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Glucocorticoid hormones have marked immunomodulating properties and are among the most 
important endogenous regulators of the immune response. For that reason the action Of gluco- 
corticoids on migration, proliferation, and functions of lymphocytes and of their separate 
populations has been well studied [2, 6]. The action of these hormones on the functional 
state of phagocytic cells (neutrophils and macrophages), which not only are effectors, but~ 
also play a leading role in the regulation of immune processes, has received much less study. 

The aim of this investigation was to study/the effect of hydrocortisone (HC) on produc- 
tion of the superoxide radical (0~), one of the most important metabolic functions of phago- 
cytic cells. 

EXPERIMENTAL METHOD 

Experiments were carried out on male CBA mice aged 2-4 months, obtained from the Stol- 
bovaya nursery, Academy of Medical Sciences of the USSR. Hydrocortisone acetate (from Gedeon 
Richter, Hungary) was injected intraperitoneally into the mice in a dose of i mg/mouse in the 
form of a suspension in medium 199. Control animals were given an intraperitoneal injection 
of the same volume of medium 199. At fixed times after injection of HC the mice were killed 
(control and experimental mice simultaneously) and 02- production was estimated from the rate 
of reduction of nltro-blue tetrazolium (nitro-BT), using the method in [8] with minor modifi- 
cations. For this purpose spleen cells were incubated for 30-45 mln at 37~ in medium con- 
taining 20 mM phosphate buffer (pH 7.4), i0 raM glucose, 0.2% NaCI, and 0.4 mg/ml of nitro-BT 
(from Calbiochem, USA). As material for phagocytosls, latex was added to the incubation med- 
ium in a concentration of 1 mg/ml. The formazan formed was precipitated by 0.5 N HCI and dis- 
solved in 3 ml of pyridine, after which its optical density was measured at 570 nm on an SF- 
26 spectrophotometer. The results were expressedin conventional units. A conventional unit 
was taken to be an increase in optical density at 570 nm by 0.001 optical unit in 45 mln. 

In some experiments different doses of HC were added in 45 ~I of ethyl a~cohol to a sus- 
pension of splenocytes from intact mice immediately before determination of O~ production. 
To inhibit DNA-dependent RNA synthesis in the splenocytes they were incubated in medium 199 
containing i0 ~g/ml of actinomycin D (from Serva, West Germany) for 1.5 h at 37~ [4]. 

To determine the rate of O~ production in the presence of an excess of electron donors, 
various concentrations of NADH (from Reanal, Hungary) were added to the incubation medium. 
Values of Vma x and K m for NADH were determined under these circumstances graphically, using 
the method of double reciprocals [i]. The experimental data were approximated to linear equa- 
tions by the method of least squares [5]. The significance of differences was estimated by 
the Mann-Whitney nonparametric test. 

EXPERIMENTAL RESULTS 

It will be clear from the results that production of active forms of oxygen by phagocytic 
spleen cells was increased by 1.8 times only 2 h after addition of HC, it remained high for 
2-3 h, and then fell until 12 h after.addition, and thereafter remained the same as initially 
(Fig. i). A similar time course of O~ production also was observed when this parameter was 
calculated for the spleen as a whole (Fig. i). 
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Fig. i. Superoxide radical production by phagocytic mouse spleen 
cells at various time~ after addition of HC. i) O~ production in 
units/10" cells; 2) OF production in units/spleen. Abscissa, time 
after addition of HC (in h); ordinate, OF production (on the 
left --in units/10' cells, on the right --in units/spleen), 
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Fig. 2. Effect of HC on kinetic parameters of NADPH oxidase of phagocytic mouse 
spleen cells, i) Control: 2) 3 h after intraperitoneal injection of HC in a dose 
of 50 mg/kg. Abscissa, (NADH concentration)-~.10 . Ordinate (O~ production) -*'~ 
i0'. 

