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Phenolic Compounds, Sodium Salicylate and Related
Compounds, as Inhibitors of Tumor Cell Growth and
Inducers of Apoptosis in Mouse Leukemia L1210 Cells
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Abstract. The effects of a series of phenolic compounds were
compared to the effects of sodium salicylate (2-
hydroxybenzoate) on the growth, cell cycle and apoptotic effects
in wild-type (WT) and deoxyadenosine-resistant (YS) L1210
leukemia cells. These compounds included: salicylaldehyde,
salicylaldoxime, salicylhydroxamic acid, salicylamide, 5-
aminosalicylate and 5-sulfosalicylate. The ICs, values for
inhibition of tumor cell growth ranged from 40 uM for
salicylaldhyde to greater than 4 mM for 5-sulfosalicylate. There
appeared to be an excellent correlation between the 1Cs, value
for a compound and the ratio of octanol/aqueous distribution.
Salicylamide caused a G2/M block in both the WT and Y8
L1210 cells, while salicylalehyde caused a GO/G1 block in
both the WT and Y8 cells. Salicylamide and salicylaldoxime
caused a much greater apoptotic effect in the Y8 cells than in
the parental WT L210 cells. These data suggest that
salicylaldehyde and salicylaldoxime, the most active
compounds in this series, may provide the lead chemicals from
which other more active drugs can be synthesized.

Previous studies have shown that an L1210 cell line (Y8)
selected for resistance to deoxyadenosine targeted at the
ribonucleotide reductase (RR) site had alteration(s) that led
the RR in these cells to be insensitive to dATP as a potent
inhibitor of ribonucleotide reductase activity. However, the
Y8 cells also had other phenotypic alterations that could not
be overtly attributed to RR (1-3). One of the major changes
seen in the Y8 cells in response to a variety of agents was
that the Y8 cells became apoptotic under conditions in
which the parental wild-type (WT) cells did not apoptose.
This included agents such as radiation (4), doxorubicin (5),
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and roscovitine (6), which are summarized in a review (3).
In each case of drug-induced apoptosis, with the exception
of Gemcitabine-induced apoptosis, it was found that
caspase-3 activation was part of the apoptotic response.

The previous studies also included determination of the
effects of sodium salicylate on the WT and Y8 L1210 cells
(7). It was found that sodium salicylate caused a marked
increase in the fraction of apoptotic cells in the Y8 cell
population that was not seen in the parental WT L1210 cells.
In the current report, we present data that compare the
effects of other 2-hydroxyphenolic compounds on the WT
and Y8 L1210 cells with respect to cell growth, cell cycle and
apoptosis. These studies show that there are differences not
only in the ICs values, cell cycle and apoptotic effects among
the compounds, but also between the WT and Y8 L1210 cell
lines. Salicylaldehyde and salicylaldoxime may offer new lead
compounds that can be further developed as potentially more
active phenolic compounds than sodium salicylate.

Materials and Methods

Growth of mouse leukemia L1210 cells. The parental wild-type L1210
cells were originally purchased from the American Type Tissue
Collection, Rockville, MD, USA. The deoxyadenosine-resistant (Y8)
L1210 cells were selected for resistance to deoxyadenosine as
previously described (8). The cells were grown in RPMI 1640 culture
medium supplemented with 10% horse serum, NaHCOj; (2g/1), and
gentamycin (50mg/l) and maintained at 37° C in a humidified
atmosphere (95% air/5% CO,). The cells were subcultured every
two-to-three days to maintain the cells in log-phase.

Inhibition of cell growth. To WT and Y8 cells in log-phase, various
concentrations of the 2-hydroxyphenolic acid analogs were added.
The pH of each drug solution was adjusted to pH 7 before addition
to the cell cultures. In each experiment, five different
concentrations of drug in triplicate were set up for growth
inhibition studies. Each experiment was repeated at least twice with
different batches of WT and Y8 L1210 cells. After 72 hours of
incubation in the presence of drug, aliquots of the cells were taken
for cell counts using a Coulter Counter, model ZI.
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Figure 1. Structures of 2-hydroxybenzoate compounds. A. sodium salicylate
(2-hydroxybenzoate); B. salicylaldehyde (2-hydroxybenzaldehyde); C.
salicylhydroxamic acid (2-hydroxyhydroxamic acid); D. salicylamide (2-
hydroxybenzamide); E. salicylaldoxime (2-hydroxybenzaldehyde oxime); F.
S-aminosalicylate (2-hydroxy-5-aminobenzoate); G. acetylsalicylate (aspirin)
and H. 5-sulfosalicylate (2-hydroxy-5-sulfobenzoate).
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Cell cycle analysis by flow cytometry. The WT and Y8 cells were
treated with the 2-hydroxyphenolic compounds for 24 hours. Using
the method of Krishan (9), the cells (aliquots of 1.0 x 100 cells in
duplicate) were stained with propiduim iodide and kept overnight
at 4°C. Prior to running the samples on a Becton-Dickinson
FACSCAN (San Jose, CA, USA), the cells were passed through a
25-gauge needle. Ten thousand events were recorded for each
sample and the data analyzed using BD Modfit software. All
experiments were carried out at least twice.

