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ABSTRACT

The objective of this study was to investigate the bioactivity of N-(cinnamylidene) tryptophan (CinTrp),
including its in vitro hemolytic effect on erythrocytes, at different concentrations (20-1000 pg/mL).
CinTrp was synthesized by condensing cinnamaldehyde (Cin) and tryptophan (Trp) in a basic medium.
Its physicochemical, spectral, and thermal properties were analyzed using Fourier transform infrared,
proton and 13-carbon nuclear magnetic resonance, electronic, and mass spectroscopy, as well as thermo-
gravimetric and differential scanning calorimetry. Antibacterial activity against Gram-positive (S. aureus)
and Gram-negative (E. coli, P. aeruginosa, and K. pneumoniae) bacteria was assessed using the agar disk-
diffusion method, while the hemolytic effect on human erythrocytes was spectrophotometrically deter-
mined. Thermal analysis suggested that CinTrp is less stable than its Trp precursor. The antibacterial
activity of CinTrp against E. coli was close to that of ceftriaxone, while against K. pneumoniae it was nearly
half that for ampicillin and ceftriaxone standard drugs. No effects on S. aureus and P. aeruginosa were
observed. Cell hemolysis test in reference to phosphate-buffered saline (negative) and Triton X-100
(0.1% v/v) (positive) controls indicated low or no effects up to 250 pg/mL (<1.50% * 3.06%), with a slight
increase up to 750 pg/mL (6.50% + 2.87%); however, lysis of 23.13% + 7.76% at 1000 ug/mL was detected. It
could be concluded that CinTrp is more active against Gram-negative bacteria and its hemolytic effect on
erythrocytes apparently begins above 250 ug/mL. However, additional analyses in terms of the concen-
tration range, methods, and types of microorganisms may be necessary to assuage safety concerns and
deepen understanding.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

amines. They exhibit a wide range of biological activities, including
antipyretic, antimalarial, antiproliferative, antiviral, antitumor,

Schiff bases are an important class of bioactive compounds that
have been extensively studied in the fields of medicinal, organic,
and inorganic chemistry. They contain an azomethine linkage,
which substantially enhances certain biological activities (Zong
Chin et al., 2020). Schiff bases are typically the condensation pro-
duct of a carbonyl group (aldehyde or ketone) with primary
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antioxidant, antibacterial, and antifungal effects (Al-Resayes
et al., 2020; Alam et al., 2012; Azam et al., 2021a; Khan et al,,
2021; Rehman et al.,, 2013; Zhang et al., 2011). Hence, an in-
depth investigation of their structure-property-activity relation-
ship becomes of special interest to researchers.

Cinnamaldehyde (Cin), a major constituent of cinnamon essen-
tial oil, is a well-established natural antimicrobial substance that is
categorized as a safe compound for use in medicine and food
(Adabiardakani et al., 2012). Furthermore, it is non-toxic on human
erythrocytes at low concentration (<30 pg/mL) as compared with
negative control (da Nobrega Alves et al., 2020). Despite its distinc-
tive structure, properties such as volatility and strong odor limit its
use in many applications (Li et al., 2008). To overcome such disad-
vantages, various Cin-based derivatives, including Schiff bases,
have been synthesized (Li et al., 2008; Shreaz et al., 2011). Cin is
a conjugated aromatic aldehyde that can easily react with an
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amino group under mild conditions (Wang et al., 2017; Wang et al.,
2018), resulting in an emerging class of bioactive compounds with
potential application as pharmaceutical agents (Wang et al., 2017).
Tryptophan (Trp), an essential amino acid, is the unique protein
amino acid bearing an indole, a bicyclic ring formed by a benzene
and pyrrole group, providing the molecule with high hydrophobic
features among all protein amino acids. Also, the indole ring can be
metabolized into bioactive compounds those having a great impact
on life functions (Shakir et al., 2011). It is a building block of many
substantial biomolecules. In addition, it is an important precursor
of pharmaceuticals, and its derivatives were suggested as potent
drugs.

