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Abstract. Background/Aim: Although adrenergic agonists have
been used in dental treatments and oral surgery for general
anesthesia, their cytotoxicity against human oral malignant and
non-malignant cell has not been well- understood. The present
study was undertaken to investigate the cytotoxicity of five
adrenergic agonists against human oral squamous cell
carcinoma (OSCC), glioblastoma, promyelocytic leukemia, and
normal oral mesenchymal cells (gingival fibroblast, pulp cell,
periodontal ligament fibroblast) and normal epidermal
keratinocytes. Materials and Methods: Tumor-specificity (TS)
was calculated by the ratio between the mean 50% cytotoxic
concentration against normal cells to that of tumor cells.
Internucleosomal DNA fragmentation was detected using
agarose gel electrophoresis. Caspase-3 activity was measured
by substrate cleavage. Results: Both cytotoxicity and tumor-
specificity of adrenergic agonists against OSCC cell lines
was in the order of isoprenaline>dexmedetomidine>
adrenaline>clonidine and phenylephrine. Isoprenaline and
dexmedetomidine did not induce apoptosis markers, such as
internucleosomal DNA fragmentation and caspase-3 activation,
but induced a smear pattern of DNA fragmentation in OSCC cell
lines. Their cytotoxicity was not reduced by pretreatment with
autophagy inhibitors, or by adrenoceptors antagonists. Addition
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of superoxide dismutase and catalase significantly reduced the
cytotoxicity of isoprenaline, but not that of dexmedetomidine.
Conclusion: Isoprenaline and dexmedetomidine induce non-
apoptotic cell death by different mechanisms.

Intravenous and local anesthetics are indispensable for dental
treatments and oral surgery. Adrenergic agonists, such as
dopamine, noradrenaline, adrenaline (biogenic amines) and
isoprenaline (synthetic drug) have been used frequently in
perioperative treatments (1). Adrenaline (o, [3-agonist)
contracts blood vessels and consequently decreases the
bleeding (2), delays the absorption of local anesthetics from
the surgical field, and prolongs the anesthetic duration. Also,
if adrenaline’s vasoconstrictive action is too strong, the nerve
fibers become ischemic and may cause hypoesthesia. In
clinical practice, excessive administration of adrenaline, in
particular following anesthesia in the periodontal ligament,
may cause a reduction in pulp blood flow and dry sockets after
tooth extraction (3). Adrenaline (10~100 pg/ml) inhibits the
invasion of human oral squamous cell carcinoma (OSCC)
cells by raising the intracellular concentration of cAMP (4).
However, cytotoxicity of adrenaline against normal cells has
not been described. Isoprenaline (f-agonist) is used to induce
cardiomyopathy, which can be ameliorated by down-
regulating the expression of proinflammatory cytokines
(IL-6,IL-10 and TNFa) and apoptotic markers (caspase-3 and
Bax), and up-regulating the anti-apototic protein Bcl2 (5).
Phenylephrine and clonidine are well known o; and a,
adrenergic receptor agonists that increase and reduce the blood
pressure, respectively (1, 6), but as far as we know, their
anticancer effects on oral cancer have not been reported yet.
Dexmedetomidine (a,-adrenoceptor agonist with an
imidazole ring) has been approved for sedation in the intensive
care unit (ICU) (7), for dental treatments and in oral surgery
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Figure 1. Chemical structure of the five adrenergic agonists used: adrenaline, isoprenaline, phenylephrine, clonidine, dexmedetomidine.

(8). Higher concentration of dexmedetomidine induces
apoptosis in neutrophils, and then suppresses the superoxide
generation (9). On the other hand, dexmedetomidine has
demonstrated an anti-apoptotic protective effect on hypoxia-
induced neuronal damage (10). A survey of the existing
literature has revealed that very little information is available
on the antitumoral potential of adrenergic agonists against oral
cancer, in comparison to their effect on normal oral cells (11).
In the present study, we investigated the relative
cytotoxicity of five adrenergic drugs, two catecholamines
(adrenaline, isoprenaline) and three non-catecholamines
(phenylephrine, clonidine, dexmedetomidine) (Figure 1)
against human oral OSCC cell lines (HSC-2, HSC-3, HSC-
4), normal mesenchymal oral cells (gingival fibroblast HGF,
periodontal ligament fibroblast HPLF, pulp cell HPC),
normal epidermal keratinocytes (HEK-a, HEK-n),
glioblastoma (U87MG, T98G) and promyelocytic leukemia
(HL-60) cells. Isoprenaline and dexmedetomidine, which
showed the highest cytotoxicity and tumor-specificity, were
further investigated for their apoptosis-inducing activity.

