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Abstract—This work described effects of the composition
of menthol, camphor, boric acid, and colloidal silver
with particles of porous aluminum oxide with
polydimethylsiloxane on THP-1 and U-937 cell lines in
vitro. Drug carrier based on gamma aluminum oxide and
polydimethylsiloxane composition (Al/PDMS) alone on
in combination with menthol, camphor, boric acid and
colloidal silver significantly increased NAD (P) H-
dependent cellular oxidoreductase enzyme activity of
THP-1 cells. While all tested samples decreased lactate
production by THP-1 cells. Drug carrier alone or in
combination with menthol, camphor, boric acid, and
colloidal silver not affects glucose consumption and NO
production by THP-1 cells. Drug carrier alone decreased
U-937 cells NAD (P) H-dependent oxidoreductase
enzyme activity, while in combination with active
compounds significantly increased. We not obtained
negative effect of all tested samples on lactate production
by U-937 cells, but they decreased glucose consumption.
It was estimated, that drug carrier alone increased NO
production by U-937 cells.

Keywords—Menthol, boric acid, aluminum oxide with
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- INTRODUCTION

The presence of menthol, camphor, boric acid and
silver ions antimicrobial properties makes them attractive
for the development of hygienic powders [1, 2]. Menthol is

a local irritant, has an anti-inflammatory local effect, and
antimicrobial activity is manifested by indiscriminate
damage to microbial cells. Camphor has a cooling, irritating
and partly antiseptic effect when applied topically. Boric
acid often used as an antiseptic of wounds. Colloidal silver
is a universal antibacterial agent with a wide spectrum of
action.

In this report, we aimed to study the effect of the
composition of aluminum-silica carriers with menthol,
camphor, boric acid and colloidal silver on monocytes cell
lines in vitro.

I MATERIAL AND METHODS

The y-Al,O3 particle with size 0.1 mm was modified
by polydimethylsiloxane (AI/PDMS), and used as drug
carrier [3]. Sorption of menthol (0.1%), camphor (0.1%),
boric acid (0.1%), and colloidal silver (0.01%) was carried
out in the aqueous phase at room temperature on Al/PDMS
surface, followed by drying at a temperature of up to 50° C.

Monocytes cell lines THP-1 and U-937 was cultured
in RPMI-1640 medium supplemented with 10% fetal calf
serum, 2 mM L-glutamine, 5 mM Hepes-buffer, and 1% of
antibiotic/antimycotic in tissue flask, culture medium
refreshed every 3-4 days. The 10%/well of THP-1 or U-937
cells was sided into 24-well plate in culture medium,
Al/PDMS, AlI/PDMS/M/C/BA/Ag, menthal (M), and boric
acid (BA) (0 and 1 mg/mL) was added into wells.
Cytotoxicity of the used regents was done by MTT-test.
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Lactate, glucose, and nitric oxide (NO) levels were
measured in supernatants using spectrophotometer.

Statistical comparisons of obtained data were done
by an ANOVA followed Bonferroni post hoc test. Data are
expressed as means + SD, differences were considered
significant at p < 0.05.

- RESULTS

Obtained composition of menthol, camphor, boric
acid, and colloidal silver with aluminum-silica carrier was
bulk powder. In Table 1 summarized effects of menthol,
boric acid, aluminum-silica carrier and composition of drug
carrier with menthol, camphor, boric acid and colloidal
silver on THP-1 cell line functional activities in vitro.

Menthol and boric acid alone decreased NAD (P) H-
dependent cellular oxidoreductase enzymes activity of THP-
1 cells compared with control (p<0.05). While drug carrier
and composition of aluminum-silica carrier with menthol,
camphor, boric acid, and colloidal silver increased NAD (P)
H-dependent cellular oxidoreductase enzymes activity of
THP-1 cells compared with control (p<0.05).

Aluminum-silica carrier, menthol, boric acid, and
composition AI/PDMS/M/C/BA/Ag significantly decreased
lactate production by THP-1 cells compared with control

(p<0.05).
When in culture medium present Al/PDMS,
Al/PDMS/M/C/BA/Ag, and boric acid was observed

decreased consumption glucose by THP-1 cells compared
with control (p<0.05). Whereas, THP-1 cells increased
glucose consumption under menthol condition compared
with control and AlI/PDMS (p<0.05).

We have no found significant changes of NO
production by THP-1 cells in the presence of tested samples.

In Table 1l summarized effects of menthol, boric
acid, aluminum-silica drug carrier, and composition
Al/PDMS/M/C/BA/Ag on U-937 cell line functions. The
NAD (P) H-dependent oxidoreductase enzyme activity was
inhibited in the presence of aluminum-silica carrier,
menthol, and boric acid compared with control group
(p<0.05).

