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The role of cationic transport in the 
respiratory burst activation in granulocytes

I Szabó , L K a r m a z s in , L Maródi

D e p a rtm e n t o f P e d ia tr ic s  U n iv e rs ity  M ed ical School o f D ebrecen, H -4012  D ebrecen ,
P O B . 32., H u n g a ry

The neutrophil responds to a single 
stimulus a t its surface by undergoing 
a series of events such as aggregation, 
superoxide anion generation and de­
granulation fl, 6, 7]. I t  is widely ac­
cepted th a t the cell surface and the 
plasm a membrane play a key role in 
these responses. A number of mole­
cular and functional changes in the 
surface membrane are associated with 
phagocytosis, stim ulated movement, 
secretion and respiration. These inclu­
de alteration in N a + and K + fluxes, 
changes of transmem brane potential, 
modifications of C a++ fluxes, mobi­
lization of C a++ from intramembra- 
nous stores, changes in phospholipid 
turnover, protein phosphorilation and 
arachidonic acid cascade [1, 6, 7, 9, 
11, 12, 14, 15].

Previous studies on membrane tran ­
sport mechanism showed th a t the 
chemotactic factor N-Formyl-Met- 
hionyl-Leucyl-Phenylalanine (FMLP ) 
induces a rapid and dram atic increase 
in the rate of N a+ influx across the 
neutrophil plasma membrane [6]. 
This selectively increased permeabi­
lity  to N a + leads to  a depolarization 
of the membrane which is followed by 
an enhancement of K + influx and 
N a + efflux. These ionic changes are

drived by the activation of the N a+ — 
K + pump fl, 3 — 7, 9, 11, 15]. Beside 
the effect on the N a + —K + pump 
FM LP influences C a + + movement 
across neutrophil m em brane, enhan­
ces membrane perm eability  to  Ca+ + 
and some time la te r increases the 
intracellular exchangeable calcium 
pool [8].

The consequent cationic membrane 
transport precedes th e  onset of OF 
generation by several seconds [4, 9, 
11, 13, 15]. However, despite many 
investigations it is n o t clear whether 
a direct correlation exists between 
cationic membrane tra n sp o rt and su­
peroxide generation.

In  this study we present d a ta  on the 
effect of N a+—K + pum p inhibition 
by Ouabain and changes of external 
cationic concentrations on the respi­
ratory  burst ac tivation  of human 
blood neutrophils.

Materia ls  a n d  M e t h o d s

Cell suspensions c o n ta in ig  98%  neu­
tro p h ils  were p rep a red  f ro m  heparin ized  
venous blood o f h e a l th y  d o n o rs  using 
s ta n d a rd  separa tion  te c h n iq u e s  [2]. The 
cells w ere suspended  in  K rebs-R inger 
P hosp h a te -d ex tro se  (K R P D )  b u ffe r (pH  =  
=  7.28). A fter se p e ra tio n  m o re  th a n  95%
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F ig . 1. I ’M Xs: P o ly m o rfo n u c lea r g ran u lo cy tes , 2x10* ce lls; F M L P : N -Form yl-M eth io- 
n y l-L eu c y l-P h en y la lan in e , 1 0  7 M ; CYTO G: F e rr ic y to c h ro m e  c, S x  1 0  5 M; K R P D : 

K rebs-R inger P h o sp h a te -d ex tro se  b u ffe r, p H  =  7.28

N0 K' 
Contr. 
AOmMK'

OUAB.

F ig . 2. O uabain 10 4 M . F or details and  a b r é v ia t io n s  see  1. fig.

o f th e  ce lls  rem ained v iable a s  c h e c k e d  by 
T r ip a n  b lu e  exclusion. P ro d u c t io n  o f  0 2  

w as a ss a y e d  by recording fe rr ic y to c h ro m e  
c (0 .08  m M ) reduction  m o n i to r e d  conti- 
n o u s ly  a t  550 nm  in S peco rd  m o d e l 40 
sp e c tro p h o to m e te r . All e x p e r im e n t  w ere 
c a r r ie d  o u t  a t  37 °C w ith  cell c o u n t  of 
2  m ill io n .

