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Abstract

2'-Benzoyloxycinnamaldehyde (BCA), a derivative of 2-hydroxycinnamaldehyde demonstrated a potent antitumor effect
against several human solid tumor cell lines. The physicochemical properties and degradation kinetics of BCA were investigated
to support the drug-development effort. The aqueous solubility of BCA was low, and it was not considered to be hygroscopic. The
degradation of BCA followed the first-order kinetics, and the pH-rate profile revealed that the degradation of BCA was governed
by general acid- and specific base-catalysis as well as spontaneous hydrolysis. BCA was very unstable in basic conditions, in
particular pH above 9, and found to be more stable in acidic conditions such as pH between 2 and 4. The degradation of BCA was
accelerated in elevated temperature and high-ionic strength. Therefore, it was suggested that BCA should be stored in slightly
acidic conditions with lowered temperature and ionic strength.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction fects of C. cassiahave been detailed such as a po-
tent antibacterial activity fo€lostridium perfringens
Cinnamomum cassiBlume (Lauraceae) has been Bacteriodes fragiliandBifidobacterium bifidunfLee
used as a spice in East Asian countries, and also con-and Ahn, 1998; Kwon et al., 200&nd a fungicidal
sidered to have pharmacological properties such asactivity for Geotrichum cnadidumFloeckera apivu-
carminative and antispasmodlase, 2002, thus it has lata, Candida lipolyticaandC. albicans(Conner and
been often combined with other traditional oriental Beuchat, 198% The extract ofC. cassiaexhibited
herb medicines. Recently, more pharmacological ef- cytotoxicity against human tumor cell&\on et al.,
1998; Ka et al., 2008and antimutagenetic activity
" Corresponding author. Tel.: +82 51 510 2810: (Ohta, 1993 and potentiated the cell-inactivating ef-
fax: +82 51 513 6754, fect of cis-diamminedichloroplatinum (1) in human
E-mail addresschiho@hyowon.pusan.ac.kr (C.-H. Lee). NHIK 3025 cells Dornish et al., 1988, 1989In addi-
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(A) 2’-Hydroxycinnamaldehyde (HCA)
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(B) 2’-Benzoyloxycinnamaldehyde (BCA)

Fig. 1. Structures of: (A) 2hydroxycinnamaldehyde (HCA); (B)
2'-benzoyloxycinnamaldehyde (BCA).

tion, it showed an inhibitory effect on farnesyl protein
transferase activity in vitro, which relates to immune
cell activation as well as carcinogenesi®l et al.,
1998.

These antitumor effects have been attributed to
cinnamaldehydes (CA) such as'-t8/droxycinna-
maldehyde and-methoxycinnamaldehydeChoi et
al., 2002, the major constituents of volatile oil @.
cassia Based on 2hydroxycinnamaldehyde (HCA,
Fig. 1(A)), CA and related compounds were syn-
thesized from various cinnamic acids, and synthetic
CA analogues were studied to develop new anti-
cancer drugsKwon et al., 1998 Among them, 2
benzoyloxycinnamaldehyde (BCRig. 1(B)) strongly
inhibited in vitro growth of 29 kinds of human can-
cer cells, and in vivo growth of SW-620 human tumor
xenograft in nude micelLge et al., 1999 BCA also
showed antiproliferative effect in a proliferative vitre-
oretinopathy model in the rabbitée et al., 200R

The potent antitumor effect of BCA showed poten-
tial as a new anticancer drug. Thus, in this study the
stability of BCA was investigated in different pH buffer
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were filtered using a 0.4bm filter and thoroughly de-
gassed in an ultrasonic bath before use. Chromium tri-
oxide, cupric chloride, lithium sulfate, potassium ac-
etate, sodium chloride and boric acid were obtained
from Junsei Chemical Co. (Tokyo, Japan), and used as
received. All other chemicals were reagent grade and
used without further purification.

