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Effect of Doxycycline on the Generation of Reactive Oxygen Sp

ecies:

A Possible Mechanism of Action of Acne Therapy with Doxycycline

HIROHIKO AKAMATSU. MAKI ASADA. JINRO KOMURA, YASUO ASADA, and YUKIE NIWA'
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On the basis of a recent report that minocycline is effective in
the treatment of acne inflammation by acting directly as an
antioxidant on infiltrating neutrophils, we investigated whether

doxycyeline might also be capable of reducing the generation of

l:euclivc oxygen species, using human neutrophils and a cell-
free, xanthine-xanthine oxidase system. The species investi-
gated are superoxide radical anion (Qj), hydrogen peroxide
(H,0,) and hydroxyl radical (OH-). Doxycycline significantly
reduced the levels of O,, H,0, and OH- generated by both
systems. Our results seem to suggest that the clinical effective-
ness of doxycycline in the treatment of acne inflammation is due
partly to its antioxidant effect on neutrophils. Key words: Anti-
oxidant action; Neutrophil; Tetracyclines.
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Tetracyclines. such as minocycline and doxycycline, are an
elfective treatment for acne vulgaris. We have recently re-
ported that minocycline inhibits neutrophil reactive oxygen
species (ROS) generation, which supports the hypothesis that
the agent is effective in acne treatment not only by reducing
the numbers of Propionibacteritm acnes (. acnes), but also by
inhibiting neutrophil-gencrated ROS which induce a chemical
insult to the integrity of follicular epithelium in acne (1). We
have more lately found that reduced levels of linoleic acid in
acne comedones, comparable with normal hair follicles, which
effectively inhibits neutrophil ROS generation, contributes to
an exacerbation of acne inflammation (2).

Although doxyeycline has been reported to have a ROS-
reducing effect (3), the effect on the levels of all kinds of ROS
pencrated both by neutrophils and in the xanthine-xanthine
oxidase system has not yet been examined.

In the present study, we investigated whether doxycycline
might be capable of reducing the generation of ROS. including
superoxide radical anion (O, ), hydrogén peroxide (H,0,) and
hydroxyl radical (OH-), using human ncutrophils and a cell-
free, xanthine-xanthine oxidase system. The results revealed
that doxyeyeline does in fact effectively inhibit the levels of all
kinds of ROS generated in both systems.

MATERIALS AND METHODS

Chenucals: Doxyeyeline (Taito Plizer Pharmacceuticals Ltd. Japan) was
added to the following neutrophil function assay systems in concentra-
tions of 0.005,0.05, 0.5 5 and 50 pg/ml.

Newtrophil preparation: Neatrophils isolated from heparinized ve-
nous blood from healthy volunteers by a modification ol a previously
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described method (4) and suspended in Krebs Ringe it
*for 10 min with op*

buffer (KRP) were preincubated at 3T
zymosan (Sigma). : ROS has
Neutrophil ROS generation assay: The assay ‘“Clh(_’d‘ (‘Ili()” of 02
been detailed in our previous report (2). Bricfly. the !0”_“‘ sigm)
was determined by measuring ferricytochrome ¢ »(I)’P_L with
reduction induced by O, produced from neutrophils sumum
opsonized zymosan. H,0, gencration wis mc:mun_'d h:\.’ q '
the weakening of fluorescence intensity of scopoletin (Slgm;'ll
its peroxidase-mediated oxidation by H.O, (5). OH- was qu t‘
by taking the amount of cthylene gas formed from a-keto-me
tyric acid (KMB) (Sigma) plus the neutrophil-generd 5
" ROS generation assay in the xanthine-vanthine u_\'ulu.s‘.(' -\.“ i
ROS were also nmu\lﬁtd in the xanthine-xanthine Ude‘rn;\Aslﬁ»}'PUX”
Instead of adding neutrophils and opsonized zymosan. 0.1 _m were
anthine (Siema), 1.25 mM EDTA and 16.5uM I'cl'l‘icy‘1(7§!““"?;hcrcu'
1 125 mM phosphate butfer). 11 b
hine oxidase (18!
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ntifving
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mixed in a total volume of 2 ml( 1)
ter, approximately 0.000 units/ml dialysed xant
was added to generate ROS (7).

Triplicate assays were performed
expressed as means = SD of replicate assay.
ascertained by Student’s r-test.
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Fig. 1. Effect of doxyeyeline on ROS generation by neutrophils.
O, 1O X, OF- Ievels. PMN denotes polymorphonuclear leu
cytes. £ <0.01 vs control, *P < 0.001.
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RESULTS AND DISCUSss) o

I'he present study dcmonstmtcd tl
reduced the levels of ROS b '
ina cell-free syste X

at doxycycline significantly
Bl e 4 .I]L rated both by ncutrophils and
Although doxycyeline |‘ ¢ edependent manner (Figs 1,2).
H,0, (3), we found u:' 15 been reported to reduce O, and

at the agent additionally inhibited OH-

which is one of the ; :
the most toxic ROS. The results obtained in
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this study probably indicate that doxycycline does not inhibit
the neutrophil metabolism 1o produce ROS, but rather scav-
enges the ROS generated. These findings scem to suggest that
doxycycline is cffective in the treatment of acne not only by
inhibiting the growth of P. acnes, but also by acting as antiox-
idants on infiltrating neutrophils as obscerved with minocycline
(1)

We have recently reported (1) that tetracycline. oxytet-
racycline and minocycline inhibit the level of certain kinds of
ROS (O, . 1.0,. OH-), generated both by neutrophils andina
xnnlhinc'—x;\n"lhinc oxidase system. In contrast, our results
showed that doxycycline reduces the level of every kind of
ROS generated by both systems. This seems to suggest that
doxycycline possesses the most potent antioxidant action
within the tetracyeline group. Therefore, it is likely that doxy-
cycline is the drug of choice in the treatment of inflammatory

acne.
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