R e s u l t s  a n d  D is c u s s io n

In  Fig. 1. a representative experi­
m en t o f the time course of ( )2 gene­
ration  of neutrophils s tim u la ted  with 
F M L P  is shown. After 10 m in  equi­
lib ra tion  10 - 7 M FM LP was added

to the cell suspension which resulted 
in a rapid reduction of the cytochro­
me c reaching a plató after 5 min. 
The second stim ulus caused no more 
increase of th e  concentration of ferro- 
cytochrome c suggesting th a t the 
reaction proceeds according to  all- 
-or-nothing principle. No change was 
observed by  adding more ferricyto­
chrome c which indicated th a t the 
substrate was not consumed comple­
tely in the  reaction mixture.

There is evidence for the existence 
of Ouabain sensitive N a+-K + pum p
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in the granulocyte membrane [4, 9, 
11]. In our previous studies a comple­
te inhibition of N a +-K +-ATPase ac­
tiv ity  could be reached with Ouabain 
using 10~4 M concentration.

Fig. 2. shows th a t when experi­
ments were performed with granulo­
cytes preincubated with 10-4 M 
Ouabain for 10 min a decrease in the 
ОТ generation could be observed. 
This indicated the possible role of the 
N a+-K + pum p in the respiratory 
burst activation. However, when all 
of the К  + was removed from the sus­
pension no significant change was 
observed in generation of the O-T 
compared to  the control. In absence 
of the external К  + not only the pump 
activity is inhibited but membrane 
hyperpolarization also develops [4].

The effect of membrane depolariza­
tion induced by high external К + 
concentration on ОТ production has 
extensively been studied but results 
are contradicting [1, 3 — 5, 9, 11, 15]. 
The membrane depolarization induced 
by 40 mM К + in our system did not 
result in a respiratory burst activation 
or increased ОТ generation to FMLP,

indicating tha t activation o f the res­
p ira tory  burst in granulocytes does 
n o t relate directly to changes of mem­
brane potential.

Among cations Ca r + plays a key 
role in most of the leukocyte func­
tions. To investigate w hether this re­
gulatory function relates to  extracel­
lu lar or membrane bound C a++ pool 
all the  C a++ was removed from the 
suspending medium. We found that, 
in the  absence of extracellular Ca + + 
the  ОТ generation did no t differ sig­
nificantly  from the control (Fig. 3).

O ther workers have dem onstrated 
th a t  the absence of or decrease in 
extracellular N a+ cause a  decrease in 
effector leukocyte functions [1, 7, 9]. 
The replacement of extracellular NaCl 
w ith choline chloride induced no al­
teration  in ОТ generation o f neutro­
phil stim ulated with FM LP b u t sub­
s titu tion  with equimolar saccharose 
the  ()T production was m arkedly 
depressed.

Our data  suggest th a t changes in 
the concentration of ex tracellu lar ca­
tions have no direct influence on ОТ 
generation of leukocytes stim ulated

No Ca" 
Contr. 
Choline chi 
(N0 NaCl)

Saccharose 
(NO NaCl)

F M L P

F k j. 3. Saccharose  a n d  Choline chloride 120 m M . F o r  d e ta ils  and  ab rév ia tio n s  see  1. fig.
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T a b l e  I
E f fe c t  o f  O u ab a in  an d  v a rio u s  ex trace llu la r  ionic c o m p o s itio n  on О7  g en e ra tio n  b y

F M L P  stim u la ted  P M N s

Experimental conditions O.Ï generation (%) 
Mean 4; S.E. n

Control 100
10-4 M Ouabain 7 2 .9 ± 5 23
NO K + 101± 6.8 15
40 mM K  + 97.1 ± 3 .6 9
NO Ca+ + 1 0 7 ± 1 6 5
Saccharose (NaCl substitution) 1 7 ± 0 .5 8
Choline chloride (NaCl Subst.) 9 6 .6 ±  18 7

with FM LP (Table I.) [1, 6, 7]. The 
m oderate inhibition caused by Oua­
bain m ay have been due to  a non­
specific membrane effect. However, 
replacem ent of extracellular NaCl 
with saccharose decreased significant­
ly the  О-Г generation in granulocytes 
suggesting the role of ex tra  and/or 
in tracellu lar C1“ in the metabolic 
ac tiv ity  of phagocytic cells.
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