Materials and Methods

Materials. The following chemicals and reagents were obtained from
the indicated companies: RPMI-1640, Dulbecco’s modified Eagle
medium (DMEM) (Gibco BRL, Grand Island, NY, USA), fetal
bovine serum (FBS), 3-(4,5-dimethylthiazol-2yl)-2,5-diphenylte-
trazolium bromide (MTT), phenylephrine, 3-methyladenine (3-MA),
superoxide dismutase (SOD) (Sigma Chem. Ind., St. Louis, MO,
USA), dimethyl sulfoxide (DMSO), Nal, adrenaline, propranolol,
yohimbine and catalase (Wako Pure Chemicals, Osaka, Japan),
isoprenaline, tetrakis (4-benzoic acid) porphyrin chloride (Mn-TBAP)
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(CALBIOCHEM), clonidine (REFERENCE STANDARD),
dexmedetomidine (TOCRIS bioscience, Bristol, UK, RNase A,
Proteinase K, ethidium bromide, agarose S (NIPPON GENE Co., Ltd,
Toyama Japan), DNA molecular marker (Bayou Biolabs, Harahan,
CA, USA), 100 mm-plastic dish, 24-well plate and 96-microwell plate
(Becton Dickinson, Franklin Lakes, NJ, USA), substrates of caspase-
3 [DEVD-p-nitroanilide (pNA)] (MBL, Aichi Prefecture, Japan,
HuMedia-KG2 (KURABO, Osaka, Japan), bafilomycin A1 (BAF)
(Cosmobio, Tokyo, Japan). Adrenergic agonists were dissolved in
DMSO at 100 mM before use, and were diluted in the medium.

Cell culture. HL-60 cells (Riken, Tsukuba, Japan) were cultured at
37°C in RPMI-1640 supplemented with 10% heat-inactivated FBS.
Human OSCC cell lines (HSC-2, HSC-3, HSC-4) (provided by
Professor Nagumo, Showa University), normal human oral cells,
gingival fibroblast (HGF), pulp cells (HPC) and periodontal
ligament fibroblast (HPLF) (prepared from periodontal tissues of a
12 year-old patient, according to the guideline of the Intramural
Ethic Committee no. A0O808) (8), and human glioblastoma cell lines
(T98G and U87MG) (provided by Dr. Masataka lida, Showa
University), were cultured in DMEM supplemented with 10% heat-
inactivated FBS. Since normal oral cells have a limited lifespan of
43-47 population doubling levels (PDL), they were used at 8-15
PDL (12). Human epidermal keratinocytes (HEK-a, HEK-n)
(purchased from Kurabo, Osaka, Japan) were cultured in HuMedia-
KG2 supplemented with insulin, human recombinant epidermal
growth factor (hEGF), hydrocortisone, gentamicin, amphotericin B
and bovine pituitary gland extract (BPE), according to the
manufacturer’s instruction. Control cells inoculated in the same
rows of the 96-microwell plates were treated with the same amounts
of DMSO and the cell damage induced by DMSO was subtracted
from that induced by the test agents.

Cytotoxic activity assay. All cells were inoculated at a concentration
of 3x103 cells/well in 96-microwell plate (Becton Dickinson Labware,
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Figure 2. Cytotoxic activity of five adrenergic agonists against human normal and tumor cells. Cells were treated for 48 hours without (control), or
with the indicated concentrations of the five adrenergic agonists. The viable cell number was then determined by the MTT method and was expressed
as % of the control. Each value represents the mean=S.D. from 3 or 4 independent experiments.