The structure-activity relationship of Cin-amino acid Schiff
bases (CAASBs) (Al-Resayes et al., 2016; Zhang et al., 2013) and
some of their biological properties have been investigated
(Nanda et al., 2015; Wang et al., 2017; Wang et al., 2016; Wei
et al., 2011). The contributions of the benzene ring, carboxylic,
and azomethine groups to bioactivity have also been reported
(Wang et al., 2017; Wang et al., 2016). Meanwhile, no reports eval-
uating their hemolytic activity on erythrocytes have been pub-
lished. Furthermore, their detailed structure was not adequately
investigated. In this context, human erythrocytes provide a useful
tool for studies of hemolytic activity, as an alternative to an in vivo
test, thus reducing the use of laboratory animals. Hemolytic assay
is an easy, rapid, reproducible, inexpensive, and effective method
for assessing cellular toxicity (Greco et al., 2020). Substances might
have a hemolytic or anti-hemolytic effect on human erythrocytes
that necessitates practical research before their use. Furthermore,
the development of bioactive compounds to control infectious dis-
eases is a major healthcare challenge because of the emergence
and dissemination of multidrug-resistant bacteria. Therefore, the
discovery and development of novel antibiotics are particularly
notable scientific achievements.

To the best of our knowledge, no research has been conducted
on the hemolytic activity of N-(cinnamylidene)tryptophan, to
assess its cellular toxicity. Moreover, its physicochemical, spectral,
thermal, and biological properties have been inadequately
reported. In this context, the objective of this study was to investi-
gate the bioactivity, including cellular toxicity, as well as the
physicochemical, spectral, and thermal properties, of CinTrp.

2. Materials and methods
2.1. Materials

Cin (98%), Trp (98%), potassium hydroxide (KOH, 99.9%),
dimethyl sulfoxide (DMSO, 99.7%), phosphate-buffered saline
(PBS, pH 7.4), and Triton X-100 (TX100, 0.1% v/v) were purchased
from Sigma-Aldrich (Taufkirchen, Germany). Absolute ethanol
was obtained from Fluka (St. Gallen, Switzerland). All other
reagents were of analytical grade and were used as received with-
out any further treatment.

2.2. Instruments

FTIR spectra were recorded by a Nicolet iS10 spectrophotometer
(Thermo-Scientific, WI, USA), with an attenuated total reflection
(ATR) accessory. The 'H- and '*C NMR spectra were obtained on
a JEOL Delta-NMR spectrometer (JOEL Resonance, Tokyo, Japan)
at 400 MHz, using DMSO dg as the solvent. The electronic spectra
were recorded in ethanol using a U-2910 UV-Vis spectrophotome-
ter (Hitachi, Tokyo, Japan) over the range of 200-500 nm. Mass
spectra were obtained using an Accu-TOF LC-Plus JMS-T100 LP,
ToF-MS (JEOL) operated in the +ve-ion mode. TGA analysis was
performed on a Mettler-Toledo TGA/DSC 1 Star system (Columbus,
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OH, USA), 7-12 mg, from 25 °C to 800 °C, at 10 °C/min, under an N,
gas stream of 20 mL/min. DSC thermograms were acquired on a
Shimadzu DSC60A (Kyoto, Japan). Samples (~10 mg) were heated
from room temperature to 350 °C at a heating rate of 20 °C/min
under an N, atmosphere (50 mL/min).

2.3. Synthesis of CinTrp

CinTrp Schiff base was synthesized via a condensation reaction
between Cin (aldehyde) and Trp (primary amine) as described else-
where (Wang et al., 2016). Typically, Trp (1.0 g, 5 mmol) was dis-
solved in 100 mL of a hot KOH (0.28 g, 5 mmol) ethanolic solution
by stirring. To this solution, equimolar Cin (0.650 g) in 100 mL of
hot ethanol was added dropwisely, stirred at room temperature
for 2 h, then concentrated under a vacuum at 30 °C. The CinTrp pre-
cipitate was obtained by adding 25 mL diethyl ether, then filtered,
washed three times with diethyl ether, dried at room temperature
for 2 days, and stored in a vacuum desiccator until use.

