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Abstract

The effect of a series of novel Schiff base compoundSraphylococcus aureus was studied by microcalorimetric method at’® The results
showed that all of the organic compounds had the capacity to inhibit the growtlamfeus in different extent. And the extent and duration of the
inhibitory effect on the growth of. aureus, judged from the rate constant (k), varied with the different structure of the Schiff base compounds.
According to the power—time curves, the multiplication rate constant and inhibition ratio were calculated. The growth rate cafistard.of
(in log phase) in the presence of Schiff base compounds decreased with the increasing of the concentrations of these compounds regularly
experimental results revealed that the hydrophilicity of Schiff bases had a great influence on their antibacterial activity. Of these Schiff bases,
greater their hydrophilicity, the higher their antibacterial activity. The antibacterial structure—activity relationship (SAR) of Schiff base derivative
was also briefly discussed.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction complexes, structure—activity relationship (SAR) of Schiff
base compounds have been studied by many investigators
Compounds with the structure of AC=NB are known as[7-10].
Schiff base, which can be synthesized from the condensation Microcalorimetry provides a general analytical tool for
of amino and active carbonyl. Some Schiff base and their metdahe characterization of the microbial growth process. It has
complexes have antibacterial and antitumor activity, so it isbeen extensively used in the study of the interactions between
always an interesting topic. Since the first Schiff base metafirugs and microbes with a great deal of useful information
complex was synthesized by H. Schiff in 1869. The study ofalready obtainefiLl1,12], and it is of great significance in drug
antibacterial and antitumor activity of Schiff base compoundgdesigning, reveals the nature and mechanism of the interaction
and their metal complexes has been widely discussed. In 19603etween drugs and microbes and further studying the nature of
Popp et al., studied several Schiff bases of benzaldehyde dkll membrane. The power—time curves of bacterial growth can
mustards and found them active enough in an experiment tumdre determined by means of microcalorimetry, and by analyzing
system to merit clinical trial$1]. Following this lead, Modi the exponential growth phase of the power—time curves, kinetic
et al.,[2] reported the synthesis and study of Schiff base fronparameters, such as rate constant, for bacterial growth can be
substituted benzaldehyde N mustards and various arylaminesvaluated13]. In this paper, LKB-2277 Bioactivity Monitor,
After Modi, lots of researchers studied the synthesis and chag kind of heat conduction microcalorimeter, was used to inves-
acterization of Schiff bases and their metal complg@es$].  tigate the inhibitory effects of Schiff bases Smuphylococcus
At the same time, the modes of Schiff base and their metatureus at 37°C. A deeper understanding of the mechanisms
of action of Schiff bases is highly desirable; the results of this
study may be useful to researchers attempting to gain more
* Corresponding author. Tel.: +86 27 87218284; fax: +86 27 68754067.  understanding of the mechanisms of action of Schiff base
E-mail addresses: prof.liuyi@263.net, liuyi@chem.whu.edu.cn (Y. Liu). compounds.
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Fig. 1. Structures of Schiff base derivatives.
2. Materials and methods cotton plug, so there is enough oxygen, which can be used by

S.aureus.
2.1. Materials
2.3. Microcalorimetric studies
Schiff base compounds were synthesized and characterized
by the College of Chemistry and Molecular Science, Wuhan The experiments were performed at °® with a
University, PR China. The structures of Schiff base derivativesnicrocalorimeter, LKB-2277 Bioactivity Monitor manufactured

discussed in this study are showrfig. 1. by LKB (Bromma, Sweden). Luria-Bertain (LB) medium con-
All other chemicals used are of analytical grade and availabléained per 1000 mL (pH 7.0): 5g NaCl, 5g yeast extract, 10g
locally. peptone. It was sterilized in high-pressure steam at 1212426
for 30 min.S. aureus were inoculated in 5 mL LB medium; ini-
2.2. S. aureus culture tially the density ofS. aureus was 1x 10° bacteria/mL. The

