wi t h  neutrophi l s  

cont a i n i ng poorl y  pol ym eri zabl e act i n .  The cel l s  exh i bi ted f ew er 
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mi crof i l ament-ri ch pseudopodi a ,  mi gr ated mor e s l owl y and i nges ted 

parti cl es at a 1 5 % sl ower rate t han d i d  normal PMN; secr e t i on of 

gr anul e cont ents was two and a hal f times gr eat er than that of 

control cel l s . 

C entri ol es , whi ch ar e l ocated be tween the nucl ear l obes , have 

mi crotu bul e- organi sing s i t es associ ated wi th them . Mi cr otubul es , 

cons i s t i ng of aggr ega t es of the gl obul ar pr otein tubul i n ,  or i ginate 

in  the organi sing s i t es and radi ate o utward (Malech et al . ,  1 97 7 ; 

H offst ei n ,  1 980 ) .  The tubul i n  subuni ts r e quire s pe c if i c condi ti ons 

to promot e  the non- co val ent bond i ng of tubul e assem bl y (Wei ssmann 

et al . ,  1 975 ; 

appropr i ate 

Snyder 

l evel s of 

and Mcint osh , 1 976 ) .  These incl ude 

cycl i c  

I ntact 

cer tai n  di val ent cati ons and 

nucl eoti des and t he pr esence of guanosine t riphos phat e .  

mi cr otubules ar e es s ent i al for normal pseudopod format i o n ,  

ori entation and maximal mi gr at i on during chemota xis (Mal ech e t  al . ,  

1 97 7 ) . They hel p mai nt ain t he distri b ut i on of s pec i f i c  molecul es 

on the surf aces of cel l s  (Snyder an d Mci nt osh , 1 976 ) and may be 

re quired for the movement of granul es ( Zuri er et al . ,  1 97 3 ) . 

The gr anul es ar e the m ost pr omin ent c yt o pl asmi c cons t i tuents of the 

matur e  neutroph i l . They have an i mpor tant rol e in the des truc t i on 

of ingested mi cr or gani sms and thei r cont ents have been studied i n  

cons i der abl e detai l .  S i nce C ohn and H irsh ( 1 960b ) f irs t s ugge s t ed 

that enzymes ar e import ant 

cyt ochemi cal techni ques ha ve 

granule cons tituents various 

been empl oyed to demons trate the 

pr esence of a r an ge of pr ot ei ns wi t h i n  t hes e struct ur es ,  including 
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a number of hydrol yt i c  en zymes simi l ar t o  tho s e  found in l ys os omes . 

Mos t  inves ti gati ons have ut i l i sed human or rabbi t PMN and as 

granul e contents differ be tween s peci es (R ausch and Moore , 1 975 ) , 

car e  mus t  be ta ken in e xtrapol ating r es ul t s  from one s peci es t o  

another . 

The pr imary gr anul es have l imi ting mem br anes wi th a d i s t inct 

t r i l aminar str uct ur e  and of ten var y  in  s i ze and sha pe (Kl ebanoff 

and C l ar k ,  1 97 8 ) . The i r  maj or en zyme cons ti tuent i s  

myelo peroxi dase (MPO ) whi ch occurs i n  m ost s peci es , notabl e 

excepti ons be ing chi ckens and ge es e (Schul tz et al . ,  __;, __ ___;_ 1 9 65 ; 

Ackerman , 1 968 ) .  The cel l ul ar cont ent and r esul t ing en zymi c 

act i vi ty var i es be tween s peci es (Schul tz et al . ,  1 965 ) , but i n  

hum an P MN  myeloperoxi dase cons t i tutes gr eater than 5 %  o f  t he total 

dry-wei ght of the cell (Schul tz and Karninker , 1 962 ) . 

granul es in  some s pe c i es al so cont ain acid 

Azur oph i l  i c  

phos phat as e , 

ar yl sul phatas e ,  beta- gal actosi das e ,  beta- gl uc ur oni das e ,  indo xyl 

el astase , 5'-nucl eoti dase ( Bai nton an d F ar quhar , 1 96 8 ) , neutr al 

prot eas e and l ysozyme (Spi tznagel et al . ,  1 974 ) . In addi t i on the 

gr anul es of the i mmat ure cell contain s ul phated muco pol ysacchari de 

and bas i c  pr otein , the amount de cr eas ing wi th matur i ty (Hor n and 

Spi cer , 1 9 64 ) . I t  has been suggested t hat a zuroph i l i c  granul es are 

pr i mar y l ysosomes s i nce they cont ai n l ysosomal enzymes ( Ba i nt on and 

Far quhar , 1 96 8 ) . 

The spe c i f i c  gr anul es ar e al so bounded by t ri l ami nar membr an es . 

Their enzyme cont ent di ffers from that of the primar y  granul e ;  
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they contain l ysozyme and i n  addi t i on l actof errin (Sp i t znagel et 

al . ,  1 97 4 ) , coll agenas e (R obert son et al . ,  1 972 ) , vi tam i n  

8 1 2- b i nding pr otein (Kan e and Pet ers , 1 975 ) , f olate bi nder (Col man , 

1 9 83 ) and al kal ine phos phatas e  ( Bai nton and F ar quhar , 1 97 8 ) . The 

l ocat i on of alkal ine phos phat as e  is controver sial but some repor t s  

sugges t that i t  may be a com ponent of t h e  s pe c if i c  granul e membran e 

(Hens on , 1 971 , Sp i t znagel et al . ,  1 97 4 ) . 

Ev i dence has been pr esented recent l y  for the exi stence of a 

terti ar y  granul e s pe c i f i cally enri ched in c yto chr ome b and 

ubi qu inone (C rawford and Schn ei der , 1 983 ; Moll inedo and Schnei der , 

1 9 8 4 )  . 

1 .  4 K i net i cs 

PMN ar e thought to exi s t  i n  thr ee maj or ,  inter connect ed 

compartments def ined as bone marr ow , blood and t i ssue . Movement 

bet ween the thr ee compar tments is not random but the factor s  

controlling i t  ar e not f ul l y  understood . 

The granul ocyt e pr oduct i on s ys tem wi thin the bone marrow can be 

further di vided into a s t em cell pool , a mi tot i c  pool in whi ch 

divi sion and matur ation occ ur , a pos t-mi toti c pool in whi ch 

matur at i on al one takes pl ace and a s torage pool of mature cel l s . 

The granul ocyte product i on rat e i n  m an has been es t i mated at 1.6 x 

1 09 cell s/ kg body wei ght / da y  and the mean mye l ocyte to peri pheral 
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bl ood transi t time at 1 0  days (R obi nson and M anga l i k ,  1 975 ) . 

Deubel bei ss et al . ( 1 975 ) sugges t a trans i t  t ime of' abo ut 82 hours 

in the dog .  The bone marr ow s tor age pool cont ains a l ar ge res erve 

of mat ure neutrophils whi ch c an be mobil i sed into t he blood i f  

requ i red (C raddock e t  al . ,  1 95 6 ;  Craddoc k e t  al . , 1 960 ) . The 

human gr anul ocyt e spends a mean of 50 hours between mat urat i on and 

rel e ase (Maloney and Patt , 1 96 8 ) . Deubel beiss et al . ( 1 97 5 ) 

cal cul ated a can i ne bone marrow pool of 5 . 6  x 109 PMN/ kg bo d y  

wei ght and Craddock et al . ( 1 960 ) es timated a bon e marrow r es erve 

of 1 40 x 1 01 0  PMN in a 70 kg man . Thus the marrow pool is gr eat er 

than the c ircul ating mass of mat ure cel l s . Some s t udi es suggest 

that ther e is sel ect i on wi thi n  the s tor age pool bas ed on the 

changes i n  cell deforma b il i t y  and stic ki ness whi ch occur d uri n g  

mat ur at i on ( L i chtman and Weed , 1 97 2 )  be caus e entry to the bl ood i s  

sel e c t i ve wi th segmented cel ls entering in  pr efer en ce to band cel l s  

(Mal oney and Pat t , 1 96 8 ) . 

The s t imul us for the rel eas e of gr anulocytes from the bone marrow 

i s  unknown . The wor k of G or don et al . ( 1 960 ) s ugges ted that a 

humor al factor s t i mul at ed the r el ease of l eucocyt es in normal 

animals . Many re gul ator y  fact ors have been postul ated incl udi ng a 

diffus i bl e  gr anul opoi et i c  s ubs tan ce (Roths tein et al . ,  1 97 1 ) ,  C S F  

(C l i ne and Golde , 1 97 9 ) , l e ucocyte endogenous pyrogen (Kampschmi d t  

e t  al . ,  1 972 ) and fragments o f  the third component of com pl emen t  

(Davi s and Gal l i n ,  1 98 1 ) .  

t he nat urally occ urring 

Endotoxi n and e t i ocho l anol one , one o f  

metabol i tes of androgens , pr omot e 

granul ocyt e r el eas e (D avi s and Gall in , 1 981 ) ,  poss i bl y  v i a  a 



medi at ing subs tance 

ne utrophil i a- ind ucing 

whi ch may be equ i val ent to 

factor of Boggs et al . · ( 1 9 66 ) . 

111 

the 

The 

subs tance (s ) whi ch i ni ti ate bone marrow r el e ase pro ba bl y d i ff er 

from thos e concerned wi th the s t i mul at ion of PMN pr oduc t i on 

(Ques enberr y et al . ,  1 9 75 ) .  Bro xmeyer et al . ( 1 97 4 )  sugges ted that 

the same fact or is r es ponsi bl e but t hat it has var ying effe cts at  

differ ent s tages of cel l ul ar matur i t y .  

The number of circul ati ng P MN  r emains rel ati vel y constant i n  a 

heal thy animal . Human circul at i ng n eut roph i l s  can be s eparated 

into two subpopul ati ons by their a b i l i t y  to form ros et t es wi th 

immunogl obul in- coated er ythrocyt es (Kl empner and Gal l in ,  1 97 8 ,  

Bro xme yer et al . , 

ant i bodi es (C l ement 

1 97 8a )  and their res ponses t o  monoclonal 

et al . ,  1 983 ) . Broxmeyer et al . ( 1 978a ) not ed 

that cel l s  whi ch form rosettes cont ain an d r el eas e col ony 

inhi bi ting acti vi ty (C I A )  wh i l e  t hos e whi ch do not , cont ain an 

inhi bi tor of CIA . D avi s and Gal l i n ( 1 98 1 ) s uggest that the 

subcl asses ma y represent di ffer ent s t at es of mat ur ation of a si ngl e 

cel l  l i ne .  

I t  has been demons trated that the bl ood pool of neutroph i l s  has 

two , a ppro ximat el y e qual , com ponents whi ch ar e in d ynami c 

equ i l i br i um .  The ci rcul at i ng pool cons i sts of thos e cel l s  sam pl ed 

by veni punctur e ,  whi l e  the marginat ing pool contai ns cel l s  wi thin 

the vas cul ar s pace but caught i n  t he sl ow moving f l ow al ong the 

endothel i al surfaces of small v e i ns ( Athens et al . ,  1 9 6 1 ) .  

Neutroph i l s  s pend a r el ati vel y short period i n  the blood;  t he 
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bl ood hal f- l ife in  man i s  abo ut 6 . 6 hour s  (Athens et al . ,  1 96 1 ) and 

in dogs this phas e is pro babl y even shor t er (Craddo c k  et al . ,  

1 95 6 )  • 

Ther e ar e at leas t two rout es by whi ch neut rophils ar e l os t  from 

the blood . The f i rs t  i s  a conse quence of s enescence an d invol ves 

removal by the r et i cul oendothel i al sys t em , whil e the second i s  

emi gr ation to the ti ssues (Fl iedn er et al . ,  1 9 64 ) . D uring 

emi grat i on the cel l s  ini t i al l y  mar gi nate , then adher e to the 

endothel i al s urface and final l y  mi grat e  o ut of the vascular s pa ce . 

Gall in ( 1 980 ) sugge s t ed that the mechani sm of cell aggr egat i on and 

margination was related to neutral i sation of the negati ve s urface 

char ge of the neut rophil  by a l imi ted secr e t i on of intracell ul ar , 

cati oni c granule cont ents . Exami nation of neutrophil f unction in  a 

pat i ent wi th spe c i f i c  gr anul e def i c i ency did not suppor t thi s  

concept (Gall in et al . ,  1 98 2 ) . Others consi der that local changes 

in bl ood flow shi f t  the bal ance in f avo ur of adhes i on (Lac ki e and 

Smi th , 1 980 ) or that the change in adhesi ven ess r es ts enti rely with 

the endothel i al cell (Mur phy , 1 97 6 ) . The e vent ual exi t from the 

venul es is by a process called diape desi s .  Ele ctron mi crogr a phs 

show t he f.orm ati on of ps eudopodi a and cell deformat i on permi t t ing 

granulocytes to pass through gaps between endot hel i al cells 

(Mar ches! and Flor e y , 1 960 ; Marches! , 1 96 1 ) .  

Although increased numbers of cel l s  shift  i nto the marginat i ng p ool 

dur i ng l ocal vas cul ar i nj ur y  and i nflammat i on,  vessel damage is  not 

necessary t o  i ni ti at e  mi gration . Cron k i t e  et al . ( 1 95 4 ) found that 
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gr anul oc ytes m i gr ate to ar eas cover ed by a hi gh dens i ty of 

commensal organi sms s e t t i ng up a defensi ve bar ri er agai ns t  

oppor t un i s t i c  inf ect i o n .  Thus large num bers of l eucocytes ar e 

found in  t he oral ca vi t y , pr es uma bl y due to the chemota cti c 

infl uence of the commensal fl ora (Tempel et al . ,  1 970 ) . 

The suggested primar y  rol e  of neutroph ils wi thin the bod y i s  the 

local i sa t i on and r emoval of mi croorgan i sms . The cel l s  mus t move to 

the area wher e infe c t i on e x i s ts (chemotaxi s ) , immob i l i s e  the 

patho gens (phagocytos i s )  and effect i vely deal wi th them so that 

they can no longer function (mi cro bi al kil l i ng ) . 

1 • 5 Chemot axi s 

Chemot axi s i s  a phenomenom i n  whi ch the di rect ion of l ocomot i on of 

cel l s  is det ermined by subs tances i n  their environment (W il kinson 

and Allan ,  1 97 8 ) . The pr ocess requ i r es thr ee interconnect ed 

events , namely , detect ion of t he extracel l ul ar chemoat tra ctant , 

or i entat i on of the cel l an d l ocomotion.  

N e utro ph i l s  in buff er s ol u t i on e xhi bi t s pontaneous r andom mov ement . 

When a chemoat tractant i s  added to the buffer , movement i s  

s t imul ated but non- di re c t i onal . D i rected mi gr ation re qui r es a 

gr adi ent of chemoat tract ant acr oss the surface of the cel l . 

Extremel y l ow concentrations of s ome subs t ances can be dete cted . 
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The s ynthe t i c  pe pt i de N-formyl-methi onyl- phenyl al am i ne ( FMLP ) wi l l  

ini t i at e direct ed locomot i on at co ncentrat ions of 

(Showell et al . ,  1 97 6 ) . Many d iffer ent substances w i l l  s timulate a 

chemotact i c  respons e . C l i ni cally , factors rel eas ed from ba ct er i a  

ar e o bvi ously im portant i n  e vo king the body's defence me chani sms 

(Harr i s ,  1 954 ; Kel l er and Sor k i n ,  1 96 7 ) , but many a gents of hos t 

ori gin have also been def ined . Thes e incl ude col l a gen (Chang and 

H ouch , 1 970 ) , a f actor from cul tured f i brobl asts (Sobel and Gall in , 

1 97 9 ) , f i brino pe p t i de (Kay et al . ,  1 9 7 4 ) , l ympho k i n es (de Fr anco et 

al . ,  1 9 77 ) and t he compl ement der i ved factors C 3a and C 5a . 

Exper iment all y ,  syntheti c pe pt i des have prove d us eful for 

inves ti gating the i nt eraction of chemota cti c factors wi th the 

neut rophil  surface (Showell et al . ,  1 976 ) . 

Chemot axi s i s  tho ught to invol ve a s pa t i al mechani sm ,  com par i ng the 

concentration of a substance at two or mor e  locations on the cel l 

s urf ace at any one t i me (Z igmond , 1 97 4 ) . I n  o pti mal gr ad i ents a 1 %  

d iffer ence in concentration of a pe p t i de between two poi nts can be 

de tected (Zigmond , 1 977 ) . 

Ther e ar e s pe cif i c  receptor s  for chemotact i c  factors on the 

neutroph i l's s urface , with a corr elat ion between a subs t anc e ' s 

chemotact i c  effect i veness an d ab i l i ty to  compe t e  f or binding s i tes 

(W il l i ams et al . ,  1 97 7 ) . Schi ffmann et al . ( 1 97 8 )  have suggested a 

two s i t e  model ; a binding s i t e  at whi ch the si gnal i s  ini t i ated 

and a hydrol yt i c  s i te whi ch frees the cell  of  the s ubs tan ce s o  that 

cont i nue d dete ction of t he gradi ent can occ ur .  They also found 
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s peci f i c i ty wi thin binding s i tes . Some fact ors d i d  not compet e 

with others indi cating d iffer ent cel l ular sites of intera ction for 

differ ent types of chemot act i c  s ubs tances . 

