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Short communication

Study of aerobic granulocyte
functional activity in the presence of
a radiosensitizer (metronidazole)
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ABSTRACT The in vitro effects of metronidazole on the production of reactive oxygen species by
polymorphonuclear (PMN) cells were studied by means of nitroblue tetrazolium and luminol-dependent
chemiluminescence. At therapeutic doses of metronidazole (4.98-24.86 pg/mL) significant inhibition
of the production of reactive oxygen species was noted in both methods. The inhibitory effect was in
a dose-dependent pattern. The data suggest a scavenging mechanism of metronidazole on reactive
oxygen species generated by PMN.

Etude de I'activité fonctionnelle aérobie des granulocytes en présence d’un radio-
sensibilisant (métronidazole)

RESUME Les effets in vitro du métronidazole sur la production d’espéces réactives de 'oxygéne
par les cellules polymorphonucléaires (PMN) ont été étudiés grace au test au nitrobleu de
tétrazolium et au test de chimioluminescence au luminol. A des doses thérapeutiques de
métronidazole (4,98-24,86 pg/mL), on a observé une inhibition significative de la production
d’especes réactives de 'oxygéne avec les deux méthodes. L’effet inhibiteur dépendait de la dose
utilisée. Les données obtenues semblent indiquer que le métronidazole agit en tant que piégeur des
espéces réactives de 'oxygene générées par les PMN.
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Introduction

Radiosensitizers are chemical agents that
have the potential to increase the lethal ef-
fect of radicals induced during irradiation
[/—6].The extent of radiation damage to
cells is dependent on the amount of oxygen
available to the cell [/,2,7,8]. Hypoxic can-
cer cells are known to be relatively resistant
to radiation killing compared with well
oxygenated healthy cells [2,3,7-9].

Metronidazole (Flagyl) is a drug used to
treat infections and has been studied in the
treatment of cancer [/0, /1] as a radiosensi-
tizer drug, especially for hypoxic cells [9].
Metronidazole selectively radiosensitizes
hypoxic cells without influencing the ra-
diation response of normal well-oxygenated
cells [5,7-9].

The radiosensitizing property of metro-
nidazole may be related to its electron af-
finity or oxidizing power [2,5,9,12,13]. It is
worth mentioning that many of the electron-
affinic radiosensitizers of hypoxic cells also
have the property of preferential or selective
toxicity directed against hypoxic cells even
in the absence of radiation [/,2].

Metronidazole, being electron-affinic,
can accept an electron from neutral free
radical centres to generate a reactive cation
that binds to an anion such as hydroxyl
(OH"), causing a permanent lesion. Under
aerobic conditions, there is enough oxy-
gen to react with all the free radicals and
addition of metronidazole, or any other
sensitizers, yields no further benefit. Thus
metronidazole does not show any radiosen-
sitizing ability when tested under aerobic
conditions [5,9,12,13].

Metronidazole is heterocyclic nitro de-
rivative in which the nitro group of metro-
nidazole is reduced by an electron transport
protein such as NADPH in an anaerobic
micro-organism [6,7,12,13].

While the antimicrobial effect of met-
ronidazole is is well known, [/4—16], there

have been few studies on the influence of
metronidazole on the phagocytosis func-
tional activity of polymorphonuclear cells
(PMN) in whole blood, in which the func-
tion of the granulocytes often seems to be
altered. In the presence of O, the generation
of free radicals from the stimulation of
PMN results in the production of super-
oxide radicals [7,8]. With intact cells, the
formation of oxygen reactive intermediates
leads to the production of H,O, which can
be measured in the presence of NBT (opti-
cal density changes due to NBT reduction)
[17] or by luminol induced CL [/§].

We aimed therefore to study the effect
of metronidazole (in a range of therapeutic
concentrations) on PMN-generated free
radicals during phagocytosis activity in
whole blood under normal aerobic condi-
tions in vitro (in the absence of ionizing
radiation). Whole blood was used to mirror
the in vivo situation where blood cells are
suspended in their original medium.

