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Abstract. We investigated the effect of insulin on reactive oxygen species (ROS) production 
by human neutrophils stimulated with opsonized zymosan and incubated for 30 minutes with 
different insulin concentrations. For measuring ROS production, we used luminol-dependent 
chemiluminescence assay (CLLD). We observed that the CLLD depends on insulin concentration 
and this supports the hypothesis that insulin may play a role in ROS production by normal human 
neutrophils. 
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INTRODUCTION  

Neutrophils play an important role in a variety of physiological and 
pathological processes, such as host defense, rheumatoid arthritis or post-ischemic 
reperfusion damages. During phagocytosis of microbial intruders, neutrophils 
increase their oxygen consumption (the “respiratory burst”) by the activity of an 
NADPH-oxidase that generates superoxide anion (O2

–) and hydrogen peroxide 
(H2O2) [3, 5]. The importance of the respiratory burst became obvious when the 
chronic granulomatous disease syndrome, characterized by predisposition to 
bacterial and fungal infections, was shown to be associated with decreased oxygen 
consumptions as well as defective microbial killing [4, 7]. To date, the dormant 
oxidase has been shown to consist of one membrane bound and four cytosolic 
components. Upon cell activation, the cytosolic components translocate to the 
membrane bound component and a functional multi-component electron-transfer 
system is formed, that catalyzes the reduction of molecular oxygen at the expense 
of NADPH. The primary products (superoxide anion and hydrogen peroxide) 
generated by NADPH-oxidase are not reactive enough to account for the 
bactericidal effects; however, these oxygen species give rise to yet other reactive 
oxygen species (hydroxyl radicals, singlet oxygen, hypochlorous acid, and, 
probably, reactive nitrogen species) that are strongly anti-microbial [6]. 
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The neutrophil respiratory burst can be activated by a number of different 
soluble and particulate stimuli, including chemoattractants, certain cytokines, 
phorbol esters, calcium ionophores, different lectins, opsonized as well as various 
unopsonized microorganisms, drugs, and physical factors [9, 10, 11, 13]. 

Previous studies [12] showed that the effect of insulin on respiratory burst of 
mouse neutrophils activated by formyl-methionyl-leucyl-phenyladenine (fMLP) 
depends on temperature, duration of pretreatment of the neutrophils with insulin 
and the concentration of combination of insulin and fMLP. 

Our aim was to investigate if insulin may influence the respiratory burst of 
normal human neutrophils activated by opsonized zymosan, at room temperature. 

MATERIALS AND METHODS 

NEUTROPHIL PREPARATION 

To study their specific function in comparison with other types of 
leukocytes, it is desirable to isolate the PMNL from the whole blood. There are 
some available techniques for neutrophil isolation [5, 14]. We used a conventional 
isolation technique based on density differences between the cell populations, as 
follows. 

10 ml blood samples, obtained from healthy adult volunteers, were collected 
into 15 ml Falcon tubes, each containing 1 ml 1.5% Na2EDTA in phosphate 
buffered saline (PBS). PMNLs were separated from whole blood by continuous 
Percoll gradient centrifugation. This is a fast, one step method that avoids 
hypotonic lysis of erythrocytes and dextran sedimentation, which may activate 
neutrophils. The final neutrophil suspension in HBSS (Hank’s Balanced Salt 
Solution without Ca2+ and Mg2+) has 1.8⋅106 PMNLs per milliliter. 

ZYMOSAN PREPARATION 

A solution of 50 mg/ml zymosan A (Sigma) in PBS was prepared and kept as 
stock solution at 4 oC. Daily 1 part of zymosan stock solution was suspended in 9 
parts of fresh human serum and rotated slowly for 15 minutes at 37 °C for 
opsonization. Then the vial was span for 10 minutes at 2000 rpm and the pellet 
resuspended in HBSS to 1.25 mg/ml. 

