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Abstract

The pharmacological effects of hydroxamic acids are partially attributed to their ability to serve as
HNO and/or NO donors under oxidative stress. Previously, it was concluded that oxidation of the
histone deacetylase inhibitor suberoylanilide hydroxamic acid (SAHA) by the metmyoglobin/
H,0, reaction system releases NO, which was based on spin trapping of NO and accumulation of
nitrite. Reinvestigation of this system demonstrates the accumulation of N,O, which is a marker of
HNO formation, at similar rates under normoxia and anoxia. In addition, the yields of nitrite that
accumulated in the absence and the presence of O, did not differ, implying that the source of
nitrite is other than autoxidation of NO. In this system metmyoglobin is instantaneously and
continuously converted into compound 11, leading to one-electron oxidation of SAHA to its
respective transient nitroxide radical. Studies using pulse radiolysis show that one-electron
oxidation of SAHA (pK5=9.56 + 0.04) yields the respective nitroxide radical (pK3=9.1 + 0.2),
which under all experimental conditions decomposes bimolecularly to yield HNO. The proposed
mechanism suggests that compound | oxidizes SAHA to the respective nitroxide radical, which
decomposes bimolecularly in competition with its oxidation by compound 11 to form HNO.
Compound Il also oxidizes HNO to NO and NO to nitrite. Given that NO, but not HNO, is an
efficient hypoxic cell radiosensitizer, we hypothesized that under an oxidizing environment SAHA
might act as a NO donor and radiosensitize hypoxic cells. Preincubation of A549 and HT29 cells
with 2.5 uM SAHA for 24 h resulted in a sensitizer enhancement ratio at 0.01 survival levels
(SERg 1) of 1.33 and 1.59, respectively. Preincubation of A549 cells with oxidized SAHA had
hardly any effect and, with 2 mM valproic acid, which lacks the hydroxamate group, resulted in
SER( 01=1.17. Preincubation of HT29 cells with SAHA and Tempol, which readily oxidizes HNO
to NO, enhanced the radiosensitizing effect of SAHA. Pretreatment with SAHA blocked A549
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cells at the G1 stage of the cell cycle and upregulated y-H2AX after irradiation. Overall, we
conclude that SAHA enhances tumor radioresponse by multiple mechanisms that might also
involve its ability to serve as a NO donor under oxidizing environments.
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Suberoylanilide hydroxamic acid (SAHA; Fig. 1), an inhibitor of histone deacetylase
(HDAC), is known to cause cell growth arrest and apoptosis [1]. Clinical evaluation of the
drug is currently under way in multiple studies of patients with hematologic and solid tumor
malignancies [2-4].

Part of the biological activities of hydroxamic acids is linked to their capacity to generate
nitric oxide (NO) and/or its reduced form HNO/NO™ (nitroxyl) [5-10]. The latter is an
unstable weak acid (pK; = 11.4 [11,12]), which readily decomposes to yield N,O [12], and
like NO displays both pro-oxidative and antioxidative effects [13-16]. It has been reported
that oxidation of SAHA by the metmyoglobin/H,O, reaction system releases NO based on
spin trapping of NO by carboxy-PTIO and accumulation of nitrite, assuming that it is
formed via NO reaction with O, [9]. However, carboxy-PTIO cannot be used to distinguish
NO from HNO because it reacts with both and oxidizes HNO to NO [17], and the source of
nitrite might be other than autoxidation of NO. Recently, it was demonstrated that oxidation
of acetohydroxamic and glycine-hydroxamic acids by the metmyoglobin/H,O5 reaction
system generates HNO and nitrite under both anoxia and normoxia [18]. In line with these
results we reinvestigated the oxidation of SAHA by this system and extended this study to
oxidation of SAHA by radiolytically borne radicals demonstrating that HNO is the precursor
of NO.