NJ, USA), unless otherwise stated. After 48 hours, the medium was
removed by suction with an aspirator, and was replaced with 0.1 ml
of fresh medium containing different concentrations of the test
compounds. The same concentrations of vehicle (DMSO) were added
to control cells. The cells were incubated for another 48 hours, and
the relative viable cell number was then determined by the MTT
method (7). In brief, the cells were washed once with phosphate-
buffered saline without Ca?* and Mg2*+ [PBS(-)], and were
replenished with fresh culture medium containing 0.2 mg/ml MTT.
Following incubation for 4 hours, cells were lysed with 0.1 ml of
DMSO, and the absorbance at 540 nm of the cell lysate was
determined using a microplate reader (Biochromatic Labsystem,
Helsinki, Finland). From the dose-response curve, the 50% cytotoxic
concentration (CCs) was determined.

Calculation of tumor-specificity. Tumor-specificity (TS) of each
sample was calculated using the following equations:

(1) TSyy=mean CCs against three human oral normal mesenchymal
cells (HGF, HPLF, HPC)/mean CCs against three human OSCC
cell lines (HSC-2, HSC-3, HSC-4).

(2) TSg=mean CCj, against two human normal epidermal cells
(HEK-a, HEK-n)/mean CCs against three OSCC cell lines
(HSC-2, HSC-3, HSC-4).

Assay for DNA fragmentation. Cells treated with isoprenaline and
dexmedetomidine were lysed by lysate buffer [SO mM Tris-HCl
(pH 7.8), 10 mM EDTA, 0.5% (w/v) sodium N-lauroylsalcosinate].
The lysate was incubated with 0.4 mg/ml RNase A (Takara Bio
Inc., Shiga, Japan) and 0.8 mg/ml proteinase K (Takara Bio Inc.)
for 1-2 hours at 50°C, and was then mixed with 50 pl Nal solution
(7.6 M Nal, 20 mM EDTA-2Na, 40 mM Tris-HCI, pH 8.0), and
100 ul of ethanol. Following centrifugation for 20 minutes at
20,000 x g, 4°C, the precipitate was washed with 1 ml of 70%
ethanol and was dissolved in TE buffer (10 mM Tris-HCI, 1 mM
EDTA, pH 3-5). The sample (10-20 pl) was then applied to 2%
agarose gel electrophoresis in TBE buffer (89 mM Tris-HCI, 89
mM boric acid, 2 mM EDTA, pH 8.0) (13). The DNA molecular
marker (Takara Bio Inc.) and the oligonucleosomal DNA fragments
from HL-60 cells induced to apoptosis by ultraviolet (UV)
irradiation were used for calibration. The DNA fragmentation
pattern was examined in photographs taken under UV illumination.
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Table 1. Cytotoxic activity of five adrenergic agonists against human normal and tumor cells. The CCs values were calculated from the dose-
response curve in Figure 2. Each value represents mean+S.D. from 3 or 4 independent experiments. Log P value was cited from Chem Spider

(http://www.chemspider.com/Chemical-Structure).

CCsp (uM)
Catecholamines Non-catecholamines
Dexmedetomidine Adrenaline Isoprenaline Phenylephrine Clonidine

Lop P (membrane permeability) 3.1 -0.632 0.25 -0.03 141
Human normal oral mesenchymal cells

HGF 385.3x10 210449122 359.3+16.1 >500 >500

HPC 369.5+47.8 238.6x15.2 316.3£34.8 >500 >500

HPLF 388.4+50 363.3+52.1 376.1£10.8 >500 >500
Human epidermal keratinocytes

HEK-a 205.4 >1000

HEK-n 569 959.5
Human OSCC cell lines

HSC-2 163.5+81.7 153.5+£38.2 65.5+£35.2 >500 >500

HSC-3 213.1£56 .4 252+13.3 111.1+16.4 >500 >500

HSC-4 170.8+6.6 310.3£94.7 115.5+£79.8 >500 >500
Human glioblastoma cell lines

T98G 366.9+76.8 336.6+£73.3 359.8+94.5 >500 >500

U87TMG 392.4+28.9 190.8+48.1 331.8+55.3 >500 >500
Human promyelocyte leukemic cell line

HL-60 92.843.5 180+54.5 163+37.9 >500 >500
Tumor-specificity (TS)

