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ABSTRACT

The aim of this study was to determine the antiproliferative activity of
sodium phenylacetate (NaPa) against ovarian carcinoma cell lines. NaPa

induced a dose-dependent inhibition (IC@ from 12 nmi to >20 mM)of all
ovarian carcinoma cell lines, although the sensitivity of individual lines to
NaPa varied. Both cisplatin-sensitive and -resistant cell lines responded to
NaPa, and growth-inhibitory activity was also detected against cells
freshly isolated from malignant ascites of previously treated patients. The
growth inhibitory effects that were produced by NaPa were time depend
ent, showing a maximum effect at 72 h, and were not associated with
cytotoxic action. Growth inhibitory effects of NaPa were also reversible.
After 48. and 72-h exposures to NaPa, a reduction in the percentage of
cells in the S-phase was detected, with a concomitant recruitment of cells

in the G0-G1 phase. Treatment with NaPa after different exposure times
did not significantly increase the proportion ofcells undergoing apoptosis.
NaPa also produced a significant reduction in the percentage of cyclin-Di
and p21/i-as-positive cells and in the percentage of cells positive for bcl-2,
whereas the percentages of baxlp2l-positlve cells increased. NaPa pro
duced minimal, if any, alterations of expression of HLA class I and
transforming growth factor flu antigens. In contrast, the percentage of
transforming growth factor @32-positivecells decreased after exposure to
NaPa. The combination of NaPa with cisplatin resulted in an additive
inhibitory effect. Our results show, for the first time, that NaPa inhibits
the growth of ovarian carcinoma cell lines and the cells from malignant
ascites of chemotherapy-treated patients with ovarian carcinoma. The
growth-inhibitory properties of NaPa suggest that this molecule could
represent a prototype of a new class of compounds with possible them
peutic potential in patients with ovarian carcinoma.

INTRODUCTION

Ovarian cancer is the third most common gynecological malig
nancy and the fifth most common cause of cancer-related death in
women (1). Even among patients who have undergone surgically
confirmed complete responses to primary chemotherapy, most will
ultimately develop tumor recurrence (2). Efforts are therefore con
tinuing to develop new and less toxic therapeutic agents for the
treatment of chemotherapy-refractory tumors.

Small molecules such as aromatic fatty acids were recently pro
posed as a new class of tumor growth-inhibitory compounds. NaPa3,
a physiological product of phenylalanine metabolism, is present in
micromolar concentrations in human plasma (3) and has been shown
to induce antiproliferative effects against several human cancer cell
lines at millimolar concentrations (4â€”8).NaPa also exhibits powerful
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antitumor activity against breast cancer xenografts in nude mice (9)
and in a rat model of malignant gliosarcoma (10). Moreover, NaPa has
shown antitumor activity in Phase I clinical trials conducted in pa
tients with prostate cancer and high-grade gliomas ( 11, I2). The
mechanisms by which NaPa can affect cell growth and differentiation
patterns are not completely understood. At first, glutamine starvation
was proposed as an important mechanism underlying NaPa's growth
inhibitory activity ( 13). The inhibition of DNA protein prenylation,
which plays a critical role in the cellular functions of molecules like
p21/ras, may also contribute to NaPa-related antiproliferative activity
(14â€”17).Tumor cytostasis that is induced by NaPa and its analogue
may affect cell cycle events and molecules such as cyclin Dl (18), and
it has been linked to the activation of the human peroxisome prolif

erator-activated receptor, which functions as a transcription factor for
enzymes involved in lipid metabolism (19). NaPa may also produce
immunomodulatory effects on prostate carcinoma and leukemic cells
though the enhancement of MHC antigens and decreased production
and secretion ofTGF-f3 (4, 20). The effects of NaPa on human ovarian
cancer cells, however, have thus far received little attention (21).

The aim of this study was to investigate the effects of NaPa on the
growth activity of a large panel of ovarian carcinoma cell lines and
also of freshly obtained tumor cells from patients with ovarian cancer.
We determined the following effects of NaPa on ovarian carcinoma
cells: (a) cell cycle-specific events; (b) modulation of p21/ras and
apoptosis-related genes, including bc!-2 and bax/p21; (c) modulation
of MHC expression and TGF-(3l and -(32; and (d) the growth-inhib
itory effects of the combination of NaPa and CDDP in vitro.

