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ferenuiation of immature myvehwics e sciive phagocyliz
ing white blood cells, HL-60 cells have been used exiensive-
h-'hsinu_' their discovery in 1977 10 test proliferation and
differentiation-associated biological responses. ' This is the
first description. to our knowledge. of a2 possible mechanism
by which tea tree oil exerts its biological effect in mjured us-
sue aside from its action directly on microorganisms, We
show here thai differentiation occurs in white blood cell
progenitors as monitored by cessation of cell proliferation,
cessation of de novo incorporation of thymidine into DNA,

modulation of autofluorescence, increase in expression of

monocyle/macrophage-specific cellular differentiation anti-
gen CD-11b (Mac-1), and increases in expression of white
cell esierase alpha naphthol acetate esterase.

CD11b {(complement receptor CR3, iC3b receptor, Mac-
1) is partially responsible for capturing and destroying anii-
body-coated (opsinized) bactenia and fungus by white blood
cells. These findings support the hypothesis that differentia-
tion of the infected host’s promyelocytes and activation of
the host's macrophages may play an important role in the
biological activity of essential oil of Melalenca alternifolia
A preliminary report of this work is published elsewhere."”

MATERIALS AND METHODS

HL-60 cells were siored in liguid N; in RPMI-1640
(Gibeco BREL, Grand Island, NY) medium containing 3%
dimethylsulfoxide and 50% conditioned mediom (viv)
Nitrogen levels were monitored with a Thermolyne Ligquid
Nitrogen Monitor (Barnstead/Thermoline, Dubugoe, lowa)
HL-60 cells were cultured in RPMI 1640 media, thal con-
tained 10% heat inactivated horse serum, Fungizone (1.3
pg/mL ampbotericin B, 1 pg/mlL sodium desoxycholate],
and Pen-Strep (500 units/mL penicillin G and 500 pg/mL
streptomycin sulfate);{GibcoBRL). Cells were cultured in
75 cm? cell culture flasks (Costar, Cambridge, Mass). Cells
were maintained up to passage 30 at 37°C in the presence of
5% CO; before being discarded and reculiured from frozen
stocks.

(ell-Counting Procedures

Cell samples were placed in a hemocytometer and four
0.1 mm? {1 mm? x 0.1 mm) volumes of cells were counted
and averaged. The average concentration of cells per milli-
liter in culture was obtained by muluplying the average
nomber of cells per hemocytometer square by 10°.

Treatment with (#:=} Terpinene-4-ol or Tea Tree Qil

For most experiments, cells were cultured in horse serum
containing the medium mentioned above. For selected
experiments (data not shown), cells were transferred to a
synthetic medium containing only insulin (0.5 pg/mL) and
metals mixed in a proprietary ponionic surfactant {35R2,
Medicult, Copenhagen, Denmark) or culiared in fetal calf
serum—containing medivm (data not shown). HL-60 cells
were treated with serial dilutions of a purified racemic mix

of (+:=) wrpiene-3-0l (Aldrich Chemicals, Milwaukee, Wi
or tez tree oil {G.R. Davis Piy, Wamewood NSW, Australia
{+:—) Terpinene-4-ol was added to HL-60 cells in a range o
20 pmol/L to 1.5 mmol/L in serial dilutions starting at

1:400 dilution and ending at 1:25.600. In all cases, only low
passage celis were used since higher-passage cells behav.
differently.

Tritiated Thymidine Labeling Procedures

DNA svnthesis was monitored by labeling reated cells
for 4 hours with tritiated thymidine, 20 mCi/mmol (740
Gbg/mmol) (NEN Products, Boston, Mass) diluted to 20
uCi/mL in culture medium. Culture was seeded in 96 well
plates with HL-60 cells at 5 x 10° cells/mL containing the
appropriate biological response modifier in 0.1 mL media,
After a4 h labeling period with tritiated thymidine (0.1 mL.,
2 uCi) in medium, cells were harvested

Cell Harvest Procedures

Cells were aspirated onto glass-fiber filter strps with a
96-well cell harvester (PHD Cell Harvester, Cambridge
Technology Inc) with twenty 1-second washes of distilled
H;0. A 70% methanol solution was aspirated through the fil-
ter sinips 10 facilitate drying. The strips were oven dried and
placed in mimiature scintillation vials (RPI International, Mt
Prospect, [II).