Schiff base compound was added at the beginning of the exper-

S. aureus (CCTCC AB910393) was provided by China Cen- iment, i.e. it was introduced as soon as eaureus were
ter for Type Culture Collection, Wuhan University, PR China.inoculated in LB mediumN,N-Dimthyrformamide was used
Briefly the broth culture medium in a total volume of 1000 mL as a solvent for preparing the original solution of the Schiff base
contained 5g NaCl, 6 g beef extract, 10 g peptone, and pH 7.@ompounds. Eventually, the LB medium contaiegkreus and
The volume of the culture medium was 25mL. The cultureSchiff base compound was pumped into the microcalorimetric
medium was sterilized in high-pressure steam at 1212€26 cell with an LKB-2132 perplex peristaltic pump at a flow rate
for 30 min.S. aureus were inoculated in 25 mL peptone culture of 50 mL h~1. When the flow cell (volume, 0.6 mL) was filled,
medium and incubated in the shaker for 10h at@7These the pump was stopped and the monitor was used to record the
cells were prepared for microcalorimetric measurementspower—time curves of the bacterial growth. The remained bacte-
The volume of the container is 100mL. The rotate speedial suspension was discarded. Generally, the experiments were
of incubator shaker is 100rpm. The flask is enveloped withstopped, when the second peak appeared.
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concentratiore. When the inhibitory ratid is 50%, the cor-

o 1 ! control responding concentration of inhibitor is called half inhibitory
2 0.1 gL 4
A~ concentration (16). The value of 1Gy can be regarded as
WL 4 04 g/l the inhibiting concentration of causing a 50% decrease of the
5 0.5 o/L growth rate constant. The values kfI and G of differ-
> 6 0.6/ ent Schiff base compounds acting 8naureus are shown in
= 20 708 g/L Table 1.

8 1.0g/L
3.3. Relationship between the growth rate constant (k) and
concentration of Schiff base derivatives

10

The values of the growth rate constant (k) in Tablshbw
0 200 400 800 800 1000 1200 1400 that all of these Schiff base compounds have potent antibac-
t/min terial activity againstS. aureus. The growth rate constant (k)
decreased with an increase in the concentration of Schiff base
compoundsFig. 3 shows the relationship between the growth
rate constant and concentration of compound D. From it, we can
see that the concentration rate constant relationship is nearly
linear.

Fig. 2. Power—time curves 6f aureus at different concentrations of Schiff base
compound D.

3. Results and discussion

3.1. Growth power—time curves o )
3.4. Relationship between the inhibition ratio (I) and

The power—time curves of aureus growth under the action concentration of Schiff base derivatives

of Schiff base derivatives at different concentrations are shown . o i .
in Fig. 2. The power—time curves show that the shapes of Usually, the inhibition ratio increased with the increase of

the metabolic thermogenesis curves changed little when thaChiff base compounds concentration, this can be seen from the
Schiff base compounds at low concentration were added imgata ofTable 1. The variation tendency of inhibition ratio with
the suspension of the bacterium. But when high concentratiofPncentration is varied with different compound, which sug-
of Schiff base compounds was added, the shapes Changgasted that the mode of action, drug absorption, etc. is different
obviously. FromFig. 2, it can be seen that Schiff base com. rom different drugsFig. 4 shows the relationship between the
pounds have an obvious inhibitory action Snuureus growth,  Inhibition ratio and concentration of compound D.