MATERIALS AND METHODS

Chemicals and Cell Lines. NaPa (NSC 3039), dissolved in sterile water,
was provided by Elan Pharmaceutical Research Corporation (Gainesville, GA)
through the Cancer Therapy Evaluation Program at the National Cancer

Institute. SRB was purchased from Sigma Chemical Co. (St. Louis, MO).

CDDP was purchasedfromBristol-MyersSquibbCo. (Princeton,NJ). Mono
clonal antibodies anti-bcl-2 (used at a 1:50 dilution), anti-cyclin Dl (used at a
1:200dilution), and anti-pan-ras (working dilution: 1:50)were purchased from
Oncogene Science, Inc. (Cambridge, MA). Anti-TGF-(3l monoclonal antibody
(used at a 1: 100 dilution) and anti-bax/p2l polyclonal antibody (used at a

I :200 dilution) were purchased from Santa Cruz Biotechnology (Santa Cruz,
CA). Appropriate isotype-matched monoclonal antibodies were used as
controls.

Twelve established human epithelial ovarian cancer cell lines were used.
The 2774 ovarian carcinoma cells (22), SKOV3, CaOV3, OV I225, and
OVCAR-3, obtained from American Type Culture Collection, were routinely
cultured in RPMI 1640 (Life Technologies, Inc., Grand Island, NY), supple
mented with 10%heat-inactivated FBS, and incubated at 37Â°Cin a humidified
atmosphere containing 5% CO2. HEY, OVCA 420, and OVCA 433 (kindly
provided by Dr. R. Bast, Jr., M. D. Anderson Cancer Center) were routinely
grown in MEM (Life Technologies) plus 10% FBS and 2 mM glutamine.
Sodium pyruvate (1%) and nonessential fatty acids ( 1%) were added to the
culture medium of OVCA 420 and OVCA 433. A2780 and 2008 ovarian
cancer cells and their CDDP-resistant variants, ADDP and C13-2008, respec
tively (kindly provided by Dr. V. Ruiz Van Hape, M. D. Anderson Cancer
Center) were routinely grown in RPMI 1640 plus 5% FBS.
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Table 1 PatientcharacteristicsCaseno.HistologyStageGradePrevious

treatment1SerousIIICG2Platinum,

cyclophosphamide2UndifferentiatedIIICG2Platinum,
paclitaxel3SerousIIICG3Platinum,

paclitaxel,melphalan4SerousIIICG3Platinum,
doxorubicin,paclitaxel5SerousIIICG3Platinum,
cyclophosphamide
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pellets for 15 mm at 4Â°Cwith a solution containing 2% v/v paraformaldehyde
and PBS-S (Sigma) and incubated for 30 mm at 4Â°Cwith the specific antibody
and the respective isotype-matched control antibody. The cell pellets were
washed in PBS-S. and incubated for 30 mm at 4Â°C in the dark with a 1:150

dilution of goat antimouse immunoglobulin FITC (Sigma) or a 1:200 dilution

of goat antirabbit FITC (Oncogene Research Products) secondary antibody.
After incubation, the cells were washed twice in PBS-S and then suspended in
2% paraformaldehyde at 4Â°Cin the dark. Analysis was performed by using the
Epics Profile Analyzer (Coulter). Fluorescence intensity was expressed as
mean channel fluorescence after the fluorescence intensity of the isotype
matched control antibody was subtracted. Membrane antigens were assessed

using the same protocol with the following mmnor modifications: the cells were

gently detached with EDTA (0.5 @xM)and fixed after incubation with the

specific antibody and the FITC-conjugated secondary antibody.

Tissue samples were obtained from the ascitic fluid of patients with ad

vanced ovarian cancer. Tumor cells were isolated from the ascitic fluid using
a Ficoll-Hypaque gradient, and the cells that were collected from the interface
were washed twice in PBS. The tumor cells were then resuspended in RPMI
1640 plus 10% FBS and routinely grown in the same medium. Patient ages

ranged from 39 to 67 years. Tumors were staged according to International
Federation of Gynecology and Obstetrics criteria (23) and histologically
graded as well differentiated (Gl), moderately differentiated (G2), or poorly
differentiated (G3; Table 1).