LUMINOL PREPARATION 

A stock solution of 5.5 mM luminol (Sigma, MW 177.16) in DMSO 
(dimethylsulfoxide, Sigma) was prepared and kept at room temperature, in the 
dark. Daily a part of stock solution was diluted 1:50 in PBS. 0.2 ml of diluted 
solution were added per vial, resulting a final concentration of 4µM. 
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CHEMILUMINESCENCE ASSAY 

Several chemiluminescent dyes that are activated by reactive oxygen species 
have been developed. Among these dyes, luminol (5 amino-2,3-dihydro-1,4 
phthalazindione) is the most frequently used in the free radical research field. 
Luminol is an activity amplifier with a high quantum yield, so that the 
chemiluminescence assay is very sensitive [2]. The luminol excitation reaction 
may take place extracellularly and intracellularly. In order that luminol should 
react with oxidants in the intracellular compartment, it has to cross biological 
membranes, but very little is known about the diffusion properties of the luminol 
molecule [5]. 

For measuring luminol-dependent chemiluminescence of human neutrophils, 
we used a TD20/20 Turner Design luminometer. Light emission 
(chemiluminescence), expressed as cpm, was measured for 70 minutes.  

To each scintillation vial we added 700 µL HBSS, 36 µL luminol solution (in 
order to obtain a final concentration of 4 µM), 72 µL opsonized zymosan, and 185 
µL PMNLs suspension. Previous aliquots from neutrophil suspension (1.8⋅106 
PMNLs per milliliter) were incubated for 30 minutes, at room temperature, with 
insulin (ActaRapid Novartis). The insulin concentrations in the final probes were 
3, 6, 11, 22, and 44 µU/ml, respectively. 

RESULTS 

Neutrophils were isolated from human venous blood obtained from 10 
normal adult donors (6 women and 4 males). 

Two control probes were prepared in each experiment: one contains 
nonstimulated neutrophils (no opsonized zymosan), and the other one, neutrophils 
and opsonized zymosan (to induce cell activation), both without insulin. The 
enhancement of chemiluminescent response of stimulated neutrophils in 
comparison with nonstimulated neutrophils is a measure of ROS production during 
the respiratory burst. 

In order to study the insulin effect, the probes were incubated with insulin at 
different concentrations and then activated with opsonized zymosan. 

We registered the chemiluminescence kinetics of nonactivated and opsonized 
zymosan activated PMNLs, at different insulin concentrations (Fig. 1). Each spot 
of the curves is an average of the values for the 10 normal adult donors. 

CLLD depends on insulin concentration. At 22 µU/ml insulin, CLLD values 
are very close to those of stimulated control probe (opsonized zymosan stimulated 
neutrophils without insulin). When neutrophils were incubated with the other 
insulin concentrations (6, 11 and 44 µU/ml), the CLLD values are lower. For a 
lower insulin concentration than the physiological ones (6 – 26 µU/ml [8]), 
respectively 3 µU/ml, the CLLD values are very close to those of nonstimulated 
control probe (nonactivated neutrophils without insulin).  



 Luminiţa Sevastiţa Munteanu et al. 4 

 

34 

Fig. 1. – Chemiluminescence kinetics of nonactivated and opsonized zymosan activated  
PMNLs, at different insulin concentrations: 3, 6, 11, 22 and 44 µU/ml, respectively. 

In all situations, the maximum chemiluminescent emission appears after 
about 20 minutes. 

DISCUSSION AND CONCLUSIONS 

We investigated the effect of insulin concentration on ROS production by 
human neutrophils using luminol-dependent chemiluminescence assay. For all 
insulin concentrations, the CLLD values are lower than or equal to those of 
stimulated control probe (neutrophils with opsonized zymosan but no insulin). At 
22 µU/ml insulin, the CLLD values are very close to that of stimulated control 
probe. So, we may assume that insulin inhibits ROS production. For a lower 
insulin concentration than the physiological ones, the CLLD values are very close 
to those of nonstimulated control probe (neutrophils without opsonized zymosan 
and insulin). That means that in this case the ROS production is strongly repressed. 

The CLLD variation upon insulin concentration supports the hypothesis that 
insulin may play a role in ROS production by normal human neutrophils, but the 
mechanism is not clear. 

Insulin effects at cellular level are mediated by insulin receptors. To date, 
insulin receptors from erythrocyte membrane are well identified [1], but very little 
is known about insulin receptors from neutrophil membrane. Further investigations 
are necessary to characterize the insulin receptors in human neutrophil membrane 
and its correlation with the NADPH-oxidase activity. 