The mechani sm for tr ansl ation of re ceptor binding to a chemotactic 

response at the mol ecul ar l evel i s  uncl ear . Snyderman an d P i ke 

( 1 97 8 ) showed that binding of a chemo attractant is not s uff i c i ent 

to tri gger a chemot act i c  res ponse and sugge s t ed that the 

transmi ssion of fr ee energy fr om the l i gand to the m em brane i s  

neces sary . Sel igmann et al . ( 1 980a ) found that neut roph i l s  exposed 

to a chemotact i c  st imul us ini t i al l y  showed a res ponse s uggest ing 

membrane de pol aris ation , fol l owed by hy per pol ari s a t i on .  The 

alter at i on in transmembr an e po t ent i al act i vates ioni c fl uxes , 

parti c ul arl y of cal ci um (Gall in and R osenthal , 1 974 ; Bouce k  and 

Snyderman , 1 976 ; Gal l i n  et al . ,  1 97 8 ;  Barei s et al . ,  1 982 ) , and 

l eads to a rearrangement of cytos kel et al el ements (Snyderman and 

Goet zl ,  1 98 1 ) .  Experimental dat a sugges t that mi cr otubul e ass embl y 

is regul ated , at l eas t in  par t , by the l evel of cyt opl asmi c  cal c i um  

(Gal l i n  and R osenthal , 1 97 4 ,  Snyder and Mci ntosh , 1 976 ) and Gal l i n  

and R os enthal ( 1 97 4 )  have pr oposed that an assymet i c  as s embl y of 

mi crotu bul es i s  i nstrumental i n  imparting the net ve ctor of motion 

dur i ng chemotaxi s .  In addi t i on ,  an i ncr eas e  in cyt opl asm i c  i oni sed 

cal c i um may be important for m i cr of i l ament funct ion (Gal l i n  et al . ,  

1 97 8 ) . S t imulation of anaerobi c gl ucos e metabol i sm appears to be 

essen t i al for maxi mal chemotact i c  r es ponse (Goet zl and A us t i n , 

1 97 4 )  • 
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In l ocomot i on ther e i s  a l inear al ignment wi thin the cell wi th the 

nucleus away fr om t he s t imul us . Mi cr of il aments are pr esent in  

i ncreas ed numbers at  both the l eadi ng and pos ter i or en ds of the 

cell . C entr i ol es adj acent to t h e  nucl eus have an ass o c i at e d  radi al 

array of mi cr otubu l es extending t owards , but not int o ,  the 

filament-enri ched pol es (Mal ech et al . ,  1 977 ; Snyderm an an d 

Goetzl , 1 98 1 ) .  Expl anati ons f or the mechani sm of locomot ion ar e  

specul at i ve at bes t . Stossel l  ( 1 9 7 8 )  sugge s ts that 

substrat e-adher ent cellul ar molecul es ,  l i n ked to a contractil e  

meshwor k ,  act l i ke t ank treads to pr opel the cell forwar d ,  the 

tor que being provi ded by uni ts of moving contra ctile  pr ot eins at 

the bas e of the cell whi ch ar e att ached to prot eins f i xed to the 

cel l mem brane . 

Factors whi ch s up press PMN chemot axi s ha ve been des cr i be d .  Such 

factors are of two bas i c  t ypes , thos e whi ch inacti vat e  chemota cti c 

factors (Van Epps and Will i am s , 1 97 6 ) and thos e whi ch act di rectl y 

on the cell (Go et zl , 1 975a;  Goet zl , 1 97 5b ) . I t  i s  s pecul ated that 

humoral inhi bi tor s  regulat e  the infl ammatory r espons e in vi vo (Van 

Epps and Will iams , 1 97 8 ) . Goet zl and A us t in (1 972 ) des c i be d  a 

pr eformed , sol u bl e neutroph il i mmo b i l i sing factor (N I F )  prod uced by 

PMN and mononucl ear cel ls whi ch caus es an i rreversi bl e  chemot act i c  

inhi bi t i on but no i mpai rment of cell vi abil ity or 

(Goet zl , 1 973 ) . Thus P MN  can be l ocal i sed in 

infl ammation whi l e  st ill r et ai ning their abil i ty to 

phagocyt osi s  

an ar ea of 

de al with 

phagocyt osabl e s ubs trat es . D iffus i on of N IF ,  whi ch has m i n i mal 

effect on macrophages , will stop  the f urther i nflu x  of PMN , thus 
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f avour i ng the trans i ti on to the mononuclear pr edomi nance of chroni c 

i nfl ammat i on .  

1 . 6 Phago cytos i s  

Phago cytos i s  i s  the pr ocess by whi ch a par t i cl e  i s  taken wi th i n  the 

cell wh i l e  in effe ct r emai ni ng o utsi de the pl asma membr ane . The 

pr ocess i s  ini ti at ed by contact between the PMN and the par t i cl e ,  

the l at t er us uall y  attaching fi rml y to t he pl asma mem brane v i a  

s pec i f i c  receptor s . 

M i cr oorgani sms may be come coated wi th I gG and as soci ated 

c ompl ement , a pro cess r ef erred to as opsoni sation .  The coate d  

bact er i um bi nds di rectl y t o  receptors pr es ent on the phagocyt e  

membr ane . PMN have at  l e as t  two ty pes of rece ptors , one s pe c i f i c 

for the F e  por t i on of I gG ( H enson , 1 96 9 ,  M es sner and J el i nek , 1 970 , 

Saj nani et al . ,  1 97 4 )  and another for the C 3b com ponent of 

compl ement ( Lay" and Nussen zwei g ,  1 96 8 ,  Jas i n ,  1 972 , Scri ber an d 

Fahrney , 1 97 6 ) . Thes e  receptors are pr es ent on 90% of neutroph i l s  

( Wong and W i l son , 1 975 ) and have some mobi l i ty wi thi n  the 

c ytopl asmi c membr ane ( S aj nani et al . ,  1 974 ; Weinbaum et al . ,  

1 98 3 ) . Their nat ure and a b il i t y  t o  recogni se opsonins i s  un cl ear 

but F earon ( 1 980 ) i sol ated the C3b r eceptor as a s pe c i f i c  

gl ycoprot ein . Parti cl e-bo und C 3b f unctions primaril y i n  the 

adher ence phas e whi l e  I gG ser ves as a tri gger for internal i sat ion 

( Scri ber and Fahrney , 1 976 ; Ehl en berger and N ussenzw ei g ,  1 977 ; 
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Newman and Johns on , 1 97 9 ; R oos e t  al . ,  1 981  ) .  Whe r e  s pe c i f i c  I gG 

i s  pr es ent , compl ement de creas es the amount of anti bod y  r e quired 

and enhan c es t he r ate of phagocytosis ( Scri ber and Fahrney , 1 976 ) . 

Evi dence suggests that man y  agents whi ch evo ke cel l  m i gr ation al s o  

cause compl ement receptor enhancement ( Kay et  al . ,  1 9 8 1 ) . 

incr e asing the de gr ee of adhesion of t he pha gocyt e  t o  the opsoni s e d  

part i cl e .  

Spec i f i c  opsoni sat i on cannot acco unt for the ab i l i ty of phagocyt es 

to in gest uncoated ba ct eri a  and inert parti cl es such as l atex . 

Watt ( 1 980 ) s pecul at es that some ba cter i a  have s ur f aces of an 

a ppro pri ate physi cochemi cal nat ure to dire ctl y adher e  to 

gr an ul ocytes whi l e  Hoff s t e i n  ( 1 980 ) po i nt s  to non- i mmune mechanism s  

rel ated to hydrophobi c  int eractions between cell and parti cl e 

surf aces . 

Fol l owing contact ther e i s  l ocal i sed cel lular cont r act i on res ul ti ng 

in  a depr ession containing t he parti cl e .  I nvagin a t ion continues 

and the par t i cl e  is dr awn i nto the cel l  interi or . Eventually the 

mar gi ns of the depression f us e  to compl et e the pha gocytic  vac uol e 

(Hoffs tei n ,  1 980 ) . 

I nt er nal ising a ba cter i um does not guar ant ee that i t  wi l l  be 

k i lled . Once cell/ parti cle conta ct i s  est a bl i shed s pecif i c  

mechani sms ar e act i va t ed whi ch contri bu t e  t o  m i cr ob i al des truc t i on . 
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1 . 7 D e granul at ion 

Cohn and H irsch ( 1 960a ) all owed n eutroph i l s  to inges t ba cter i a  and 

demons tated that wi thin 3 0  mi nut es s ome , or all , of the granul es 

wer e  l os t  from the cytopl asm . H irs ch ( 1 962 ) found that onl y 

gr anul es adj acent to the phagocy t i c  vacuol e ruptured an d that the 

vacuo l e  gr ew l arger wi th incr eas i ng br eakdown . 

Zuc ker-Fran kl i n and H i rsch ( 1 9 6 4 ) produced a seri es of ele ctron 

mi cr ographs whi ch showed the gr anul e membr an e  fusing wi th that of 

the phagocytic vacuol e .  Thus granul e enzymes can be brought i nto 

contact wi th a mi cr oorgani sm wi tho ut cont aminat i ng the cyt osol 

where the y may cause cell damage or l ysi s .  Tr owell and Br ewer 

( 1 976 ) , us i ng chi cken het erophi l s ,  found i ndi vi dual gr anule l ysi s 

to be extremel y rapid , often taking l ess than 0 . 25 of a second . 

Degranul ation occurs i n  a se quence , wi th the s pe c i f i c  granul es 

par t i c i pating ini t i al l y  and azur ophi l i c gr anul es taking o ver l ater 

( Bai nton , 1 97 3 ) . Ther e i s  a drop i n  the vac uole pH fr om 6 . 5 to 4 . 0  

dur i ng cell act i vation;  thi s favo ur s the s pe c i f i c  granul e enzyme 

optimum of ne utral pH i ni t i al l y , and t he a zurophil i c  optimal aci d 

range l at er . The gr an ul e  membr anes ha ve distinct pr oper t i es whi ch 

may offer s ome e xplanati on f or the d i ff erential f usion rates 

( Bainton , 1 973 ) . 

D egr anul at i on begins 20  t o  60 s e conds af ter the ini t i al stimul at i on 

provi ded by cell/ parti cl e  contact (We i ssm ann et al . , 1 980 ) and thus 

may pre cede cl osur e  of the phagoc ytic ves i cl e .  Se veral 
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i nves t i gators have noted s ome l eakage of enzymes and r eact i on 

products to  the surrounding envi ronm ent ( Zuc ker-Frankl in and 

H irsch , 1 964 ; Wei ssmann et al . ,  1 97 1 ; Bainton , 1 973 ; Wei ssmann 

et al . , 1 980 , O hno et al . , 1 982 ) . C el l s  

ant i body/ ant i gen coated surf ace can adher e and 

exposed to a l ar ge 

be s t i mul at ed to 

rel e ase gr anul e en zymes ( H awki ns ,  1 972 , Henson , 1 97 1 ) .  This i s  

patho l ogi cal l y  i mport ant i n  i mmune compl ex nephr i t i s and vascul i t i s  

and rheumatoi d j oint diseas e  ( Kl e banoff and C l ar k ,  1 97 8 ) .  

1 . 8 R espi ratory Bur s t  

The r es t i ng PMN cons umes l i ttl e  o xygen ( Baehner et al . 1 97 0 ; 

Weeni ng et al . ,  1 974 ) wi th mos t of i ts en ergy re quir ements bei ng 

obtai ned thr ough anaer obi c gl ycol ys i s  ( Sbarra and K arnovs ky , 1 95 9 ) . 

The fract ion of gl ucos e  metabol i s ed via the he xos e monophos phat e 

shunt (HMS) i s  of the order of 2 t o  3% ( Be c k , 1 95 8 ) . 

On e xposur e to a ppropriat e  s t imul i the neutrophil under goes a burs t 

of metabo l i c  act i vi ty . Thi s  res pirator y. bur s t  do es not depen d o n  

parti cle engulfment ( Sel var aj and Sbarra , 1 966 ; G ol ds t ein e t  al . ,  

1 9 75a , Ohno et al . ,  1 982 ) and can occur in  res ponse to s olubl e 

agent s  such as C5a ( Gol ds tein et al , 1 975b ) and sod i um  f l uor i de 

( Sel var aj and Sbarra , 1 96 6 ) and to aggre gated , mem bran e- bo un d  I gG 

( Johns ton and L ehmeyer , 1 97 6 ) . 
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Takanaka 

and O ' Bri en ( 1 975 ) s t ated that a rever s i bl e  conf i rmat ional change 

i n  the pl asma membr an e  i s  respons i bl e  for the act i va t i on of oxi das e 

acti vi ti es whil e Kapl an et al . ( 1 9 7 2 )  sugges ted t hat e v ents ar e 

ini ti ated through hydrol ys i s  and repa i r  of the cel l  membr an e . 

Wi thin 1 0  se conds of e xpos ur e  to a s timul us there i s  rapi d mem br ane 

hyper polar i sat i on ,  then depol ar i sat i on followed by sl ow 

hyper pol arisation ( Kor chak and Weissmann , 1 97 8 ) . I t  i s  thought 

that thes e changes in membran e  po tent i al ar e invol ve d· in  the 

primar y t ri ggering of the cel l ul ar r es ponse . Mottol a  and R omeo 

( 1 982 ) wer e  abl e to show that cal c i um fl uxes occur pr i or t o  

neutro phil a cti vat ion and appear to b e  r es ponsi bl e f o r  i ni tiating a 

number of cell pr ocesses . Ther e i s  a t rans i ent incr eas e i n  the 

conc entration of free cytopl asmi c cal c i um ions whi ch is not due t o  

an i nflux o f  extrace l l ul ar cati ons ( R oos e t  al . ,  1 98 1 ) but pr obabl y  

resul ts from rel eas e o f  bound cal ci um  from the pl asma membrane ar ea 

in contact wi th the st imul us ( H offs t ein , 1 97 9 ) . The r emoval of 

cal c i um from membr an es can i nduce a decr eas ed cons trai nt on ei ther 

en zyme or subs tate d iffusion indi cating t hat thi s molecul e i s  

i nvol ved i n  the regul at i on of en zyme act i vi ty (Hor vath and Sova k , 

1 97 3 ) . Ne utrophils contain prot eol yti c a cti vi t y  whi ch i s  ina cti ve 

at normal cel l ul ar cal cium l evel s  and i t  i s  sugges ted that 

acti vation of NADPH-o xi dase re quir es pr oteol y t i c  pro c es s ing of a 

l atent form of the en zyme ( Legendr e ,  and J ones , 1 983 ) . Engl ish and 

Mc Pherson ( 1 97 8 )  isolated an inhi bi t or of NADPH-o xi das e  fr om 

res t i ng PMN and concl uded that inact i va t i on of the i nhi bi tor i s  

invol ved i n  i ni ti ation of the res pi r atory burst.  Phagoc ytes show 
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an enhanced res ponse i n  t he pr es ence of certain chemoattract ants 

( Allred and Hi ll , 1 978 ; Kay et al . ,  1 9 8 1 ) and i t  has been 

suggested that PMN acti vation is rel ate d to chemoattra ctant 

al ter at i on of mem br an e pot en t i al ( Sel i gman , and Gal l in ,  1 980b ) . 

Wi th the r espiratory burs t t her e i s  an incre as e in gl ucose 

oxi dat i on via the HMS ( Sbarra and Karnovs ky , 1 95 9 ;  I yer et al . ,  

1 96 1 ) and a mar ked incr e as e  i n  oxygen u ptake ( Baldri dge and G erard , 

1 933 ; Baehner et al . ,  1 970 ) whi ch may be as hi gh as  1 0  t o  1 5  t i mes 

the r es t i ng oxygen cons umpt i on (Weeni ng et al . ,  1 97 4 ) . I yer et al . 

( 1 9 6 1 ) demonstrated that at  l east part of the oxygen is converted 

to hydrogen peroxi de ( H2 0 2 ) .  Babior et al . ( 1 973 ) showed that the 

super oxi de radi cal ( 0 2 - ) i s  also pr oduced and R oot and Metca l f  

( 1 977 ) were abl e  t o  show t hat all t h e  oxygen ta ken u p  is converted 

to super oxi de and 80 % of th i s  superoxi de is conver t ed to hydrogen 

peroxi de via a di sm ut at i on rea ction;  

+ 
+ 2H 

---- > + 

Supero xi de generat ion occurs i n  two sta ges , a rapid b urst pre ce ding 

endocytos i s  and a sl ower , pr ogr ess i ve incr e as e  o ccurring wi th 

par ti cl e  uptake ( Ba xt er et al . ,  1 98 3 ) . Tau ber and C urnutte ( 1 978 ) 

sugge s t  that the t ype of s t i mul us det ermines the l evel of respons e 

but Ba xter et al . ( 1 983 ) obt ained contradi ctor y r esul ts .  W i t h  

l at e x  beads as a s t i mul us the ext ent of 

pro por tional to the mas s  of parti cl es ta ken up  

(Kreni s ,  1 96 1 ) .  

the bur s t  i s  rough l y  

b y  the pha goc yte 



26 

N i cot i nami de adeni ne di nucl eoti de phospha t e  ( NADP + ) s erves as an 

el ect ron a cceptor in the HMS. NADPH-oxi dase ·catal ys es the 

conver s i on of NADPH to NADP + wi th NADPH act i ng as an el ectron 

donor . Thi s is the su peroxi d e-formi ng rea ction · ( Bab i or , 1 978 ) ;  

+ + + NADPH - - - - > + NADP + H 

+ 
NA DP may also be ava i l abl e from the gl ut athione 

peroxi das e- gl ut athione reductas e  s ys t em ( Reed , 1 96 9 )  which pr ote cts 

the cell from damage by hydr ogen peroxi de ; 

2GSH + H 2 0 2  ----> GSSG + 2H 2 0 
reduced o xi di sed 

glutathi one gl ut athi one 

+ 
GSSG + NADPH ----> 2GSH + NADP 

The a c ti vi t y  of the HMP is contolled by the rate at whi ch NADP+ 

be comes avai labl e ( Be c k , 1 95 8 ) . 