TSy (Mesenchymal cells vs. OSCC) 2.1 1.1 3.6 1.0 1.0

TSg (Epithelial cells vs. OSCC) 2.1 10.1

Assay for caspase activation. Cells treated with isoprenaline and
dexmedetomidine were washed with PBS (-) and lysed in lysis
solution (MBL, Nagoya, Japan). After cells stood for 10 minutes on
ice, they were centrifuged for 5 minutes at 10,000 x g and the
supernatant was collected. The lysate (50 ul, equivalent to 100 pg
protein) was mixed with 50 pl 2x reaction buffer (MBL) containing
substrates for caspase-3 (DEVD-pNA). Following incubation for 4
hours at 37°C, the absorbance at 405 nm of the liberated
chromophore pNA was measured by a microplate reader
(Labsystems Multiskan, Biochromatic Labsystem, Osaka, Japan)
attached to a Star DOT Matrix printer JL-10 (9). Apoptotic cells
(positive control) were prepared by exposing human promyelocytic
leukemic HL-60 cells to 1-minute UV irradiation (14).

Statistical analysis. Each value in the graph of the cell proliferation
activity shows the mean and standard deviation from three to four
independent experiments. Each experiment was performed at least
in triplicate to confirm the reproducibility of the result. For
significant differences between the two groups we used Student’s #-
test and a value of p<0.05 was considered significant.

Results

Cytotoxicity of adrenergic agonists. Isoprenaline, dexmedeto-
midine and adrenaline reduced the viable cell number of
human oral squamous cell carcinoma (OSCC) cell lines
(HSC-2, HSC-3, HSC-4), human normal oral mesenchymal
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cells (HGF, HPLF, HPC), human glioblastoma (U§7MG,
T98G) and human promyelocytic leukemia cells (HL-60) in
a dose-dependent manner (Figure 2). Among five adrenergic
agonists, isoprenaline showed the highest cytotoxicity
against OSCC cells (CC5,=65.5-115.5 uM), followed by
dexmedetomidine (CCsg=163.5-213.1 uM) and adrenaline
(CC5¢p=153.5-310.3 uM). The cytotoxicity of clonidine and
phenylephrine was much less (CCs5(,>500 uM).

Isoprenaline showed the highest tumor-specificity
(TSy=3.60), when determined with OSCC cells and
mesenchymal normal oral cells, followed by dexmedeto-
midine (TSy;=2.1), adrenaline (TSy;=1.1), clonidine and
phenylephrine (TSy=1.0) (Table I). Isoprenaline and
dexmedetomidine also showed comparable or slightly higher
tumor-specificity (TSg=10.1 and 2.12, respectively), when
determined with OSCC cell lines and normal epidermal
keratinocytes (HEK-a, HEK-n).

Among eleven human cell lines, the human promyelocytic
leukemic cell line HL-60 showed the highest sensitivity to
isoprenaline and dexmedetomidine (CC5(=92.8-163.0 uM),
followed by OSCC (CC5y=65.5-213.1 uM), mesenchymal
normal oral cells (CCsy,=316.3-388.4 uM), glioblastoma
(CC59=331.8-392.4 uM) and epidermal keratinocytes
(CC45p=205.4->1000 pM) (Table I). Since cytotoxicity of
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Figure 3. Effect of treatment time of isoprenaline or dexmedetomidine on cytotoxicity induction in HSC-2 and HSC-4 cells. Cells were treated for
the indicated times without (control), or with the indicated concentrations of isoprenaline or dexmedetomidine. The viable cell number was then
determined by the MTT method, and it was expressed as % of the control. Each value represents the mean=S.D. from 3 independent experiments.

isoprenaline and dexmedetomidine was augmented with
incubation time, reaching a plateau level at 24 hours, the
following experiments were performed at 6 and 24 hours
following treatment (Figure 3).

Induction of non-apoptotic cell death. When human
promyelocytic leukemic HL-60 cells were treated with
isoprenaline or dexmedetomidine, internucleosomal DNA
fragmentation, a biochemical hallmark of apoptosis, was
induced. This fragmented DNA was used as a positive
control. On the other hand, isoprenaline and
dexmedetomidine failed to induce internucleosomal DNA
fragmentation in human oral squamous cell carcinoma cell
lines (HSC-2, HSC-4), but produced a smear pattern of DNA
fragmentation 24 hours later (Figure 4), suggesting a possible
induction of necrotic cell death.