TABLE |. EFFECT OF THE  MENTHOL, BORIC ACID ALONE OR
IN COMBINATION WITH ALUMINUM-SILICA CARRIER ON THP-1
CELL LINE PROPERTIES IN VITRO (M + SD)

Paramet Basal Al/PD Al/PDMS/ Menthol Boric
ers MS M/C/BA/A acid
g
MTT 0.18+0. | 0.37+0. | 0.29+0.01* | 0.13+£0.0 | 0.15+0
assay, 01 01* # 1*# 01*#
oD
Lactate, 1.53+0. 1.33+0. 1.36+0.1* 0.71+0.1 0.89+0
uM/L 1 1* *# 1*
Glucose, | 5.2+0.1 | 6.74+0. 6.62+0.1%* 3.88+0.1 | 5.55+0
puM/L 1* *H A%
NO, 4.65+0. | 5.0+0.2 4.6+0.2 4.94+0.2 4.65+0
puM/mL 2 2

Note. AI/PDMS, porous aluminum oxide with polydimethylsiloxane
particles; AI/PDMS/M/C/BA/Ag; M, menthol; BA, boric acid; MTT assay
tripartite; MTT assay, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide transformation into insoluble formazan by NAD(P)H-dependent
cellular oxidoreductase enzymes in live cells; OD, optical density (A=540
nm); NO, nitric oxide. *p<0.05 compared with control; # p<0.05 compared
with AI/PDMS.

TABLE Il. EFFECT OF THE MENTHOL, BORIC ACID ALONE OR
IN COMBINATION WITH ALUMINUM-SILICA CARRIER ON U-937
CELL LINE PROPERTIES IN VITRO (M + SD)

Paramet Basal Al/PD Al/PDMS/ | Menthol Boric
ers MS M/C/BA/A acid
g
MTT 0.28+0. 0.14+0. 0.43+£0.01* 0.16+0.0 | 0.22+0
assay, 01 01* # 1*# 01*#
oD
Lactate, 2.26+0. 2.27+0. 2.43+0.1 6.07+0.1 5.63+0
uM/L 1 1 *# A
Glucose, | 2.26:+0. 3.640.1 2.43+0.1# 6.07+0.1 5.63+0
uM/L 1 * *# A*#
NO, 4.65+0. | 5.25+0. 4.85+0.2 5.7+£0.2*% | 5.35+0
uM/mL 2 2* # 2

Note. AI/PDMS, porous aluminum oxide with polydimethylsiloxane
particles; AI/PDMS/M/C/BA/Ag; M, menthol; BA, boric acid; MTT assay
tripartite; MTT assay, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide transformation into insoluble formazan by NAD(P)H-dependent
cellular oxidoreductase enzymes in live cells; OD, optical density (A=540
nm); NO, nitric oxide. *p<0.05 compared with control; # p<0.05 compared
with AI/PDMS.

While composition AlI/PDMS/M/C/BA/Ag possessed
to increase NAD (P) H-dependent oxidoreductase enzyme
activity of U-937 cells compared with control (p<0.05).

Only menthol and boric acid alone significantly
increased lactate production by U-937 cells compared with
control (p<0.05).

All tested samples, especially menthol and boric acid
decreased glucose consumption by U-937 cells compared
with control (p<0.05).

In the presence of aluminum-silica carrier, menthol,
and boric acid in culture media increased NO production by
U-937 cells compared with control (p<0.05).

V-DisscussION

We have found that menthol, boric acid alone on in
combination with aluminum-silica drug carrier possess to
inhibit some enzyme intracellular activity in monocytes cell
lines.

Menthol obtained from peppermint plant Menthax
piperita belong to monoterpene. Menthol used by folk and
traditional medicine for therapy of infections and as a non-
opioid agent [4, 5].

Camphor obtained from Cinnamomum campora used
in traditionally as anti-pain and anti-inflammatory activity
[6, 7].

Boric acid is a weak chemical inorganic acid that has
found its use as an insecticide, antiseptic. In addition, boric
acid has an anti-inflammatory effect when applied
externally [8].

Colloidal silver act as antimicrobial agent by
deactivating of enzyme involved in bacterial respiration,
proliferation and metabolism [9].

Cao and coworkers found that boric acid had no
significantly affect THP-1 cells TNF-alpha production and
intracellular glutathione content [10]. In rat model of gastric
ulcer induced by ethanol methanol (50 mg/kg) caused
gastroprotection, increased expression of cytoprotective and
anti-apoptotic  heat-shock protein-70, and decreased
expression of apoptotic Bax protein in bowel [11].
Moreover, menthol treatment possessed to decrease
myeloperoxidase and superoxide dismutase activity in



neutrophils, decreased TNF-alpha and IL-6 level, and
increased 1L-10 level.

Bayat and coworkers found dose-dependent
inhibition of mononuclear cells proliferative activity,
interferon-y production, and reduced the number of CD+T
cells expressing interferon-y [12]. Under L-menthol human
monocytes decreased production of LTB4, PGE2, and IL-
1beta [13].

This is a first study to demonstrate the effects of the
composition base menthol, camphor, boric acid, and
colloidal silver with particle of y-aluminum oxide with
polydimethylsiloxane on monocytes cell lines in vitro.
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