The i dent i t y  of the pr i mar y oxi das e r es pons i bl e  for i ni t i at i on of 

the metabol i c  burs t i s  an area of controvers y .  There is a gr e ement 

that the en zyme catalys es the r educt ion of oxygen to s uper oxi de by 

a r educed pyri dine nucl eo t i de but whether thi s i s  NADPH or NADH 

r emai ns a po i nt of debat e .  NADPH woul d seem the mos t obvious 

can di date ( Rossi et al . 1 97 1 ; Pat ri ar ca et al . ,  1 9 71 ; Rossi et  

al . ,  1 972 ; Dechat el et et al . ,  1 975 ; Babior , 1 97 8 ; Se ger et  al . ,  

1 983 ; Shurin et al . ,  1 98 3 )  but arguments have been put for ewar d 

for N A DH ( Kar novs ky et  al . ,  1 970 ; Baehner et al . ,  1 970 ; 
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Karnovs ky , 1 97 3 ; Cur nette et al . ,  1 975 ) . Babior ( 1 984 ) sugges ts 

that the en zyme is ca pabl e of us i ng both nucl eot i des but has a 

greater aff i ni t y  for NADPH whi ch i s  pro babl y the phys iol ogi cal 

el ectron donor . Kar novs ky ( 1 973 ) wor king wi th l eucocytes from 

pa ti ents wi th chroni c gr anul omatous di sease (C GD ) , an inher i te d  

condi tion i n  whi ch the P MN  res pirator y  bur s t  i s  abs ent ( Hol mes et 

al . ,  1 96 7 ) , cons truc t ed an over al l scheme for the events whi ch 

fol l ow pha gocytos i s  ( F i g .  1 . 2 ) . 

For conveni en ce t he act i vi ty i n  ques t i on i s  us uall y cons i der ed to 

be due to  a si ngl e  en zyme al though re cent inves t i gations sugges t 

that an el ect ron tran s port cha in exi s ts whi ch i ncor porat es a flav i n  

cofactor and c ytochr ome b a cti vity (Crawfor d an d S chnei der , 1 983 ; 

Seger et al . ,  1 983 ; L i ght et al . ,  1 98 1 ; Gab i g  e t  al . ,  1 982 ) . A 

b- type cytochr ome i s  found i n  neut roph i l s  but i ts par t i ci pa t i on i n  

the electron tr ans port pathway between NADPH an d o xygen has not 

been demons trat ed . Evi dence sugge s ts a rol e  out s i de thi s el ectron 

chai n , for exampl e , i n  t he conversion of the o x i d as e  fr om i ts 

res t i ng to act i vated form ( Babior , 1 984 ) . Crawfor d  and Schnei der 

( 1 98 3 ) demonstrated an enri ched ubi qui none cont ent in phagosomes 

from act i vated PMN and s ugges ted that thi s compo und , whi ch acts as 

an i nt ermediate ele ctron a cce ptor in mitochondrial oxi dati v e  

phos phor ol ati on , i s  an i mpor t ant component of neut roph i l i c  o xygen 

metabol i sm .  

I n  m an ,  mos t evi dence has s upported a pl asma mem bran e  l ocat i on for 

t he i ni ti at ing en zyme ( s )  ( Kaplan et al . ,  1 972 ; Ta kana ka and 
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FIGURE 1 . 2 . Suggested intracellular events following 

phagocytos is ( from Karnovsky , M . L . , ( 1 973 ) ) . 

(EMP = Embden-Meyerhof-Parnas pathway , 

HMP = hexose monophosphate shunt ) .  
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O ' Bri en , 1 97 5 ; Gol ds tein e t  al . ,  1 977 ; D ewal d et  al . ,  1 97 9 ;  Ohno 

et al . ,  1 982 ; Seger et al . ,  1 98 3 )  but s ubcell ul ar fract i onat i on 

sugges ts that at l eas t part of the act i vi ty i s  not as s oc i at ed wi th 

the pl asma membrane ( Ta uber and Goet zl , 1 978 ; Cr awfor d and 

Schnei der , 1 983 ) . Badwey et  al . ( 1 97 9 )  noted s peci es differ ences 

in location of enzyme a ct i vi t y .  

1 . 9  Oxi dat i ve metabol i sm 

Signi f i cant s pontaneous d i smutat i on of super oxi de can occur i n  the 

aci d environm ent of t he pha goc ytic  vac uol e ( Badwey an d Karnovs ky , 

1 980 ) . A smal l amount of super oxi de dismutase ( SOD ) , a 

metalloenzyme whi ch pr omot es the conversion of su pero xi de to 

hydrogen per oxi de (McC or d  and Fri dovi ch , 1 96 9 ;  McC ord e t  al . ,  

1 97 1 ) and varying amounts of catal ase , whi ch decomRoses hydr ogen 

peroxi de , ar e pr es ent in the cyt osol of neutrophils  ( D echatel et et 

al . ,  1 974 ; Johns ton et al . ,  1 975 ) . These enzymes pr oba bl y  help 

prot ect the cell aga i ns t  damage from the hi ghly react i ve pr oducts 

of the r espir atory burs t . 

Super oxi de and hydr ogen per oxi de may i nter act to pr oduce hyr oxyl 

radi cal s (OH • )  and s i ngl et oxygen ( 1 0 2 ) .  Haber and Wei ss ( 1 93 4 )  

pro posed that h ydro xyl radi cal s can be formed fr om the reduction of 

hydr ogen per oxi de by s u peroxi de ; 



+ - - - - > OH • + OH . + 
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This was supported by studi es using methi onal whi ch r ea cts wi th 

hydr o xyl radi ca l s  to  form ethyl ene ( Beauchamp and F r i do v i ch ,  1 970 ; 

Tau ber and Babior , 1 9 7 7 ) . As would be e x pe cte d SOD de creas es 

ethyl ene pr oduc t i on s ubs tan t i al l y ,  but sur pri singl y  catal as e  has no 

effect . Thus while su pero xi de i s  impl i cated in h ydro xyl radi cal 

pr oduct i on , hydr ogen per oxi de i s  not ( Tauber and Bab i or , 1 977 ) . 

Recently , the effi c i ency of the Haber-Wei s s  reaction an d the us e  of 

methi onal to de tect hydr oxyl radi cal s  have been que s tioned ( Badwey 

and Kar no vs ky , 1 980 ) . 

S i ngl et o xygen i s  formed when an absor b t i on of en ergy shifts an 

ele ctron fr om t he ground s t ate , wher e the s p i ns of the two val ence 

el ect rons ar e in  the same direct ion , t o  an orbi tal of hi gher energy 

wi th an i nversion of spin so t hat the two ele ctrons then have 

oppos i ng s p i ns .  The product i on of s i ngl et oxygen b y  l euco cyt es has 

been pro pose d  for a num ber of years ( Al l  en et al . ,  1 972 ; Johnston 

et al . ,  1 9 75 ; R os en and Kl e banoff , 1 976 ; Allen ,  1 977 ; R os en and 

Kl ebanoff , 1 977 ) but Kanofsky and T auber ( 1 983 ) have pr oduced 

e vi dence sugges ting that singl et o xygen i s  not a si gnif i cant 

product of the r espi ratory burs t .  A number of react ions ar e 

ca pa bl e  of generating s ingl et oxygen , i ncluding t he s pont aneo us 

d i smutat i on of super oxi de ; 



H0 2 •  + 
perhydroxyl 

r adi cal 

+ + 
H 

the modi f i ed H aber-Wei ss react i on ;  

met al 
+ ----> 
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----> · +  

+ 

the i nt era ction of hypochl ori t e  wi th hydrogen pero xide ( P i att et 

al . ,  1 977 ) ;  

O C l  + ----> + Cl + 

and the i nteraction of superoxi de wi th h ydroxyl radi cal s ;  

+ ----> + OH 

O ver al l the i nt err el ati onships of t he proposed oxygen deri va ti ves 

of the met abol i c  bur s t  ar e compl ex ( Fi g .  1 . 3 ,  F i g .  1 . 4 )  a n d  the i r  

occurrence i n  the P MN  for t he most part unconf i rmed . 

1 . 1 0  M i crobi al Kill ing 

The mechani sms of mi cr obial kill ing ar e i l l- def i ned but pr obabl y 

involve an array of factors cooperating for effe cti ven ess against 

the br oad s pect rum of pathogeni c organ i sms . 
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FIGURE 1 . 3 .  Suggested oxidative interactions involved 

in respiratory burst activity ( from Klebanoff , 

S . J .  and Clark, R . A . , ( 1 9 78) ) .  
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FIGURE 1 . 3 .  

a .  02 .. H202 
b .  02 .. o-2 
c. o; + o-2 + 2H+ .. 02 + H202 
d. o; + H202 .. OH· + 02 + OH -
• •  OH· + OH· .. H202 
f .  OH· + o-2 .. 02 + oH-
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FIGURE 1 . 4 .  Possible interrelationship o f  the reactive oxygen 

species of the respiratory burst .  
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a .  O xidat i ve Ba ct eri c i dal Me chani sms 

Superoxi de is not hi ghl y to xic  to mi croor gani sms ( Jo hnston et al . ,  

1 9 75 ; Babior et al . ,  1 975 ) and i ts importance seems to l i e  i n  the 

oxygen s pe c i es it  i s  capabl e of gener at ing d ur i ng the r espir ator y  

burs t . 

One wel l  document ed oxi dati ve ki l l i ng mechani sm cons i sts of MPO , 

hydro gen pero xi de and a hal i de .  H ydrogen peroxide i s  ba ct eri c i dal 

to  s ome ext ent ( Babior , 1 97 8 )  and i t  has al so been pr oposed as a 

fact or in a non- enzymi c kill ing system wi th as cor bi c  a c i d  an d  

certain metal s (D rath and Karnovs ky , 1 97 4 ) . However , W i nt er bour n  

and V i ssers ( 1 98 3 )  found that cel l ul ar ascor bate was not r el e ase d 

i nt o  phagosomes and concl uded that there was no s i mpl e l i nk between 

bact eri al kill ing and ascor bat e oxi dat ion . The mi cro b i c i dal 

capaci ty of hydr ogen peroxi de is gr eatl y incr eas ed by the pr es ence 

of the azurophil i c  gr anul e haemopr ot ein , MPO , and a hal i de 

( Kle banoff , 1 96 7 ) . MPO cat al ys es the o xi da t ion of hal i d e  ions ( X  ) 

to  hypohal i t e ions (Har r i son and Schul t z ,  1 97 6 ) ; 

X + - - - - > xo + 

C hl or i de ions , being the most abundant hal i de in c el l s , ar e  

pr obabl y the phys i ologi cal subs trate ( Babi or , 1 97 8 ) . The 

MPO-hydrogen peroxi de- chl ori de syst em i s  r es pons i bl e  for h ydr ol ys i s  

of prote i ns and decar bo xyl ati on of amino 

bact eri ci dal if  i t  in vol ves the essenti al 

aci ds whi ch may be 

ami no aci ds of the 
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m i cr ob i al cel l  wall ( Sel var aj e t  al . ,  1 97 4 ) . I t  i s  pr oposed tha t  

the s ystem wor ks via the pr oduct ion o f  as ye t undef ined , r eact i ve 

free radi cal s .  I n  addi tion , i t  has been suggested that 

hal ogenat ion of the ba ct er i al wal l resul ts in  a l oss of i ts 

i nt e gri t y  ( Kl e banoff , 1 967 ; Simmonds an d Kar novsky , 1 97 3 ) , but the 

corr el at i on be tween halogenat i on an d ba cter i al death is poor 

(McC all et al . ,  1 9 7 1 ) .  

Hypo chl ori te i s  known t o  r eact wi th hydr ogen peroxi de to pr oduce 

singl et oxygen ( R osen and Kl ebanoff , 1 97 7 ) and the l at t er has been 

pr oposed as a ba ct er i ci dal agent ( Al l en et al . ,  1 972 ; Kri ns ky , 

1 974 ; Babior , 1 97 8 ) . I n  addi tion , prod uction of singl et oxygen 

v i a  the modi f i ed Haber-Wei ss react i on has been i mpl i cated i n  

ba ct eri al kill ing ( R osen an d Kl ebanoff , 1 97 9 ) , as has the hydroxyl 

r adi cal ( Johns ton et al . ,  1 975 ) . Human neutroph i l s  have the 

capa c i ty to peroxi date inges ted l i pi ds , a r eact ion whi ch pr obabl y 

cont ri but es t o  mi crobial killing ( Stossel et al . ,  1 9 74 ; Shol et e t  

al . ,  1 9 7 4 ) . P eroxi dation of l i pi ds has been a t t ri buted t o  the 

act i on of hydr oxyl radi cal s ( Fong et  al . ,  1 97 3 ) . The r ol e  of thi s  

l at t er radi cal and si ngl et oxygen i n  t h e  mi crobi ci dal effect of the 

PMN has ye t to be def ini tel y  es tabl i shed but R ep i n e  et al . ( 1 984 ) 

r e ported a si gnifi cant decr eas e in ne utrophil bact eri c i dal acti vity  

i n  t he pr esen ce of sever al hydroxyl r adi cal scavengers .  
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b . Non-oxi dati ve Bact eri c i dal Me chani sms 

C ert ain s pe ci es of bact eri a ar e k i l l e d  under anaerobi c condi tions 

(Mandell , 1 97 4 )  

et al . ,  1 97 1 ) ,  

mechani sms exi s t .  

and i n  the abs ence o f  HMS sti mulat i on (D echatel et 

indi cating t hat non- o xi da ti ve bact eri c i d al 

Few ba cter i a  ar e ca pa bl e  of gr ow i ng in  a mar ke dly acidi c 

envi ronment . The incr e ased gl ycol yt i c  a c ti vity of pha gocytos i s  

r esul ts in  the gener at i on of l ar ge quant i t i es of l act i c  ac i d  an d 

cons e quentl y an aci di c pH wi thi n the phagocyt i c  vacuol e (R ous , 

1 925 ) .  Bainton ( 1 9 73 ) found that the pH f ell to 4 . 0  wi thin 1 5  

minut es of par t i cl e  upt ake , al tho ugh Mandell ( 1 970 ) sugges ted tha t 

the i ntravacuolar pH d i d  not f al l  bel ow 6 . 0- 6 . 5 in human 

neut rophil s .  

Lysozyme k i l l s  those Gram- posi t i ve ba ct er i a  that do not have a 

covering t o  their pep t i doglycan layer (Mur phy , 1 97 6 ) . I f  anot her 

agent damages the cell wal l al low i ng access , l ysozyme can kill  many 

Gr am- posi ti ve and Gr am-ne gati ve organi sms (G i ns berg and Sela , 

1 97 6 ) . M i l l er ( 1 96 9 )  f ound that a combi nat i on of hydr ogen peroxi de 

and ascor bat e r enders Salmonella pul l or um s uscept i bl e  to  l ysozyme . 

Anti bod y  and compl ement , whi ch ar e  capa bl e  of causing ba ct eri a l  

cell wall damage , may al so ass i st l ys ozyme act i on .  Lei j h  e t  al . 

( 1 9 8 1 ) demonstrated that both ar e necessary for optimal ba cterial  

k i l l ing . 
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Lactoferr i n ,  whi ch i s  pr es ent i n  the s pe c i f i c  gr anul es , can be 

bact erios t ati c or ba ct eri c i dal ( Arnol d et al . ,  1 9 77 ) by chel a t i n g  

t h e  i ron whi ch is ne cessary for ba ct eri al gr owth . 

The azur ophil i c  gr anul es cont ain sever al cat i oni c ant i bact er i al 

pr ot e i ns d i ff ering in  structure and s pecifi ci t y  ( H i rsch ,  1 965 ; 

Zeya and Sp i t znagel , 1 96 8 ;  Odeberg and O lsson , 1 97 5 ) ;  nothing i s  

known of the mechani sm by whi ch these achieve bact e r i al kill ing . 

1 . 1 1  Neutrophil  Funct i on T es ts 

a .  N i tr obl ue Tetrazol ium R educt ion 

N i tr obl ue tetrazol ium ( NBT)  is an ar t i f i c i al el ect ron accept or 

whi ch is reduced to an i nsoluble , pi gmented forma zan during t h e  

metabol i c  burst ( Shaffer e t  al . ,  1 953 ) . The tetrazol ium sal t i s  

yel l ow i n  solut i on , wher eas formazan i s  bl ue- bl ack .  The p i gment ed 

subs t an ce can be v i ewed m i cr oscopi cal l y  or e xtract e d  and me as ur e d  

s pect rophot ometri call y .  Baehner ( 1 97 5 )  pr oposed that the 

NBT-reduct as e  i s  locate d at the pl asma membrane an d is acti vat ed on 

contact wi th the par t i cl e .  Par t i al inhi bi t i on of gr anulocyte NBT 

r educt ion by SOD indi cat es t hat supero xi d e  i s  r es ponsi bl e for a t  

l eas t a par t  of the r eact i o n  ( Johns ton e t  al . ,  1 97 5 ) and Baehner et  

al . ( 1 975 ) suggest e d  that t he reduction w as d ue entirel y to a 

r eact i on between the dye and supe r oxi de . S ince the r educt i on 

occurs as a conse quence of t he r es pi r atory b urs t i t  has bee n  
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accept ed as a s i mpl e t es t  of neut roph i l  funct ional abi l i ty ( S egal , 

1 97 4 )  • 

The NBT tes t  has been us ed i n  the di agnos i s  of CGD ( Johns ton et 

1 97 5 ; Baehner et al . ,  1 975 ; Seger et al . , 1 983 ) ' ----

gl uco s e-6-phosphat e dehydr ogenas e def i ci ency (C ooper et al . ,  1 972 ) , 

s pe c i f i c  gr anule def i c i ency ( Gal l in et al . ,  1 982 ) and ----

Ch�diak-H i gashi syndr ome ( R oot et al . ,  1 97 2 ) . 

b .Mi crobi al K ill ing Tests 

When a s tandard number of mi cr oogani sms is m i xed wi th a known 

number of gr anulocyt es and incubated for a s pe c ifi c time , the 

number of l i ve ba ct er i a  r emai ning wi thin phagocytes wi l l  gi ve an 

es timat e of the cel l ul ar k i l l i ng a b i l i t y . M i l es and Misra ( 1 93 8 ) 

standar di sed the method us i ng colony counts resul t i ng from pl at ed 

dil ut i ons of a PMN/ bact e r i al s us pens ion .  The t est , whil e 

cumbersome , g i ves an accur at e  measur e of PMN funct i on an d has be en 

used in  experiment al and cl i ni cal inves tigat i-ons ( Root et al . ,  

1 9 72 ; Weinst ein and Young , 1 976 ; Paa pe an d Wergin , 1 97 7 ; Stevens 

and Y oung , 1 977 ; Wil l i ams and Bunch , 1 98 1 ; Gall in et al . ,  1 982 ) 

Phill i ps et al . ( 1 97 9 )  ha ve devel o pe d  a simpl er mi cr o- assa y s ys t em .  