Even though HDAC inhibitors have shown promise as candidate radiosensitizers for many
types of cancers [19-22], their mechanisms of actions are not well understood. Given that
NO, but not HNO, radiosensitizes hypoxic cells in vitro [23-28], we hypothesized that a
plausible mechanism by which SAHA enhances tumor radioresponse involves its ability to
serve as a NO donor under oxidizing environments thus adding an advantage over other
HDAC inhibitors lacking the hydroxamate group. This study demonstrates that one-electron
oxidation of SAHA forms HNO, which is partially oxidized to NO under an oxidizing
environment. It is also demonstrated that SAHA is a more efficient radiosensitizer of
hypoxic tumor cells compared to oxidized SAHA or valproic acid lacking the hydroxamate
moiety.

Material and methods

Materials

Water for solution preparation was purified using a Milli-Q system. SAHA was received
from Merck & Co. (Whitehouse Station, NJ, USA) and from LC Laboratories. Valproic acid,
Tempol, and myoglobin from horse heart were purchased from Sigma (St. Louis, MO,
USA). Diethylenetriamine nonoate (DETA/NO) was purchased from Cayman Chemical
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(Ann Arbor, MI, USA). Sephadex G-25 for gel-filtration chromatography was purchased
from Pharmacia (Uppsala, Sweden). Metmyoglobin (MbFe!'") was prepared by adding
excess of ferricyanide to myoglobin in 5-50 mM phosphate buffer at pH 7 followed by
chromatographic separation through a Sephadex G-25 column. Ferryl myoglobin
(MbFe!V=0) was prepared by mixing MbFe!!! with excess of H,0, followed by addition of
catalase to remove residual unreacted H,0,. The concentrations of MbFe!!! and MbFe!V=0
were determined spectrophotometrically using e405=188 MM~ cm™ and e491=111 mM™1
cm™1, respectively [29]. Oxidized SAHA was prepared via its reaction with MbFe!V=0
followed by the removal of the protein using Sephadex G-25 column chromatography.
Griess reagents were prepared according to a previously published method [30]. Stock
solutions of SAHA were prepared in dimethyl sulfoxide (DMSO) and that of DETA/NO in
0.01 M NaOH.

Nitrite analysis

Nitrite was assayed by mixing equal volumes of the sample and the Griess reagent. Analysis
of nitrite produced under anoxia was done through the injection of 1 ml anoxic sample into 1
ml anoxic reagent, which was placed in a cell sealed with a rubber septum. The absorption at
540 nm was read 15 min after the addition of the sample. Calibration curves were prepared
using known concentrations of nitrite.

Gas chromatography (GC)

Irradiation

Sample solutions (5 ml) were placed in a glass vial (10.7 ml) sealed with a rubber septum.
An aliquot of the reaction headspace (2 ml) was taken and 1 ml at room pressure and
temperature was injected onto a 5890 Hewlett—Packard gas chromatograph equipped with a
thermal conductivity detector, a 10-ft-14-in. Porapak Q column at an operating oven
temperature of 70 °C (injector and detector 150 °C) and a flow rate of 20 ml/min (He, carrier
gas). The retention times of O»/N, and N,O were 0.8 and 2.8 min, respectively. The yields
of N,O were calculated on the basis of a standard curve prepared by injecting known
amounts of N,O gas (Maxima, Israel).

Pulse radiolysis experiments were carried out using a 5-MeV Varian 7715 linear accelerator
(0.1- to 1.5-ps electron pulses, 200-mA current). A 200-W Xe lamp produced the analyzing
light. Appropriate cutoff filters were used to minimize photochemistry. Measurements were
done using a 2-cm Spectrosil cell with three light passes. All experiments were done at room
temperature.