Isoprenaline (50-400 uM) and dexmedetomidine (100-
800 uM) did not increase, but rather slightly reduced
caspase-3 activity at 6 hours (*p<0.05) (Figures 5A and 5B,

respectively). At 24 hours, caspase-3 was activated, but to
a much lower extent compared to what we observed in the
apoptotic cells (UV-irradiated HL-60 cells) (*p<0.05)
(Figure 5C).

Pretreatment of HSC-2 and HSC-4 cells with autophagy
inhibitors at two different concentrations, such as 3-
methyladenine (5 and 10 mM) or bafilomycin Al (200 nM
and 1 uM) failed to inhibit the isoprenaline or
dexmedetomidine-induced cell death (Figure 6), reducing the
possibility of autophagy induction by these drugs.

Effect of adrenergic receptor blockers. We next investigated
the possibility of involvement of a,-receptor in the cell death
induction by isoprenaline and dexmedetomidine, using
propranolol (non-specific 31, §,-blocker) and yohimbine (at,-
blocker). We found that pretreatment with propranolol and
yohimbine up to 63 uM did not affect the growth of cells, if
the pretreatment time did not exceed 1 hour (Figures 7A and
7B, respectively). We found that cell death induction by
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Figure 4. Effect of isoprenaline and dexmedetomidine on DNA fragmentation in HL-60, HSC-2 or HSC-4 cells. HL-60, HSC-2, or HSC-4 cells were
incubated for 6 or 24 h without (control) or with the indicated concentrations of isoprenaline and dexmedetomidine. DNA was then extracted and
subjected to agarose gel electrophoresis. UV: DNA from apoptotic HL-60 cells induced by UV irradiation.

isoprenaline was not affected by propranolol, reducing the
possibility of the involvement of the -receptor (Figure 7C).
Likewise, cell death induction by dexmedetomidine was not
affected by yohimbine, reducing the possibility of the
involvement of the o,-receptor (Figure 7D).

Involvement of ROS. It has been reported that
catecholamines, such as adrenaline, noradrenaline and
isoprenaline (Figure 1) induce cell death by producing
reactive oxygen species (ROS) (15). We investigated whether
the addition of superoxide dismutase (SOD) that degrades
superoxide anion (O,7), as well as of catalase that degrades
hydrogen peroxide, reduce the cytotoxicity induced by
adrenergic agonists. The addition of SOD and catalase (both
at 300 units/ml) significantly reduced the cytotoxicity
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induced by adrenaline (Figure 8A) and isoprenaline (Figure
8B) (*p<0.05), but not the cytotoxicity induced by
dexmedetomidine (Figure 8C). Furthermore, cytotoxicity of
dexmedetomidine was not inhibited by Mn-TBAP (10 pM)
that can penetrate cells (Figure 8D). These data suggest that
the generation of ROS is involved in the cytotoxicity
induction by catecholamines, such as adrenaline and
isoprenaline, but not by non-catecholamines, such as
dexmedetomidine.

Discussion
At present, the vasoconstrictor adrenaline is widely used in

Japan at a concentration of 12.5 pg/ml (68.1 uM), for
balancing the anesthetic effect and the safety during the dental
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Figure 5. Effect of isoprenaline and dexmedetomidine on caspase-3 activity in HSC-2 and HSC-4 cells. Cells were incubated for 24 h without
(control), or with the indicated concentrations of isoprenaline or dexmedetomidine and then assessed for caspase-3 activity (expressed as 405 nm
of cleaved product for each substrate). Data are expressed as a mean=S.D. *indicates a significant difference from the HL-60 control value (p<0.05).

UV: HL-60 cells were exposed to 1 min UV irradiation.

injection cartridge formulation (16). The use of lidocaine 2%
with a higher adrenalin concentration of 1:80,000 can lead to
significant hemodynamic and electrocardiographic changes in
perioperative period (17). The a, adrenergic agonist
dexmedetomidine stimulates the o, receptor of the locus
coeruleus and shows a sedative effect when the plasma
concentration is adjusted to 0.3-1.25 ng/ml (10 nM).
Dexmedetomidine is continuously administered intravenously
at a dose rate of 6 pg/kg/h for 10 min and is then maintained
at 0.2-0.7 pug/kg/h, to exert sedation in the intensive care unit
(18). The present study demonstrated that phenylephrine (o
agonist) and clonidine (a, agonist) showed very weak
cytotoxicity against both oral normal cells and OSCC cells
(Table I). Since many drugs have been reported to exhibit
biphasic actions (hormesis effect) (19), it is necessary to

investigate the possibility of cell growth promotion at a low
concentration as well as cytotoxicity at a high concentration.