A var i at i on of the tes t ,  bas ed o n  the di ffer en t i al stai ning o f  

C andi da al bi cans wi th methyl ene bl ue , has also been descri be d  

( Lehr er and C l ine , 1 96 9 ; 

1 97 8 ) . 

Root et al . ,  1 972 ; Wood and Whi te ,  
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c .  C hemil uminescence 

The gener ation of l i ght wi thi n b i ol ogi cal sys t ems , called b i o- or 

chemilumi n es cen ce ( CL ) , occurs in  a vari et y of unr el ated or gani sms . 

The phenomenom requ i r es hi gh amo unts of ener gy accumul at ed by a 

molecular speci es , prod uc ing el e ctroni cal l y  e xcited groups whi ch 

em i t  pho t ons of l i ght on r el axa t i on to gr ound s tat e .  Oxi dat i on 

reacti ons ar e ca pabl e  of sati sfying the hi gh en ergy r e qui r ement . 

Thi s obs ervat i on l ead Allen et al . ( 1 972 ) to s uspe ct that PMN woul d 

exh i b i t  C L  dur i ng the r es pi rat or y  burs t .  C onf irmat i on of 

neutroph i l  l i ght emi ssion fol l owi ng par t i cl e  s timul a t ion has lead 

to the poss i bil i t y  of devel opi ng CL as a method of as s aying the 

functional abil i t y  of PMN . Inves ti gations have be en car r i e d  o ut t o  

def i ne the chem i cal react i ons invo l ve d  in  pr oduc i ng lum i n escence , 

but i t  i s  s t ill an are a  of de bate . I t  is known that both 

superoxi de and hydr ogen per oxi de ar e pr oduced dur i ng the met abol i c  

burst and i t  has been pos tul ated t hat the hydroxyl radi cal and 

singl et o xygen occur as i nt ermed i a t e  pr oducts in s ome of the 

reactions . Any or all of these oxygen products may be i n vol ve d in  

neut roph i l  CL . 

Nat i ve CL is  as s es s ed by pr ovi d i ng neut roph i l s  wi th a 

pha go c yt osabl e subs t ate and me asuring t h e  r es ultan t  l i ght emi ss ion . 

Stud i es of the nat i ve s ys tem suggest that there ar e at  l eas t two 

me chani sms of CL product ion , one in vol ving superoxi de and the other 

a MPO-dependent react i on 

azide , an inhi bi tor of 

(R os en and Kl ebanoff , 1 97 6 ) . Sod i um 

MPO ( Kl e banoff and P i ne us , 1 97 1 ) and a 
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s cavenger of s i ngl et oxygen , ( Has ty et  al . ,  1 97 2 ) , mar kedl y impa i rs 

granulocyte CL ( Sa gone et al . ,  1 977 ) .  N e utrophils fr om ind i vidual s 

wi th a genet i c  MPO def i c i ency have decr eas ed CL dur i ng the earl y 

pos t- pha gocytic period but s t ill prod uce si gnifi cant l e vels of 

l i ght em i ssion.  Super oxi de pr oduct i on i n  MPO-def i c i ent cel l s  do es 

not di ffer s i gnifi cantl y fr om that of normal cel ls but de cr e as es 

l es s  rap i dl y  wi th t i me ,  as do es CL ( R os en and Kl ebanoff , 1 97 6 ) . 

Addi tion to the rea ction mi x t ur e  of SOD de cr e as es l i ght emi ssion in  

both the pr es ence and absence of MPO (W ebb et  al . ,  1 97 4 ; Ros en and 

Kl e banoff , 1 976 ; Dechat el et et al . ,  1 98 2 ) , sugges ting a primary 

effe ct on su pero x i de .  I t  i s  thought that su pero xi de has no 

i nt r i ns i c  CL pr oduct i on ,  but rather ca us es a secondar y e xc i tat i on 

of components of t he phagocytosed parti cl e or reaction mi xtur e  

( R os en and Kl ebanoff , 1 97 6 ; Cheson et al . ,  1 976 ; Kl ebanoff and 

C l ar k ,  1 97 8 ) . Evi dence that sol u bl e  s t imul i f ail to gener at e C L ,  

in  the abs ence of a s econdar y em i tter s uch a s  a pr ot ei n ( Nel son et 

al . ,  1 977 ; Wes trick  et al . ,  1 980 ) , tends to conf irm thi s  

hypo t hes i s .  

S ingl et oxygen i s  an uns tabl e ,  el ect r oni cally e xc i ted mol ecul e 

whi ch emi ts l i ght o n  r e t ur ning t o  ground s tate . Al l en et  al . 

( 1 97 2 ) proposed that PMN CL was me d i ated entir el y  b y  thi s molecule . 

I t  i s  thought , however , that s i ngl et o xygen CL i s  r es tri ct ed t o  the 

gas phase ( Kearns , 1 9 7 1 ) an d in addi t ion , the emi ss ion s pe ctrum of 

s i ngl et o xygen al one differ s  from that of the s ti mul at ed PMN 

( Andersen et al . ,  1 97 7 ) . I nt era ction of s ingl et oxygen and perhap s  

other r adi cal s  wi th r egi ons o f  h i gh el ect ron dens i ty pr es ent i n  
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com ponents of the cel l wall , f or exam pl e unsatur at ed l i pids ,  m a y  

r esul t i n  the formation of d ioxetanes or ot her unst abl e compounds . 

Thes e may then di sint ergr ate y i el d i ng e xc i ted car bonyl gr oups 

ca pa bl e  of emi t ting l i ght on r el a xation to gro und state ( Kearns , 

1 971 ; Allen , 1 97 7 ; McPha il et al . ,  1 97 9 ) . C heung et al . ( 1 983 ) 

sugges t  that ar ach i do ni c aci d l i berated from mem bran e  phos phol i pi ds 

i s  o x i dised vi a t he l i poxygenase pat hway by s ome or al l of the 

oxygen s peci es of the r espiratory burs t wi th r esul tant gener at i on 

of reactive int ermedi ate ani ons . 

R ecentl y ,  the cycl i c  h ydr azide l um i nal ( 5-am i no- 2 , 3-d i hydro- 1 , 

lJ- pht halazinedione ) ( F i g .  1 . 5a )  has been empl oye d  as an agent for 

ampl i f ying nat i ve CL ( Allen and Loos e , 1 97 6 ; S tevens et al . ,  1 97 8 ; 

Wilson et al . ,  1 97 8 ; Anderson et al . ,  1 9 8 0 ) . O xi dation of l uminal 

r es ul ts in  the format i on of ami nopht hal at e ( F i g .  1 . 5b ) , an 

ele ct roni call y  e xc i t e d  anion ca pabl e of l i ght emi ssion ( R oswel l an d 

Whi t e ,  1 97 8 ) . I t  was ini t i all y assumed that the l uminal- enhance d 

s yst em mi rrored the native s ys t em , but later r e por t s  indi cat e t hat 

the r eact i ons invo l ve d  differ ( Stevens et al . ,  1 97 8 ;  Faden and 

Maci ej ews ki , 1 9 81 ; D a hl gr en an d Stendahl , 1 9 8 3 ) . Dechatel et e t  

al . ( 1 982 ) sugges t t hat incr e asing the s ensi tivi t y  of the s yst em 

all ows such small num bers of cel l s  to be us ed that m eas ur abl e CL i s  

not gener ated v i a  s om e  of the e x pe cted pathways . C ormi er and 

P ri char d ( 1 96 8 )  s t ud i ed the per oxi dat i on of l uminal by horse- radi sh 

p ero xi dase and concl ude d that the subs t at e  of the l i ght- prod uci n g  

r eact i on i s  the l um i nal radi cal whi ch ari s es from the inter act i on 

of p eroxi das e/ p ero xi d e  i nt erme d i at es and l um i nal ; 
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.FIGURE 1 . 5a .  Luminal (5-amino-2 , 3-dihydro- 1 , 4-phthalazinedione ) .  

FIGURE 1 . 5b .  Aminophthalate ion . 
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Hodgson and Fri dovi ch ( 1 9 7 6 ) , employing a s u pero xi d e-generating 

system , pr oduced a s cheme f or the lum i nes cence r eact i on of l uminal 

whi ch i s  dependent on su pero xi de ; 

LH 
l umi nal 

monoan i on 

L H •  + 

+ 

LH 

0 2 

----> LH · 

+ OH · ----> 

----> LOOH 

-- AAAf... -- > l i ght 

+ OH · + OH 

LH · + OH 

* 
----> N2 + AP 

amino phthal at e 
( e xc i ted ) 

+ AP 

They further sugges t t hat hydrogen peroxi de i s  not ess ent i al 

beca us e s uperoxi de can also act as an oxi dant , al tho ugh i t  i s  l ess 

effe c ti ve i n  this capa c i t y  than t he h ydro xyl radi ca l ;  
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+ 
LH + + 2H ---- > LH • + 

I n  addi tion ,  Weiss ( 1 98 3 )  not es that the perhydro x yl radi cal , a 

much s tronger oxi dant than s uper oxi de , i s  formed by the pr ot onat i on 

of s u pero xi de and may be fo un d i n  substan t i al concentration i n  the 

aci d pH of the phagocyt i c  va cuo l e .  Thi s  scheme offer s  an 

e xpl anation for t h e  mar ked de cr e as e  in  CL in the pr es en ce of SOD 

and the l esser effect of catal as e  ( Faden and Mac i ej ews ki , 1 98 1 ; 

C heung et al . ,  1 98 3 ) . As su pero xi de can be produce d by the a c t i on 

of any oxi dant on l uminal ( Hodgson and F r i do vi ch , 1 975 ) , the theory 

of hydro xyl radi cal part i ci pat i on bas e d  on the effe ct of SOD on the 

CL res pons e  ( Fong et al . ,  1 973 ) can be di scount ed . I t  sho ul d be 

noted that the e xperi ments wer e conduc t ed at pH 1 0 . 2 . and i t  i s  

possi ble that at the l ower pH of the phagocyte ,  the reacti ons 

invol ved differ . R ecentl y R epine et al . ( 1 98 4 ) conduc t ed a s er i es 

of e xperiments wi t h  acti vated PMN e x pose d  to various hydroxyl 

radi cal scave ngers .  The r es ul ts of thes e  exper i ment s appe ar to 

confi rm t he par ti ci pation of thi s meta bol i t e  in gr anulocyt e C L .  

A react i on s ys t em cons i sting of a MPO-def i ci ent gr anul e fract ion ,  

chloride , hydrogen peroxi de an d l umi nal emi ts no C L ,  but wi th t he 

addi t i on of a normal cell gr an ul e fract ion ther e i s  an i mmedi ate 

int ense burst of l i ght . H arri son and Sch ultz ( 1 97 6 ) d esci bed a 

hypochl or ous ac i d- l i ke intermed i at e  f ormed 

reactions and D echatel et et al . ( 1 9 8 2 )  

dur i ng MPO-mediat ed 

demonstrate d that a 

hydrochl oro us aci d/ l uminal m i xt ur e  prod uces meas ur a bl e  C L .  L ovgren 



4 5  

and C heng ( 1 982 ) showed that a hydr ogen per oxi de/peroxi das e s ys t em 

emi t t s  l i ght at phy s i ol ogi cal pH al though the C L  int ens i t y  i s  much 

l ower t han in mor e al kal ine condi t i ons . C el l s  from MPO-def i c i ent 

pati ents e xhi bi t mi nimal CL in  spite of prono unced su pero xi d e  

pr oduct i on ,  but when pur i f i ed MPO i s  adde d t o  the r eact i on mi xtur e 

CL o utput increas es mar kedly ( Dahl gr en an d Stendahl , 1 9 8 3 ) . Thes e 

findi ngs have been i nt er pr et ed as evi dence for compl et e r el iance 

upon a MPO-mediat e d  rea ction wi thi n t h e  enhance d system . 

Whi l e  the trans fer of en ergy t o  l um i nol vi a an exc i ted i nt ermedi at e 

s uch as singl et o xygen i s  possi bl e , C heung et al . ( 1 98 3 )  foun d that 

2 , 5  dimethyl f ur an , a scavenger of s ingl e t  o xygen , de cr e ased CL by 

onl y  1 5 . 4% .  Thus the contri but ion of singl et oxygen to C L  i s  

proba bl y  mi nimal . 

Whil e the r eact i ons r es pons i bl e  for l i ght em ission in neut roph i l s  

ha ve yet t o  b e  def ined , the emi tted l i ght i s  a prod uct of the 

compl ex cell ul ar met abol ism occur i ng d ur i ng the respi r at ory bur s t  

and a s  such r efl e cts the meta bol i c  a c t i vi t y of the cell . 

Thi s thes i s  des c i bes the us e of ovine n eut rophil s i n  C L  as says and 

e xpl or es s ome of the factors whi ch i nfl uence the CL a cti vi t y  of 

s uch cel l s . 
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CHAPTER 2 

THE DETERMINATI ON OF OPTIMAL CHEMILUMI NESCENCE ASSAY COND ITI ONS 

USIN G OV INE POL YMORPHONUCLEAR LEUCOC YTE$ 

2 . 1 I ntroduct ion 

The phago c yt i c  compe t ence of PMN is refl ect ed by a r ange of exc i ted 

o xygen metabol i t es produced by thes e  cel l s  on e xpos ur e  t o  sui t abl e 

s ti mul i ( Kl ebanof f and C l ar k ,  1 97 8 ) . The chem ilum i nescence (CL ) 

produced by some or all of thes e  metabol i t es can be dete cted us ing 

scint i l lation coun t ers (Webb et  al . ,  1 974 ; Wil son et al . ,  1 97 8 ;  

Stevens e t  al . ,  1 97 8 ;  S tar ke baum et al . ,  1 981 ) or l uminomet ers 

( Easmon et  al . ,  1 980 ; D es cam ps-L at s cha et  al . ,  1 982 ; Angl e and 

Kl es i us ,  1 983 ) . C L  assays have been performed us ing phago cytes 

isol ated fr om man ( Al l r e d  and H il l ,  1 978 ; E asmon et al . ,  1 980 ; 

Star ke baum et al . ,  1 9 81 ; Dahl gren and Sten dahl , 1 982 ; Ar chi bal d 

et al . ,  1 983 ) , hor s es ( Jaco bson et al . ,  

1 982 ) , dogs ( Ander s en and Arimraul t ,  

1 982 ; 

1 97 9 ;  

Was h bur n et al . ,  

Angl e and Kles i us , 

1 98 3 ) , cat tle (We ber et al . ,  1 9 8 3 ) , rab bi ts ( Al l en an d Loose , 

1 97 6 ) , rats (Wel ch et al . ,  1 980 ) and s tri pe d  bas s ( S tave et al . ,  

1 983 ) . M eas urabl e CL has al so been demons trat ed from human whol e 

blood ( Faden and Maci ej ews k i , 1 9 81 ; D es camps- latscha et al . ,  1 9 82 , 

Sel var aj et al . , 1 9 8 2 ) . The assa y has been used t o  det e ct cel l ul ar 

abnormal i t i es i n  PMN f unct i on ( Stj ernholme et  al . ,  1 973 ; Johns ton 

et al . ,  1 975 ; 

Epps et al . ,  

Stevens et al . ,  1 97 8 ;  W il son et al . ,  1 97 8 ;  Van 

1 978 ; M i l l s  et al . ,  1 97 9 )  and o ps o ni c def i c i en c i e s  
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( Stevens and Youn g ,  1 97 7 ; Grebn er et al . ,  1 977 ) . 

Thi s cha pter desci bes the assay condi tions gi ving ma ximum CL fr om 

i sol ated ovine gr anul ocyt es phagocyt os i ng l atex par t i cl es an d 

des cri bes s ome factors whi ch eff e ct the amount of CL pro d uced . 

2 . 2 Mat er i als and Methods 

a .  Ani mal s 

Cl ini cally heal thy , adul t Southdown ewes of simi l ar ages wer e us ed . 

They were housed together in doors an d f e d  a diet of ha y and wat er 

ad l i bi tum . 

b .  Har ves ti ng of PMN 

B lood was wi thdrawn from the j ugul ar vei n  i nto 1 0ml evacuated t ubes 

containi ng 1 00�1 of 1 5% potas s i um- EDTA ( Terumo C orp . , Tokyo , 

Japan . ) .  F i ve ml al i quots of bloo d wer e layered o v er 5ml amo unts 

of sodi um met ri zoate/ F i coll sol ut i on ( " L ymphopr ep" , Nye gaar d an d 

C o . ,  O slo , Norway ) and cent r i fuged at 850 x g f or 3 0  min .  The 

supernat ants wer e di scar ded and e ach cel l pellet was sus pended i n  

6ml of NH�Cl  er ythrocyt e- l ys i ng s ol ut i on ( Ap pendi x )  for 1 0  min w i t h  

cons tant m i xing befor e be i ng centri f uged at 200 x g for 2 0  min . 

The c el l s  were resus pen de d i n  3ml of l ys i ng sol ut i o n  for a f urther 

1 0  m i n ,  centri fuge d a t  200 x g for 1 0  m i n  and t hen washed twi ce i n  

phos phat e  buffer ed sal ine ( PBS , pH7 • 2 ,  0 • 01 M ) . The cel l s  wer e 
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pool ed and sus pended in PBS containing gl ucose at a f inal 

concent r a t i o n  of 2% , co unte d and t he cel l  con centr a tion a dj usted as 

r equ i red . The ent i r e  i sol at i on pr ocedur e was car r i ed o ut at 4 ° C  

and all rea gents wer e maint ained a t  this  tem per atur e . 

