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Abstract: In this study, we aimed to investigate for the fi rst time antimicrobial and 
antimutagenic activities new two Schiff bases, obtained from a primary amine (p-toluidine, 
o-toluidine) and an aldehyde (Helicin). Synthesized compounds characterized with 
elemental analysis, fourier transform infrared spectroscopy, ultraviolet–visible 
spectrophotometry. 1H-13C nuclear magnetic resonance spectroscopy. Antimutagenic 
activity was evaluated by micronuclei assay. Antimicrobial activity of Schiff bases have 
been demonstrated against pathogenic four Gram-positive bacteria (Staphylococcus 
aureus, Staphylococcus epidermis, Micrococcus luteus, Bacillus cereus) and four Gram-
negative bacteria (Pseudumonas aeroginosa, Salmonella typhi H, Brucella abortus, 
Escherichia coli) and two yeasts (Candida albicans and Saccharomyces cerevisiae). 
The results showed that both Schiff bases have antimutagenic activity. Especially, 
high concentration (20 µM) of (E)-2-(hydroxymethyl)-6-(2-((p-tolylimino)methyl)
phenoxy)tetrahydro-2H-pyran-3,4,5-triol (Compound I) and (E)-2-(hydroxymethyl)-6-
(2-((o-tolylimino)methyl)phenoxy)tetrahydro-2H-pyran-3,4,5-triol (Compound II) have 
strong antimutagenic activity against afl atoxin B1. On the other hand, both of studied 
compounds were found effective against pathogenic bacteria and yeasts. Compound 
I exhibited more activity against P. aeroginosa, S aureus, S.typhi H and C. albicans 
comparable to Compound II and standard antibiotics. Additionally, Compound II 
showed better inhibitory activity than Compound I against Candida albicans and Br. 
Abortus. Therefore, these compounds can be used in phytotherapeutic due to theirs 
antimutagenic and antimicrobial activities.

Key words: Anti-microbial activity, elemental analysis, genotoxicity, helicin, pathogenic 
strains, Schiff bases.

INTRODUCTION 

Schiff bases are colorful organic compounds 
use as pigment in dye, cosmetic industry and 
synthesize easily, have excellent properties such 
as high thermal stability, biological activities, 
form metal complexes point out in numerous 
fi eld (Dhar & Taploo 1982, Bringmann et al. 2004, 
Zabulica et al. 2013, Tanak et al. 2014). Schiff 
bases are known as electron-donating groups 
presence of nitrogen atom in which provide to 
form complexes with metals and also in many 

enzymatic reaction appear as an intermediate 
product (Metzler et al. 1954, Snell & Jenkins 
1959, Cordes & Jencks 1962). Recently, several 
studies have demonstrated that Schiff bases 
have biological activities such as antimutagenic, 
antibacterial (Nartop et al. 2012, Sarı et al. 2013). 
However, antimutagenic and antibacterial effects 
of these compounds has not been reported up 
to the present. Therefore, in this study, we aimed 
to investigate for the fi rst time antimicrobial and 
antimutagenic activities new two Schiff bases, 
obtained from a primary amine (p-toluidine, 
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o-toluidine) and an aldehyde (Helicin). Helicin, 
which is named also salicylaldehyde-β-D-
glucoside, is a natural product obtained from 
salisin. Helicin is a chiral molecule due to 
asymmetric carbon and also the aldehydic group 
of helicin has been used to synthesize of Schiff 
base, that imine bond occur upon leave a water 
molecule as a by-product (Mishra et al. 2017). 
Mutagenic and antimutagenic effects of new two 
Schiff bases were evaluated by micronuclei (MN) 
assay. Antimicrobial activity was complexing the 
well diffusion method (Nartop et al. 2012, Sarı et 
al. 2013, Altundas et al. 2016).

MATERIALS AND METHODS
Synthesis of title compounds
Schiff bases (Moffett 1963) were prepared by 
refluxing a mixture of solution containing helicin 
(0,09 mmol) in ethanol (20 mL) and a solution 
containing a primary amine (p-toluidine, 
o-toluidine 0,09 mmol) in ethanol (20 mL). 
The reaction mixture was stirred for 5 hours 
under reflux. Synthesized compounds were 
evaporated at room temperature. Melting point 
for Compound I is 380-392 K and Compound II is 
385-395 K. 

