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2-Dimethylaminomethyl-1-phenyl-2-propen-1-one hydrochloride (3) is a novel cytotoxic and anticancer
agent. The objective of this study was to obtain information pertaining to possible toxic symptoms
detected by in vivo evaluations in mice and an in vitro test for mutagenicity. The data obtained
revealed that 3 had no effect on alanine transaminase, aspartate transaminase, HDL cholesterol and
protein concentrations in sera nor were variations in the numbers of red and white blood cells
detected. Furthermore autopsies of treated mice revealed no pathological symptoms in the heart, kid-
ney, brain, spleen and testes. However elevation of the concentrations of total cholesterol, triglycer-
ides, creatinine and urea were noted in treated mice as well as inflammation of the liver and lungs.
Chromosomal aberrations were detected in a micronuclei test. In the Ames test, compound 3 was
converted into one or more mutagens in the presence (but not the absence) of a murine liver homo-
genate. Thus future molecular modifications of 3 should bear in mind approaches to reduce or mini-
mize unwanted side effects.

1. Introduction

A number of studies from these laboratories have been
undertaken pertaining to the syntheses of a variety of can-
didate anticancer and cytotoxic Mannich bases (b-amino-
ketones). The bioactivities of many of these compounds
have been summarized in a review article [1]. The reasons
for pursuing these compounds as potential antineoplastic
agents included the following considerations. First, Man-
nich bases having at least one hydrogen atom on the
carbon atom adjacent to the carbonyl group have the facil-
ity to undergo deamination leading to the corresponding
a,b-unsaturated ketones [2, 3]. This latter cluster of
compounds has a marked affinity for thiols in contrast to
amino groups [4, 5]. Since thiols are absent in nucleic
acids, cytotoxic a,b-unsaturated ketones may be free from
the problems of carcinogenicity and mutagenicity which
are found in a number of anticancer drugs [6]. The obser-
vation that the Mannich bases 1 did not display mutageni-
city in the Ames test [7] supported this viewpoint.
Second, one of the sites of action of a number of Mannich
bases is the mitochondria [8, 9]. Various Mannich bases
caused a greater inhibition of respiration in mitochondria
isolated from malignant hepatic cells than from the same
organelles obtained from normal liver tissue [7]. This
selectivity in a biocemical action of certain Mannich bases
may translate into compounds displaying preferential
toxicity for cancer cells rather than the corresponding
normal tissue. Third, a series of Mannich bases 2 were
free from cross resistance to melphalan-resistant and adria-
mycin-resistant tumour cell lines [10] suggesting that their
modes of action are different from certain established

anticancer drugs. Hence they may find utility in treating
drug-resistant neoplasms.
A Mannich base which is currently of interest is 2-dimethyl-
aminomethyl-1-phenyl-2-propen-1-one hydrochloride (3)
due to its cytotoxic and anticancer properties [11]. Com-
pound 3 displayed potencies comparable to melphalan
when evaluated against murine P388 and L1210 cells in
vitro. Against a panel of human tumour cell lines from
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different neoplastic diseases, 3 was approximately four
times as potent as melphalan and demonstrated a selective
toxicity towards leukemic cells. The in vivo results were
also encouraging since this Mannich based reduced the
sizes of human colon and non-small cell lung tumour
xenografts passaged in athymic mice. Furthermore, 3 vir-
tually tripled the life spans of mice with Ehrlich ascites
carcinoma which were increased yet further by formulat-
ing 3 in niosomes [11].
In view of the potential uses of Mannich bases in cancer
chemotherapy in general, and also the establishing of 3 as a
candidate antineoplastic agent in particular, the decision
was made to determine whether 3 caused adverse effects.
The results from such an investigation would provide direc-
tion in pursuing development of 3 and related compounds.