0 10 20 30 40 50 60 70 80 

0.0 

0.5 

1.0 

1.5 

2.0 

cells (no opsonized zymosan and no insulin) cells + opsonized zymosan + 3 µU/ml 

cells + opsonized zymosan + 6 µU/ml cells + opsonized zymosan + 11 µU/ml

cells + opsonized zymosan + 44 µU/ml

cells + opsonized zymosan + 22 µU/ml

cells + opsonized zymosan (no insulin)

ch
em

ilu
m

in
es

ce
nc

e 
(×

10
3  c

pm
) 

time (minutes)



5 Insulin and neutrophils luminol-dependent chemiluminescence 

 

35 

R E F E R E N C E S  

1. ASIM, K.D.-R., T.K. RAY, A.K. SINHA, Control of erythrocyte membrane microviscosity by 
insulin, Biochem. Biophys. Acta, 1985, 816, 187–190. 

2. CAMPBELL, A.K., Chemiluminescence. Principles and applications in biology and medicine, 
Ellis Horwood, Chichester, 1988, pp. 322–335. 

3. CHESON, B.D, R.L. CHRISTENSEN, R. SPERLING, B.E. KOHLER, B.M. BABIOR, The 
origin of phagocytosing granulocytes, The Journal of Clinical Investigation, 1976, 58, 789–
796. 

4. CLARK, R.A., Activation of the neutrophil respiratory burst oxidase, J. Infectious Diseases, 
1999, 179 (suppl. 2), 309–317. 

5. DAHLGREN, C., A. KARLSSON, Respiratory burst in human neutrophils, J. Immunol. 
Methods, 1999, 232, 3–14. 

6. HAMPTON, M.B., A.J. KETTLE, C.C. WINTERBOURN, Inside the neutrophil phagosome: 
oxidants, myeloperoxidase and bacterial killing, Blood, 1998, 9, 3007–3017. 

7. HOLMES, B., A. PAGE, R.A. GOOD, Studies of the metabolic activity of leukocytes from 
patients with a genetic abnormality of phagocytic function, J. Clin. Invest., 1967, 46, 1422–
1428. 

8. ISSELBACHER, K.J., E. BRAUNWALD, J.D. WILSON, J.B. MARIN, A.S. FAUCI, D.L. 
KASPER, Harrison’s Principles of Internal Medicine, 13th edition, McGraw Hill-Health 
Profession Division, New York, 1996. 

9. JAEGER, K., D. SCHEINICHEN, J. HEINE, H. RUSCHULTE, E. KUSE, M. WINKLER, M. 
LEUWER, GM-CSF increases in vitro the respiratory burst of human neutrophils after liver 
transplantation, Intensive Care Med., 1999, 25, 612–615. 

10. MUNTEANU, LUMINIŢA SEVASTIŢA, I.O. DOAGĂ, A. DINU, He-Ne laser irradiation 
effects on luminol-dependent chemiluminescence of whole human blood and human 
neutrophils, Romanian J. Biophys., 2000, 10, 173–177. 

11. OPDAHL, H., H.B. BENESTAD, G. NICOLAYSEN, Effect of beta-adrenergic agents on 
human neutrophil granulocyte activation with N-formyl-methionyl-leucyl-phenylalanine and 
phorbol myristate acetate, Pharmacol. Toxicol., 1993, 72, 221–228. 

12. SAFRONOVA, V.G., A.G. GABDOULKHAKOVA, A.V. MILLER, I.V. KOSAREV, R.N. 
VASILENKO, Variations of the effect of insulin on neutrophil respiratory burst. The role of 
tyrosine kinases and phosphatases, Biochemistry (Moscow), 2001, 66(8), 840–849. 

13. STENSON, W.F., J. MEHTA, I. SPILBERG, Sulfasalazine inhibition of binding of N-formyl-
methionyl-leucyl-phenylalanine (FMLP) to its receptor on human neutrophils, Biochem. 
Pharmacol., 1984, 33, 407–412. 

14. ZAHER, S, C. KOWALSKI, A. BROSIG, C. KUPATT, B.F. BECKER, E. GERLACH, The 
function of neutrophils isolated by a magnetic antibody cell separation technique is not altered 
in comparison to a density gradient centrifugation method, J. Immunol. Methods, 1997, 200, 
173–179. 