2.4. Biological studies

2.4.1. Antibacterial activity tests

The in vitro antibacterial activity of CinTrp was determined by
screening against Gram-positive (S. aureus) and Gram-negative
(E. coli, P. aeruginosa, and K. pneumoniae) bacteria using the disk-
diffusion method (Al-Qadsy et al., 2020; Azam et al.,, 2021b;
Ommenya et al., 2020) in reference to ampicillin (Amp) and ceftri-
axone (Cef). The test bacteria were kind gifts from Professor Fuad
Al-Dubai (Thamar University), Thamar, Yemen. Nutrient agar (Hi-
media, Mumbai, India) was prepared in accordance with the man-
ufacturer’s directions and used to grow the bacteria. The test bac-
teria suspension was made to an inoculum density equivalent to
0.5 McFarland (approximately 1.5 x 10® CFU (colony-forming
unit)/mL). The plates were inoculated with the target bacteria
using sterilized cotton swabs. Sterile Whatman filter paper (No.
1) disks with a diameter of 6 mm were impregnated with different
concentrations (20, 40, 100, 250, 500, 750, and 1000 pg/mL) of the
CinTrp and positive controls (Cef and Amp) in DMSO; DMSO was
also used as a negative control (Rehman et al., 2013). Subsequently,
the impregnated disks were placed aseptically on the surface of
bacterially seeded Petri dishes and immediately incubated at
37 °C for 18-24 h. The susceptibility of bacteria to CinTrp was
determined by measuring the diameter of the inhibition zones
(ZOI) in millimeters. All experiments were carried out in duplicate.

2.4.2. Hemolytic assay

An in vitro hemolytic activity test was carried out as described
in the literature (Kumar et al., 2011). Five milliliters of blood were
taken from a healthy individual (a 37-year-old male volunteer with
an O-positive blood group) after the provision of informed consent
and transferred into an EDTA-containing tube. The erythrocytes
were isolated based on the procedure described by Chiste et al.
(Chisté et al., 2014). Briefly, the blood was centrifuged at
1500 rpm for 5 min at 4 °C, followed by careful removal of the
supernatant, washing the pellet five times with sterile PBS, and
centrifuging using the same conditions. The cells were re-
suspended in PBS to obtain a 0.5% (v/v) erythrocyte suspension,
which was subsequently used in the hemolysis assay. To each of
nine marked test tubes containing 0.5 mL of the cell suspension,
0.5 mL of the following test samples were added: CinTrp solutions
in sterile PBS, TX100 (positive control), and PBS (negative control).
The tubes were incubated for 35 min at 37 °C and then centrifuged
at 1500 rpm for 10 min at 4 °C to precipitate the cells. The obtained
supernatant containing free hemoglobin was measured on a UV-
Vis spectrophotometer at 540 nm. Sterile PBS and TX100 were used
as minimal and maximal hemolytic controls, respectively. The level



Mohammed Mansour S. Saif, R.M. Alodeni, Abdulaziz Ali Alghamdi et al.

of hemolysis caused by CinTrp was calculated according to Eq. (1),
and the final hemolytic percentage was the average of three inde-
pendent experiments.

Hemolysis(%) = <Ar 7A”> x 100, 1)
Ay — An

where A; is the absorbance of the test sample, A, is the absorbance
of the negative control (PBS), and A, is the absorbance of the posi-
tive control (TX100).

3. Results and discussion
3.1. Spectroscopic analysis of CinTrp

CinTrp or potassium 3-(1H-indol-3-yl)-2-(((E)-3-phenylallyli
dene)amino)propanoate) was synthesized as shown in Fig. S1
and its spectral (FTIR, 'H-, 13C NMR, UV-Vis, MS spectroscopy)
and thermal (TGA/DTG and DSC) properties were discussed. CinTrp
was obtained as a light-yellow powder, with an isolated yield of
93.26%.