Steady-state irradiations were carried out at room temperature using either a Precision X-
Ray X-Rad 320 (East Haven, CT, USA) operating at 300 kV/10 mA with a 2-mm aluminum
filter (2.42 Gy min~1) or a 137Cs source (6.4 Gy min~1). The dose rate at 50 cm from the X-
ray source was determined by multiple thermoluminescence dosimeter readings and that of
the 137Cs source using the Fricke dosimeter.
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Human A549 lung adenocarcinoma and HT29 colon adenocarcinoma cells were cultured at
37 °C in RPMI medium supplemented with 10% (v/v) fetal calf serum, 100 U/ml penicillin,
and 100 U/ml streptomycin, in a 95% air/5% CO» incubator. Stock cultures of exponentially
growing cells were trypsinized, rinsed, plated (3 x 10° cells per glass flask) in 25-cm? glass
flasks, and incubated for 16 h at 37 °C before experimental protocols. Cells were exposed to
2.5 UM SAHA for 24 h and then subjected to hypoxia (detailed below) for 1 h and irradiated.

Induction of hypoxia

Cells from stock cultures were trypsinized, plated into 25-cm? glass flasks (3 x 10° cells/
flask), and incubated 16 h before each experiment. Flasks were sealed with soft rubber
stoppers, and 19-gauge needles were pushed through to act as entrance and exit ports for the
humidified gas mixture. Stoppered flasks connected in series and mounted on a
reciprocating platform (agitated at 1 Hz) were gassed at 37 °C for 1 h with 5% C0O2/95% No.
The gassing procedure resulted in an equilibrium between the gas and the liquid phase and
yielded oxygen concentrations in the effluent gas phase of < 10 ppm as measured by a
Thermox probe [31].

Clonogenic assay

Cells were trypsinized, diluted, and plated in triplicates for macroscopic colony formation.
Plates were incubated for 10-12 days, after which colonies were fixed with methanol/acetic
acid, 3/1 (v/v), stained with crystal violet, and counted. Colonies containing > 50 cells were
scored.

Flow cytometry and cell cycle phase analysis

After treatment A549 cells were rinsed with phosphate-buffered saline (PBS), trypsinized,
fixed with 70% ethanol, incubated with 50 mg/ml propidium iodide, and analyzed for DNA
content by using a BD FACSscan (BD Biosciences, San Jose, CA, USA).

Immunoblot analysis for y-H2AX

After treatment A549 cells were harvested and lysed in 10 mM Hepes, pH 7.9,1.5 mM
MgCl,,10 mM KCI with 0.5 mM dithiothreitol and 1.5 mM phenylmethanesulfonyl fluoride
with complete protease inhibitor cocktail (Roche Applied Science, Indianapolis, IN, USA).
Histones from the nuclear pellet were extracted in 0.2 M sulfuric acid by incubating samples
on ice for 4-6 h. After centrifugation, acid-soluble histones were transferred to fresh tubes
and 9 volumes of ice-cold acetone were added. Histones were precipitated at —20 °C
overnight and were pelleted by centrifugation at 14,000 rpm for 10 min at 4 °C. Supernatant
was discarded and pellets were air-dried. Histones were solubilized in 4 M urea and protein
concentration was determined by Bio-Rad D, protein assay. Histones were separated on 4—
10% Tris-glycine gels (Invitrogen, Carlsbad, CA, USA) by loading 20 g samples and
transferred to nitrocellulose membrane using the iBlot dry blotting system from Invitrogen.
Membranes were incubated overnight at 4 °C with mouse monoclonal anti-phospho-histone
H2AX (Ser139), clone JBW301 (1:10,000) from Millipore (Temecula, CA, USA), washed
three times with PBS-Tween 20 and incubated with horseradish peroxidase-conjugated anti-
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mouse antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA). y-H2AX was
visualized using an ECL detection kit (PerkinElmer, Waltham, MA, USA) using a Fluor
Chem SP imager (Alpha Innotech, San Leandro, CA, USA). Membranes were stripped using
Re-Blot Plus mild antibody stripping solution (Millipore) and reprobed with 1:1000 rabbit
antiserum to histone H2A (acidic patch from Millipore) to ascertain uniform loading. Signal
intensities were normalized to their loading control H2A and expressed as fold change
compared to controls.