C ytocent r i f uge ( C ytos pi n ,  Shandon Sout her n Products L t d , Runcorn , 

UK ) pre par a tions of the i s ol ated cel ls showed 

char act er i s t i c  mor phol ogy . V i ab i l i ty meas ur ed 

e xcl usion ( Appendix ) was 98- 1 00% . 

c .  Lum i nol 

80%- 90% PMN of 

by trypan bl ue 

Lum i nol ( S i gma Chemi cal C om pan y , St L oui s ,  USA)  was di ssol ve d  i n  

dimethylsul pho xi de a t  a concentr ation of 2mg/ml an d s t or e d  at r oom 

temperatur e in the dar k .  Thi s stock sol ut i on was dilut ed as 

r e quired in PBS , the d i l uti ons being 

bot t l es ( D es camps-L ats cha et al . ,  1 982 ) . 

d .  L at e x  Beads 

hel d in dar k 

Lat e x  be ads ( Si gma C hem i cal C om pany , S t  L oui s ,  USA )  of 0 · 81 �m 

aver a ge d i amet er wer e  pur chased as a 1 0% s us pension an d d il uted as 

r e qu i red in  PBS. 
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e .  Haemogl obin 

Since r es i dual er ythr ocytes and/ or haemogl obi n (Hb ) have been shown 

to quench the nati ve CL fr om canin e  neutrophils ( Anders en and 

Bren zel , 1 97 8 )  the effect of H b  on the l uminal- enhanced C L  of sheep 

ne utrophils was inves ti gated . The supernat ant obt aine d  from 

er ythr ocyt e l ysi s dur i ng the i sol at i on pr oce dur e was us ed as a 

sour c e  of fr ee H b .  The Hb conc entr ation o f  thi s mat erial was 

meas ur ed in a haemogl obi nom et er ( 95 0  Hb M et er , C or ni ng L t d , Essex , 

Engl and . )  and a dj us ted as r e quired wi th PBS .  

f .  C hem i l uminescence Anal ys i s  

CL was meas ur ed i n  an L KB 1 2 5 1  l um i nomet er ( LKB-Wal l ac ,  Tur ku ,  

F inl and ) at 2 7 ° C  wi th cont i nuo us m i xing . The cons ti tuents of the 

r eact ion m i xtur e  w er e  equ i l i br ated at 27 ° C  for 30 m i n  af ter whi ch 

500 � 1  of cell sus pens i on and 250 � 1  of l uminol sol ut i on w er e  pl ace d 

i n  a pl as ti c  c uve t t e . Immedi atel y  pr i or to count i ng 50 �1 of lat e x  

sus pension wer e a dde d t o  i ni t i at e  pha goc yt osi s .  I n  the e x periment 

whi ch i nves ti gates the eff ect of s t or age on the cel l s ,  the i sol at ed 

neut roph i l s  wer e mai nt ai ned at 4 ° C  wi th gentle m i x i ng . Al iquots 

wer e ta ken a t  s pe c i f i e d  i nt erval s , d i l uted to g i ve the r e quired 

cell concentration and e qu i l i br at e d  a t  27 ° C  for 30 min fol l ow i ng 

whi ch t he phagoc yti c s t imul us was adde d  and the C L  me as ur e d .  The 

r es ul ts gi ven ar e the mean peak m i l l i vo l t  (mV ) val ues of thr e e  

al i quots from each s ample unl ess otherwise s t ated . 

cons i sted of l um i nal and cel l s  onl y .  

C ontr ol s  
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2 . 3  R esul ts 

a .  Effect of C el l  C oncentrat i on 

The r el at i onshi p be tween CL act i vi ty and the cel l  concentrat i on w as 

e xami ned us ing cel l s  from a si ngle animal on 3 separat e  occasi ons 

( F i g .  2 . 1 ) .  A concentrat i on of 5 x 1 0 6 PMN/ml ga ve the maxi mum 

r es ponse of thos e t ested . S i nce thi s num ber of cel l s  was r ea d i l y  

obtai nabl e from 1 0ml of bl ood , thi s cell concentrat i on was us ed i n  

al l subse quent e xperiments . 

b .  Effect of L at e x  C oncent r at i on 

Using 5 x 1 0 6 PMN/ml maxi mum CL was recorded wi th a 1 : 5 d i l ut i on of 

the commer c i al lat e x  s us pens ion ( Fi g .  

us ed i n  all subsequent exper i ments . 

c .  Effe ct of L umi nal C oncentr ation 

2 . 2 ) . Thi s d il ution was 

A 1 : 1 0  dilut i on of the s toc k l umi nal solution ga ve ma ximum C L  ( Fi g .  

2 . 3 ) . Thi s d i l ut i on was us ed i n  al l subs e quent experi ment s . 

d .  Controls 

CL val ues for control s never exceede d  0 . 6mV . 
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FIGURE 2 . 1 .  The relationship between chemiluminescence 

and cell concentration . 



FIGURE 2 . 1 .  

C hemilum· mescence ( m V) 

0 

0 

Cel ls/ml  

( x  1 06 )  

5 1  



Facing Page 5 2  

�IGURE 2 . 2 .  The effect o f  latex concentration on 

chemiluminescence . 

FIGURE 2 . 3 .  The effect o f  luminol concentration on 

chemiluminescence . 
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e .  Repl i cation 

The r es ul ts of 4 e xperi ments to de t ermine the repl i ca t i on wi thi n 

sampl es ar e l i s t e d  i n  Table 2 . 1 .  The r e pl i cation was such that t he 

mean res ul t from 3 al i quots was accept ed as an accur at e measur ement 

of a sam pl e ' s  C L . 

f . Effect of Haemogl obin on CL 

The addi t i on of H b  t o  a concentrat i on of 0 . 0 5 mg/ml in the final 

r eact ion mixtur e  de cr eased t he CL by 1 6% .  W i th 1 . 5 mg/ ml of H b  the 

de cr eas e  was 78% ( F i g .  2 . 4 ) . 

g .  Effect of S torage of the I sol ated C el l s  at 4 ° C 

The amount of C L  pr oduced by ovine PMN was modi f ied by s torage at 

4 ° C  for var i ous per i ods . The CL incr eas ed for the f i rs t  4 t o  8 hr 

foll owing i s ol a t ion an d was s t il l  r el a ti vel y hi gh at  1 6  hr ( Fi g .  

2 . 5 ) . The cel l s of sheep ( a ) wer e  al so as s aye d at 2 4  hr and gave a 

CL of 800 mV. The cell viabil i t y  w as 93% at 8 hr and 8 6% at 2 4  hr . 

2 . 4 D i scus s i on 

Ovine gr anl ocyt es exposed t o  s ui tabl e s ti mul i pr oduce CL res pons es 

as seen i n  other s pe c i es .  The condi t ions of the CL assa y using 

ovine neut roph i l s  wer e s tandar di sed to r educe var i at i ons due to 

o utsi de i nfl uen ces while gi ving ma ximum l i ght o ut put . 
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TABLE 2. 1. Repl icat ion of chemiluminescence values within samples . 

--

Experiment Number Range (mV) 

of Repl icates 

1 10 1875 - 2 1 5 1  

2 6 1442 - 1591  

3 7 1588 - 1674 

4 6 1484 - 1598 

Mean + S . D .  
-

1981  + 101  
-

1525 + 54 
-

1 623 + 30 
-

1547 + 4 7  

-- --- -
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FIGURE 2 . 4 . The effect o f  haemoglob in on luminal-enhanced 

chemiluminescence f rom isolated neutrophils 

(mean + standard deviation) . 
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FIGURE 2 . 5 . Mean peak chemiluminescence from isolated 

neutrophils stored at 4°C . 
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Normal ovi ne bl ood has a PMN / mononucl ear ceil rat i o  of 

a pprox imat ely 1 : 3 ( Schalm et al . ,  1 97 5 )  and a negl e gi bl e 

er ythrocyt e se diment ation r at e  ( Bunce , 1 95 4 ) , f a ctors whi ch 

pr ecl ude the us e of many of the i sol ati on pr ocedur es empl oye d wi th 

non-ruminant blood . The i s ol ation method de vel o pe d  r el i es on 

sodi um met ri zoat e/ F i coll centrifugat i on to el imi nat e mos t of the 

mononucl ear cel l s  and hy potoni c l ysing t o  r emo ve red blood c el ls . 

The l ys i ng was done twi ce to ensur e the r em oval of al l 

er ythrocyt es , be aring i n  mind the l i ght quenching effe ct of any 

r es i dual red cel l s  ( Ander s en and Brenzel , 1 97 8 ) . Prel imi nar y 

e xper iments wi th sodium citrate or heparin as anti coa gul ants 

produced i sol at es cont ai ning aggr ega t es of cel l s  and a hi gh 

pro por t ion of damage d le ucoc yt es . The uns ui t abil i t y  of he par i n  for 

use in i sol at i ng bo vine l euco cyt es has been r eport ed (C arl son and 

Kane ko , 1 9 7 3 ) . I ni ti al l y  all i s ol a t es were e xamined by 

cytocentri f ugat i o n  for char act eri s t i c mor phol ogy and differ ent i al 

cell count b ut as the te chni que be came standar dised and the 

pr opo r t i on of PMN in the cell isol at es was cons i s tentl y 80-90% , 

t hese e xaminations were performe d onl y o n  t hose pr epar ations gi ving 

abnormal r esul ts ,  for exampl e ,  i sol at es whi ch gave ver y  l ow C L  

val ues o r  too k longer than usual to  peak . Ther e w as no a p p ar ent 

corr el at i on be tween cell mor phology and s uch abnormal CL val ue s . 

L at e x  parti cl es were chos en as the phago c ytosabl e substrate be ca use 

the i r  uptake i s  i ndependent of the i nfl uence of ser um fact or s  and 

s pec if i c  recept or a ct i v i t y  and thus provi des a basi c measur ement of 



58 

phago c yt i c  abi l i ty ( Sel var aj et al . ,  1 98 2 ) . Var i ous cel l : par t i cl e  

rat i os wer e tes ted t o  es tabl i sh the opt i mal condi tions of l i ght 

gener ation , that is the point wher e the reaction i s  not l im i t ed by 

the ava i l abi l i ty 

concentration CL 

of 

i s  

the phago c yt i c  s t imul us . 

probably quenched by the 

par t i cl e  sus pens i on ( Anders en an d Brenze l , 1 97 8 ) . 

Be yo nd thi s 

t ur bi di t y  of the 

CL increased wi th in cre asing PMN con centr a t ions but in  the 

expe r i ments des cr i be d  the r el at i onshi p be tween the two par ameter s  

was not s t ri ctl y  l i ne ar . H i gher cel l  concentrations mus t  incr e as e  

the pr obabil i t y  o f  cel l : par t i cl e  contact and ,  in add i t i on ,  ther e 

may be a cr owding effe ct wher e t he cel l s  ar e perhaps a cti vated by 

the cl os e pr oxi mi ty of ot her PMN . 

The er ythr ocyte l ys i s  super natant pr oduced mar ke d quench i ng of C L .  

The effect of NH � C l  l ys i ng sol ut i on al one w as not as s es s ed but as 

Anders en and Br en zel ( 1 97 8 )  r e ported quenching of canine ne utroph il 

CL by res i dual r ed bl ood cel l s  and H b ,  the de cr eas e i n  C L  seen wi th 

ovine cel ls was ass ume d to be due to t he pr es ence of . Hb . Although 

l umi nal- enhance d ass a ys us i ng human who l e bl ood have been r eport ed 

( Faden and Mac i ej ews ki , 1 9 81 ; D es carnps-L ats cha et al . ,  1 9 82 ; 

S el varaj et al . ,  1 9 8 2 ) , prel i minar y e x periments wi t h  ovine whol e 

bl ood did not pr oduc e  measur abl e C L . I sol at ed human PMN wer e 

assa ye d  on se veral occasions using the s ame standar dise d s ys t em 

devel ope d for the o v i ne PMN and pr oduc e d  C L  val ues 2 t o  3 t i mes 

greater than t hos e of the ovine c el l s . ( R esul ts not pr esented . )  

D iffer ences i n  the PMN CL r es po ns es obtained from d i f f er ent s pe c i es 
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Erythr ocyt e 

quenching combined wi th a l ower CL level pro ba bl y  r esul ts in val ues 

below the s ens i t i vi ty of the lum i nomet er for sheep whol e bl ood . 

R e pl i cat ion wi thin a singl e  sam pl e was acceptable provi ding that 

fact ors such as m i crobi al contam i nation of r eagents and r es i dues 

fr om dirty gl asswear wer e  el iminated . Such contaminat ion , whi ch 

occur r ed on some occas i ons , effect ed both the r epl ica t i on and the 

t ime taken to r each the pea k  val ue . The cel l  s us pens ion must be 

s tor ed wi th gentl e m i xi ng .  Sam pl es l eft unm i xe d  f or short per i ods 

gave vari abl e  r esul ts , pos s i bly becaus e of uneven d i s t ri bution of 

the cell s wi thi n the s us pens i on .  

CL  val ues incr eas ed f or the f irst 4 t o  8 hr af ter P MN  isol at ion 

su gges ting tha t some t y pe of cel l  acti vation occ urs d uring storage . 

Any delay dur i ng the i sol at i on or CL anal ysi s of cel l s  may 

si gn ifi can tl y effe c t  the r es ul ts .  I t  was int er es ting to not e that 

even after 1 6  hr s tor age at 4 ° C ,  n eut roph i l s  r etain much of the i r  

vi abil i t y  and oxidati ve capa c i t y .  Thi s i s  contrar y  t o  t h e  f indings 

of Was hbur n et al . ( 1 982 ) who r eport ed a de cr eas e in the CL 

res po nse from equ i ne P MN  of appr oximat el y 97%  7 t o  8 hr  af ter 

sam pl e colle ction . I n  their e xperiments cel l  i s ol at i on an d s t or age 

wer e carri ed o ut at r oom tem peratur e .  Angl e and Kl es i us ( 1 983 ) 

found that CL fr om canine neutroph i l s  stor e d  at r oom t emper at ur e  

incr eased for the f irs t 2 . 5  hr f ol l owi ng c e l l  i sol at i o n  and was 

s t ill hi gher t han the i ni tial r es ponse 5 hr pos t- i s ol a t i on . 

Pur i f i ed human gr an ul ocyt es ar e r epor t ed t o  have 99% v i ab i l t y  after 
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2 4  hr when mai nt ai ned in  a s ui tabl e medi um at  4 ° C  ( C ont rer as et 

al . ,  1 980 ) . Human PMN sus pended in  Han k ' s bal ance d s al t  s ol ut i on 

showed a 40% decr eas e  i n  vi abi l i ty and 30% decr eas e i n  C L  r es po ns e  

aft er 4 hr s t orage . When the cells wer e  sus pende d i n  ti s s ue 

cul tur e  medi um suppl ement ed wi th foet al bovine s er um the C L  

r emai ned s tabl e for 8 h r  a t  s tor age t emper atur es o f  4 to  3 7 ° C  

( E asmon e t  al . ,  1 98 0 ) . 

I n  concl us i on ,  the CL act i vi ty of ovine PMN is infl uenced by cell 

i s ol ation and storage proced ur es .  With s t andar di sation of the C L  

assay i t  was ho pe d to exc l ude the effects of as many extrins i c  

factors as pos si bl e all owi ng the assay to be use d  as a r el i a bl e  

metho d for es timat i ng neutroph i l  funct i onal abi l ity . 
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CHAPTER 3 

VARIATI ON IN NEUTR OPHIL CHEMILUMI NECENCE ACT IVITY 

3 . 1 I ntrodu ct ion 

Befor e  CL can be accepted as a r el iabl e i ndi cator of neut roph i l  

compe t ence t he r ange o f  C L  val ues recorde d  for normal indi vi dual s 

mus t be es tabl i shed . Stevens et al . ( 1 97 8 ) , us i ng a s c i nt i l l at i on 

count er , r e cor ded CL val ues ran g i ng from appr oxi mat el y 360 x 1 0 3 t o  

680 x 1 0 3 counts per minut e for PMN isol at ed from 7 human donors 

whil e Angl e an d Kl esi us ( 1 98 3 ) s howed da y- t o-da y  vari at ions of a 

s i mi l ar magn i tude wi th PMN from a s i ngl e cani ne donor assaye d by 

l umi nometry . F urt her anal ys es of t he var i abil i t y  between subj e c ts 

and s ampl ing t i mes have not been publ i she d .  

Thi s chapter des cri bes the var i a t i on i n  C L  a ct i vi t y  of PMN ta ken 

from differ ent sheep on differ ent days and from she e p  bl ed e very 4 

or 6 hr for 4 8  and 9 6  hr r es pe c t i vely . T he cons ider a bl e  var i ation 

i n  C L  val ues r ecor ded in  thes e s heep s ugges ted that t he r eact i on ( s ) 

gener ating CL may be i nfl uenced by an e xtracell ul ar el ement , for 

e xampl e ,  a fact or pr es ent at a var i abl e concent rat i on in  normal 

s erum . One such fa ctor , pl asma cor t i s ol , was e xamine d for i t s  

effect on C L  both i n  v i vo an d i n  vi tro .  

When i t  be came apparent that there wer e  l arge di ffer en ces i n  the 

r es ul t s  from gene t i c al l y  di ssimilar donors , PMN fr om pa i rs of 
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3 . 2  Mat eri als an d Metho ds 

a .  Animal s 
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The sheep wer e  thos e des c i bed in  C ha p t er 2 ;  the y wer e us ed i n  4 

experiments . I n  the f i rst of these , 3 sheep wer e each bl ed at 

appr oxi mat el y the same t i mes on 5 cons ecut i ve days . Thi s 

e xperiment showe d mar ke d da y- t o- da y  var i at ions in  CL a cti vity . 