Quantitation of Radicactivity

Three milliliter of scintillation cockiail (RPI, Mt Prospect,
Il) was added to each vial and the contents were mixed by in-
version. Each sample was placed in a 1209 RackBeta Liquid
Scintillation Counter (LEB-Wallace Inc, Gaithersburg, Md).
DPM was calculated by external standardization.

White Cell Esterases

Glass slides were spotted with samples of HL-60 obtained
from time-course experiments. Cells were centrifuged and
washed in | volume phosphate buffered NaCl solution: 150
mmol/L. NaCl, and 2 mmol/L. K;HPQ,, pH 7.4. Alpha naph-
thol acetale esterase (ANAE) and ASD-chloroacetate
esterase (ASDAE) assays were performed as described
(Sigma Dhagnostics, Kits 91A and 91C, respectively, 5L
Louis, Mo). ANAE activity-monocyuc differentiation (black
staining) and ASDCAE activity-granulocytic differentiation
ired staming) were estimated cytochemically by scoring at
least 200 cells per replicate culture in biological response
modifier assays. Nuclei were not counterstained with hema-
toxylin as the Sigma Diagnostics method described because
the blue stain interfered with scoring of ANEA and ASD-
CAE. Instead of staining, phase-conirast microscopy was
used 1o visualize nuclei and diapedesis of mature cells.

Nitroblue Tetrazolium Dye Reduction

Nitroblue tetrazolium (NBT) dye reduction assay was
performed in 1.5 mL disposable centrifuge bes. An aliquot
of 100 ul. NBT-saturated Dulbecco's Phosphate Buffered
Saline | mmol/L calcium and | mmol/L magnesium (100 L
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Fig |. Single parameter immunofinorescence histograms of HL-60 cells rreated (+:=} terpinene-4-ol and flupres-
cence tagged antibodies. Histogram (A ) shows red fluorescence of unireated HL-60 cells smained with nonspecific
antibedy (mouse [gG2,-PE). Histogram (B) shows red flucrescence of untreated HL-60 celis stained with specific
antibody (mouse antihuman CDIfb IgGa,-PE). Histogram (C) shows red fluorescence af (+.-) rerpinene-4-ol
treated HL-60 cellt stained with nonspecific staining {mouse [gGa,-PE). Histogram (D} shovs red fluorescence of

(4:=) terpinene-d-of rregred HL-60 cells stained with specific statning (mowse anii-human CDI Ib ipG,.-PE). Tabie
I quantitates nonspecific (histogram C) and specific (histogram D) for all dilutions of {(+:=) terpinene-4-ol assaved.

containing 1 pg of phorbol-12-myristate-13-acetate (PMA)
were added to each tube comtaining 10° cells. Incubation was
a1 37°C for 45 minutes. The reaction mixture was aspirated af-
ter centrifugation of the cells and the cells were solubilized
with 100 uL of a mixture (10% Triton X-100: glacial acetic
acid : DMS0/6:4:3) and blue color was guantitated in a 96-
well plate reader at Agrg o

Specific Antibody Staining Procedure
Treated cells (10%) were collected, centrifuged at 600 g
lor 10 minutes and washed with 10 volumes of Hanks
Balanced Salt Solution (HBSS). Incubation followed with
lug isotypic control antibody or specific human CD] b
M "Jantibody labeled with fluorescent phycoerythrin
)chkjnsun. San Jose, Calif). After incubation for 30
mnules at 4°C, the stained cells were fixed with 250 pl 1%
wovine serum albumin solution in HBSS and 250 pL 2%
araformaldehyde in HBSS. Cells were stored at 4°C umil

onvenient for flow cytometry.

Fow Cytometry

The HL-60 cells were analyzed with an Epics Profile 11
flow cytometer (Coulter Corporation, Hialeah, Fla) by
gaung on the forward angle versus 20° light scatter. All sam-
ples were gated on an HL-60 population such that the HL-60
population was completely displayed in the log green versus
log red fluorescence scattergram. The isotypic control was
used to standardize nonspecific binding to HL-60 cells. A
minimum of 10,000 HL-60 events were acquired for each
assay condition. The data were archived onto disks and ana-
lyzed with the Epics Profile |l software “o calculate percent-
age and absolule numbers of each HL-60 subpopulation,

RESULTS

Flow (ytometry

(DIIb Labefing. Fiz 1. A and B. shows labeling of HL-60
cells with nonspecific and specific antibody after either no
reaiment or ireaimenl with }‘.-ul’i[.:_"d racemic {+:=) lCrpmenc-

4-0l (C and Dy A and B show results of snireated cells
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