Results and discussion

Oxidation of SAHA by radiolytically borne radicals

SAHA contains an aromatic group (Fig. 1), and therefore the oxidation of its hydroxamate
moiety was achieved and studied using Br, ~ and ‘N3 radicals, which react extremely

slowly, if at all, with aromatic groups, and with DMSO used to solubilize SAHA. When
N,O-saturated solutions (pH > 3) are irradiated, *OH is produced via reactions (1) and (2):

Hy0 — e5(2.6), *OH (2.7), H® (0.6), H30™ (2.6), Hy0; (0.72) o

The numbers in parentheses are G values, which represent their respective yields (in 10~/ M
Gy™1), which are about 7% higher in the presence of high solute concentrations.

¢zq+N20 + HyO — «OH + No + OH; kp = 9.7 x 10° M~ 571 [32] @

The oxidation of bromide or azide ions by *OH generates Bry ~ and °N3 radicals,
respectively. Because stock solutions of SAHA were prepared as 0.25 M in DMSO
(IDMSQ]/[SAHA] ~ 56), the concentrations of bromide or azide ions were sufficiently high
to compete efficiently with DMSO for "OH.

The second-order decay of 1 uM Bry ~ followed at 360 nm (£=9500 M~1cm™1) turned into

first-order decay in the presence of [SAHA] > 50 uM. The bimolecular rate constant was
determined from the dependence of the observed first-order rate constant on [SAHA] (e.g.,
Supplementary Fig. 1S), which decreased as the pH decreased (Fig. 2), implying that the
oxidation of the deprotonated form of SAHA is more efficient than that of the protonated
one, i.e., (4.9 £0.1) x 107 and (3.0 £ 0.7) x 106 M~1s71, respectively. The dependence of the
rate constant on the pH allows the determination of the p&K3=9.56 + 0.04 for SAHA in
aqueous solutions, which is significantly lower than that determined in 70%/30% (v/v)
water/DMSO, i.e., 11.65 [33].

The rate constant of *N3 reaction with the deprotonated form of SAHA has been determined
to be (5.1 + 0.1) x 109 M~1 s71 using competition kinetics against phenol at pH 12 by
following the formation of CgHs0O® at 400 nm (Supplementary Fig. 2S). The reactions of N3
with 0.12-1 mM SAHA was studied directly by following the formation and decomposition
of the transient nitroxide radical at A 280-340 nm (Fig. 3).
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The dependence of the absorption on the pH (Fig. 3, inset) allows the determination of
pK3=9.1 £ 0.2 for RC(O)NHO?*, which is similar to that previously determined for
CH3C(O)NHO" [10].

Under all experimental conditions the decay of the nitroxide radical obeyed second-order
kinetics. The bimolecular rate constant of the deprotonated form has been determined to be
2k= (8.9 £0.8) x 10’ M1 s71 at ionic strength /= 0.2 M. This process leads to the
formation of an intermediate, which decomposes via a first-order reaction into another
transient species having a maximum absorption at 310 nm (Fig. 4B). The rate constant of
this reaction was determined to be 50 + 4 s~1 at pH 11.4 by following the formation of the
absorption of this intermediate at A > 330 nm at which the contribution of the second-order
decay is negligible. This transient species decayed via a first-order reaction and its rate
constant increased as [OH™] or [SAHA] increased, resulting in A=3.2 x 103 x [SAHA] + 57
x [OH7] s7L. Typical kinetic traces at 285 and 312 nm are given in Fig. 4A and B,
respectively.

Similar results have been reported for the decomposition of CH3C(O)NO*~ for which it has
been proposed that the bimolecular process forms several adducts due to the distribution of
the spin over the O—C—N-O group [10]. Some of the adducts decompose, yielding
unidentified products; others decompose to yield RC(O) N = O, which decomposes via
hydrolysis (catalyzed by OH") or via the reaction with RC(O)NHO~ forming HNO (Scheme
1).