Thi s var i at i on was fur t her expl or ed i n  a s econd experi ment by 

fol l owing the CL val ues of PMN ta ken fr om 2 sheep every 4 hr for 4 8  

hr .  Four t een days l ater , i n  the t h i r d  e xperi ment , the same 2 sheep 

were bl ed every 6 hr for 9 6  hr t o  s e e  i f  ther e  was any periodi c i t y  

in  CL act i vi ty . In the four t h  e xperi ment 2 ani mal s wer e ho us ed i n  

indi vidual cr ates in a l i ght- pr oof r oom .  L i ghting w as cont r ol l e d  

by a n  aut omat i c  t i me swi tch gi ving a 1 2  h r  ( 6am-6pm ) l i ght and 1 2  

hr ( 6pm- 6 am ) dar kn ess s e quence . Bloo d s am pl es wer e  c olle cte d  every 

6 hr for 96 hr . 

The cat t l e  us ed w er e  4 pairs of i dent i cal twi n he i f er s . The s e  w er e  

members of a n  e x perimental dai r y  herd kept on 

suppl ement ed w i th hay .  

pas ture and 



b .  Blood C ol le ct ion 
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Sheep bl ood w as us ual l y  col l ected as  des cr i bed i n  Chapter 2 but i n  

the cas e of the sheep ho us ed under cont rol l ed l i ght ing , sam pl es 

were colle cted fr om indwell i ng j ugul ar cann ulae .  Thes e w � e  

i ns er t ed 3 days pr i or t o  the f irs t bl eedi ng ( Appendi x )  and fl ushe d 

wi th heparini sed , i sotoni c sal ine se ver al t imes dail y in an at t empt 

to maintain the i r  pat en c y .  Dur i ng the dar kn ess per i ods sam pl es 

wer e ta ken un der l ow i nt ens i t y  r e d  l i ghting . 

The cat tl e wer e bl ed from the vent ral coc c yge al ve i n ;  one pa i r  was 

bled each mor ning on 4 s uccessi ve da ys . 

c .  Har ves ting of PMN 

PMN wer e har ves ted from sheep and cattl e bl ood by the pr oce dur e 

descr i be d  i n  C hapt er 2 .  

d .  C hem i l um i nes cence Analys es 

The condi ti ons for gener at i ng C L  us i ng e i ther ovine or bo v i ne PMN , 

w ere as descr i be d  pre viousl y .  Peak C L  v al ues wer e  r e cor de d as the 

mean val ue of 3 a l iquots of the r eact i on m i xtur e .  Be caus e of the 

vari abil i t y  seen in the pea k CL r es po ns es , int e gr ated CL val ues 

were also e xamined . For these analys es each al i quot of c el l s  was 

equi l i br at ed at 2 7 ° C  for 30 m inut es ,  the phagocyt i c  s ti mul us added 

and the CL o utput i nte gr ated at one second i nt erval s for 3 0  
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minut es . The r esul ts gi ven ar e the mean i nt egr at ed m i ll i vo l t  

val ues fr om 3 al i quo ts . 

e .  Blood L eucocyt e C oun ts and Plasma C or t i sol D et ermi nat i ons 

Tot al an d differ enti al whi t e bl ood cell counts and deter minat ions 

of pl asma cor t i s ol le vels wer e made on each s ampl e of bloo d fr om 

the she e p  housed under art i f i c i al l i ght i ng .  A smear was pr epar ed 

imme d i at el y  aft er bloo d wi t hdr awal and s t aine d  wi th Wri ght ' s  stain 

for the differ ent i al cell count . Tot al l euco cyte co unts wer e 

performe d manuall y us ing commer c i al dil ution r es er voirs ("Uno pette" 

Be ct on-D ickenson , New J er s ey , USA. ) and a haemocyt ometer . 

eor pl asma cor t i s ol det erminations blood samples wer e  cent r ifuged 

imme d i ately fol l owing c olle ction and the pl asma stor e d  at 
-

20 °C 

unt i l  requ i r ed . Plasma cor t i sol l evel s wer e meas ur ed by 

rad i oimmunoassay ( Ap pendi x ) . 

f .  The Effect of C or t i co s t er oi d i n  v i vo on CL 

To e xamine the eff ect of cor t i co s t eroi d i n  v i vo de xamethas one 

sodi um phos phate (De xadr eson , I nt ervet , NZ ) w as admi nis ter e d  

i nt ravenous l y  t o  2 s heep at a dos e  o f  2mg/ kg body wei ght . A 

cont r ol animal r e c ei ve d a pla ce bo i nj e ct ion of ster i l e  i soto ni c 

s al ine at 1 ml/ kg body wei ght . The ani ma l s  were sampled i mmed i a t el y  

prior t o  the i nj e ction ( 0  hr )  and again 1 and 4 hr l at er . 
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g.  The Effect of C orti cos t er o i d  in vi tro o n  C L  

The i sol ated PMN fr om a singl e  donor were di vi de d  into 6 al i quots . 

D exame cell sus pens i ons at concent rat ions 

of 500 �g , 50 �g . 5 �g . 0 . 5  �g , 0 . 05 �g and 0 �g per 2 2 50 �1 of 

cell sus pens i on . The highest concentration of cor t i cos t er oi d  use d  

was cal cul at ed to be appr oximatel y  1 0  t i mes the in  vi vo 

con centrat ion achieved by t h e  intra veno us a dm i ni strat ion at 2mg/ kg . 

The PMN wer e incubated for 1 hr at 2 7 ° C  an d the pe ak C L  meas ur e d .  

3 . 3  R es ul t s  

a .  Day- to-Day Var i at i on in  Peak C L  Values 

The mean pe ak CL val ues of 3 sheep on 5 s uccess i ve days ar e 

re cor de d  i n  F i g .  3 . 1 .  A l i quots fr om eac h  animal w ere as saye d  i n  

rotat i on t o  m i ni m i se any effects from cell storage . Ther e wer e  

mar ked var i a tions both between indi viduals on t h e  s ame day and 

between sam pl es from the sam e  indi vi dual taken on s ucces s i ve days . 

The r anges of CL val ues fr om the 3 indi vi dual s over t he 5 day 

per i o d  wer e  386 to 3084 , 404 to 1 903 and 702 to 1 60 6 .  

b .  Day- t o-Day Variat ion i n  I nte gr at e d  C L  Val ues 

The mean i nte gr at e d  CL v alu es of 3 she e p  o v er 4 da ys ar e l i st e d  i n  

Tabl e 3 . 1 .  There wer e l ar ge var i at i ons i n  the val ues from 

indi vidual sam pl es with ranges for t he 3 donors of 3 4 6 , 9 6 6  t o  
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62 1 , 700 , 589 , 366 t o  1 , 4 5 6 , 000 an d 460 , 6 6 6  to 765 , 700 . 

c .  Vari a bil i t y  i n  Peak CL fr om Sampl es Ta ken at 4 and 6 Ho urly 

I nt er val s 

The m ean pe ak CL val ues recor de d from 2 sheep bl ed 4 ho ur l y  an d 6 

ho url y  for 4 8  hr and 9 6  hr r espe ct i vely , ar e show n i n  F i gs .  3 . 2  

an d 3 . 3 . Over the 48 hr per i od CL val ues for the 2 ani mals showed 

r anges of 72 3 to 232 8  and 84 9 to 24 60 ;  for the 9 6  hr o bs ervation 

per i od these val ues wer e 6 1 8 t o  294 6 and 1 31 8  t o  2 6 7 8 .  There was 

no o bvious periodi c i t y  i n  CL a ct i v i t y  in either experi ment . 

d .  C L , Leucocyte C ount s  and Plasma C or t i sol Leve l s  

The m ean pe ak CL , t otal and di ffer ent i al l euco cyt e  counts and 

pl asma cortisol l e vel s fr om a s ingl e in di vidual sampled by 

i ndwel l ing j ugul ar cannul a at 6 hourl y int er vals ar e showm in F i g .  

3 . 4 .  The t otal l eucocyt e count fell from a pe ak o f  1 0 . 4  x 1 0 6 

cel l s/ml at the s econd bl eed i ng to 3 . 6  x 1 0 6 cel l s/ ml at the 

s eventh bl eedi ng . The absol ut e PMN co unts decl ined from 4 . 2 6 x 1 0 6 

cel l s/ ml ( 4 1 % )  at the f irs t bl eedi ng t o  0 . 98 x 1 0 6 cell s/ ml ( 1 7% )  

i n  the f inal sam pl e . CL  val ues r ange d  fr om 1 04 3  to 3 1 8 2 .  The 

pl asma cor t i sol l evel s  range d from 2ng to 1 5ng per ml wi th 2 pe aks 

occurring approximat ely 4 8  hr a par t .  The r es ul ts do not 

demons trat e r eadi l y  a p par ent r el at i onshi ps be tween any of the 

par ameter s meas ured . 
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FIGURE 3 . 1 .  The mean peak chemiluminescence values from 

3 sheep over 5 successive days . 
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TABLE 3 . 1 .  Mean integrated chemiluminescence values 

from 3 sheep recorded on 4 successive 

days 

Chemiluminescence (m V) 

Day Sheep a Sheep b Sheep c 

1 354 , 266 589 , 36 6  4 7 1 , 033 

2 6 2 1 , 700 1 , 06 1 , 50 0  509 , 333 

3 5 9 9 , 033 1 , 45 6 , 000 7 6 5 , 700 

4 346 , 966 693 , 03 3  460 , 666 

TABLE 3 . 2 .  The e ffect o f  corticosteroid in vivo 

(2mg /kg body weight ) on mean peak 

chemiluminescence values .  

Hours Chemiluminescence (mV) 

post-
inj ection 

Sheep a Sheep b Sheep c 

(control) 

0 528 6 2 1  7 6 1  

1 1 687 9 2 7  2 2 23 

4 1 864 2842 2020 

6 8  



e .  Effe ct of C or t i coster oi d  in vi vo 

6 9  

Table 3 . 2 l i s ts the peak CL val ues of 2 sheep before and aft e r  

intravenous adm ini strat i on of de xamet has one at 2mg/ kg body wei ght . 

The CL r es pons es of s heep ( a ) an d sheep ( b ) increas e d  fr om 5 2 8  to 

1 864 an d from 62 1 t o  2 842 r es pe ct i vel y .  The CL r es po ns e  from the 

control sheep also incr e ase d fr om 76 1 to 2 2 2 3 . 

f .  Effect of C or t i cos teroi d i n  vi tro 

Tabl e 3 . 3 l i sts the pe ak CL res po ns es of PMN incuba t ed wi th 1 0-fol d 

d i l ut ions of corti cos teroid . At t he hi ghest conc entr ation of 

cor t i cos teroi d the C L  respons e was depr ess ed but cel l s  treat ed wi th 

l ower con centr atio ns produced CL values s i m i l ar to untre ated cells . 

g .  Var i at i ons in  N eut roph i l  CL  Between Ani mal s of I dent i ca l  

Genet i c  C ompos i t i on 

The mean pe ak CL from 4 pa i rs of bovine mono zygo us twins ar e 

re cor de d in  Tabl e  3 . 4 . Ther e wer e large d i ffer ences i n  the PMN C L  

r es pons e  from ani mals of identi cal genet i c  composi t i on .  

3 . 4  D i scussion 

The r esul ts of pr el imi nar y e xperi ments wi th ovi n e  P MN  indi cat e d  

that the C L  r es po ns e w as subj ect t o  l ar ge fl uctuati ons . I f  such 

var i at i ons do not depend on f act ors wi thi n  the as say t echni qu e  then 
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FIGURE 3 . 2 .  The mean peak chemiluminescence from 2 sheep 

bled at 4 hourly int ervals for 48 hr . 
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FIGURE 3 . 3 .  The mean peak chemiluminescence from 2 sheep 

bled at 6 hourly intervals for 96 hr . 
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i ts rel iabil i ty as a meas ur e of neutroph i l  funct ion is  open t o  

ques t ion .  The e x periments desci be d  i n  t hi s  chapt er were des i gned 

t o  m i nimi se phys i ol ogi cal var i at i ons by us i ng ani mal s of the sam e  

breed , se x and o f  similar a ge ho use d  un der i denti cal condi t ions . A 

s tandar di s ed assay was us ed to el iminat e ,  wher e poss i bl e ,  

vari at ions ari sing fr om withi n the assa y techni que . 

Previ ous reports have desci be d  the range of pe ak val ues obtai ned 

fr om human subj e cts sample d  once . Van Epps et al . ( 1 97 8 )  using a 

scintil l a tion count er to me as ur e  C L , o bt ained a r ange of 

appr oximat el y 8-4 4 x 1 0 3  CPM . M i l l s  et al . ( 1 97 9 )  desc i be d  a r ange 

of 1 00-> 4 00 x 1 0  3 CPM from adul t donors .  The var i a t i o n  i n  CL 

res pons e fr om a s i ngl e canine donor s am pled over 3 da ys h as been 

reported ( Angl e and Kl es i us , 1 983 ) but day- to- day r ecor di ngs from 

other s pe c i es have not been desci bed . The r esul ts pr es ente d  i n  

thi s cha pt er demons trat e l arge var i at i ons in  the pe ak and 

integrate d CL r es pons es fr om ovine P MN  t a ken fr om diff erent animals 

on differ ent days and from the same ani mal s at regu l ar 4 or 6 

hourl y i nt ervals . Ther e w er e no mor phologi cal differ ences between 

the cell s  of hi gh and l ow yi el ding i sol at es on m i cr os copi c 

e xamination and t he c el l  viabil i t y  w as never l es s  t han 9 7% . There 

was no evi dence of a CL c i r cadi an rhythm wi thi n the t i me per i ods 

used . 

W i th the s heep hous ed i n  control l ed l i ght i ng , pr obl em s  wi th the 

cann ul ae l i mi ted the s ampl es to a s i ngle animal whi c h  ma y not be 

r epr es ent i ti ve .  Both the t otal l euco c yt e  and PMN count f l un ct ua t ed 
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FIGURE 3 . 4 .  Neutrophil chemiluminescence , leucocyte counts 

and plasma cortisol from a single donor bled 

via an indwelling cannula at 6 hourly intervals .  
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TABLE 3 . 3 .  The effect of cort icosteroid in vitro 

on mean peak chemiluminescence values . 

* 
Cort icosteroid 

0 

500 

50 

5 

0 . 5  

0 . 05 

Chemiluminescence (mV) 

1 232 

455 

1055 

1 1 1 7  

1 1 2 6  

1 2 9 1 

* ug/2250 ul of react ion mixture 

TABLE 3 . 4 .  Mean peak chemiluminescence responses 

of pairs of bovine monozygous twins . 

Chemiluminescence (m V)  

Twin a Twin b 

Fresian Heifers 1905 1 244 

Jersey Heifers 1739  1 409 

Jersey X Heifers 1 5 70 1 8 6 7  

Jersey X Heifers 4687 1 744 

74 
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dur i ng the exper i ment wi th the i r  val ues showing a t endency t o  

de cre as e  over time . The CL r es pons e was vari abl e an d t her e was no 

appar ent corr el at i on be tween thi s  and the other parameter s  

meas ured . Ovine pl asma cor t i s ol has been variousl y re ported t o  

have no c i rcadi an r hythm ( Bas s et t , 1 974 ) , a s i ngl e ear l y  morni ng 

peak (M cN atty et al . ,  1 9 7 2 ) and 2 daily peaks ( Hol l e y  et al . ,  

1 97 5 ) . I t  has been suggeste d  that sheep r e qui r e  6 t o  2 8  da ys t o  

adapt t o  cage r es trai nt (M cNatty e t  al . ,  1 972 ; Hol l ey e t  al . ,  

1 97 5 ) , a fa ctor whi ch may ha ve contri but e d  to the err atic  pl asma 

cor t i sol resul ts repor t ed 

cor t i cos t er oi d which i s  

gl ucocor t i  co i d act i vi t y 

her e .  D exam et has one 

r e ported to have 

of natur all y o ccur r i ng 

vi rtual l y  no miner alocort i coi d acti vity (Ganong , 

i s  

2 5  

a s ynthet i c  

t i mes the 

cort i sol wi th 

1 97 9 ) . I ts 

acti ons ar e s i m i l ar t o  t hos e of natur al cort i sol . Exposur e o f  

neutrophils t o  thi s s ynthe t i c corti coster oi d i n  vi vo an d in v i t r o  

d i d  n o t  increase the C L  r es po nse . T h e  r esults sugges t that t h e  

var i at i ons seen i n  normal C L  ar e not due directl y  t o  fl uctua t i ons 

in s er um cor tisol . 

An at t empt was made t o  f ur t her exam i ne the effects of ser um f actor s  

b y  incubating i s ol ated PMN with ser a  ta ken fr om hi gh and low 

C L-yi el ding sampl es (r es ul ts not shown ) . The r esul ts of thes e 

e xperiments were e qui voc al i n  that whil e ther e was s ome sugges tion 

t hat incuba t i on wi th hi gh s er a  incr eas ed the CL res po ns e , 

incu bation wi th l ow s er a  gave vari a bl e r esul ts .  These pro bl em s  may 

have been due in part to the combi ned eff ects of cel l  damage from 

r e peated w ashing and CL- quen ching fr om r esid ual s er um . 
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The pa i r ed bo vine twins showed di ffer ences in the i r  PMN CL 

sugges t i n g  that t he vari a b il i t y  s een wi th the sheep PMN cannot be 

at tri but ed to gen et i c  d i ffer en ces in neut roph i l  metabol i sm al one . 

CL i s  f inding incr easing us e as a me asur e  of ne utroph i l  fun ction in 

si tuat i ons wher e indi vi dual res ul ts ar e compar ed ( Stevens and 

Young , 1 977 ; Wilson et al . ,  1 978 ; Wel sh et al . ,  1 9 80 ; S el varaj 

et al . ,  1 982 ; Gal gi ani et al . ,  1 98 3 ) . F or e xampl e ,  Ste vens and 

Young ( 1 97 7 )  r ecorde d  the CL from human PMN expo s ed t o  differ ent 

isolates of E .  c ol i .  The r esults wer e  pr es ent e d  as the means of 

dupl i cate recordi ngs made wi th s i ngl e PMN i sol at es from 2 donors 

and t he y  con cl ude d that CL c orr el ate d w el l  wi th ot her metho ds of 

asses s i ng PMN fun ct ion . 