The present study demonstrated that among five adrenergic
agonists, isoprenaline showed the highest cytotoxicity and
tumor-specificity between OSCC and mesenchymal normal
cells as well as between OSCC and epithelial normal cells. It
has been reported that cytotoxicity increases with an
increasing octanol/water partition coefficient (Log P), an index
of hydrophobicity, and the cytotoxicity generally can reach a
maximum value at log P of around 3 (20, 21). In this study,
isoprenaline with low hydrophobicity (Log p=0.25) showed
higher toxicity compared to dexmedetomidine with high
hydrophobicity (Log p=3.10) (Table I), suggesting no
correlation between cytotoxicity of adrenoceptor agonists and
membrane permeability.

3525



ANTICANCER RESEARCH 39: 3519-3529 (2019)

120 -

100
80
60
40
20

120 4

100

B O
o o o

o

Viable cell number (%)

=
0 o
o o

60
40
20

140 A

120
100
80
60
40
20

Pretreatment with autophagy inhibitors: 24 h

120 -

3-methyladenine =-&--0mM 3-methyladenine

a_ —8—5mM * 3MA 100 4
i o wees 10MM * 3MA |
1 +] 80
AL ul
g, - e =] X
§_' \

40
20 -

o]
(=]
L

0 39 7.8 16 31 63 125 250 500 1000 0 39 7.8 16 31 63 125 250 500 1000

120 -

) . -+ -0uM
bafilomycin  —a—700nm - BAF 100 T
we0ee TUM * BAF 80 A

60 1 |

HSC-4

HSC-2

T T T T T T 1

0 39 7.8 16 31 63 125 250 500 1000

0 39 78 16 31 63 125 250 500 1000
Isoprenaline (uM)

120 1

3-methyladenine & =0mM 3-methyladenine
, SmM + 3MA 100

B .
P "‘“i- % _a’ L¥ew10mM - 3MA.,

60 1
_____ 1 1 a6
HSC-2 0] HSC-4
0 39 78 16 31 63 125 250 500 1000 0 39 78 16 31 63 125 250 500 1000
bafilomycin ki | 1207 pafilomycin
—&—200nM - BAF 100 - Y
wndes 1UM + BAF
_____ 80 A
60 1
40 1
HSC-2 20 -
T T T T T T T T r 1 0 T . - r T T T T T d
0 39 78 16 31 63 125 250 500 1000 0 39 78 16 31 63 125 250 500 1000

Dexmedetomidine (uM)

Figure 6. Effect of autophagy inhibitors (3-MA, BAF) on isoprenaline or dexmedetomidine-induced cytotoxicity against HSC-2 and HSC-4 cells.
HSC-2 or HSC-4 cells were pretreated for 1 h with the indicated concentrations of autophagy inhibitors, and were then incubated for 48 h without
(control), or with the indicated concentrations of isoprenaline or dexmedetomidine. The viable cell number was then determined by the MTT method,
and was expressed as % of the control. Each value represents a mean=S.D. from 3 or 4independent experiments.

Next, we investigated the type of cell death induced in OSCC  autophagic cell death, autosis, autolysis, paraptosis, pyroptosis,
cells by isoprenaline and dexmedetomidine. There are many  phagoptosis, and mitochondrial permeability transition (22).
types of cell death, such as intrinsic and extrinsic apoptosis,  Judging from our observation that: i) isoprenaline induced smear
oncosis, necroptosis, parthanatos, ferroptosis, sarmoptosis, pattern of DNA fragmentation (23) without inducing apoptosis

3526



Uchida er al: Adrenergic Agonist-induced Tumor Cell Death

=¥=1h
—e—6h

120 ~

100 -

80 ~

60 -

40

20 A

0 T T T T T T T : -. 2 -"-. 1
0 39 78 16 31 63 125 250 500 1000

Propranolol (uM)

140 - «+9€++ Propranolol / O uM
— e 5 M

120 A e 20 WM

Viable cell number (%)