The accumulation of nitrite was assayed by the Griess reagent only in the bromide system
owing to quenching of the dye by azide ions. Steady-state irradiation (128-267 Gy) of N,O-
saturated solutions containing 0.4 mM SAHA and 0.3 M NaBr at pH 10.4 hardly yielded
nitrite after the mixing of the irradiated sample with aerated reagent.

Because N,O accumulation cannot be monitored by GC in N,O-saturated solutions ([N,O]
24 mM), the solutions were deoxygenated with He and H,O, was used instead of N,O to
convert ez into *OH [32]. Pulse or y-irradiation of anoxic solutions containing 0.5 mM
SAHA, 0.5 mM H,0,, and 0.4 M NaN3 at pH 10 generated N,O resulting in [HNO]/['N3] =
0.08 + 0.02, i.e., the bimolecular decomposition of the transient nitroxide radical yields
about 16% HNO.

Oxidation of SAHA by the MbFe!'/H,0, reaction system

The reaction between MbFe!!' and H,0, produces a two-electron oxidizing intermediate
("MbFe'V=0, compound I) and a relatively more stable one-electron oxidizing product
(MbFe!V=0, compound I1). MbFe!!! does not react with SAHA, but upon the addition of
H,0, it is converted within less than 30 s into MbFe!V=0. MbFe!!! is recycled, but its
steady-state concentration is hardly detectable as evident from the absence of its
characteristic absorbance at 408 nm (Supplementary Fig. 3S). The absorption of MbFe!V=0
progressively decayed at both 422 and 500-650 nm without any appearance of MbFe!!!
(Supplementary Fig. 3S), which most probably reflects deterioration of the heme owing to
iron release [34].
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The rate of nitrite accumulation decreased with time owing to the irreversible destruction of
the heme. Therefore, we compared only the initial rates of nitrite release, which increased
upon increasing [MbFe!!"], but were hardly affected by varying [SAHA] between 0.25 and 4
mM or [H,05] between 0.5 and 5 mM as previously reported [9]. However, the
accumulation of nitrite under anoxic conditions was similar to that under normoxia (Fig. 5),
implying that the source of nitrite is other than autoxidation of NO.

Analysis by GC of the headspace of anoxic or aerated solutions containing 30 uM MbFe!ll| 5
mM H,0,, and 2 mM SAHA demonstrated that accumulation of N,O under anoxia is
similar to that under normoxia (Fig. 6).

Under the same experimental conditions the rate of nitrite accumulation exceeded that of
N,O, e.g., in the presence of 10 uM MbFe!!!, 5 mM H,05, and 2 mM SAHA the rates of
N»O and nitrite accumulation were 0.42 £ 0.05 and 5.6 + 0.2 pM/min, respectively.

Similar results have been reported for acetohydroxamic and glycine-hydroxamic acids [18].
It is suggested that compound | oxidizes the hydroxamate to its respective nitroxide radical,
which decomposes bimolecularly in competition with its oxidation by compound 11 yielding
HNO. This decomposes to N,O in competition with its oxidation by compound Il to NO,
which is further oxidized more efficiently by compound Il to nitrite (Scheme 2).

SAHA enhances the killing of irradiated hypoxic cells

The experimental setup included preincubation of the cells with 2.5 uM SAHA under
aerobic conditions followed by 1 h hypoxia under which radiation was performed. The cells
were preincubated for 24 h with SAHA because preincubation for 1 h had a small effect on
the cell survival. The survival curves of the irradiated cells were corrected for SAHA
cytotoxicity. The sensitizer enhancement ratio was determined at the 0.01 survival level
(SER o1; the ratio of radiation doses for hypoxia control and hypoxia plus SAHA) to be
1.33 for A549 cells (Fig. 7) and 1.59 for HT29 cells (Fig. 8).

The NO donor DETA/NO, which decomposes to yield two molecules of NO with #,,=20 h
at 37 °C [35], radiosensitized hypoxic A549 cells under the same experimental conditions
used for SAHA (Fig. 9), suggesting that the effect of SAHA might be due to the formation
of NO.