2.2. Methods

2.2.1. Physicochemical property test

The melting point of BCA was measured with a
Mel-Temp melting point apparatus (Laboratory De-
vices Inc., Holliston, MA, USA), fitted with a 0-18@
mercury thermometer. The solubility of BCA was mea-
sured in methanol, ether and distilled water af@5
by adding an excess of BCA to each solvent in a
100 ml Erlenmeyer flask. The solutions were mechan-
ically shaken in a water bath (Viscotherm VT 100,
Physica Messtechnik GmbH, Ostfildern, Germany) un-
til equilibrium achieved. Samples were filtered through
0.45um syringe filter, and the diluted filtrates were
subject to analysis. The weight change of BCA in the
period of 5-week storage was measured under vari-
ous relative humidity desiccators: potassium acetate for
21.6%, chromium trioxide for 40%, sodium dichromate
for59.4%, cupric chloride for 68%, sodium chloride for
75.3%, and lithium sulfate for 87.8%.

2.2.2. Stability test

In this study, 0.1 M hydrogen chloride (pH 1),0.1 M
hydrogen chloride—0.1 M potassium chloride (pH 2),
0.1 M hydrogen chloride-0.1 M glycine (pH 3), 0.1 M
sodium acetate—0.1 M acetic acid (pHs 4 and 5), 0.1 M
potassium phosphate monobasic—0.1 M sodium hy-

systems and at elevated temperature conditions. In ad-droxide (pH 6-8), and 0.1 M boric acid—-0.1 M potas-

dition, basic physicochemical properties of BCA were
measured.

2. Materials and methods
2.1. Materials

BCA was kindly donated from Korea Research In-
stitute of Bioscience and Biotechnology (Taejun, South
Korea). Methanol (HPLC-grade) was purchased from
Merck (Darmstadt, Germany), and solvents for HPLC

sium chloride (pH 9) buffers were used. The ionic
strength of the buffer solutions was adjusted to 0.1 with
addition of sodium chloride. BCA methanol stock solu-
tion (1 mg/mL) was diluted 1000-fold with different pH
buffer solutions. A 3mL aliquot of the diluted buffer
solutions was added to 5mL amber glass ampoules,
which were flame sealed and maintained in a constant
temperature bath (6@) and a light-protected environ-
ment.

The temperature dependency of BCA degradation
was tested at 40, 60 and 80. BCA methanol stock
solution (1 mg/mL) was diluted with distilled water,
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and a 3mL of aliquot was added to 5mL of amber 100
glass ampoules, which were flame sealed.

The effect of ionic strength on the aqueous stability
of BCA at 60°C was investigated in pH 4.0 in acetate
buffer solutions. The effect of ionic strength on reac-
tion rate was ascertained by varying the ionic strength
(u =0.1-1.6) with addition of sodium chlorid€fun
and Cho, 199p

10

% Remaining

2.2.3. Sample analysis

The concentration of BCA was determined using a
HPLC system, consisted of an LC module | pump, a
Waters 486 Tunable UV/visible Absorbance detector, a 1 ; ; ; ;
Waters 746 B data module, an on-line degasserandan (5, ° %0 100 150 2000 250
auto sampler (Waters, Milford, MA, USA). The com- Time (hr)
pound analysis was carried out usingneBondapak
C1g column (3.9x 300 mm i.d., particle size Lom,
Waters, Milford, MA, USA). The mobile phase con-
sisted of methanol and water (70:30, v/v). Flow rate was
1.0 mL/min and the injection volume was 100, and
BCA was detected at 254 nm. The chromatographic
peak of BCA was well resolved from interference with
a retention time of 7.4 min.

pH 1
pH2
pH3
pH 4

<400

% Remaining

3. Results and discussion

3.1. Physicochemical property test

0 50 100 150 200 250

The measured melting point of BCA was ® ,
Time (hr)

824 0.5°C. With linearity in the concentration range
of 0.1-50u./mL, the SOIgbIIIty of BCA was measured Fig. 2. Percent BCA remaining at 6Q: (A) in acidic conditions
0.4, 18, and 49 mg/mL in water, methanol, and ether, (o4 1-4): () in basic conditions (pH 5-9).