Methods

All chemical reagents were obtained from
Sigma Chemical Company, Germany, un-
less otherwise mentioned.

Blood samples
Venous blood samples were obtained from
apparently healthy volunteers aged 30-55
years using vials with heparin as the antico-
agulant. The samples were kept at 4 °C until
the start of the assay.

Ethical consent was obtained from the
local ethical committee for all parts of the
study.

Chemicals and reagents

Tris-HCI stock solution was prepared us-
ing the following procedure: 24.2 g of Tris
(Fluka—Garantte, Germany) was dissolved
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in 1000 mL distilled water, then 50 mL of
the Tris solution was added to 41.4 mL of
0.2 M HCI (Fluka—Garantte) and diluted
to 200 mL with distilled water. The final
Tris-HCI solution molarity was 0.015 M at
pH 7.4.

Nitroblue tetrazolium

Nitroblue tetrazolium (NBT) (Sigma) is an
electron acceptor used to detect indirectly
the production of the super oxide radical
(O") by stimulated PMNSs, thus provid-
ing a quantitative means to identify cells
producing O,. This can be quantitated
spectrophotometrically. We used 0.2 %
NBT in Tris-HCI solution. Heparinized
blood was used for the activated NBT test;
heparin forms a complex with NBT that is
then ingested by PMNs, thus reducing the
NBT [17].

Luminol solution

This was made by dissolving 0.02 mg lu-
minol (Sigma) in 1 mL dimethylsulfoxide.
This stock solution was further diluted with
Tris-HCI solution to give about 10° M of
luminol solution prior to use.

Metronidazole solution

Metronidazole, concentration 500 mg/100 mL,
was obtained (Factory for Medical So-
lutions, Jeddah, Saudi Arabia). The 100
mL contains, 500 mg metronidazole BP,
740 mg sodium chloride, 44 mg citric acid
monohydrate, 135 mmol/L Na®, 150 mg
sodium monohydrogen phosphate, 12 mmol
HZOZ! 126.6 mmol/L CI',4.20 mmol/L PO, .
Osmolarity wa 297 mosn/L. Different drug
concentrations were obtained by dilution
with normal Tris-HCI solution.

Procedure

The test samples were incubated for 60
minutes with different concentrations of
metronidazole. Control samples were incu-

bated under the same conditions as the test
samples but without the drug. The test sam-
ples contained 0.5 mL NBT solution + 0.5
mL whole blood + 2 mL metronidazole in
the following 5 concentrations: 4.98, 6.64,
11.62, 16.60 and 34.86 pg/mL. The control
samples contained 0.5 mL. NBT solution
+ 0.5 mL whole blood + 2 mL Tris-HCL
solution

All samples were incubated at 37 °C for
1 h and spun for 3 minutes at 3000 rpm.
The supernatant was carefully removed and
placed in the spectrophotometer cuvette.
The optical density (% absorption) was
measured at 515 nm using Philips spectro-
photometer (type PU8620).

Chemiluminescence measurement
Test and control samples were assayed for
PMN functional activity (free radical con-
centration released) [/8].

The reaction mixture consisted of
0.02 mL luminol in a 5 mL beaker and
0.01 mL whole blood, agitated to mix well,
before placing it into the measuring cuvette
of the photon counting system. Chemilumi-
nescence (CL) was continuously recorded
on a chart recorder until it peaked and dem-
onstrated a definite decline. The peak height
(in mm) of CL kinetic curves represents the
granulocyte functional activity. The data
were estimated in relative arbitrary units for
comparison of the results.

Statistical analysis

The results of both NBT reduction and CL
measurement (the peak height in mm to
be proportional to the area under the CL
kinetic curve) were estimated relative to
the control in each test. Data are expressed
as mean and standard deviation of at least
2 observations. Results were analysed for
significance using the #-test, with a P-value
< 0.05 indicating statistical significance.