To better understand the role of the hydroxamate moiety of SAHA, we repeated the
experiment with oxidized SAHA. The results presented in Fig. 10 demonstrate that oxidized
SAHA is not a radiosensitizer of hypoxic cells. The minor effect of the oxidized drug could
result from incomplete oxidation of the drug.

The effect of valproic acid (Fig. 1), which is an HDAC inhibitor lacking the hydroxamate
moiety, on the Killing of irradiated hypoxic A549 cells was observed at relatively high
concentrations of 2 mM at which SERq o1 = 1.17 (Fig. 11).

Such high concentrations of valproic acid (millimolar range) were required to radiosensitize
other aerobic cancer cell lines [36—39], indicating that SAHA is a more efficient
radiosensitizer.
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The results presented in Figs. 10 and 11 demonstrate the importance of the hydroxamate
moiety. If one-electron oxidation of the hydroxamate forms HNO initially, the addition of
Tempol might increase the radiation sensitivity because Tempol readily oxidizes HNO to
NO [40]. Indeed, preincubation of HT29 cells with 2.5 uM SAHA and 1 mM Tempol
enhanced the radiation sensitivity of SAHA as demonstrated in Fig. 12.

Previously, it has been reported that preincubation for 18 h with 1-2 yM SAHA under
hypoxia (1% O5) enhanced the radiation (5 Gy)-induced killing of carcinoma cell lines,
including HT29 cells [41]. Interestingly, our results show that higher radiation doses were
required for radiosensitization by SAHA. This differential in radioresistance of cancer cells
might result from the difference in O, concentration because in our experiments the
concentration of O in the gas phase is less than 0.001%, i.e., practically anoxic conditions.

Preincubation of the cells for 24 h with 2.5 uM SAHA under aerobic conditions blocked
them at the G1 cell cycle stage (Fig. 13), implying that SAHA treatment is associated with
redistribution of cell populations into radiosensitive cell cycle phases.

Immunoblot analysis of phosphorylated histone H2AX (y-H2AX) was used as an indicator
of DNA damage [42]. As shown in Fig. 14, -y-H2AX induction is evident a few hours
postirradiation (8 Gy) of hypoxic A549 cells. These results are similar to those reported for
the combination of radiation and SAHA, NO, or NO donors under normoxia or hypoxia
[20,27,43].

In conclusion, our results demonstrate that one-electron oxidation of SAHA generates HNO,
oxidized SAHA has hardly any effect, and SAHA is a more efficient radiosensitizer than
valproic acid. Given that HNO, but not NO, failed to radiosensitize hypoxic cells and that
Tempol enhanced the radiation sensitivity of SAHA, we conclude that one of the
mechanisms by which SAHA enhances tumor radioresponse might involve its ability to form
NO under oxidizing environments.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Structures of SAHA and valproic acid.
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Fig. 2.
The pH dependence of the rate constant of Br; ~ reaction with SAHA. The sigmoidal fit

resulted in an upper value of (4.9 +0.1) x 107 M~ s, a lower value of (3.0 + 0.7) x 106 M
~1s71 and pK; = 9.56 + 0.04.
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Fig. 3.
The absorption spectrum of RC(O)NO*®~ was measured 20 ps after pulse irradiation of N,O-

saturated solution containing 0.2 mM SAHA and 0.2 M N3 at pH 11.4. (Inset) The

dependence of the absorption at 295 nm on the pH measured at the end of the formation of
the absorption reflecting a pK3=9.1 = 0.2. The dose was 4.8 Gy and the optical path 6.1 cm.
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Fig. 4.