Growth Inhibition Experiments. Growth rates were analyzed by the SRB
assay (24) and thymidine incorporation. In the SRB tumor assay, tumor cells

were plated in 96-well plates at optimal cellular density, as determined from
preliminary studies conducted on each cell line, to obtain a logarithmic growth

rate during exposure to the drugs. After 24 h, the medium was replaced with
fresh medium containing the compounds to be tested. At the conclusion of the

experiment. the cells were precipitated with 50 p1 of ice-cold 50% (w/v)

trichloroacetic acid and incubated for 60 mm at 4Â°C.After five washings with

tap water, the plates were air-dried, and then the cells were stained for 15 mm
with 0.4% SRB, prepared with 1% acetic acid (50 @xl/well).Finally, the plates
were washed with 1% acetic acid and air-dried, and the protein stain was
solubilized with 150 p3/well of 10 mM unbuffered Tris base. The optical

density was read at 540 or 5 10 nm.
For analysis of thymidine incorporation, the cells were labeled with 1

pCi/mI [3Hjthymidine (specific activity. 82.0 Ci/mmol; Amersham Life Sci

ence Inc., Cleveland, OH) for 18 h and then harvested. The radioactivity of the
filters was measured by using a liquid scintillation counter (mode) LS 3801;
Beckman Instruments Inc., Fullerton, CA).

For the glutamine starvation experiments, RPM@not containing glutamine
was used, and the FBS was stored at 4Â°Cfor 6 weeks before use to reduce
glutamine levels to less than 0.06 mM in the culture medium (4, 5). The drug
interaction was evaluated and compared with the dose-response curves for

single agents. The characteristics of the effects of the combined treatment were

then analyzed by the isobole method (25) for combinations of drugs A and B,
from the equation AIAe + BIBe D, where A@and B@correspond to
concentrations of drugs used in the combination treatment, and A@and B@
correspond to the concentrations of drugs able to produce the same magnitude
of effect if used individually. If D (combination index) < 1, the effects of
combination were synergistic, whereas if D = I or D > I , the respective
effects were additive or antagonistic, respectively. Each experiment was per

formed in triplicate, thus allowing a calculation of statistical significance (P)
of the combination indices compared with the additive combination index of
D = 1 by the one-sided Student's t test.

Cell Cycle Analysis and Flow Cytometric Staining. For cell cycle anal
ysis, the cells were plated at the initial density of 50,000 cells/ml. The culture
medium was replaced, and NaPa was added after 24 h. After 12, 24, 48, or 72 h
of treatment, the cells were removed from the culture plates and centrifuged at
1500rpm for 5 mm. The cell pellets were then suspended in PBS, fixed in 70%
ethanol for 1 h, and, after two washes in PBS, stained with a PBS solution
containing RNase A (100 @xWml;Boehringer Mannheim, Mannheim,
Germany) and propidium iodide (25 @xg/ml;Sigma) at room temperature for
1h in the dark. DNA content was analyzed by using an Epics Profile Analyzer
(Coulter Corp., Hialeah, FL). Assessment of the specific staining for HLA
class I, TGF-J3l, TGF-f32, and certain intracellular antigens, including cyclin

Dl, bcl-2, and bax/p21 w343, was carried out by means of indirect immuno
fluorescence. Briefly, the cells were plated at an initial density of 50,000
cells/mI, and after 24 h, the medium was removed and replaced by fresh
medium and drug solution. After treatment, the cells were removed from the
plates by using a disposable cell scraper and centrifuged at 1500 rpm for 5 mm
at 4Â°C.Fixation and permeabilization were carried out by incubating cell
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Fig. 1. Effects of increasing concentrations of NaPa on different established ovarian
cancer cell lines. Data points, means of at least five experiments performed in quintupli
cate; SD less than 5%.
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Fig. 2. Effects of increasing concentrations of NaPa on cells isolated from the ascitic
fluid of patients with ovarian cancer. Numbers 1â€”5,patients listed in Table 1. Data points.
means of four experiments performed in quintuplicate; SD less than 5%.
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RESULTS

Effects of NaPa on Cell Proliferation. The effects of increasing
concentrations of NaPa on the growth of 12 established ovarian cancer
cell lines are shown in Fig. 1. NaPa induced a dose-dependent inhi
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bition of all cell lines examined, although there was variability in the
responses of different cell lines. A2780 cells were the most sensitive
to NaPa, whereas SKOV3 and HEY were the least sensitive. Inter
estingly, NaPa was equally effective in both CDDP-sensitive and
-resistant cell lines. The growth-inhibitory activity exerted by NaPa
was also observed in cells freshly isolated from the ascitic fluid of
previously treated patients (Fig. 2). The decline in proliferation was
associated with comparable inhibition of DNA synthesis (data not
shown). Time-dependent analyses of NaPa in Fig. 3 showed that the
antiproliferative effect started at 24 h after the addition of the drug in
2774 ovarian cancer cells. In initial experiments,no significant
changes were seen following a shorter exposure of the cells to Pa (data
not shown).