3.1.1. FTIR analysis

The FTIR spectra of the CinTrp and its precursors are presented
in Fig. 1, and the structural characteristic bands are listed in Table 1.
The spectra of Cin and Trp typically accord with literature (Cao and
Fischer, 1999; Wang et al., 2017). In the spectrum of Trp, the peaks
at 3401 and 1356 cm™!, assigned to the stretching and bending
modes of N-H indole, are shifted to 3403 and 1371 cm ™, respec-
tively, in CinTrp. According to the literature (Cao and Fischer,
1999; Polfer et al., 2006), bands of NH, and NH3*, expected in
the region 3330-3030 cm~! for stretching and at 1750-
1650 cm™! for bending modes, are commonly weak. However,
the weak bands at 3077 and 3037 cm™! and the strong ones at
1660 and 1144 cm™! were assigned, respectively, to the asymmet-
ric stretching, symmetric stretching, bending, and rocking vibrat-
ing modes of NH3* moiety in Trp (Wagner and Baran, 2004).
These bands were not observed in the spectrum of CinTrp, confirm-
ing amine transformation into imine. Moreover, the bands at 1582,
1410, and 741 cm™! represented the carboxylic ion asymmetric
stretching, symmetric stretching, and bending bands, respectively,
which were observed at 1631, 1400, and 739 cm ™! in CinTrp. How-
ever, bands of carboxylate may overlap with that of the imine

— * z 741
CinTrp W ¥

Trp p
/
3401

Cin

Transmittance (%)

T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Fig. 1. FTIR spectra of Cin, Trp, and the CinTrp Schiff base.
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Table 1

FTIR characteristic bands of Cin, Trp, and CinTrp.
Peak Assignment Trp (cm™') Cin (cm™1) CinTrp (cm™!)
V(N-H) indole 3401, vs - 3404, w
Vasym(NH3); Vsym(NH3) 3077, m; 3037, m - -
V(=CH) 3010-3037, m 3060-3028, m  3054-3026, w
v(-CH) 2975-2847, w - 2917-2872, w
Vv(C-H, aldehyde) - 2812,2742,s -
S(NH3) 1660, vs -
Vasym(COO7) 1582, vs - 1631, s
V(C=N, imine) - - 1579, vs
V(HC=0) - 1669, vs -
V(C=C) alkene - 1625, vs 1489, s
V(C=C) ring 1456, s 1449, vs 1455, s
Vsym(C=0) 1410, vs 1392, m 1400, s
3(C-N) indole 1356, vs - 1371, s
3(CH) 1315, m 1294, s 1293, m
7(CH,) 1230, s - 1227, m
P(NH3) 1144, s - -
v(C-0) - 1119, vs -
V(C-N) aliphatic 1098, s - 1092, m
Ring deformation 1007-920, s 1006-921, s 1010-925, m
$(CO07) 741, vs 745, vs 739, vs

asym, asymmetric; sym, symmetric; w, weak; m, medium; s, strong; vs, very strong.

observed at 1579 cm™'; that is, the alkali metal salt of an acidic
compound commonly shows a red-shift of about 200 cm™! due
to transformation into carboxylate (Zhang et al., 2011). In the spec-
trum of Cin, peaks characterizing v(C-H) of aldehyde at 2812 and
2742 cm ! completely disappeared, confirming the success of the
condensation reaction into CinTrp. The other peaks were assigned
as shown in Table 1.

3.1.2. 'H- and 3C NMR

The 'H- and '>C NMR analyses of CinTrp are given in Fig. 2 and
Table 2 (Trp and Cin spectra are provided in Figs. S2-S5). Inspec-
tion of the CinTrp 'H NMR spectrum around the imine group
revealed that the peak positions of ~-CH=N and -CH (No. 13 and
2, respectively) were shifted from 9.66 and 3.51 in, respectively,
Cin and Trp to 7.55 and 3.80 ppm (Appm are —2.11 and 0.29,
respectively), because of the difference in the deshielding effect
of oxygen and nitrogen. In addition, the integrated curves agreed
with the number of hydrogens in the molecules (Fig. 2, S2-S5).
The chemical shifts of most Trp-derived protons involved slight
shifts downfield (+Appm, see Table 2), but to upfield (—Appm)
for Cin-derived ones in CinTrp spectra. Likewise, in the '*C NMR
spectra of CinTrp, all carbons in the molecule are clearly identified
(Fig. 2 and Table 2) with remarkable shifts in the carbon peak posi-
tions compared with the precursors. In addition, there was a large
effect on the imine’s adjacent carbons, namely, No. 13 and 2. Thus,
the aldehyde-derived carbon (No. 13), which was observed at
194.54 ppm in Cin (C=0), was shifted to a lower frequency of
160.93 ppm (Appm is —33.61) in the CinTrp spectrum (-CH=N)
because of the variation in electronegativity of the oxygen and
nitrogen atoms (Al-Odayni et al., 2019). For the same reason, Trp
carbon No. 2 was shifted from 54.88 to 78.33 ppm (Appm is
23.45) in CinTrp. Moreover, the chemical shifts corresponding to
protons and 13-carbons of benzene rings are less affected, mostly
due to their distance from the reaction center. All of the other pro-
tons and 13-carbons were assigned in Fig. 2, and S1-S4 and
Table 2.