respectively. Aqueous solubility is animportant physic-

ochemical parameter affecting pharmacokinetics of a from the slopes. BCA was degraded almost instanta-
compound, in particular absorption when administered neously in pH 10, yielding yellowish precipitations,
orally. The measured aqueous solubility of BCA was hence it was not possible to estimate the degradation
quite low, therefore it requires a pre-formulation effort rate constant. BCA had the fastest degradation rate in
to achieve a satisfactory aqueous solubility. No signifi- pH 9 (k=3.6 hr1), while it had the slowest degradation
cantweight change of BCA was observed under various rate in pH 4 k=8.9x 104 h~1). The degradation of
relative humidity storage conditions (21-88%), hence BCA was relatively slower in acidic conditions such as

it was considered to be not hygroscopic. pH between 2 and 4{g. 2(A)), and in basic conditions
such as pH above 7 the degradation was more extensive
3.2. Stability test (Fig. 2(B)).

Itis believed that BCA carries a partial charge on the

Fig. 2 shows the % BCA remaining in pH 1-9 at oxygen of carbonyl group depending on the surround-
60°C. BCA degradation followed the first-order kinet- ing environment: in acidic condition, the protonated

ics, and the degradation rate constants were calculatedoxygen carries a partial positive charge, and in basic
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Fig. 3. The effect of pH on BCA degradation: pH-rate profile at 0
60°C.
condition, the oxygen is charged partially negatively. 1
In acidic conditions, the attack of water molecule on _
the carbonyl carbon leads to hydrolysis of the ester  ~_
bond, while the attack of hydroxide ion leads to the f 2
same product in basic conditions. The resulEajf. 2 =2
confirmed that the ester bonds be more vulnerable to
hydrolysis in basic conditions. 3]
3.3. pH-rate profile
-4 , , ,
26 28 3.0 32 34

Fig. 3 shows the pH-rate profile BCA degradation (B
at 60°C. The data points represent first-order rate con- 1/T x 1000
stants obtained from the initial linear portions of the ki- a4 (AP BCA g in distilled )
neic plots at each pH. The siope of kggainstacidic 105, ) fercen A e stieduacr aious o
pH (pH <4) was 0.3, indicating that the degradation re- ;s piot of BCA degradation.
action followed general acid-catalysis, and one or more
buffer components were involved in the degradation of each temperature was plotted against the reciprocal of
BCA (Kwon et al., 1999 The alkaline portion of the  absolute temperature to estim&tg(activation energy,
rate-pH profile (pH > 7) showed a slope close to unity kcal/mole) andA (Arrhenius factor, hl) using Arrhe-
(0.98), anindication of specific base-catalysis. The ob- nius equation Fig. 4B)). The activation energy and
served deviation of BCA degradation near neutral pH Arrhenius factor were determined as 22.17 kcal/mole
(5<pH<7) can be due to extensive spontaneous hy- and 2.55«< 102h~1. The extrapolation of the regres-
drolysis. sion curve to 20C, thekyo°C of BCA in distilled

Fig. 4A) shows % BCA remaining in distilled wa-  water was estimated as 6.5110°>h~1. The times
ter at different testing temperatures. Over the temper- to degrade 10%t{p, shelf life) and 50% tgo, half
ature ranges of 40-8(, the degradation of BCAfol-  life) at 20°C were calculated as 67 and 444 days,
lowed the first-order kinetics. The degradation rate of respectively.
BCA increased as the temperature increased in dis- The effect of ionic strength on the degradation of
tilled water. The degradation rate constant #pet BCA was investigated in pH 4 buffer solutions at
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4. Conclusions

Basic physicochemical properties and stability of
BCA were investigated. The agueous solubility of BCA
was low, and it was not considered to be hygroscopic.
The degradation of BCA followed the first-order kinet-
ics, and the pH-rate profile indicated general acid- and
specific base-catalysis as well as spontaneous hydroly-
sis. BCA was very unstable in basic conditions, in par-
ticular pH above 9, and found to be more stable in acidic
conditions such as pH between 2 and 4. The degrada-
tion of BCA was accelerated in elevated temperature
, , , and high-ionic strength. Therefore, it was suggested
(A) 0 100 200 300 that BCA should be stored in slightly acidic conditions

Time (hr) with lowered temperature and ionic strength.

% Remaining
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