Measurement of apoptosis by flow cytometry. WT and Y8 cells, in
log-phase, were treated with the drugs for 24 hours. Duplicate
aliquots of cells (1.0 x 100 cells) were collected by centrifugation
and washed with cold phosphate-buffered saline. Apoptosis was
determined using the Annexin-V-FLUOS kit (Boehringer-
Mannheim, Indianapolis, IN, USA). The necrotic fraction was
determined simultaneously by the uptake of propidium iodide. The
cells were analyzed on a BD FACSCAN, using 488 nm excitation,
a 515 nm bandpass filter for fluorescein detection and a 560 nm
filter for propidium iodide detection. Ten thousand events were
collected for each sample. BD Lysis II software was used to analyze
the data. Each experiment was carried out at least twice with
different batches of cells.

Distribution of 2-hydroxybenzoate compounds between the n-octanol
and aqueous layer. Aliquots of solutions of the compounds were
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Table 1. Effect of phenolic compounds on the growth of wild-type and
deoxyadenosine-resistant L1210 cells.

ICs, uM
Compound @ WT Y8
salicylaldehyde 40 46
salicylaldoxime 85 101
5-aminosalicylate 980 1,000
salicylamide 1,130 1,380
acetylsalicylate 1,580 1,850
salicylate 1,110 2,240
S-sulfosalicylate >4.700 >4,700

a the pH of the solutions containing these compounds was adjusted to
pH7 before adding to the culture medium
b average of two separate determinations

added to a mixture of equal volumes of n-octanol and phosphate-
buffered saline. The samples were mixed vigorously on a vortex mixer
and centrifuged. Aliquots of the n-octanol phase and the aqueous
phase were taken for measurement of absorbance at 325 nm.

Results

Lffect of 2-hydroxybenzoate compounds on WT and Y8 L1210
cell growth in culture. As seen in Figure 1, a series of
compounds having the general structure related to 2-
hydroxybenzoic acid (with the exception of aspirin, 2-
acetylbenzoic acid) were studied for their effects on the
growth of the WT and Y8 L1210 cells in culture. As seen in
Table I, salicylaldhyde was the most active compound in terms
of inhibiting L1210 cell growth in culture and there was
essentially no difference in the 1Cs values between the WT
and Y8 cells. The ICs, values ranged from 40 uM
(salicylaldehyde) to greater than 4,700 uM for 5-
sulfosalicylate. The ICs, values determined for these
compounds correlated extremely well with the apparent ability
of the drugs to enter the cell as estimated by the ratio of drug
in the n-octanol phase to the aqueous phase (Table II).

Effect of 2-hydroxybenzoate compounds on the cell cycle of
WT and Y8 L1210 cells. The 2-hydroxybenzoate compounds
were added to the WT and Y8 cells in log-phase. After 24
hours, the control and drug-treated cells were collected and
analyzed by flow cytometry to determine the distribution of
the cells in the phases of the cell cycle. As seen in Figure 2
and quantitated in Table III, salicylamide induced a strong
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Table I1. Distribution of the phenolic compounds between n-octanol and
aqueous phases.

Compound Octanol phase/aqueous phase 2
salicylaldehyde 36

salicylaldoxime 64
S-aminosalicylate 0.004

salicylamide 4

salicylate 0.11

sulfosalicylate 0.002

2 a standard solution of the phenolic compound was added to equal
volumes of phosphate-buffered saline and n-octanol; the samples were
vigorously mixed on a vortex mixer and centrifuged. The absorbance
of the n-octanol and aqueous phases were determined.

Table III. Effect of 2-hydroxyphenolic compounds on the cell cycle
distribution of wild-type and deoxyadenosine-resistant L1210 cells.

% distribution b

Cell type Compound 2 G0/G1 S G2/M

WT control 40 47 13
salicylaldhyde 53 39 8
salicylaldoxime 33 59 7
salicylamide 8 61 31

Y8 control 46 45 9
salicylaldehyde 62 27 10
salicylaldoxime 53 33 13
salicylamide 40 21 38

2WT and Y8 cells in log-phase were incubated with drug for 24 hours.
b Cell cycle analyses were run as described in the "Methods" section.

G2/M cell cycle block in both the WT and Y8 cells.
However, the WT cells accumulated in the S-phase
population at the expense of the GO/G1 population. This S-
phase accumulation was not seen in the Y8 cells.
Salicylaldoxime caused an S-phase accumulation in the WT
cells, but not in the Y8 cells while salicylaldehyde caused a
modest G0/G1 cell cycle block in both the WT and Y8 cells.