Antimutagenic activity
Whole blood samples from four healthy non-
smoking donors between the ages of 23 and 25 
were used for the enzyme assays and separated 
lymphocyte cells from same blood samples 
were used for MN assay (the study was approved 
by Ataturk University, Medical Faculty Ethical 
Review Board). For MN assay, 3 mL of whole 
peripheral blood from each donor was collected 
by venepuncture. 0.3 mL of heparin was added to 
the each of the blood samples and the samples 
were homogenized. 0.5 mL of heparinized 
whole blood samples were cultured in 7 mL of 
RPMI-1640 contained 15% heat-inactivated fetal 

calf serum, 1% streptomycin, 1% penicillin, 2% 
glutamine and 2% phytohemagglutinin. To this 
solution, at 24th hour, the agents to be tested and 
aflatoxin B1 (5 µM) (AFB1) was added and cultured 
at 37°C for 42 h in a 5% CO2 moist atmosphere 
(Singh et al. 1988). AFB1 and the agents to be 
tested were dissolved in 0.5% dimethyl sulfoxide 
(DMSO). AFB1 (5 µM), compound 1 (Comp-1) 
and different concentration of comp-1 (5 µM, 
10 µM and 20 µM,) were added to the cultures 
just before incubation. Same protocols were 
done for compound 2 (Comp-2).  During the 
incubation period, cytochalasin B (3 µg/mL) 
was added to the whole blood samples at 44 h 
incubation. After 72 h incubation, the cells were 
harvested by centrifugation (1000 rpm, 10 min), 
the supernatant was collected and immediately 
assayed for enzyme activities (Orhan et al. 2016). 
6 mL of 0.05 M KCl was added to the pellet 
containing lymphocyte cells, vortexed and 
incubated at 37 °C for 7 min. After the incubation 
period, the lymphocyte cells were harvested 
by centrifugation (1000 rpm, 10 min) and the 
supernatant was removed. 6 mL of fresh fixative 
solution [acetic acid and methanol (1:3) was 
added drop by drop to the pellet. The fixation 
procedure was repeated three times and the 
tube was centrifuged (1000 rpm, 10 min). The cell 
pellet was re-suspended in 1 mL of fresh fixative 
solution, and then the suspension was dropped 
on to clean and labelled microscope slides and 
incubated at room temperature for 72 h. After 
the incubation period, the slides were stained 
with 5% giemsa dye solution for 10 min and 
excess giemsa dye was removed with distilled 
water. The slides were air-dried, and only bi-
nucleated cells were scored for MN analysis. 
For each experimental group, approximately 
1000 bi-nucleated cells were analyzed for the 
presence of MN (Ceker et al. 2015).  
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Antimicrobial activity

Test microorganisms

The pathogenic bacterial and yeasts were used; 
bacterial cultures chosen were Staphylococcus 
aureus ATCC25923, Escherichia coli ATCC1280, 
Salmonella typhi H NCTC901.8394, Pseudomonas 
aeroginosa sp., Brucella abortus RSKK03026, 
Staphylococcus epidermis sp., Micrococcus 
luteus ATCC9341, Bacillus cereus RSKK-863, and 
Candida albicans Y-1200-NIH and Saccharomyces 
cerevisiae sp.

Detection of antimicrobial activity
These synthesized compounds (compound I 
and II) were examined for their antimicrobial 
activity by the well-diffusion method (Sarı et 
al. 2013) against pathogenic four Gram-positive 
bacteria (S. aureus, S. epidermis, M. luteus, B. 
cereus) and four Gram-negative bacteria (P. 
aeroginosa, S. typhi H, E. coli, Br. abortus) and 
two yeast (C. albicans and S. cerevisiae). These 
compounds were kept dry at room temperature 
and dissolved (0.25 µg/µL) in DMSO. DMSO was 
used as both solvent and control. It was found 
to have no antimicrobial activity against any of 
the tested organisms 1% (v/v) of a 24 h broth 
culture containing 106 CFU/mL was placed in the 
sterile Petri plates. Mueller-Hinton Agar (MHA) 
(15 mL) kept at 45°C was then poured into the 
Petri-dishes and allowed to solidify. Then wells 
of 6 mm diameter were punched carefully by 
using a sterile cork borer and were entirely 
filled with the test solutions. The plates were 
incubated for 24 h at 37°C. On completion of the 
incubation period, the mean value obtained for 
the two holes was used to calculate the zone of 
growth inhibition of each sample. Pathogenic 
bacterial cultures and yeast were tested for 
resistance to five antibiotics produced by Oxoid 
Lt., Basingstoke, UK. These were: Ampicillin 

(prevents the growth of Gram-negative bacteria), 
Nystatin (binds to sterols in the fungal cellular 
membrane and alters the permeability allowing 
leakage of the cellular contents), Kanamycin, 
Sulfamethoxazole (a bacteriostatic antibacterial 
agent that interferes with folic acid synthesis in 
susceptible bacteria), Amoxycillin (a β-lactam 
antibiotic used to treat bacterial infections 
caused by sensitive microorganisms).