The times till the appearance of both peaks increase and their )

heights decrease with increasing concentration of Schiff base?: [luence of Schiff base compounds on S. aureus growth
derivatives. The heights of the second peak are larger than the

first peak in the range of 0-0.4 gL. When the concentration _
of compound D is in the range of 0.5-0.8gL the heights peak may suggest aureus to adopt one way of metabolism,

of second peak are smaller than the first peak. The secorff'd the second peak suggeStsureus to adopt another way

peak disappeared when the concentration of compound D & metabolism. The presence or absence of oxyges) ¢@an
1.0gL L be very important for the growth of bacterial, and it can influ-

ence the ways of metabolism of microbe. Under the condition of

stop-flow method, the volume of measuring cell is 0.6 mL, and

there is only a little oxygen, which can be usedSyiureus in

the system. At the beginning of the experiment, there is a little

oxygen available foS. aureus, andS. aureus adopts one way

of metabolism. When the oxygen is consumed, microbe may

InP, =In Py+ kt (1)  adjust themselves and adopt another way of metabolism. This
may explain why there are two typical peaks. The curd@in5s

where Py and P; are the heat output power at time 0 and  gemonstrated the relationship between the time of the second

respectively. Using this equation, the growth rate constant (kheak and the concentration of compound D. It is clear that the

of all the experiments is calculated by analyzing the data of thddition of concentration of Schiff bases delayshsg, which

first peak. The growth inhibition ratio is also calculated on theyjgq suggests that the Schiff bases have inhibitory effect on

The growth curve of. aureus has two typical peaks. The first

3.2. Growth rate constant of S. aureus and inhibition ratio

The growth power—time curves 8faureus show that the log
phase of growth obeys the equation [13]:

basis of the growth rate constant. aureus. At the same time, the power decreases correspondingly
Inhibitory ration can be defined as: (as can be seen from the heights of peak&iin 2). It is worth
ko — k. noting that the heights of the second peaks decrease greater than
I= [ T } x 100% (2) the first at high concentration of Schiff base compounds, so we

may draw the conclusion that the second way of metabolism has
wherekq is the growth rate constant of the contrkl,the rate  been influenced greater than the first at high concentration of
constant forS. aureus growth inhibited by an inhibitor with  Schiff base compounds.
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Table 1
Parameters df. aureus growth in solutions with different drugs at 37.00
Drug C(gL™) k (min~1) 1 (%) ICso (gL™1)
0 0.02743 - 0.506
0.1 002684 2.0
0.2 002474 9.8
Compound 0.4 001717 37.4
A 0.6 001047 61.8
0.8 000831 69.7
1.0 000683 75.1
1.2 000461 83.2
0 0.02790 - 0.474
0.1 002640 54
0.2 002146 23.1
Compound 0.4 001673 40.0
B 0.6 000986 64.7
0.8 000915 68.0
0.9 001080 61.3
1.2 000991 64.5
0 0.02743 - 0.864
0.1 002689 2.0
0.2 002553 6.9
Compound 5 4 002284 16.7
¢ 0.6 002058 25.0
0.9 001396 49.1
1.3 000408 85.1
0 0.02743 - 0.579
0.1 002437 11.2
0.2 002380 13.2
Compound 0.4 001885 31.3
D 0.5 001656 39.6
0.6 001277 53.5
0.8 000867 68.4
1.0 000261 90.5
0 0.02743 - 0.980
0.1 002674 25
0.2 Q02555 6.9
Compound 0.4 002421 11.7
E 0.6 002334 14.9
0.8 001595 41.9
1.0 001253 54.3
1.2 000916 66.6
0 0.02790 - 0.535
0.1 002689 3.6
0.2 002267 18.8
0.3 002050 26.5
Compound 0.4 001588 43.1
F 0.5 001583 433
0.6 001280 54.1
0.7 000896 67.9
0.85 Q001032 63.0
1.0 000931 66.6
0 0.02838 - 0.841
0.1 002754 3.0
0.2 002387 15.9
0.3 002172 235
Compound 0.4 001926 32.1
G 0.5 001843 35.1
0.6 Q01595 43.8
0.75 Q01501 47.1
0.9 Q01370 51.7
1.2 000990 65.1
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Fig. 3. Relationship between rate constaahd concentrationfor compound
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3.6. Structure—activity relationships insoluble inlipid, could not be absorbed. Generally speaking, the
activity of drugs is increased with the increase of lipophilicity of
The ways in which different Schiff base compounds reactdrugs. But the only increase in lipophilicity dose does not result
with S. aureus vary due to the difference in the structure. Analy- in an enhance anti-microbial activity for the homologous family
sis of Schiff base compounds may provide some explanation fdi.5]. Some highly lipophilic compounds may have low antibac-
the structure—activity relationships. Such an analysis might beerial activity because the time needed for the diffusion into the
helpful in the design of better inhibitors. The biological activity bacterial cell might be too long compared with their biological
of a particular substance depends on a complex sum of indhalf-life [16]. So, we think that the difference in antibacterial
vidual properties including compound structure, affinity for theactivity of compound F and E may be due, in part, to differences
target site, and survival in the medium of application, survivalin lipophilicity of the compounds. What is more, the steric effect
within the biological system, transport properties, and state ofnay be another reason for their different antibacterial activity.
the target organisifi4]. In this study, we focus our attention on The anisyl is larger than hydroxyl group, they attach tadiigo