The r es ul ts pr es ented her e demons trat e that ther e i s  a mar ke d 

vari a b il i t y  in  CL r es pons e whi ch ma kes t he val i d i t y  of direct 

compa r i sons be tween indi vi dua l s  ques ti onabl e unl es s  cons i s tent 

d iffer en c es ar e recor de d over a num ber of da ys . The assa y may be 

usef ul where maj or def ects in PMN funct ion exi st . However , mor e 

subtle d i ffer en c es coul d  go unnoti ce d  or be mi sinter pr eted on the 

bas i s  of a s i ngl e  bl ood sam pl e .  
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CHAPTER 4 

PR OF I LES OF LUMINOL-ENHANCED CHEMILU MINESENCE RESPONSES 

4 . 1  I ntrodu ction 

In Cha pt ers 2 and 3 CL was repor t ed as ei ther a pe ak or int egr ated 

mill i vol t val ue . Another wa y of re cor ding CL i s  to pl ot CL val ues 

aga i ns t  react i on t i me . In this way pr of il es of CL funct ion ar e 

obtained whi ch show any changes in CL asso c i ated wi th the se quence 

of phagocytos i s .  The lum i nal- enhan ced C L  respons es seen us i ng 

opsoni sed zymos an ( E asmon et al . ,  1 9 80 ; Fa den and Maci ej ews k i , 

1 9 81 ; De chat el et et al . ,  1 9 82 ; We ber et al . ,  1 9 83 ; 
-------

al . ,  1 98 3 ) , o psoni sed ba ct eria ( Stevens et al . ,  1 978 ; 

al . ,  1 9 80 ; An derson et al . ,  1 980 ; ) or l atex ( S el ar aj 

C heung e t  

Wel ch et  

et  al . ,  

1 982 ) have usual l y  been des ci be d as s ingle peaks of var ying 

magni tude and d ur at i on . However , a two- pe aked res pons e has been 

noted wi th o psonised ba cteria ( Lof gr en et al . ,  1 9 80 ) . The s ol u bl e 

s t imul i phor bol m yris t ate acet ate ( PM A ) , N-formyl- methionyl-

phenyl al am i ne and C 5 a  pr oduce two- pe aked respons es (Wes tri ck et  

al . ,  1 980 ; D ahl gr en and S tendahl , 1 982 ; Dahlgren and S t endahl , 

1 983 ; Bender and V an Epps , 1 983 ) al tho ugh D echat el et et al . ( 1 982 ) 

descri be d a s i ngl e pea k with PMA . I t  has been suggest e d  that the 

firs t pe ak i s  due to extracell ul arl y r el eas ed MPO ( D ahl gr en and 

St endahl , 1 9 82 ; Dahl gr en and Stendahl , 1 983 ; Bender and Van Epps , 

1 983 ) and the s econd i s  rel at ed t o  cel l ul ar super oxi de pr oduct ion 

(Dahl gr en and Stendahl , 1 98 2 ) or to  cel l- asso ciated MPO ( D ahl gren 
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an d Stendahl , 1 9 83 ; Ben der and Van Epps , 1 9 83 ) .  

The e xper i ments in  thi s  chapt er w� e des i gn ed to fur ther 

in ves tigat e the variabil i t y  of CL by e xamining the pr of il es 

pr oduced by normal ovi n e  neut roph i l s  phago c ytos ing l at ex be ads . 

4 . 2  Materi als and Metho ds 

a .  Animal s 

The sheep wer e those des cri be d  i n  Chapter 2 .  

b .  Neutrophi l I s ol a t i on 

PMN were har vested by the method des cr i be d  i n  C hapter 2 .  

c .  C L  Anal ysi s 

The r eact i on m i xtur es and C L  anal ys i s  wer e as pr evi ous l y  descr i be d .  

Prof iles of the CL r es pons es wer e  re cor de d on a chart re cor d er 

att ached t o  the l um i nomet er , e ach al i quot be ing meas ur ed over 30 

min . 

d .  Pos t- equ i l i br at i on Washing 

The effect of the d i s tr i but i on of peroxi das e on the sha pe o f  the C L  

pr of i l e  was inves t i gated b y  w ashing t h e  i s olated c el l s  t o  r emov e  
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any e xtracel l ular MPO.  After the rout i ne 30 min t em per atur e 

e qui l i brat ion per i o d  the PMN were cent r i fuge d  for 1 5' min at 4 5 0  x g 

and the r esul ting s u per nat ant res erved . The cel ls wer e then washe d 

t wi c e  i n  PBS and di v i de d  into 2 al i quot s ;  one was r esus pended i n  

the ori ginal super natant and the o t her in  fr esh PB S wi th gl ucos e .  

CL was me asured befor e the washing proced ure an d again imme diately 

af ter resuspens i on of the cell s .  

4 . 3  R esults 

a .  Prof i l es of the C L  Res pons e i n  N ormal Sheep 

The C L  respons e pr of il es of 4 sheep sam pl ed at  appr oxi mat el y the 

same time on d iffer ent da ys ar e shown i n  F i g .  4 . 1 .  Two of the 

i sol ates showed a r es ponse whi ch was ess en t i al l y  s i ngl e- pe ake d an d 

whi ch de cl ine d r a pi dl y .  The ot her 2 sam pl es each showe d a bi phasi c 

res po nse whi ch decl ined less rapi dly over t i me .  

b .  Prof il e  of the C L  R es pons e  i n  Sam pl es Ta ken at 4 ho url y 

I nt er val s 

Two sheep wer e bl ed at  4 ho ur l y  inter val s f or 24  hr . The sha pe o f  

t he C L  pr of i l e  varied between sampl es ( Fi g .  4 . 2a and F i g .  4 . 2b ) . 

S ingl e and doubl e pe aked traces wer e  o b t ai ned wi th i sol at es from 

t he s ame animal at d iffer ent t imes d uring t he 2 4  hr period . The 

peak CL val ues from the ani mal s ar e gi ve n  in Tabl e 4 . 1 .  
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FIGURE 4 . 1 .  Profiles of chemiluminescence responses of 

neutrophils isolated from 4 different sheep 

(y axis = chemiluminescence (mV) , x axis = 

time ) . 
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FIGURE 4 . 2a .  Sheep a ,  chemiluminescence profiles recorded 

at 4 hourly intervals . 
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Figure 4 . 2b .  Sheep b,  chemiluminescence profiles recorded 

at 4 hourly intervals . 
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c .  Effect of I ncubat i on at 2 7 ° C  on the CL Prof ile 

8 3  

The i sol ated PMN from thr ee an i mal s wer e incuba t ed at 2 7 ° C  wi th 

const ant mi xing .  Fol l owing the standard 3 0  m i n  t emper at ure 

e qu i l i brat i on per i od ,  a cont rol pr of i l e  (0 m i n , Fi g .  4 . 3a and F i g .  

4 . 3b )  was recor ded . The as sa y was r e peated 6 0  min and 9 0  min 

l ater . W i th sheep ( a ) the f irs t pe ak incr eas ed whil e the s econd 

pea k de cre ase d wi th incu ba t i on .  For sheep ( b ) ther e w as l i t tle 

change i n  the CL prof i l e  w i th i ncuba t i on whi l e  sheep ( c ) show ed an 

incr e as e  in pea k one an d a decreas e  in peak two a ct i vi ty .  The CL 

prof i l e  for sheep ( a ) at  0 min was unus ual in t hat the second pe ak 

e xcee ded the f i rst pea k  in CL a cti vity . 

d .  Effect of P os t- equ i l i br at i on Washing on the CL Prof il e 

CL pr of i l es wer e r ecorded from the PMN of two sheep be for e and 

aft er cell washing ( F i g .  4 . 4 ) .  The ini t i al peaks of the pr of il es 

recorded befor e washing ( co ntrol s )  w er e  smal l er than thos e of the 

later pr of i l es .  The CL r es po ns es of the w ashed c el l s  r esus pende d 

in  ei ther the super nat ant or fresh PBS/gl ucos e had mor e pr om inent 

f i rst peaks than did the contr ols .  

4 . 4 D i scus s i on 

The prof i l e  of the CL r es po ns e  for human n eut roph i l s  engage d i n  

phagocytosi s i s  usual l y  re cor de d as a s ingle pe a k  but two- pea ke d  

r es po nses have be en r e por t ed , usual l y  fol low i ng exposur e  t o  



TABLE 4 . 1 .  Peak chemiluminescence values (mV) from 

Hours 

0600 

1000 

1400 

1 800 

2200 

0200 

the 2 sheep from which chemiluminescence 

pro files were recorded at 4 hourly intervals 

over 24 hr . 

Sheep 

a b 

1082 7 9 7  

1 475 1 6 7 8  

2744 1 2 3 1  

2 453 1 744 

3848 1 6 6 3  

3 10 1  1 1 27  
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chemoattr�ct ants ( H arvath et al . ,  1 97 8 ; 

Dahl gren and Stenda hl , 1 98 2 ) . 

85 

Lof gr en et al . ,  1 980 ; 

Previ ous author s have r epor t ed var i o us time s equences for the pe ak 

res ponse , whi ch may be e xpl ained in part by the d i ff ering assay 

temper atur es and i ns trument at ion us ed . CL  meas ur ed in a 

scintillat ion count er at room t em per atur e  pea ke d  anywhere between 

1 0  m i n  (Westri c k ,  1 980 ) and 80 m i n  ( S tevens et al . ,  1 97 8 ;  Wel ch ,  

1 980 ) . Where a l uminomet er w as use d  the CL was r e porte d  to peak 

after 1 0  to 1 5  m i n  ( Ar ch i ba l d  et al . ,  1 983 ; Che ung et al . ,  1 983 ) 

at room temperatur e  and 5 m i n  at 37 ° C  ( Easmon et al . ,  1 980 ) . 

Washburn et al . ( 1 9 8 2 )  using e quine granulocyt es and a l uminomet er 

at 3 9 ° C  obt ained a pe ak at 1 to 4 min . The two- pe aked respons e t o  

solubl e s timul i measur e d  in a scint ill ation co unt er has been 

des c i be d  as 2 and 8 m i n  at 2 2 ° C  ( D ahl gr en and Stendahl , 1 9 82 ) and 1 

and 4 min at room t emperature ( Ben der and Van Epps , 1 9 8 3 ) . There 

i s  no publ ished r eport of a dual pe aked response measur ed wi th a 

l umi nomet er . U sing t he s t andar di se d , l uminal-dependent CL as say , 

all the i sol at es tes ted di spl aye d o ne pe ak to 2 m i n  af ter 

addi tion of the phagoc yti c s timul us .  Some isol at es als o  showed a 

second pe ak 4 t o  5 m i n  l at er . When PMN wer e assaye d at 4 hour l y  

int er val s isol at e s  fr om a s ingl e  animal produce d d i ffer en t shape d  

prof i l es a t  differ ent t i mes dur i ng a 24  h r  per iod . 

The pr es ence of 2 peaks may ha ve been an indi cation of i m prove d  

cel l  pr epar at i on and pr es er va t i on , that i s  l es s  cel l  damage wi th 

subse quent enzyme r el e as e .  As cell har v es ting w as alwa ys performed 
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FIGURE 4 . 3a .  Effect of incubation at 27°C on the 

chemiluminescence profiles from 

isolated neutrophils (normal sheep ) . 
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FIGURE 4 . 3b .  Effec t of incubation at 27°C on the 

chemiluminescence profiles from 

isolated neutrophils (normal sheep ) . 
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Chemiluminescence (mV) 
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FIGURE 4 . 4 . Effect of post-equilibration washing on the 

chemiluminescence profile . 
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at  the s ame tem per atur e and the metho d  was s tandardi sed to the 

point wher e the t ime t a ken to com pl et e the i s ol a tio'n s el d om v aried 

by more than ± 5 m i n ,  i t  s eem s unl i ke l y that ther e woul d be l ar ge 

differences in  the pro port ion of damaged cel l s  between i s ol at es . 

Exposur e  to cer tai n s ubs tances ini t i at es the secr e t i on of PMN 

gr anul e enzymes ( Wri ght , 1 9 82) . Ther e  may be an as yet un known 

factor ( s ) whi ch e ffects gr anul e movement pr es ent in the s erum at 

certain times i nfl uencing t he avai l a b i l i t y  of MPO .  I t  sho ul d be 

noted that the agents des c i be d  to dat e  have a much gr eater effect 

on se condary gr anul es than primar y  gr anul es an d in many cases do 

not s timul at e any pr i mar y gr anul e exo cyt os i s  ( Showel l et al . ,  1 97 6 ; 

Bentwood an d Henson , 1 9 80 ; Wri ght , 1 98 2 ) . 

The cell sus pensi ons wer e i ncuba t ed at  2 7 ° C  for pr ol onge d  pe riods 

to inves ti gat e the effe ct of cel l damage fr om aging and constant 

m i xi ng on the s ha pe of the cur ve . If thi s cell damage incr eas ed 

t he availab il i t y  of MPO t hen t he r es ul ting pr of i l es would be 

expe cted to ha ve i ncr eas ed pr i mar y and de cr eas ed s econdar y pe aks . 

This occ urre d wi t h  sheep ( a ) and sheep ( c ) but i n  sheep ( b ) there 

was a small decrease i n  bo th pe aks wi th incuba t i on . A pos s i bl e  

e xpl anation for the fal l in  both peaks i n  the l att er animal i s  

de cr eas ed cell vi abil i t y . The cel l  numbers i sol ated from th i s  

animal w er e  s uff i ci ent onl y  for the CL assay and conse quentl y a 

trypan bl ue e xc l us i on tes t coul d not be performed . 

The f i rs t  and second pea ks ar e sup posedl y due t o  " e xtracel l ul ar" 

and i ntracell ul ar MPO , res pe ct i ve l y  ( D ahl gr en and S tendahl , 1 983 ; 



90 

Bender and Van Epps , 1 983 ) • C el l- wash i ng to r emove any 

e xtracel l ul ar el ements fol l owed by r es us pens ion i n  fr esh me dia d i d  

not abol i sh the ini t i al pe ak . I t  i s  concl ude d  that i f  the pr es ence 

of indi vidual peak s  i s  a r efl e ct i on of MPO a vailabil i t y  then t he 

i n i t i al react i on i s  due to mor e r ead i l y  avail abl e ,  pos s i bl y  

s urface-attached , MPO rather than truel y e xtracel l ul ar , tha t i s , 

fluid phase enzyme . 

In the e xper i ment i n  whi ch CL pr of iles wer e r ecorded at  � hour l y  

inter vals the f i rst and f inal pr of il es of sheep ( b ) ( F i g .  � . 2b ) 
ar e s i mi lar . The s e  pr of iles wer e r ecor de d at  an int er val of 20  hr 

and ar e the onl y sugges tion seen of any periodi city  i n  CL acti v i t y . 

The possi bil i ty of such per i odi c i ty coul d  be i nve s t i gated over an 

extended obs ervation per iod . 

I n  concl us i on ,  the CL pr of i l es pr oduced by normal ovine PMN show 

variations i n  sha pe whi ch ar e possi bl y due to the a vailab i l t y  of 

MPO . The us e of s tandar di sed cell i sol at i on and CL pr oce dur es do 

not ensur e t hat all i s ol at es r ea ct i dentical l y  an d ther efor e t he 

use of CL  pr of iles i s  no mor e val id than the use of pe ak or 

inte gr ated CL val u es t o  ass es s  ne utrophi l  compet ence . 
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C HAPTER 5 

CL in C er oi d  Li pof us c i nosi s-Affe cted Sheep 

5 . 1  I ntroduction 

Gener al i sed ceroi d l i pof uscinos i s  ( C L F )  is an i nheri ted di seas e i n  

whi ch ther e i s  an accumul ation of a ut ofl uor escen t l i po pi gments 

wi thin var ious types of cel l s .  The bas i c  metabol i c  defect ( s ) 

res ponsi bl e  for the di seas e i s  un known but i t  has been s pecul ated 

that it  i s  caus ed by a di sor der of peroxi dat ion ( Zeman , 1 97 4 ) . 

Thi s sugges tion i s  based on t h e  structur e  of the storage pi gments 

whi ch are thought to be cr oss- l inked pol ymers or i gi nat ing from the 

condensation of malonal dehyde , an unsatur ated car bonyl , wi th the 

amino groups of nuc l ei c aci ds , am ino s ugar s an d pr ot eins and ha ving 

the c ommon struct ur al featur e :  

R - N = C 

H 

C = C - N - R 

H H H 

Wher e abnormall y  h i gh quant i t i es of H 20 2  or other oxi dants ar e 

pr es ent , l i pi d  pero xi dat ion i s  incr e ase d leading to gr e at er 

mal onal dehyde pr oduc t i on . Thus the pi gments ar e sai d t o  ar i se from 

oxi dati ve damage t o  the cells due to a d efe ct i n  the d ef en c e  
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mechani sm aga i ns t  oxi dat i ve damage by H 2 02  ( Awas thi et al . ,  1 977 ) , 

in  parti c ul ar a def i c i ency i n  pero xi dase a cti vi t y .  · Armstrong et  

al . ,  ( 1 974a , 1 974b ) demonstrated a def i c i enc y in  leu ko c yt e  

peroxi das e l evel s  i n  human pati ent s but other r eports suggest that 

t he def i ci ency i s  d ue to an incr e as e  in the pro por tion of 

i nsol ubl e ,  poss i bl y  mem br an e- bound , MPO whi ch i s  mor e r es i stan t to 

e xtra ction than i s  s olu bl e MPO ( P i l z  et al . ,  1 9 76 ; F arr el l an d 

Sumi , 1 97 7 ) . 