Fig. 3. Effect of various HC concentrations on rate of superoxide radical produc- 
tion by phagocytic mouse spleen cells, a) Rate of O~ production with different con- 
centrations of NADH in the incubation medium. ~) Control; 2-5) 50, I00, 200~ and 
500 pM NADH, respectively; b~ maximal rate of OF production. Abscissa, HC concen- 
tration (in BM). Ordinate, OF production (in units/10" cells). 

The reaction of monovalent reduction of oxygen molecules with the formation of Of is cat- 
alyzed by the enzyme NADH oxidase, which is located in the plasma membrane of hagocytic cells. 
It has been shown that under physiological conditions this enzyme utilizes intracellular NADPH 
as electron donor, but in the case of exogenous addition of reduced pyridine nucleotldes, the 
enzyme can utilize both NADPH and NADH [7]. Since the rate of O~ production by NADPH oxidase 
depends both on activity of the enzyme itself (on its amount and its kinetic parameters) and 
on the level of reduced pyrldine nucleotides in the cell, the velocity of this reaction was 
studied (before and after addition of HC) in the presence of different concentrations of exog- 
enously added NADH. The results of one such experiment are shown in Fig. 2. Clearly, on the 

789 



addition of an exogenous electron donor the rate of 01 production by phagocytic spleen cells 
increased, in agreement with theMichaelis-Menten kinetics, Under these circumstances the 
apparent Kmfor NADH in a suspension of living spleen cells from CBA mice was 62 • 12 ~M, The 
value of Vma x for this reaction was 26.4 • 9.0 units/10 ~ cells. In animals which received 50 
mg/kg of HC 3 h before sacrifice, the value of Vma x was increased by 40-50% without any appre~ 
ciable changes in the value of K m for NADH. 

To explain the mechanism of action of HC, its effect in vitro was studied in experiments 
in which HC was added to the incubation medium of a cell suspension taken from intact animals 
immediately before determination of the rate of O~ production. It was found that with al~ con- 
centrations of NADH used (and also in its absence) addition of HC led to an increase in O~ 
production, and under these circumstances the reaction velocity rose as a linear function of 
the HC concentration (Fig. 3). The graph of V m for NADPH oxidase as a function of HC concen~ a 
tration in the incubation medium, plotted from t~ese data (Fig. 3b), is a straight line, i.e~ 
the increase in NADPH oxidase activity was directly proportional to the HC concentration~ 

Since the effect of HC in these experiments was manifested during incubation (for 30 min)~ 
it can be concluded that the lag period of its action does not exceed a few minutes. Such a 
rapid effect of HC cannot evidently be explained by the classical mechanism of action of ster~ 
old hormones, involving reception of the hormone, its transfer into the nucleus, interaction 
with the genetic apparatus of the cell, and synthesis of specific mRNA and protein, which re~ 
quires a time measured in hours. Since there is abundant evidence in the literature that glu- 
cocorticoid hormones act directly on cel~ membranes [3], it can be tentatively suggested that 
in this case also, the effect of HC on OF production is effected through its direct action on 
the plasmamembrane of phagocytic cells, activating membrane-bound NADPH oxidase, This hypothe- 
sis is supported by the results of the present experiments with actinomycin D, which inhibits 
DNA-dependent RNA synthesis. If the spleen cells were pre-incubated before the addition of 
290 uM HC in medium containing ~ctinomycin D, this had virtually no effect on stimulation of 
O~ production by the hormone (O~ production in the presence of 500 ~M NADH was: in the control 
21.3 units/lO 6 cells, with HC 36.5 units/106 cells, and with HC after incubation with actino- 
mycin D 40.6 units/106 cells). 

Data in the literature [9, i0] on the effect of glucocortlcoid hormones on OF production 
by phagocytic cells indicate an inhibitory action of the hormones on this metabolic function. 
In these investigations, however, ~ the effect could only be recorded a few hours or days after 
the beginning of action of the hormone. Our results show that one of the earliest actions of 
glucocorticoids on functional activity of phagocytic cells in the spleen~the principal organ 
where the humoral immune response takes place -- is stimulation of their metabolic activity, 
and this may be connected with the immunomodulating effect of glucocorticoid hormones, 
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