2. Investigations and results

Four different approaches were used in the evaluation of
whether 3 possessed toxic properties; namely, first, an
examination of the serum of mice treated with this Man-
nich base, second a study of possible damage to certain
body organs of mice, third whether 3 caused chromosome
aberrations in vivo and finally an in vitro test for muta-
genicity was utilized.
The first experiment involved the administration of multiple
doses of 2 mg/kg of 3 to mice. This quantity of the Man-
nich base was used since this dose led to an enormous
increase in the lengths of lives of mice with Ehrlich
ascites carcinoma [11]. The sera of treated and control
animals were collected and various biochemical tests
undertaken. These data are presented in Table 1. The
results indicate that under the experimental conditions
chosen, 3 does not cause marked liver damage since the
concentrations of alanine transaminase (ALT) and aspar-
tate transaminase (AST) were normal in treated mice.
Small elevations in the concentrations of total cholesterol
and triglycerides were noted in mice receiving 3 revealing
some interference with lipid metabolism. The creatinine
and urea concentrations increased slightly in the treated
animals which may have been due to renal dysfunction or
possibly 3 caused dehydration. The Mannich base 3 ex-
erted no statistically significant effect on haematopoiesis
since the red and white blood cell counts were not altered
in the treated animals. The protein concentrations in sera
are elevated in a number of pathological conditions includ-
ing dehydration, inflammation and food deprivation; how-
ever 3 did not appear to exert any of these effects since
the protein concentrations were normal in treated mice.

The second phase of the study consisted in examining the
following tissues in the autopsies of four treated male
mice, namely liver, heart, kidney, brain, intestine, stomach,
lung and spleen; in addition, the testes were examined in
two mice. No pathological symptoms were noted in heart,
kidney, brain, spleen and testes. In the four other tissues,
the following effects were noted (number of animals out
of 4 displaying toxicity), namely mild inflammation of the
lungs (2), moderate inflammation of the lungs (1), mild
congestion of the lungs (2), mild congestion of the liver
(3), mild cellular atypia of the liver (1), moderate inflam-
mation of the liver (1), mild inflammation of the intestine
(1) and mild inflammation of the stomach (1).
The third evaluation of 3 used a micronuclei assay which
was undertaken in order to determine whether chromoso-
mal damage occurred in both polychromatic erythrocytes,
which are immature erythrocytes, as well as normochro-
matic erythrocytes which have the normal quantity of
haemoglobin. These data are presented in Table 2 which
reveal that the Mannich base 3 caused chromosomal
damage.
Finally the mutagenic potential of 3 was examined using
seven auxotrophic Salmonella typhimurium Ames assay
strains [12–15] as well as two Escherichia coli RK mutat-
est strains [16, 17]. No mutagenicity was shown with the
seven Ames assay strains in the absence of the S9 rat liver
homogenate. On the other hand, N-methyl-N’-nitro-
N-nitrosoguanidine (MNNG) produced strong mutagenic re-
sponses in TA100 (0.01–1.0 mg) and TA1535 (0.1–1.0 mg)
while the IRC-191 control caused mutagenesis in TA97A
cells (10 mg). A concentration of 500 mg of 3 per assay
plate killed all cells in treatments with the added S9
extract (data not shown). As indicated in Table 3, the
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Table 1: Determination of various biochemical parameters in mice after treatment with 3

Biochemical parameter Mean value for male mice � SD
n ¼ 5

Mean value for female mice � SD
n ¼ 5

Mean value for male and female mice � SD

Treated Control Treated Control Treated Control

Alanine transaminase (IU) 82.60 � 17.69 74.60 � 10.3 88.2 � 21.3 78.8 � 19.9 85.4 � 18.7 76.7 � 15.1
Aspartate transaminase (IU) 177.4 � 16.5 171.6 � 18.9 194.0 � 29.0 178.0 � 19.7 185.7 � 23.9 174.8 � 18.5
Total cholesterol (mg/dl) 135.8 � 1.6a 120.4 � 6.4 138.2 � 7.8 126.8 � 8.4 137.0 � 5.5a 123.6 � 7.8
Triglycerides (mg/dl) 107.8 � 5.7 99.0 � 8.4 105.8 � 5.0 98.6 � 7.8 106.8 � 5.2b 98.8 � 7.6
HDL-Cholesterol (mg/dl) 52.20 � 2.68 49.80 � 3.42 53.00 � 4.64 50.80 � 3.49 52.60 � 3.60 50.30 � 3.30
Creatinine (mg/dl) 0.52 � 0.05 0.46 � 0.09 0.50 � 0.07 0.44 � 0.06 0.51 � 0.06b 0.45 � 0.07
Urea (mg/dl) 57.20 � 7.43 53.8 � 3.9 58.00 � 5.92b 50.00 � 3.39 57.6 � 6.35b 51.9 � 3.99
Red blood cells (106/ml) 9.24 � 2.38 8.20 � 1.12 8.40 � 1.28 9.03 � 1.69 8.82 � 1.85 8.62 � 1.42
White blood cells (106/l) 4.88 � 1.68 5.93 � 1.06 4.19 � 1.12 4.80 � 1.22 4.54 � 1.40 5.37 � 1.23
Protein (mg/mg tissue) 31.84 � 10.72 33.3 � 10.2 32.96 � 9.22 38.88 � 11.14 32.4 � 9.45 36.1 � 10.5

a Significantly different from the control value (p < 0.001)
b Significantly different from the control value (p � 0.05)