3.1.3. Mass analysis

The mass spectrum of CinTrp is shown in Fig. 3. The molecular
ion expected at m/z 356 was not observed because of the low sta-
bility of the Schiff base, as suggested by thermal analysis (Al-
Odayni et al., 2020). The fragmentation route is also schematically
illustrated in Fig. 3, showing a relatively stable peak with an m/z of
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Fig. 2. "H NMR and '>C NMR spectra of the CinTrp Schiff base in DMSO ds,

275.15 (peak-B) assigned to COOK-truncated CinTrp. In this frag- under fragmentation conditions. Other dimer-based fragments,
ment, the presence of a C=N group indicates that the condensation for example, peak-A and peak-C, were also suggested. Fragment-
reaction has taken place. The fragment with m/z of 549.30 (peak B- A may undergo further ionization (i.e., to z = +2), providing a frag-

dimer) was assigned to the dimer of peak-B, possibly developed ment with m/z of 248.14 (peak-A/2), which then decomposed into
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Table 2

'H- and '3C NMR data for Trp, Cin, and CinTrp.
Position no. 'H NMR (ppm) 13C NMR (ppm)

Assig. Trp Cin CinTrp A (ppm) Assig. Trp Cin CinTrp A (ppm)

1 - - - - - C-1 170.60 - 174.68 4.08
2 H-2 3.51 - 3.80 0.29 C-2 54.88 - 78.33 23.45
3 2H, H-3 3.01,3.31 - 3.30, 2.99 0.29, —0.32 C-3 27.19 - 30.27 3.08
4 - - - - - C-4 109.51 - 112.90 3.39
5 H-5 7.23 - 7.36 0.13 C-5 12443 - 123.32 -1.11
6 H-6 11.03 - 10.80 —0.23 - - - - -
7 - - - - - Cc-7 136.52 - 139.94 3.42
8 H-8 7.35 - 7.34 —0.01 C-8 111.80 - 111.40 -0.40
9 H-9 7.03 - 6.94 —0.09 c-9 124.25 - 118.71 —5.54
10 H-10 6.98 - 6.92 —0.06 C-10 121.80 - 118.33 —3.47
11 H-11 7.60 - 7.53 -0.07 C-11 118.59 - 117.98 —0.61
12 - - - - - C-12 127.39 - 123.19 —-4.2
13 H-13 - 9.66 7.55 -2.11 C-13 - 194.54 160.93 —33.61
14 H-14 - 6.81 6.84 0.03 C-14 - 131.35 118.71 -12.64
15 H-15 - 7.68 6.86 -0.82 C-15 - 153.29 136.01 -17.28
16 - - - - - C-16 - 134.15 136.22 2.07
17 H-17 - 7.68 7.50 -0.18 C-17 - 128.82 128.90-127.21 (—0.28)-(-1.32)
18 H-18 - 7.41 7.36 —0.05 C-18 - 129.18
19 H-19 - 7.34 7.30 —0.04 C-19 - 128.53
20 H-20 - 7.42 7.34 —0.08 C-20 - 129.18
21 H-21 - 7.64 7.48 -0.16 C-21 - 128.82

peak-C (Fig. 6). Overall, despite the absence of the molecular ion
[M™] in the fragmentation pattern, the results are consistent with
the molecular structure of CinTrp as the observed peaks are all
parts of its possible fragmentation.