100 +

80 +

60

20 A

0 T T T T T T T T T

0 39 78 16 31 63 125 250 500 1000
Isoprenaline (M)

=== Eh
100 4
80 A
60 A
40 A
20 -
0 T T T T T T T T T 1
0 39 78 16 31 63 125 250 500 1000
Yohimbine (uM)
120 4 = 3= Yohimbine / 0 uM
—— 5 M
100 - ——20 4V
80 A
60 A
40 A
20 ~
0 T T T T T T

78 16 31 63 125 250 500 1000
Dexmedetomidine (LM)

0 39

Figure 7. Effect of adrenoreceptors antagonists on isoprenaline and dexmedetomidine-induced cytotoxicity. In order to determine the pretreatment
time of propranolol and yohimbine, HSC-2 cells were pretreated for 1, 6, 24 or 48 h with the indicated concentrations of propranolol (A) and
yohimbine (B). Viable cell number was then determined in triplicates by the MTT method, and it was expressed as % of the control. Each value
represents a mean=S.D. from 3 or 4 independent experiments. Next, HSC-2 cells were pretreated for 1 h with the indicated concentrations of
isoprenaline (C) and dexmedetomidine (D), and were then incubated for 48 h without (control), or with the indicated concentrations of isoprenaline
or dexmedetomidine. The viable cell number was then determined as described above.

markers (internucleosomal DNA fragmentation, caspase-3
activation) and (ii) the cytotoxicity of isoprenaline was not
affected by autophagy inhibitors (3-methyladenine, bafilomycin),
it seems that OSCC cells suffered necrotic cell death rather than
apoptosis. Further study is required to investigate the possibility
of the involvement of necrotic cell death, such as pyroptosis and
necroptosis, in which the activation of caspase-1, IL-1f} and IL-
18 pathways is involved (24).

There are reports (25) that the 3, receptor is expressed in
human oral squamous cell carcinoma cells and plays an
important role in metastasis, but the association with
cytotoxicity is unknown. We found that the cell death
induction by isoprenaline was not affected by propranolol,
reducing the possibility of the involvement of the B-receptor
(Figure 7C). The cell death induction by dexmedetomidine
was also not affected by yohimbine, reducing the possibility
of the involvement of the a,-receptor (Figure 7D).

Catecholamines, such as dopamine, have been reported to
produce hydrogen peroxide (H,O,) (15). Therefore, we
examined whether there is a correlation between cytotoxicity
and ROS generation ability. We found that the cytotoxicity of
isoprenaline and adrenaline, having catechol ring was
suppressed by SOD and catalase, suggesting the involvement
of ROS generation in the cell death induction. In contrast, the
cytotoxicity of dexmedetomidine without catechol backbone
did not change even when SOD and catalase were added. We
considered that highly hydrophobic dexmedeto-midine, but
neither SOD nor catalase pass through the cell membrane and
acts inside the cell. However, pretreatment with Mn-TBAP
that scavenges intracellular O, again did not inhibit the injury
of dexmedetomidine, suggesting the possibility that ROS may
not be involved in the cell death induction. These results
suggest that there is a difference in the mechanism of cell
death induction between isoprenaline and dexmedetomidine.
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Figure 8. Effect of SOD plus catalase or Mn-TBAP on the cytotoxicity of adrenaline, isoprenaline, dexmedetomidine. HSC-2 cells were incubated
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expressed as % of the control. Each value represents a mean=S.D. from 3 or 4 independent experiments.

It has been reported that physiological stress levels of
norepinephrine and isoproterenol (10 uM) at 1 h elicit the
most robust IL-6 increase in secretion from the OSCC cell
lines (SCC9 and SCC25). These effects can be blocked by the
[-adrenergic antagonist propranolol, supporting a role for [3-
adrenergic receptors in IL-6 secretion (26). This phenomenon
observed at a lower concentration of isoproterenol is quite
different from that at a higher concentration that is not
mediated via P-adrenergic receptors (Figure 7).

In conclusion, the present study suggests that isoprenaline
and dexmedetomidine induce non-apoptotic cell death by
distinct mechanisms. Since their CCs, values were much higher
than their clinical concentration, combination of other antitumor
agents may be necessary for their effective clinical application.
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