Table 2: Effect of compound 3 on micronuclei induction in
murine bone marrowa

Biochemical parameter Treated � SE Control � SE

Number of micronuclei
per 1000 polychromatic
erythrocytes (PE)

3.5 � 0.02b 2.4 � 0.08

Number of micronuclei
per 1000 normochromatic
erythrocytes (NE)

0.8 � 0.01b 0.2 � 0.01

PE/NE ratio 1.02 � 0.3 1.02 � 0.01

a Mice were administered 2 mg/kg of 3 by the intraperitoneal route
b P < 0.0001 using the student ’t’test



TA100 strain revealed mutagenesis as demonstrated by the
increase in revertants with increasing concentrations of 3.
For example, a concentration of 50 mg of 3 in the pre-
sence of the S9 extract significantly increased the appear-
ance of mutants (his revertants), while parallel treatments
with 3 in the absence of S9 showed more than a tenfold
drop in revertants due to a loss of cell viability.
All of the treatments using 3 were highly toxic to the RK
assay strains yielding cell viabilities of less than 10�5

with no mutants produced due to the high toxicity of this
Mannich base.

3. Discussion

The potential of 2-dimethylaminomethyl-1-phenyl-2-pro-
pen-1-one hydrochloride (3) as a candidate cancer che-
motherapeutic agent was outlined in the introductory
section of this report, namely (i) its in vitro and in vivo
potencies, (ii) the novelty of both its structure and putative
mode of action and (iii) the likelihood of 3 demonstrating
preferential toxicity to neoplasms in contrast to the corre-
sponding normal cells. The question posited in the light of
the biodata generated using 3 is whether development of
this compound and/or its analogues should be pursued. In
addition, if pursuit be considered a viable option, the
possibility of vigilance in certain areas may be necessary
to be considered. The Mannich base 3 was designed as a
thiol alkylator. Hence, in theory at least, it should be
devoid of some of the side effects of various alkylating
agents used in cancer chemotherapy which include DNA
damage [6], induction of acute myelogenous leukemia
[18], birth defects [19] and adverse effects to the repro-
ductive systems [20, 21].
The positive aspects of this compound which emerged
from this assessment of its possible toxicity are as
follows. First, the employment of the same dose of 3
which had demonstrated marked anticancer activity in vivo
did not cause any mortalities after a total of 30 daily
doses were administered. Second, there were no severe
adverse effects on hepatic function as revealed by the
concentrations of ALT and AST in serum. Third, while a
number of anticancer drugs affect haematopoiesis [22], the
Mannich base 3 did not lead to changes in the number of
red and white blood cells. In addition, no pathological
effects were noted in five of nine body organs in treated
mice.
On the other hand, a number of toxic effects of 3 were
detected. Chromosomal damage was observed in a micro-
nuclei test and metabolism of 3 produced one or more
mutagens as revealed in the Ames test. Second, first pass
metabolism takes place in the liver and lungs [23] and
inflammation in both organs was detected by necroscopy
of treated animals. Finally, changes in lipid metabolism as
well as creatinine and urea concentrations were observed.

The conclusion to be drawn from this study is that while
3 is an important prototypic cytotoxic and anticancer
agent, molecular modifications should take place not only
with a view to increasing potency but to eliminating, or at
least reducing, some of the side effects. For example,
prodrug formation enabling the gradual release of 3 may
permit retention of the cytotoxic and anticancer properties
while amelioration of the unwanted toxic symptoms
occurs. In addition, the use of certain cytoprotective
agents such as mesna, which has been coadministered
with cyclophosphamide in order to reduce the side effects
but not the anticancer activity [24] should be considered.
Hence the formation of thiol adducts of 3 and congeners
should be considered which may permit a retro-Michael
reaction to occur in vivo liberating an antineoplastic agent
plus a thiol. Finally the insertion of electron-releasing
groups into the aryl ring of 3 should reduce the electrophi-
licity of the terminal olefinic carbon atom of 3 thereby
reducing chemical reactivity and possibly toxicity.