The absence of l um i nol- enha n ced neutroph i l  C L  in  MPO def i c i ency has 

been reported ( Stevens et a l . 1 978 ; Dahl gr en an d St endahl , 1 9 83 ) 

indi cat ing that l i ght em i ssion in  thi s  sys tem i s  t ot al l y  dependent 

on a MPO- cal al yse d  react ion . Thi s obs er vation sugges ted that CL 

m i ght be a us ef ul as say to inves t i ga t e  the pr opo s ed per oxi das e 

def i c i enc y of CLF.  Dahl gr en and Sten dahl ( 1 983 ) pro pose d that the 

prof i l e  of the CL res ponse is det ermi ned by the pr esence of both 

e xtr a- and intrac el l ul ar MPO. I f  c el l s  fr om CLF- aff ected 

indi vi dua l s  cont ain mor e i nsol ubl e than s ol ubl e MPO ,  t he i r  res pons e  

pr of i l es mi ght be e x pe ct e d  to d i s pl a y  a small er i ni t i al pea k  and a 

gr eat er s econd pe ak than those of cel l s  from normal indi vi dual s .  

This chapter descri bes t he pea k  CL r es pons es an d CL pr of i l es of 

CLF-affected ani ma l s  and compar es the i r  res pons es wi th tho s e  of 

normal sheep . 



5 . 2 M at er i als and Metho ds 

a .  A nimal s 

93 

CLF-aff ect ed ani mals wer e o btained from a flock of South Hampshire 

shee p maintained to breed homo zygo us dise ase d indiv idual s ( J ol l y  et 

al . ,  1 9 80 ) .  D ia gnos i s  had been establ i shed b y  hi s t o patholog y of 

brai n bi ops i es pr i or to the ons et of cl ini cal si gns . Thr oughout 

the e x periment they were ho us e d  together in a co ver e d  pen an d fe d 

hay and wat er ad l i bi durn . Normal Southdown sheep of a s i m i l ar age 

hous ed under the same condi t i ons wer e us ed as control s .  

b .  N e utro ph i l  Isol a t ion 

PMN wer e  har ves ted by the pr ocedur e  desci be d  in  Cha pt er 2 .  

c .  C L  Anal ysis 

The r eact i on mi xtur es and CL anal ys i s  wer e as des c i be d  i n  Chapter s  

2 and 4 .  

5 . 3  R esul ts 

a .  Peak CL Val ues 

S even CL F-affect ed shee p  wer e  s ampl ed at approxi matel y the same 

time on d iffer ent days an d their pea k  PMN CL meas ured .  The r ange 
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of the r esul ts for the 7 donors was 1 3 93 t o  37l.J3 wi th a mean of 

2638 ( Ta bl e  5 . 1 ) .  The range of pea k  CL for normal , So ut hdown she e p  

es tabl ished pr evious l y  ( s ee C hapter s  2 and 3 )  w as approximatel y  500 

to 3 900 wi th a mean val ue of appro x imat ely 2 1 0 0 .  

b .  Prof i l es of the CL Res pons es in  CLF-affect ed She ep 

PMN from lJ CLF-aff ect ed l am bs and lJ normal l am bs wer e as saye d  t o  

det ermine their C L  pr of il es ( F i g .  5 . 1 and F i g .  5 .  2 ) . T he C L  

prof i l es of the aff ect ed sheep wer e s i mi l ar t o  thos e o f  the control 

animal s . 

c .  Effect of Incuba t i on at 2 7 ° C  on the CL Prof iles of C L F-aff ect ed 

Sheep 

Isol at ed PMN wer e  i ncuba t ed at 2 7 ° C  wi th cons tant m i xi ng .  The C L  

prof i l es w er e  measured aft er the standard 3 0  m i n  e qu il i br a t ion 

per i od ( 0  min , F i gs . 5 . 3a and 5 . 3b )  and aga i n  60 and 90 min l ater . 

Ther e was no dis t i n c t  second pea k  at 0 min in  any of t he 3 animals 

exam ined , al tho ugh sheep ( b ) showed some indi cat i on of one 

developing . Wi t h  sheep ( a ) and sheep ( b ) the hei ght of t he CL pea k  

was i ncr e ased a t  60 m i n  but decl i ned mor e r apidl y  than t hat of the 

ini t i al r ecor ding. In shee p  (b) and ( c )  second pea ks had emerge d 

at 90 m i n . 



TABLE 5 . 1 .  Peak chemiluminescence responses from 

7 cero id lipofuscinos is-affected sheep . 

Sheep 

a 

b 

c 

d 

e 

f 

g 

Chemiluminescence (mV) 

1 9 9 6  

1 393 

3 1 82 

2 360 

3483 

2 380 

3743 

95 



9 6  

5 . 4 D i sc uss ion 

The assays used to i nves t i ga t e  the pr opo s ed peroxi das e def i c i ency 

in  CLF have been unsati sfa ct ory , pr imar ily be ca us e  the r esul ts 

coul d not be dupl i cat ed w i th as s ays i n cor porating hydr ogen donors 

other than p- phenyl endi amine ( PPD ) ( Pat el et al . ,  1 97 4 ,  Armstrong 

et al . ,  1 9 74a ,  Arms trong et al . ,  1 97 4 b ;  C l a usen and Jens en , 1 9 75 ; 

Jens en et al . ,  1 977 ) ,  although Awas thi et  al . ( 1 97 7 )  c l a i med t o  

have demons trat ed a peroxi das e def i c i ency wi th guani acol an d 

o- di ani si dine as the hydrogen donors . Tsan et al . ( 1 97 8 )  fo un d 

that hors e- radi sh per oxi das e o x i di sed P PD in  the abs ence of H 2 0 2 

gi ving a product wi th the same a bs or btion s pe ctrum as the 

per oxi dat i ve pr oduct and concl uded that P PD was not a sui tabl e 

hydrogen donor for the stud y  of pero xi das e . 

Exper i ments wi th cel l s  from human s ubj ect s  wi th an absol ut e MPO 

def i ci ency sugges t t ha t  i n  a l um i na l- enhan ced CL as say , the 

r es po nse is tot al l y  dependent on a MPO-ca t alys ed r eact i on ( Stevens 

et al . ,  1 978 ; Dahl gr en and Stendahl , 1 98 3 ) . The a p par entl y normal 

res ponse of neut roph i l s  from the C L F-aff ect ed sheep indi ca t e  that 

t hese cel l s  cont ai n normal l e vels of peroxi dase but i t  is also 

possi bl e  that MPO i s  not a r at e- l i m i t i ng component of the 

l i ght- producing reaction and that a par t i al MPO def i c i ency mi ght 

not be detected on the bas i s  of the C L  respons e .  

Some investi gat ors 

l eucocyte per oxi das e 

have not e d  

( Katsushima , 

diff i c ul t i es i n  s olu b il i z ing 

1 963 ; H i mmel ho ch et al . ,  1 96 9 )  
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FIGURE 5 . 5 .  Chemiluminescence profiles of ceroid lipo

fuscinosis-affected lambs . 
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Chemiluminescence (mV) 
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FIGURE 5 . 2 .  Chemiluminescence profiles o f  normal , 

Southdown lambs . 
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Chemiluminescence (nV) 
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s ugge s t i ng that the di ffer ences in  total act i vi ty r ecor ded by 

various aut hors mi ght s t em in par t  fr om ineff i c i ent e xtra cti on 

m ethods . U si ng a sys t em devel oped t o  extract maxi mum PMN 

pero xidase , P i l z  et al . ( 1 97 6 ) con cl ude d  that le ucoc yt es cont a i n  

both sol ubl e and i nsol ubl e ,  pr oba bl y membran e- bo und , peroxi da s e  

fra ctions wi th t h e  ins olubl e fra ction ha ving 1 0  t o  1 5  t imes great er 

acti v i t y  than the s ol ubl e fract i on . They found that the s ol ubl e 

but not the membr an e- bound fraction w as decreased i n  CLF pati ent s . 

L ater inves t i gator s  al so commented on s ol ubi l i zat i on di f f i cul ti es 

and recor de d le vel s of acti v i t y  wi thin t h e  normal range for CLF 

pati ents when car e was taken dur i ng enzyme extract i on or a who l e  

cell homogenat e w as use d  as the enzym e  so ur ce ( An z i l  et al . ,  1 97 4 ; 

F arr ell an d Sumi , 1 977 ; P i l z  et al . ,  1 978 ; D en T andt an d Martin ,  

1 97 8 ) . Thes e f i n d ings have lead t o  t h e  suggest ion that t he total 

peroxi das e is not de cr eas ed i n  aff ect ed subj ects but that there i s  

a rel at i ve increase i n  the i ns olubl e fra c tion , pos s i bl y  due t o  an 

abnormal l y  s tor ed pr oduct ( Farrell and Sumi , 1 97 7 ; Bo zdech et  al . ,  

1 9 80 ) .  

The C L  pr of i l es obtai ned from C LF-affect ed lambs d i d  not di ffer 

noti ceabl y fr om the pr of il es of normal l ambs . I f  the r a t i o  of 

i nsol ubl e ( m em br ane bo und ) to s ol ubl e MPO was i n cr eas ed in the 

ne utroph i l s  of CLF- affe cted she e p  t he n  i t  mi ght be pre di ct e d  that 

extended s torage of the cel l s  coul d not l ead to ext ernal isation of 

the MPO .  I f  thi s was s o  then the f i rs t  peaks of t h e  CL pr of il es of 

CLF-affect ed ani mal s woul d not i ncr eas e by the sam e  magn i tude shown 

by thos e  of normal sheep . The r es ul ts pr es ented her e show that the 
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0 
FIGURE 5 . 3a .  Effect of incubation at 27  C on the 

chemiluminescence profiles of ceroid 

lipofuscinos is-affected animals .  
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FIGURE 5 . 3b .  Effect of incubation at 2 7°C on the 

chemiluminescence prof ile of a ceroid 

lipofuscinosis-affected animal . 
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CL pr of i l es of PMN from C L F-aff ect ed sheep and 

( C hapt er 4 )  ar e similar foll owing exten de d  incu bation 

1 02 

normal sheep 

perio ds . A 

poss i bl e  expl anat i on for thi s whi ch does not exclude changes i n  MPO 

s olu bil i t y  in affe cte d sheep , i s  that ac cel erate d death an d l ysi s 

of the PMN occur s  d ur i ng the incuba t ion res ul t i ng i n  exposur e  of 

i ns olubl e  peroxi dase to the fl uid phas e .  Howe ver , c yto cent r i fuge 

pr eparat i ons of C L F-aff ect ed PMN exam ined dur i ng the ini t i al 

i s ol a t i on procedur e  di d not show an y obvio us differen c es between 

the s e  cel l s  and tho s e  from normal sheep . 

The r es ul ts pres ent e d  her e sugges t t hat the pero xi dase a c t i v i t y  of 

the PMN from CLF-aff ect ed and normal sheep ar e s i m i l ar and do no t 

indi cate any change i n  t he propor tions of s oluble and insol u bl e  

MPO . 
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CHAPTER 6 

A Concl uding Stat ement 

Thi s inves t i gation h as e xamine d  the l umi nal- enhance d CL prod uced by 

i sol at ed ovine PMN pha gocytos i ng l at e x  be ads . The CL was 

cons i dere d  in thr ee wa y s ;  as pea k and i ntegrated val ues an d as 

prof il es of the CL out put aga i ns t  t i me .  Ther e  wer e  var i at i ons in 

the CL r es ponse betwe en ani mals and fr om da y-t o-da y  wi thi n the s ame 

ani mal wi th all of thes e metho ds and l arge range s of " normal" 

val u es wer e  encount ered . I t  is concl ude d that CL alone is an 

i nappropr i ate 

ne utrophils . 

as say f or def ini ng the competen ce of ovine 

Many of the reac t i ons whi ch ar e sugges ted to occur in the 

neut rophil d uring pha goc yto s i s  have t he pot ent i al t o  produce CL but 

the act ual react i ons res pons i bl e  f or the l i ght emi s s i on ha ve ye t to  

be  def ined . Secondar y e xci tation of com ponents of the pha gocyt os e d  

par t i cl e ,  o f  the r eact ion m i xtur e  

cont ri bute t o  the CL r es ponse .  I n  

a va i l abl e and the l i ght- pr oduc ing 

or of the cel l  membr an e  m i ght 

addi tion the amount of MPO 

o xi dat i on react ions may d i f f er 

from time to time wi t hi n  the PMN fr om a part i c ul ar donor . 

F ur t hermor e ,  the r ol e  o f  humoral fact or s  i n  i nfl uenci ng C L  has not 

been thoroughl y e xpl ored . 

L at e x  beads wer e t he onl y phago cyt i c  s t i mul us e xam i ned i n  det ai l . 

A n  inves t i gation of t h e  CL r es pons es ind uced b y  c ompl ement and 
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anti body-opsoni s e d  z ymosan and ba ct er i a , whi ch r ea ct wi th s pe c i f i c  

membr ane-assoc i at ed r eceptor s , and by sol ubl e s ti mul i seem s a 

l ogi c al ext ension of thi s s t udy . 

The C L  out put from ov i n e  PMN was l ow when compared wi th a l imi ted 

of h uman and canine sam pl es assayed under the same 

cond i ti ons . A com par at i ve s tud y of the r anges of CL res po nses from 

different s pe c i es under standar di sed condi t i ons may indi cat e those 

i n  whi ch the assay i s  a mor e r el i abl e inves t i ga t i ve t ool . 

At  pr es ent the ass a y  may be of us e wher e the r esul ts ar e obt a i ned 

from a s i ngl e  cel l  i solat e ,  that i s ,  for compar i ng the in vi tro 

effe cts of s pe cfi c treatments on s epar ate al i quots of cel ls .  I n  

part i cul ar thi s techni que may be us ef ul for eval ua t ing the effect s 

of c ertain theraputi cs on ne utroph i l  f un c t i on . 
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APPEN DI X 

a .  E r yt hroc yt e-Lysing S ol ut i o n  

N H  .. C l  

NaHC0 3 

EDTA 

8 . 32g 

0 . 84g 

43 . 2mg 

1 53 

Make up t o  one l i tre wi th di s t i l l ed wat er and adj us t to pH 7 . 2  

( Andersen and Amiraul t ,  1 97 9 ) . 

b .  Trypan bl ue s tai ning for cell viabil i ty 

Two hundr ed �1 of PMN sus pens i on wer e  m i xed wi th 1 . 8ml of trypan 

bl ue s tain ( 1 gm trypan bl ue i n  1 00ml of 0 . 9% NaC l  in wat er ) .  The 

cel l s  which took u p  the s t a i n  w ere ass ume d to be dead and were 

e xpr ess ed as  a per centage from a t otal count of 200 cell s .  

c .  I n dwel l ing j u gul ar c ann ul ae 

The cannul ae cons i sted of s i l i con rubber ( " S i l as t i c" , D ow C orni ng 

C or poration , USA ) wi t h  s il i con cement bea ds ( "S i l as ti c  Epimer" , D ow 

C orni ng C or porat i on ,  USA ) attached at appr oxi mat el y 1 0  and 1 5  cm 

fr om the venous end . 

A naes thes i a  was induc e d  wi th intravenous alphaxa l one/ al phadol one 

( "S affan" , Gla xo NZ L t d ) and maint ained wi t h  a mi xtur e  of 2% 

halothane ( " F l uothane" , Imperi al C hem i ca l s  L td )  in oxygen vi a an 
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endotracheal tube . A midl ine i nc i s i on was made in t he ventral nec k 

and both j ugul ars i s ol ated by bl unt di sse ction .  · The veins wer e 

occl uded crani al l y  and a smal l inci sion made ca udal to the 

occl usion wi thin a pr e pla ced purs est ri ng s utur e .  Each cann ul a was 

i ns erted , t i ed in pl ace beyond the s econd bead an d the ve ssel 

chec ked for leakage . Both cannul ae were e xteri ori s e d  through a 

small opening in the dorsal neck and immobi l i sed 

el as ti c i s e d  netting ves t . 

d .  C or t i sol assay 

under an 

One hundr ed � 1  of ser um wer e adde d t o  2ml of di chl orom ethane and 

vortexe d  for 30 s e c .  Fol l ow i ng o ver ni ght s tor age at 20 °C the 

l i qui d fra ction w as pour e d  of f an d dried down under air . On e ml of 

ethanol was adde d t o  each t ube and dupl i cate 1 00�1  al i quots dr i e d  

under a i r . Two hundr ed �1 of ant i serum/ tracer s ol ut ion ( s ee bel ow ) 

were mi xe d  wi th the r esidue and incu bated at room t em perat ur e  for 

1 2  to 1 6  hour s  af ter whi ch t i me 500 � 1  of de xtran/ char coal ( s ee 

bel ow ) s us pension wer e  a dde d .  T h e  mi xtur e  was incu bat e d  for 1 0  min 

and cent r i f uged at 1 900 x g a t  4 ° C  for 20 m i n .  A 5 0 0 � 1  al i quot 

from each t u be and 5ml of s c i n t ill ation fl ui d  wer e mi xe d in  a 

scint i l l at i on v i al and count ed for 2 m i n . 

i .  Ant i serum/Tracer s ol ut ion 

1 2ml borate buffer 



250�1 tracer s tock ( [ 1 , 2 , 6 , 7- 3 H ] - cort i sol , Amer sham 

I nt ernat ional Ltd , Amersham , UK ) 

300�1 2-5 %  Bo v i ne gamma gl obul in 

240�1 1 0% bo vine s erum al bum in 

1 00�1 ant i ser um (C or t i sol ant i serum F3-31 4 ,  

Endo crine S c i entif i c  Products , 

C al if orni a ,  USA ) 

i i . Dextran/ C h ar co al s us pens ion 

0 . 5% de xtr an and 0 . 25%  charco al s t irred i n  

d i sti l l ed wat er f or 2 h r  pr i or t o  us e .  
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