The inhibitory effect of NaPa was not due to a nonspecific cyto
toxic action because cell viability, as assessed by trypan blue exclu
sion, was about 95% and did not differ between control and treated
cells. Moreover, the inhibitory effects of NaPa were reversible; in
wash-out experiments, the recovery of cell growth was observed after
the drug was removed and replaced with fresh medium (Fig. 4).

The effects of NaPa on cycle phase distribution of 2774 cells after
NaPa treatment are summarized in Table 2. After 48- and 72-h
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Fig. 4. Reversibility of the antiproliferative activity of NaPa on 2774 ovarian cancer
cells. Cells were cultured without NaPa (â€¢)or with NaPa for 24 h (0, 30 mM;& 20 mM)
or continuously (U, 30 mM; A, 20 msi). Data points, means of two experiments performed
in quadruplicate; SD less than 7%. Arrow, Pa was removed and replaced with fresh
medium at this timepoint (0 and Li).

exposures to NaPa, the percentage of cells in the S-phase of the cell
cycle decreased with a concomitant recruitment of cells in the G0-G
phase. In the same table, flow cytometric assessment of the percentage
of hypodiploid cells stained with propidium iodide is shown. Treat
ment with NaPa after different times of exposure does not signifi
cantly increase the percentage of cells undergoing apoptosis. More
over, by using pulsed-field gel electrophoresis of high molecular
weight DNA fragments (mostly located at 50 kb), which are consid
ered to be more reliable and earlier markers of commitment to
apoptosis, no evidence of NaPa induction of apoptosis was observed
in the 2774 ovarian cancer cells (data not shown).

As a result of reports in humans that NaPa is able to bind to
glutamine and deplete its levels, experiments were carried out to
determine whether the absence of glutamine in culture medium or
increasing glutamine concentrations that are sufficient to overcome
the effects of glutamine starvation of cell growth would influence the
sensitivity of the tumor cells to the growth inhibition that is exerted by
NaPa. As shown in Fig. 5, 0.2â€”2mM of glutamine positively affects
the growth of 2774 ovarian cancer cells, whereas at glutamine con
centrations 5â€”10-foldhigher than those normally used, cell prolifer
ation is inhibited. The maximal activity of NaPa to inhibit growth is
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Fig. 3. Time course of the antiproliferative activity of NaPa on 2774 ovarian cancer

cells. Data points, means of three different experiments performed in quintuplicate; SD
less than 5%.
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Table 2 Effects of NaPa on the distribution of 2774 cells in the d@fferen:phases of the cellcycleExposure

(h)Treatmentâ€•None

NaPa (30msi)G0-G3S

G2-M Hypodiploid G0-G1 SG2-MHypodiploid12

24
48
7236.2

28.2
33.2
36.034.6

29.1 5.1 26.0 38.4 35.5
44.4 27.4 4.5 47.3 17.0 35.7
38.2 28.6 7.2 44.3 29.8 12.5
41.7 22.2 8.6 56.4 29.8 13.75.6

6.4
8.1

9.7a

Values represent themean of twoexperiments performed in duplicate; SD less than 10%. Results are expressed as the percentage of cells in each phaxe of the cell cycle.

.001 .01 10

Glutamine (mM)

Fig. 5. Effect of NaPa on the growth of 2774 ovarian cancer cells according to
glutamine content in culture medium. The cells were plated at an initial density of 50,000
cells/ml (100 MI/well),and after 24 h the medium was replaced with fresh medium either
without glutamine or supplemented with increasing concentrations of glutamine, 0.2, 2,
10. and 20 mM.The cells were exposed to 20 msi (A) and 30 mM(â€¢)of NaPa for 3 days.
Comparisons were made with cells cultured in the absence of NaPa (0). Data points,
means of three experiments performed in quintuplicate; SD less than 5%.
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PHENYLACETATE INHIBITION OF OVARIAN CARCINOMA

of each agent by the isobole method that was described in â€œMaterials
and Methods.â€•When NaPa was combined with CDDP, the growth
inhibitory effects were shown to be greater than those observed at the
corresponding concentration of either drug used alone. Graphic pres
entation of the potentiation of CDDP by NaPa is shown from one
representative experiment in Fig. 6. The evaluation of the results
according to the isobole method resulted in an additive activity,
although at a low CDDP dose (0.01 @g/ml),a trend for synergistic
effect was observed (Table 3).