4. Experimental

4.1. Synthesis of the compound

The preparation of 3 has been described previously [25].

4.2. Toxicity evaluation in mice

The toxicity study was undertaken using six to eight week old Swiss albino
mice (25–30 g) which were obtained from the Central Animal House, Kas-
turba Medical College, Manipal, India. The animals had free access to
food and water.
A dose of 2 mg/kg of 3 was injected daily by the intraperitoneal route into
each of five male mice and also five female mice for 30 days. The control
group of animals comprising five male and five female mice received inje-
tions of distilled water in the same manner as the treated animals. All mice
were observed for the appearance of any physiological, behavioural and
lethal effects caused by the injections. Twenty-four hours after the last
injections, i.e., on day 31, blood samples from each mouse were collected
separately into non-heparinized tubes and allowed to coagulate. The serum
was separated by centrifugation and the alanine transaminase, aspartic
transaminase, total cholesterol, triglycerides, HDL-cholesterol, creatinine
and urea contents were determined using a Hitachi 911 autoanalyzer. The
number of red and white blood cells were obtained from blood collected in
sterile heparinized tubes by a literature procedure [26]. The total protein
content in a portion of hepatic tissue was obtained by a published metho-
dology [27]. Portions of the liver, lung, heart, spleen, testis, intestine,
stomach, brain and kidneys were placed in Bovin’s fixative and processed
for histological examination. The slides were stained with haematoxylin
and eosin and examined under a low power microscope for any gross
pathological changes. The micronuclei assay was undertaken by a pre-
viously reported method [28] using six treated mice and six control
animals of either gender.

4.3. Short-term bacterial toxicity and mutagenesis assays

The assays employed used various Ames’ strains of Salmonella typhimurium
and were undertaken by literature procedures [12–15]. In the absence of the
S9 liver extract, the Mannich base 3 as well as the reference compounds
were applied as 10 mL spots to Vogel-Bonner minimal medium (1.5% agar
and 2.0% glucose) plates that had been overlaid with TA1535, TA1538,
TA97A, TA98, TA100, TA102 or TA104 cells (0.1 mL) mixed with 2 mL of
top agar (molten agar 0.6% containing 0.5% sodium chloride, 0.1 mM histi-
dine and 0.1 mM biotin). Compound 3 or MNNG were dissolved in sterile
deionized water containing dimethylsulphoxide (DMSO, 10% v/v) to
produce solutions containing 5, 0.5, 0.05, 0.005 and 0.0005 mg/10 mL of 3
and 1.0, 0.1 and 0.01 mg/10 mL of MNNG. In addition, IRC-191 (9-chloro-3-
(2-chloroethylamino)propylamino-8-methoxyquinoline) was dissolved in
100 mM acetate butter pH 5.0 containing DMSO (5% v/v) to give a concen-
tration of 10 mg/10 mL. In the presence of the S9 extract, the Ames’ strains
TA97A, TA98, TA100, TA102 and TA104 were assayed using the same and
higher (500 and 50 mg) concentrations of 3 vide supra except that the
compound was dissolved in 100 mM acetate buffer. The assay was carried
out using 0.1 mL of cells, 0.5 mL of S9 mix, 10 mL of solution and 2 mL of
the top agar and were conducted in duplicate except that when the TA100
strain was used, the control, 5 and 50 mg experiments were performed in
quadruplicate.
The RK assay was carried out using Escherichia coli RK mutatest strains
Y832 and B457 using literature procedures [16, 17]. In this case, the cells
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Table 3: Effect of 3 on Salmonella typhimurium TA100 in the
absence and presence of S9 mix

Concentration of 3
(mg/assay plate)

Number of colony forming units

S9 mix absent � SE S9 mix present � SE

0 676 � 75 474 � 19
0.005 –– 491 � 1
0.05 –– 638 � 34
0.5 –– 533 � 49
5 526 � 23 645 � 35
50 55 � 11 1337 � 286



were mixed for 10 min with 2000, 200 and 50 mg of 3 in a solution
containing 0.01 M sodium chloride in 0.01 M tris(hydroxymethyl)amino-
methane, pH 7.4 in 10% DMSO.
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