the structure—activity relationships. andmeta position of the phenyl ring, producing different steric
Of the Schiff base derivatives whose inhibitory propertieseffect.
have been studied in detail, inhibition datalable 1shows that Comparison of the structures of Schiff base compound F and

all compounds exhibit antibacterial activity agai§stuureus. G, and correlation with the I§g values provides the explana-
The inhibitory activity of compound A, B and F are better thantion for the reduction in antibacterial activity of compound F
that of the other compounds. Compound B with residue thioand G. Compound G contains one more Gkt compared to
phenic shows the highest anti-microbial activity, and theglC compound F, the hydrophobicity and steric dimension of alkyl
value is about 0.474 gt!. Compound A and compound F have increases with the increasing number of carbon atoms. If the
similar inhibitory activity, they contain the subset of furanyl compound contains one more gldnit, their partition coeffi-
and 2,4-dihydroxyphenyl, their Kg value are 0.506 gt and  cient will be two to four times higher than that of the previous
0.535g L1, respectively. compound17]. So, the lipophilicity of compound G is different
It is interesting to note that compound C and D, their strucfrom compound F resulting in different antibacterial activity.
tures can be seenfrofig. 1, have a slight difference in structure,
but their antibacterial activity is very different; theirdgvalues 4. Conclusions
are 0.864gL! and 0.579g LY, respectively. Ligand—protein
interaction plays a key role in the distribution and transport of In this research, anti-microbial activity and the structure—
small molecules in biological systems. The electric property ofctivity relationships of a series of novel Schiff base derivatives
the compounds has close relations with biological activity. If thewere described. The result showed that all these Schiff base com-
distribution of charge density of drug is just suited with the spepounds, compound B was found to be the most active derivative
cific receptor, the interaction between drug and receptor wouldt an 1Gg value of 0.474 gLt againstS. aureus. Compound
increase, and then drug and receptor are apt to form complexés C, D, E, F, and G exhibited moderate antibacterial activ-
and increase the activity. The weak antibacterial activity of comity with 1C5g values of 0.506, 0.864, 0.579, 0.980, 0.535, and
pound C compared to compound D may be explained by thei®.841 g L1, respectively. The structure—activity relationships
charge density distribution. of these Schiff base derivatives indicated that furan ring was
The anti-microbial activity of compound F is almost 2 times essential for the antibacterial activity. The different hydrogen of
higher than that of compound E. We can know fréig. 1,  pyridine ring was substituted resulting in different antibacterial
two hydrogens at the positiotwtho and mera of the phenyl  activity. Furthermore, the hydrophilicity seemed to be important
ring of compound E and compound F are substituted by anifor the antibacterial activity, it may be possible to produce other
syl and hydroxyl, respectively. The methoxyl group is gener-more potent inhibitors.
ally hydrophobic in character, whereas the hydroxyl group is
hydrophilic, so the lipophilicity of compound E is higher than Acknowledgements
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