Effect of 2-hydroxybenzoate compounds on apoptosis
induction in WT and Y8 L1210 cells. Since previous studies
had shown that the WT and Y8 cells responded differently
to sodium salicylate with respect to an apoptotic response,
the effects of the various 2-hydroxybenzoate compounds on
apoptosis induction in the WT and Y8 L1210 cells were
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Figure 2. Effects of 2-hydroxyphenolic compounds on the cell cycle of
wild-type and deoxyadenosine-resistant L1210 cells. WT and Y8 L1210
cells were incubated in the presence of the 2-hydroxybenzoate compound
for 24 hours. Aliquots of cells were taken in duplicate for cell cycle analysis
by flow cytometry using propidium iodide staining. The data are the
average of two separate experiments using different batches of cells.

determined. As seen in Figure 3 and quantitated in Table
IV, salicylaldoxime and salicylamide induced significant
apoptosis with limited necrosis in the Y8 cells, but did not
induce apoptosis in the WT cells. The level of apoptosis
induced by salicylaldehyde was minimal in both the WT and
Y8 L1210 cell lines.

Discussion

In a series of reports, it has been shown that sodium
salicylate induces apoptosis in a variety of cell types (10-12).
In our studies, we had shown that sodium salicylate induced
apoptosis in deoxyadenosine-resistant (Y8) mouse leukemia
L1210 cells, but did not cause apoptosis in the parental wild-
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Figure 3. Effects of 2-hydroxyphenolic compounds on apoptosis in wild-type and deoxyadenosine-resistant L1210 cells. WT and Y8 cells were incubated
in the presence of the 2-hydroxyphenolic compound for 24 hours. Aliquots of the cells were taken in duplicate for determination of the apoptotic and
necrotic cells from the average of two separate experiments using different batches of cells.

Table IV. Effect of 2-hydroxyphenolic compounds on apoptosis induction
in wild-type and deoxyadenosine-resistant L1210 cells.

Yofraction

Cell type Compound apoptotic necrotic

WT control 4.2 1
salicylaldehyde 10.0 1.0
salicylaldoxime 17.0 39
salicylamide 3.8 1.5

Y8 control 9.4 1.9
salicylaldehyde 18.4 3.4
salicylaldoxime 46.8 5.0
salicylamide 41.6 9.1
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type (WT) L1210 cells. The WT L1210 cells express mutant
p53 while the Y8 cells do not express p53 (1, 2). It was
shown that sodium salicylate-induced apoptosis in the Y8
cells proceeded via caspase-3 activation (7). Other studies
have shown that treatment of cells with sodium salicylate
leads to multiple effects, that may or may not be related,
that result in apoptosis. These include effects on the MAPK
pathway (13, 14), ROS activation (15), induction of hsp
genes (16) and suppression of COX-2 levels (17).

In the studies reported here, the effects of a series of 2-
hydroxybenzoate compounds were studied for their effects
on tumor cell growth, cell cycle effects and induction of
apoptosis in the wild-type and deoxyadenosine-resistant
L1210 cells. It was found that salicylaldehyde was most
active at inhibiting tumor cell growth in culture (Table I).
Salicylaldehyde was approximately 40-times more active
than sodium benzoate in terms of inhibiting the growth of
both the WT and Y8 cells (ICs, approx.40 uM). The other
compounds in the series had ICs values, of approximately
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1000-2000 uM, with the exception of 5-sulfosalicylate which
had an ICs value in excess of 4,700 uM. As shown in Table
II, there was an excellent correlation between the ICs value
for a compound and the ratio of distribution between the n-
octanol and aqueous phases suggesting that the ability of the
drug to enter the cell greatly enhanced its ability to inhibit
tumor cell growth.

The data showed that there were significant differences
not only between the compounds, but also between the WT
and Y8 cell lines. Salicylamide caused a strong G2/M cell
cycle block in both the WT and Y8 cells with an
accumulation of S-phase cells in the WT cells, while
salicylaldehyde caused a GO/G1 block in both cell lines.
Salicylaldoxime caused an S-phase block in the WT cells, but
there was not a corresponding S-phase block in theY8 cells.

When these same compounds were studied for their
effects on induction of apoptosis in the WT and Y8 cells, it
was found that there was a marked difference in the
apoptotic responses. Salicylaldoxime and salicylamide
caused a large fraction (50%) of the Y8 cells to become
apoptotic and necrotic under conditions in which less than
20% of the WT cells became apoptotic.

These studies show that 2-hydroxybenzoate compounds
having some structural relationship to sodium salicylate may
provide insight into lead compounds that could be further
developed for cancer chemotherapy. At this time, it is not
known if these compounds act through the same
mechanism(s) that have been shown for sodium salicylate.
The difference in the cell cycle and apoptotic responses
suggest that different pathways may be altered by these
drugs. Future studies will be carried out in this direction.
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