RESULTS 

Schiff bases (Moffett 1963) were obtained by 
condensation of helicin and primary amine 
(p-toluidine, o-toluidine) in ethanol solution. 
Structures of Schiff bases were analyzed with 
elemental analysis, FT-IR, UV-vis, 13C and 1H 
NMR spectroscopy. The data are agreeable with 
predicted structures as shown in Figure 1. 

Spectral data of title compounds are given 
Table I.  In this study, carbonyl bond of helicin 
turned to imine bond together leave a water 
molecule by reflux in ethanol. Due to electron 
with drawing hydroxyl groups of helicin reaction 
occurred mild conditions with high yield and 
purity. The C=N stretching vibrations which 
usually are expected in 1600-1700 cm-1 region 
(Anar et al. 2016) and are characteristic peaks for 
Schiff bases.  In FT-IR spectrum of synthesized 
compounds sharp peaks were observed at 1621-
1624 cm-1, that may prove to occur C=N bond. Also, 
broad OH vibrations were appeared at 3394-3372 
and the spectral and between at 2850-2920 cm-1 
were occurred based on aliphatic C-H vibration. 
The imine proton of Schiff bases in 1H NMR 
spectrum was determined at 8.899-9.006 ppm 
(s, 1H). The aromatic protons exhibited signal 
at about 6.499-8.083 ppm.  In 13C NMR spectrum, 
imin carbon was appeared at 155-157 ppm. In 
UV spectra of synthesized Schiff bases recorded 
in ethanol and observed similar peaks by the 
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reason of same chemical groups. The peak was 
shown about 330 nm and 340 nm for Compound 
I and Compound II based on n-π* transitions of 
imine bond.

When we evaluate the data obtained in 
MN test system, it can be concluded that the 
simultaneous treatments of AFB1 with almost 
all concentrations of two compounds have a 
significant anti-genotoxic potential (Table II). 
Namely, two compounds reduced the number 
of MN, and that reduction was found to be 
statistically significant (p<0.05). Compounds 2 
more effective than compounds 1 (Table II).

The synthesized compounds (compound I 
and II) were screened for in vitro anti-bacterial 
and anti-fungal activity in DMSO solvent as a 
control substance. The compounds were tested 
with the same concentrations in DMSO solution 
(0.25 µg/µL). All the synthesized compounds 
and anti-biotics exhibited varying degrees of 

inhibitory effects on the growth of different 
tested pathogenic microorganisms (Table III). 

The results of antibacterial screening 
indicated Compound I showed activity against 
most of the strains both gram-positive (S. 
aureus (20mm)) and gram negative bacteria 
(S. typhi H (20mm), P. aeroginosa (15mm)). S. 
aureus is a clinically important pathogen as it 
causes various types of infections (Halling et al. 
2005). Salmonella serovars cause very diverse 
clinical symptoms, from asymptomatic infection 
to serious typhoid-like syndromes in infants or 
certain highly susceptible animals (Altundas et 
al. 2010). Compound II showed activity against 
most of C. albicans (30 mm).  Additionally, 
Compound II were potent growth inhibitors 
against Br. abortus with a zone value of 13 
mm. Br. abortus is a gram-negative bacterium 
that causes premature abortion of cattle fetus 
(Halling et al. 2005), in addition it is a human 
pathogen which is a very serious, debilitating 

Figure 1. Structures and abbreviations of synthesized Schiff bases.
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and sometimes chronic disease that may affect 
a variety of organs (Sauret & Vilissova 2002). 
The antimicrobial activity of these compounds 
was also compared with seven commercial 
antibiotics (Kanamycin, Sulfamethoxazole, 
Ampicillin, Chloramphenicol, Ciprofloxacin, 
Amoxycillin, Sulbactam and Nystatin). It was 
seen that the synthesized compounds were 
effective as the antibiotics mentioned.

