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Flow cytometry opens the potential for monitoring 
metabolic activity of immune system cells. It was also 
used in studies on immune system cells in the fish even 
if surface markers specific for cells of the animals still 
await a more thorough definition. Till now, the method 
has found application in genetic, pathogenetic studies, 
in studies on immunopathological processes (Rod-
riguez et al., 1991, 1993, 1995; Perez et al., 1994; 
Chilmończyk et al., 1995; Chilmończyk and Monge, 
1999) as well as in evaluation of immune cell functions 
and some parameters of cell-mediated immunity 
(Ellsaesser et al., 1985; Evans et al., 1987; Bly et al., 
1990; Secombes and Fletcher, 1992; DeLuca et al., 
1993; Morgan et al., 1993; Lamas and Ellis, 1994; 
Voccia et al., 1994; Chilmończyk et al., 1995, 1997; 
Pettersen et al., 1995; Slierendrecht et al., 1995; Ham-
dani et al., 1998; Siegl et al., 1998; Chilmończyk and 
Monge, 1999) Present studies aimed at flow cytometric 
analysis of respiratory burst in neutrophilic granulo-
cytes in carps, at various stages of their ontogeny.

MATERIAL AND METHODS

Fifty-four carps were examined, aging 3 to 29 
months, 30 to 1 000 g in body weight, which were stud-
ied in three experimental groups: group I of 20 carps, 
aging 3 to 9 months, group II of 20 carps, aging 11 to 
21 months, and group III of 14 carps, aging 23 to 29 
months. Condition and health status of the fish were 
examined using techniques generally accepted in the 
veterinary-medical diagnosis. Blood of carps was 
studied. Blood samples were taken from tail vein to 
tubes containing heparin (50 IU per ml blood), in field 
conditions, immediately after taking the fish out of the 
pond. Laboratory tests were performed 60 to 80 min 
after blood sampling, i.e. immediately after delivery of 
the blood samples to the laboratory.

Cytometric studies on oxygen metabolism in neu-
trophilic granulocytes (PMN cells) were performed by 
the technique of Hasui et al. (1989), adapted to fishes. 
Diluted samples of blood (100 µl) were supplemented 
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each with 15 µl 0.3 mM DCFH-DA (2´7´-dichlorofluo-
rescein, Acros, USA) and, then, following 30 min incu-
bation at room temperature (21ºC) with 2 µl PMA 
(phorbol 12-myristate 13-acetate, Sigma, USA, 1 mg 
per ml 95% ethanol) in order to stimulate hydrogen 
peroxide production by neutrophilic granulocytes. 
After another incubation of 20 min at room tempera-
ture, 300 µl Ortho-mune Lysing Reagent (Ortho 
Diagnostics System, Germany) was added to each sam-
ple. So prepared samples were left for 20 min and, then, 
fluorescence of 2,7-dichlorofluorescein (DCF) was 
measured within the green light band (515 to 548 nm) 
using Cytoron Absolute flow cytometer, employing 
logarythmic signal amplification. Intensity of the fluo-
rescence was measured estimating values of the so 
called mean fluorescence channel, calculated using the 
Immuno Count 2 software. Intensity of the photoelec-
tric signals, converted to numerical values, permitted 
to define the extent of labelling phagocytic cells with 
the fluorochrome. Results of the studies are summed 
up in Tables 1 and 2.

RESULTS AND DISCUSSION

Cytometric analysis of respiratory burst in neu-
trophilic granulocytes of carps demonstrated increased 
values of the mean fluorescence channel in PMA-
stimulated neutrophilic granulocytes, as compared to 
the mean fluorescence channel obtained for neu-
trophilic granulocytes which were not activated or did 
not respond to activation with the applied stimulator. 
Intensity of neutrophilic granulocyte fluorescence, 
compared to the mean fluorescence channel of cells 
which were not stimulated by PMA, was most pro-
nounced in carps aging 11 to 21 months, average in the 
youngest fish, aging 3 to 9 months, and the lowest in 
the eldest, 23- to 29-month old carps (Table 1). A dis-
tinct pattern was observed upon analysis of the mean 

fluorescence channel in a separated fraction of PMA-
stimulated, neutrophilic granulocytes, as compared to 
the mean fluorescence channel in granulocytes which 
did not respond by activation reaction. In this case, the 
most pronounced fluorescence developed in the eldest 
carps, aging 23 to 29 months. On the other hand, in 
the remaining carps aging either 3 to 9 months or 11 
to 21 months the difference in the mean fluorescence 
channel was significantly less pronounced (Table 2). 
The highest proportion of PMA-stimulated PMN 
granulocytes was noted in 11- to 21-month old fish, 
lower in 3- to 9-month old carps and the lowest in 23- 
to 29-month old carps (Table 2).

Results of Hamdani et al. (1998) indicate that respira-
tory burst activity is manifested both by cells of non-
fractionated leukocyte population and by neutrophilic 
granulocytes isolated with the use of monoclonal anti-
bodies, E3D9 (Pettersen et al., 1995). However, the 
property has been found to characterise first of all the 
E3D9+ cells, neutrophilic granulocytes (Secombes and 
Fletcher, 1992; Lamas and Ellis, 1994; Hamdani et al., 
1998) even if the process has also been demonstrated 
in macrophages (Secombes and Fletcher, 1992; Lamas 
and Ellis, 1994). Thus, the observations made in our 
own studies resemble those made by other authors 
(Secombes and Fletcher, 1992; Lamas and Ellis, 1994; 
Pettersen et al., 1995; Hamdani et al., 1998). It pertains 
in particular the observations on the significant role of 
oxygen metabolism in defensive mechanisms of neu-
trophilic granulocytes. Our studies have shown in addi-
tion that numerical values of the mean fluorescence 
channel, determined using PMA stimulator, represent 
a good objective indicator of the cell metabolic and 
bactericidal activity of neutrophilic granulocytes and 
may play the role of an index of phagocytic capacity 
of the cells. However, it should be added that results 
of our studies have been obtained in a population dis-
tinguished only on grounds of FSC/SSC characteris-
tics and not identified by respective monoclonal 

Table 1. Mean fluorescence channel of PMN cells in blood of healthy carps with or without supplementation of PMA

Group of carps Mean fluorescence channel for population of PMN cells                    Difference* (range)  

 DCFH                                        DCFH+PMA

  I (n = 20) 81.1 ± 6.3 131.3 ± 10.4                               47.2–57.3

 II (n = 20) 84.6 ± 7.1 152.7 ± 12.3                               76.1–78.9

III (n = 20) 91.7 ± 8.7 108.9 ±   8.9                               21.3–23.8

* difference in the value of mean fluorescence channel between samples with and without stimulator
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antibodies (Secombes and Fletcher, 1992; Lamas and 
Ellis, 1994; Pettersen et al., 1995; Hamdani et al., 1998). 
The respiratory burst activity has pertained the cell 
fraction characterised by high values of FSC and SSC. 
It should also be stressed that oxygen metabolism of 
neutrophilic granulocytes, measured by flow cytometry, 
has not correlated with ontogenetic development of 
the carps and, thus, the data obtained till now with the 
conventional techniques, used earlier for evaluation of 
the phenomenon and in immunological diagnosis in 
fish (Stosik, 1995), have not been confirmed. 

SUMMARY

Cytometric analysis of oxygen metabolism in neutro-
philic granulocytes demonstrated increased values of 
the mean fluorescence channel in PMA-stimulated cells 
as compared to the result obtained for neutrophilic 
granulocytes, which were not activated or did not re-
spond to stimulation by the activation. The obtained 
data did not correlate with ontogenetic development 
of studied carps.
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