Kinetic traces obtained at (A) 285 nm and (B) 312 nm upon pulse irradiation (32 Gy/pulse)
of N,O-saturated solution containing 0.2 mM SAHA, 0.2 M NaNj3 at pH 11.4 (optical path
6.1 cm). (B, inset) The absorption of the transient species formed 100 ms after the pulse.
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Fig. 5.
Accumulation of nitrite during the incubation of 1 mM SAHA with 5 uM MbFe!!! and 5 mM

H,0, in 10 mM phosphate buffer at pH 7.4 under aerobic (normoxia) or anoxic conditions.
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Accumulation of N,O during the incubation of 2 mM SAHA with 30 uM MbFe!!' and 5 mM
H50, in 10 mM phosphate buffer at pH 7.4 under aerobic (normoxia) or anoxic conditions.
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Fig. 7.

SEHA enhances the killing of irradiated hypoxic A549 cells. Cells were treated under
aerobic conditions for 24 h with 2.5 UM SAHA, subjected to hypoxic conditions for 1 h, and
then exposed to a range of radiation doses. The radiation survival curve was corrected for
SAHA cytotoxicity. The mean SERq oz is 1.33 (7=2).
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SAHA enhances the killing of irradiated hypoxic HT29 cells. The cells were treated under
aerobic conditions for 24 h with 2.5 UM SAHA, subjected to hypoxic conditions for 1 h, and
then exposed to a range of radiation doses. The radiation survival curve was corrected for
SAHA cytotoxicity. The mean SERq oz is 1.59 (7=2).
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Fig. 9.

NO enhances the killing of irradiated hypoxic A549 cells. The cells were treated under
aerobic conditions for 24 h with 1 mM DETA/NO, subjected to hypoxic conditions for 1 h,
and then exposed to a range of radiation doses.
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Fig. 10.
Effect of oxidized SAHA on the killing of irradiated hypoxic A549 cells. Cells were treated

under aerobic conditions for 24 h with 2.5 uM oxidized SAHA, subjected to hypoxic
conditions for 1 h, and then exposed to a range of radiation doses.
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Fig. 11.
Effect of valproic acid on the Killing of irradiated hypoxic A549 cells. The cells were treated

under aerobic conditions for 24 h with 2 mM valproic acid, subjected to hypoxic conditions
for 1 h, and then exposed to a range of radiation doses. The radiation survival curve was
corrected for valproic acid cytotoxicity. The mean SERq o1 is 1.17 (/7=2).
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Fig. 12.

Effects of Tempol and SAHA on the killing of irradiated hypoxic HT29 cells. Cells were
treated under anoxic conditions for 45 min with 2.5 uM SAHA and another 20 min with 1
mM Tempol and then exposed to 15 Gy radiation (XRT).

Free Radic Biol Med. Author manuscript; available in PMC 2020 November 17.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Samuni et al. Page 24

300
200 1
2401
160 o
2 1801
g 120 1
8
120 ] 80 1
60 1 ' 40 7
0- 0 -
0 200 400 600 800 1000 0 200 400 600 800 1000
FL2-Area FL2-Area
A549 control A549 2.5 uM SAHA
G1:50.46 % G1:74.50 %
G2:12.97 % G2: 19.58 %
S:36.57 % S: 5.92%

Fig. 13.
SAHA blocks A549 cells at the G1 stage of the cell cycle. The cells were treated for 24 h

with 2.5 uM SAHA under aerobic conditions, subjected to hypoxic conditions for 1 h, and
then analyzed using flow cytometry.
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Fig. 14.
SAHA upregulates y-H2AX levels 1 and 6 h after radiation. The A549 cells were treated for

24 h with 2.5 uM SAHA under aerobic conditions, subjected to hypoxic conditions for 1 h,
and irradiated (8 Gy) and the levels of y-H2AX were determined 1, 6, and 24 h after
irradiation.
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Scheme 1.
Proposed mechanism for the decomposition of RC(O)NO*~ derived from one-electron

oxidation of SAHA in alkaline solutions.
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Scheme 2.
Proposed mechanism for the oxidation of RC(O)NHOH by the MbFe!!!/H,0, reaction

system..
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