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Lysosomal-Cationic Test and NBT Reduction Test
Just Partially Reflect the Completeness of Phagocytic

Process in Human Granulocytes
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The results of NBT test correlated with the index of phagocytosis completeness in only 43%
of 21 clinically healthy volunteers. The level of the lysosomal-cationic test was significantly
reduced only if the phagocytosis completeness index was markedly decreased. The latter is
an integral value reflecting the bactericidal activity of granulocytes.
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Death and disintegration of bacterial cells in gra-
nulocytes (complete phagocytosis) are determined
by bactericidal activity of compounds participating
in oxygen-dependent [5,10,12] and oxygen-inde-
pendent [8] processes. Bactericidal agents partici-
pating in oxygen-dependent processes (respiratory
burst products) are detected in the NBT reduction
test [4,14], while compounds responsible for oxy-
gen-independent bactericidal activity (defensins
and structurally related peptides [3]) are detected in
the lysosomal-cationic test (LCT) [7]. However, the
correlation between the results of NBT test and
LCT, on the one hand, and completeness of pha-
gocytic process, on the other, has never been eva-
luated.

We evaluated the correlation between the results
of NBT test and LCT and the index of completeness
of phagocytosis (PCI) of bacteria by human neutrophi-
lic granulocytes.

MATERIALS AND METHODS

Clinically healthy volunteers (n=21) were examined
(5 women aged 22-57 years and 16 men aged 22-60
years).

Institute of Experimental Medicine, Russian Academy of Medical Sci-
ences, St. Petersburg

Blood (5 ml) was collected under sterile con-
ditions from the ulnar vein, stabilized with heparin
(Biochemie, 32 U/ml), and centrifuged at 800 rpm
for 5 min. The leukocyte layer consisting mainly
from neutrophilic granulocytes (80-85%) was care-
fully harvested with a Pasteur pipette, and cell vi-
ability was evaluated with 0.2% trypan blue (Sig-
ma). This parameter was usually 97-98%.

The percentage of granulocytes reducing NBT
into diformazane (percentage of diformazan-positive
cells) was evaluated by the cytochemical method [4,
14]. NBT reduction was induced by Bact. prodigiosum
LPS (50 pg/ml), most actively stimulating NBT re-
duction in diformazan granules [4]. Spontaneous and
induced NBT reduction and reserve coefficient (RC),
calculated as the ratio of induced to spontaneous re-
duction, were evaluated. For evaluation of enzymatic
activity (NBT test) and phagocytic activity of gra-
nulocytes, all ingredients were diluted with apyrogenic
saline (Polfa).

The content of defensins and structurally related
peptides was measured by staining with fast green in
methanol [7]. The results were expressed in arbitrary
units [7].

Granulocyte phagocytic activity was evaluated
by a modified method [1,9]. The test bacterium was
St. albus (strain 9198) in a concentration of 2.5%x107
bacterial cells/ml incubation medium. Staphylococ-
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Fig. 1. Impression (stained after Romanowskii—
Giemsa) 3 h after leukocyte-bacterial suspension
culturing in agar, x1000. Staphylococcus ghosts
in phagocytes (complete phagocytosis) and dark
viable bacterial cells.
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cus growth was evaluated by 3-h culturing of the
leukocyte-bacterium suspension in 1.8% meet-pep-
tone agar and prints were analyzed.

The phagocytic index (percentage of granulo-
cytes participating in phagocytosis), phagocytic num-
ber (arithmetic mean of bacteria phagocytosed by
one phagocyte), and PCP (the percent ratio of the
number of leukocytes with signs of complete pha-
gocytosis to total number of leukocytes with pha-
gocytosed bacteria) were evaluated.

At least 300 cells were counted in each experi-
ment. Experiments were repeated twice.