Table 4 summarizes the effects of NaPa on the expression of cyclin
Dl, p21/ras, bcl-2 and bax/p21 in 2774 ovarian cancer cells. After the
cells were exposed to NaPa, the percentage of cyclin Dl and p2l/ras
positivity was significantly reduced. Similar results were also ob
served in established SKOV3 and OVCA 420 cancer cell lines and in
fresh cells from one patient (patient 2; data not shown).

The percentage of positivity as well as the mean channel fluores
cence for bcl-2 showed a marked reduction, whereas the percentage of
positivity in bax/p2l increased.

Table 5 shows the results of flow cytometric analysis of mono
clonal antibody immunoreactivity to the common framework HLA I
antigens and to TGF-31 and TGF-(32 antigen expression in ovarian
cancer cells exposed to NaPa. NaPa treatment induced no significant
alterations or expression of HLA I and TGF-f31 antigen. On the other
hand, the percentage ofTGF-@32 positivity decreased after exposure to
NaPa in all cell lines examined.

1500

.1 1

concentrations

apparent in the presence of 2 mi@iglutamine, i.e., when optimal cell
growth is allowed. However, even with glutamine concentrations
5â€”10-foldhigher than that normally used, the antiproliferative effects
of NaPa were not abolished. Similar results were obtained after
plating the cells at a lower initial cell density (25,000 cells/mI) and in
seven other tumor cell lines (data not shown).

To assess the effects of combining NaPa with CDDP, the dose
response curves of each agent plus NaPa were calculated, and the
effects of the combination were compared with the inhibitory curves
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Fig. 6. Effects of CDDP, alone or in combination with NaPa (5 mM) on the growth of

2774 ovarian carcinoma cells. SD, <7%.
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Table3 Effectsofcombination of CDDPand NaPa on establishedovarian cancer celllinesOvarian

tumorCDDPNaPs% ofgrowthCDDPNaPacell
line(Ac; pg/mi)(Be; mM)control(Ae; p@g/ml)(Be;mM)D27740.01

0.05
0.1
0.55

5
5
560

38
30
250.04

0.08
0.16
0.2210

26
30

>300.75

0.80
0.79

NDOVCA
4330.01

0.05
0.1
0.55

5
5
574

63
57
310.1

0.13
0.2

>0.59

14
17
15065b

0.74
0.79
ND

Table4 EffectsofNaPaon d(fferentcellularantigensin 2774ovariancancercellsControlâ€•

NaPatreatmentâ€•Marker

% positive cells MCFâ€• % positive cellsMCFâ€•CyclmDl

93.6Â±3.4 13.4Â±2.1 42.8Â±6.011.1Â±3.1p2l/ras
97.5 Â±3.1 12.6 Â±2.8 75.6 Â±3.5 10.5 Â±1.5bcl-2
73.2 Â±6.2 18.2 Â±2.7 30.8 Â±5.4 9.5 Â±1.5bax/p21
70.1 Â±4.0 7.2 Â± 1.6 90.1 Â±5.3 10.4 Â±1.8a

Each value represents the mean Â±SD of two experiments performed in duplicate.
b MCF, mean channelfluorescence.DISCUSSION

effects of NaPa work by blocking the cell transition from theG0-G1Our

results show, for the first time, that NaPa inhibits the growth of to the S-phase of the cell cycle with a consequent recniitment of the
cells in the quiescent phases of the cell cycle. Consistent with these

a large panel of established ovarian carcinoma cell lines as well as
cells from patients with ovarian cancer who had previously been findings is a reduction in cyclin Dl expression, detected by flow
treated with platinum-based chemotherapy. This finding is in agree- cytometr'. These results are also consistent with previous in vivo data