Y'"\c\)J:J\4ﬁw$|w\c@w\M\M¢bﬂ\dNW\M\



Eastern Mediterranean Health Journal, Vol. 15, No. 1, 2009 227

Results

Treatment of PMN cells in whole blood with
metronidazole therapeutic doses resulted
in a statistically significant inhibition of
free radicals generated by the granulocytes
which followed a dose-dependent pattern.

Table 1 shows the reduction of NBT and
the inhibition of the luminol-dependent CL
activity of PMN in whole blood as a func-
tion of drug concentration.

Discussion

Significant decreases in both the reduc-
tion of NBT and in CL were observed at
different concentrations of the drug (P <
0.01). These results indicate that metro-
nidazole reacts directly with the reactive
oxygen species generated by PMN due to its
high electron affinity [/2,13,19]. The drug
therefore displays a scavenging mechanism
which operates in a dose-dependent manner
(Table 1).

The reducing effect of the high electron
affinity of nitro group themselves is much
less than that of oxygen [7,8,79]. Inhibition
of CL by direct electron transfer from the

cellular pool of reducing agents (such as
NADPH) to the high electron affinity nitro
group may be the mechanism. Therefore,
the extent of the stimulation of oxygen con-
sumption that might occur during metabo-
lism will be affected [ 7,8, 19]. Alternatively,
the nitro group may react directly with mo-
lecular oxygen and prevent the formation of
H,O,. In our study the drug might mediate
the cellular pools in cell respiration during
metabolism [7,8,12,19].

We found all concentrations of the drug
were inhibitory and the inhibition was dose
dependent. The degree of inhibition in-
creased with the time of incubation with
the drug (maximum inhibition was within
about 30 minutes of incubation with the all
drug concentrations; data not shown) sug-
gesting depletion of reducing equivalents,
i.e. intermediates (e.g. NADPH) which
serve as electron sources in cell respiration
[/2]. Similar effects due to depletion of
electron sources have been reported for
5-nitroindazole and derivatives [/0,11],
which are known to stimulate cellular oxy-
gen utilization.

The NBT test provides an easy method
to screen PMN cell activity for its capacity

Table 1 Reduction of nitroblue tetrazolium (NBT) and chemiluminescence (CL) dependent
activity of polymorphonuclear cells in whole blood with different concentrations of the

metronidazole

Drug concentration NBT reduction % NBT Mean (SD) CL % CL inhibition
(Mg/mL) (absorption) reduction?® peak height (mm)

0 (control) 0.881 0 117 (60) 0

4.98 0.760 13.7 102 (5) 12.8

6.64 0.647 26.6 87 (7) 25.6

11.62 0.566 35.7 74 (6) 36.8
16.60 0.503 42.9 68 (7) 41.9
34.86 0.121 86.2 17 (3) 85.5
P-value 0.01 0.01

aSD for NBT readings were too small to be considered.
Measurements were in duplicate.
SD = standard deviation.
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to undergo oxidative metabolism. Failure
by PMNs to reduce NBT may be due to the
rapid depletion of NADPH reduction capac-
ity in the cell, which leads to very little O,
production when stimulated.

It has been reported that metronidazole
protects tissue from NSAID-induced en-
teropathy [20]. The possible mechanism is
due to its reduction of the increase in mito-
chondrial oxygen consumption induced by
NSAID (caused by coupling of mitochon-
drial oxidative phosphorylation) [20,21].
Our result conforms with this as metro-
nidazole caused a significant reduction in
the free radicals generated by PMN in the
luminol-dependent chemiluminescence.

Metronidazole in the therapeutic range
studied in this work does not alter the func-

tional activity of PMN in whole blood. The
inhibition of CL signal or the reduction in
the absorbance by NBT is due to the scav-
enger effect of the drug at the extracellular
level (phagocytosis of foreign particles did
occur; image slides not shown).

In conclusion, the electron affinity prop-
erties of metronidazole allow it to react
with metabolic reducing agents (such as
NADPH) and oxygen radicals, which pre-
vents the formation of H,O,, the oxidizing
agent formed during metabolic activity. Our
data conform with the idea of the scavenger
effect of metronidazole on active oxygen
radicals generated in the cell [20,21].
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