RESULTS

The correlation between the NBT test values and
phagocytosis completeness was observed in only 9
(43%) examinees. The correlation manifested as rela-
tively low (12.2+1.0%) spontaneous reduction of
NBT, essential (3.6 times) increase of RC, and high
PCP (63.0+£1.5%). In 5 (33.3%) subjects high PCP
(60.3+£1.5%) was observed in the presence of si-

milar values (18.6+1.2%) of spontaneous NBT re-
duction and notably reduced (to 11.2+1.0%) stimu-
lated value. In 7 (23.7%) subjects PCP was low
(19.9£1.3%) in the presence of high spontaneous
NBT test (35.5+1.5%) and relatively high RC (1.8).
The phagocytic index and phagocytic number had
a trend to an increase (Table 1).

The level of LCT did not change in 19 exa-
minees and was 1.6-1.7 arb. units. In only 2 (40%)
of 5 subjects with markedly decreased PCP (12.8+
1.2%) LCT also decreased (to 1.20+£0.03 arb. units,
p<0.01) (data not presented).

Analysis of the results of LCT, NBT test, and
PCP showed no sex- and age-associated differences.

In the 1970s the level of spontaneous NBT re-
duction in normal subjects did not surpass 10% [4].
In our study, similarly as in other recent studies [2],
the maximum level of spontaneous NBT reduction
reached 35%. However, the induced value reached
64.5+1.5% (p<0.01). On the other hand, the indu-
ced parameter decreased to 11.2+1.0% (p<0.01,
PK<1) the level of the spontaneous parameter was

TABLE 1. Comparative Characteristics of NBT Test and Phagocytosis Completeness Parameters (M+m)

Parameter Group 1 (n=9) Group 2 (n=5) Group 3 (n=7)
NBT test spontaneous, % 12.2+1.0 35.5+1.5 18.6+1.2

induced, % 44 .5%1.6* 64.5+1.5* 11.2+1.0*
RC 3.6 1.8 <1
Phagocytic index, % 48.9+1.6 61.4%£1.5 52.9%1.6
Phagocytic number 5.0+0.8 7.5£2.6 4.7+0.8
PCP, % 63.0£1.9 19.9+1.3 60.3%£1.5

Note. *p<0.01 vs. spontaneous level.
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relatively low (18.6+£1.2%). Hence, the level of
LPS-induced NBT reduction was not always deter-
mined by its spontaneous value.

Comparison of the results of NBT test and LCT
with PCP just partially confirmed their correlation,
repeatedly described before [5,8,10,12]. The results
of NBT test correlated with PCP in only 43% cases.
Bactericidal activity of substances functionally rela-
ted to the respiratory burst also did not reflect gene-
ral bactericidal activity of granulocytes in [11,13,
15]. The myeloperoxidase (MPO) system, including
MPO, H,0,, and cofactors I, CL—, CNS— [3] and
possessing bactericidal activity towards bacteria,
fungi, mycoplasma, and viruses [3,12], is not found
in intact chicken pseudoeosinophils [11] and neu-
trophils of patients with chronic granulomatous dis-
ease [15]. However, the capacity to bacterial killing
and disintegration is completely retained in chick-
ens [11] and is reduced in only one-third of pa-
tients with chronic granulomatous disease [15]. Do-
nor granulocytes retain the capacity to bacterial
killing and disintegration after inhibition of MPO
system by ascorbic acid [13].

LCT was less sensitive: its level in the present
study and in our previous investigation [1] decreased
only in the presence of pronounced decrease of PCP
paralleled by bacterial growth inside and outside
phagocytes. A lower sensitivity of LCT in comparison
with NBT test is confirmed by published reports [6].

Hence, the best integral indicator of bacteri-
cidal activity is PCP reflecting cell death and disin-
tegration inside phagocytes (Fig. 1). The use of St.
albus strain 9198 as the test microbe (stained after
Romanowskii-Giemsa, this bacterium after death
changes its dark violet color to pink) helps to ac-
curately evaluate the degree of phagocytosis com-
pleteness.

We should like to draw special attention of
clinical immunologists to interpretation of the re-
sults of LCT and NBT test as PCP, because these
tests only partially reflect bactericidal activity of
human granulocytes.

The authors are grateful to Dr. N. S. Novikova
from Department of Pathology and Pathophysiology
of Institute of Epidemiology and Microbiology for
assistance in evaluation of LCT results.
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