ment with previous studies showing that NaPa in the millimolar range (9) that show a reduction of Ki67 in human breast cancer xeno@rafts
has an antiproliferative activity against human cancer cells in vitro in nude mice after treatment with NaPa. The growth inhibition pro
(4â€”8).Although most studieshavereportedIC50that weregenerally motedby NaPamaybedueto depletionof theglutamineavailablefor
lower than those observed in our experimental models, our results are metabolic and biosynthetic purposes. However, glutamine starvation
in agreement with those reported by Carducci et al. (26) in human alone was unable to sustain some NaPa-induced biological effects in

prostate cancer cells and by Shack et a!. (21) in murine fibroblasts and several human tumor cell lines (4â€”9).Similar to preliminary data in
human osteosarcoma cells. neuroblastoma cells (27), our results showed that, even withtheThese

findings raise a question as to whether the growth-inhibitory addition of sufficiently high concentrations of glutamine to overcome

effects of NaPa could be tissue specific, although apparent differences possible glutamine depletion induced by NaPa, growth inhibition still
in results could be explained by subtle differences in methods deter- OCcurred, suggesting that NaPa may affect ovarian cancer cell growth
mining growth inhibition. The inhibitory activity of NaPa was not through differentmechanisms.cytotoxic

in nature because cell viability was similar between control The NaPa-induced modulation of growth factors andoncogenesand
treated cells, growth inhibition was readily reversible upon re- involved in the regulation of tumor cell proliferation has notbeenmoval

of the compound, and apoptosis could not be detected by either fully investigated. TGF-a, TGF-@1, and epidermal growthfactorflow
cytometry or DNA fragmentation (data not shown). The mech- receptors are not modified by NaPa treatment (4, 27). In ras-trans

anisms by which NaPa inhibits cell proliferation remain to be fully fected murine fibroblasts, NaPa treatment failed to affectp2l/raselucidated.
Cytofluorometric results show that the growth inhibitory synthesis per Se, but it inhibited p21/ras farnesylation (15). WehaveTable

5 EffectsofNaPaon HJ.AI antigen,TGF @3I,and TGF @2expressionin establishedlinesof ovariancancercellsControlâ€•

NaPatreatmentâ€•Antigen

Cell line % positive cells MCFâ€• % positive cellsMCF@'HLA

I 2774 0.9 Â±1.4 1.0 Â±0.4 1.5 Â±0.6 1.I Â±0.2SKOV3
97 Â±0.5 3.7Â±1.8 93 Â±3.7 3.2 Â±0.8OVCA

433 94 Â±4.7 2.9 Â±0.9 93 Â±0.7 6.1 Â±0.6OVCA
420 29 Â±0.8 1.0Â±0.1 30 Â±4.8 1.I Â±0.3HEY

80 Â±9.4 1.7 Â±0.2 86 Â±8.2 2.3 Â±0.22008
97 Â±2.8 3.7 Â±0.3 94 Â±1.7 2.9 Â±0.6Cl3-2008
89 Â±3.2 2.4 Â±0.2 96 Â±2.2 2.2 Â±0.4TGF-j3l

2774 14 Â±0.2 1.1 Â±0.2 15 Â±0.8 0.8 Â±0.3OVCA
433 22 Â±5.3 1.0Â±0.1 24 Â±3.3 1.0Â±0.2OVCA
420 20 Â±2.1 0.9Â±0.1 18Â±0.9 0.9Â±0.4SKOV3

94 Â±3.2 1.8Â±0.4 89 Â±1.8 1.2Â±0.1TGF-@32
2774 31 Â±1.8 1.4 Â±0.3 26 Â±0.8 1.1 Â±0.2OVCA

433 23 Â±2.2 1.1Â±0.2 13Â±1.5 1.0Â±0.3OVCA
420 22 Â±0.3 1.1Â±0.5 14 Â±1.0 0.8Â±0.3a

Each value represents the mean Â±SD of three experiments performed in duplicate.
b MCF, mean channel fluorescence.

PHENYLACETATE INHIBITION OF OVARIAN CARCINOMA

a A@and B@,concentration of agent used in the combination treatment; Ae and B@,concentration of agents able to produce the same magnitude of effect if used individually; D,
combinationindex(seeâ€œMaterialsandMethodsâ€•);ND,notdetermined.

b@ value < 0.05.
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not have an unpleasant odor like NaPa, oral administration may have
greater patient acceptability.
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