DISCUSSION 

Schiff bases have increasing importance in the 
preparation of some drugs, production of dye, in 
the electronics industry, in the plastics industry, 
in cosmetics, in polymer production and in 
various fields such as analytical chemistry, 
liquid crystal technology. Schiff bases have 
biological and structural importance. For this 
reason, researchers are so working on Schiff 

bases (Şakiyan et al. 2014, Nartop et al. 2014). 
It is known that the use of chemotherapeutic 
property. Because of these properties of Schiff 
bases have important role pharmaceutical 
industry and some different industry. Especially, 
biological activities on biological systems 
of Schiff bases are engaging attention of 
researchers (Sarı et al. 2013, Altundas et al. 2010, 
Anar et al. 2016). A large number of Schiff bases 
and their complexes are of significant interest 
due to their diverse biological activities including 
anti-tumor, antibacterial, fungicidal and anti-
carcinogenic (Nartop et al. 2014) showed that new 
synthesized chemical complex materials have 
anti-cancer and anti-oxidant activities including 
azo-azomethine complexes. In additions, they 
showed that the antiproliferative effects of the 
azo-azomethine complexes on human cervical 
cancer (HeLa) cells.

Table I. Data of elementel analysis, FT-IR, UV-vis, 1H and 13C NMR spectra of Compounds.

Compounds / Analysis results Compound 1 Compound 2

Elementel analysis found
(Calcd.) %

C 59.50 (61.69) 58.16 (64.33)

H 6.28 (5.95) 6.22 (6.21)

N 3.80 (3.60) 3.43 (3.75)

FT-IR vibration frequences
(cm-1)

-OH 3394 1621

C-H 2850-2920 2880-2920

C=N 1621 1624

C-O 1074 1079

UV-Vis.  values  (nm) λmax 340 330

H NMR

HC=N 9.006 8.899

Ar-H 8.039-7.129 8.083-6.499

O-H 5.092-4.583 5.092-4.588

C NMR

C=N 155.659 157.859

C=C 157.859-116.715 155.885-118.491

C-O 101.589-61.149 101.482-61.125
FT-IR: Fourier Transform Infrared Spectrometer, UV–Vis: Ultraviolet–Visible Spectrophotometry,  NMR: Nuclear Magnetic 
Resonance, C NMR: Carbon-13 Nuclear Magnetic Resonance.
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Additionally, compounds (compound 
I and II) exhibited very good antimicrobial 
activity against a wide range of pathogenic 
microorganisms. The synthesized compounds 
were as effective as the antibiotics mentioned. 
Compounds I and II were synthesised from 

helicin with p- and o-toluidine. Helicin is a polar 
molecule, but p-toluidine or o-toluidine may 
provide lipophilic character which enhances 
antimicrobial activity, as much as. Therefore, 
both compounds showed similar effect.

Table II. The effects of AFB1 and Comp 1 / Comp 2 on MN.

Test Items Concentrations
MN Numbers ± S.E.

Comp 1
MN Numbers ± S.E.

Comp 2

Control (-) 1.82 ± 0.06a 1.82 ± 0.06a

Control (+) 5 µM 3.50 ± 0.02d 3.50 ± 0.02d

Comp 1 / Comp 2 10 µM 1.96 ± 0.04a  1.91 ± 0.03a

AFB1 + Comp 5 µM + 5 µM 3.06 ± 0.05c 3.00 ± 0.03c

AFB1 + Comp 5 µM + 10 µM 2.62 ± 0.07bc 2.44 ± 0.08b

AFB1 + Comp 5 µM + 20 µM 2.34 ± 0.02b 2.22± 0.04ab

AFB1 was used as positive controls for human peripheral lymphocytes.
a, b, c, d Values of MN are significantly different compared to negative control (P < 0.05).

Table III. Biological activity of compounds (compound I and II) and standard reagents (diameter of zone inhibition 
(mm)).

Compound
Microorganisms

Compound 
-1-

Compound 
-2-

Positive Control

K30   SXT25 AMP10   AMC30 NYS100 SCF

Gram 
(-)

P. aeroginosa 15 15 14 18 8 15 - -

S. typhi H 20 16 20 17 11 19 - -

Br. abortus - 13 - - - - - 12

E. coli - - 25 18 10 14 - -

Gram 
(+)

S. aureus 20 - 25 24 30 30 - -

S. epidermis 15 20 - - - - - -

M. luteus 10 - - - - - - -

B. cereus 10 15 - - - - - -

Yeast
C. albicans 24 30 - - - - 20 -

Saccharomyces 
cerevisiae 15 17 - - - - - -

Control DMSO - - - - - - - -
K30 : Kanamycin 30µg; SXT25: Sulphamethoxazol 25µg; AMP10: Ampicillin 10µg; AMC30: Amoxycillin 30µg; NYS100: Nystatin 100µg ; 
SCF: Sulbactam (30 µg)+ Cefoperazona (75µg).
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