3.1.4. UV-Vis analysis

Spectra of electronic transitions (UV-Vis) were practically
recorded at a concentration of 6.3 x 10~> M in absolute ethanol
between 200 and 800 nm, as shown in Fig. 4 (only the range
200-500 is presented). The lowest wavelengths of the measure-
ment are generally solvent-dependent; the cut-off limit for EtOH
is 205 nm. In EtOH, two bands of Cin were clear at 286 (Amax,
molar absorptivity (g) = 29,492 M~' cm™') and 219 nm. (Rind
et al.,, 2011). Trp typically showed three overlapping peaks in the
region between 240 and 310 nm, Amax of 280 nm and & of
8206 M~! cm™! attributed to the - transition of aromatic rings;
the peak at 272 nm was also assigned to the ring electronic transi-
tions. The peak at 289 nm was attributed to the carboxylic func-
tional group. The CinTrp profile was similar to that of Trp, with a
small shift toward a higher wavelength (redshift, An.x = 283 nm
and € = 26,539 M~'.cm™!). Moreover, peaks of the new azomethine
(n-7*) could be detected in the lower-energy region, at about 304
and 340 nm (Al-Qadsy et al., 2021).

3.2. Thermal analysis

The DSC thermogram of CinTrp revealed only a decomposition-
like profile (Fig. S6). However, a distinct drop above 200 °C and the
presence of a small peak at 270 °C followed by a decomposition
profile were observed, which led to the assumption of a melting
point of 270 °C. The fusion of Trp was obtained as an exothermic
peak at 292 °C. The TGA curves and the predicted decomposition
steps are given in Fig. 5 and Table S1. The immediate decomposi-
tion of CinTrp indicated its lower thermal stability compared with
that of Trp, with the loss of 4.3 wt¥% in the first stage assigned to
adsorbed water and gases. The major mass loss of 63.7 wt% cen-
tered at DTG of 398 °C was assigned to the decomposition of the
compound backbone, leaving a residue of about 33 wt% matching
with five carbons and OK fragments. In this region, the low decom-
position rate at the beginning may indicate gradual loss of CO,
fragment first as suggested by mass profile and supported by the
stabilized COOK-truncated mass fragment (peak-B, Fig. 3), fol-

lowed by backbone decomposition, the case that supposedly facil-
itated by the presence of the new azomethine and carboxylate
groups. The mass loss of 6.0% above TGA 528 °C was due to the oxi-
dation of unburnt carbons, a common occurrence at a higher tem-
perature and under N, gas (Bernal et al., 2017). Conversely, three
decomposition steps were observed for Trp. First, the mass loss
of 16.2 wt% observed below 328 °C was attributed to NH, and
OH. Second, a major mass loss was observed between 329 °C and
505 °C. Finally, heating above 600 °C left a mass residue of 18.7%
assigned to residual carbons. The thermogram of Cin showed no
decomposition profile; instead, a one-step, 100 wt% mass loss at
251 °C, close to its known melting point at 249 °C was observed;
thus, under nitrogen gas, Cin undergoes no decomposition but
evaporates before degradation.

3.3. Biological studies

3.3.1. Antibacterial activity

The antibacterial activity of CinTrp was determined using the
paper disc method (Fig. S7). The data pertaining to the ZOI are
listed in Table 3. CinTrp exhibited lower activity against all tested
bacteria compared with the reference drugs, with no visible effect
on S. aureus and P. aeruginosa. Conversely, moderate activity
against E. coli and K. pneumoniae was observed, showing an almost
equal ZOI value as that of Cef on the E. coli strain at 500 pug/mL. The
ZOI value of Cef against K. pneumoniae was double that of CinTrp.
However, in all cases, the inhibitory effect of Cef on the Gram-
positive bacteria was more potent than that with CinTrp and
Amp, while the effect of Amp on Gram-negative bacteria was
stronger. Therefore, the lowest concentration of CinTrp that led
to observable inhibition was 500 pg/mL, with no significant differ-
ences detected up to 1000 pg/mL. In a previous study evaluating
the ZOI at the minimum inhibitory concentration (MIC) of
375 pg/mL of CinTrp and some other Cin-amino acid Schiff bases
(Nanda et al., 2015), it was claimed that the ZOI of CinTrp against
E. coli and K. pneumoniae was 2 and 0 mm, respectively. In the cur-
rent work, both bacteria were found to be sensitive to CinTrp at
500 pg/mL, with higher activity against E. coli (Table 3). According
to the literature, the resistance of bacteria to certain drugs is
known to be associated with their surface chemistry (Manimaran
et al., 2021), including hydrophobicity, as well as the type of trans-
portation channels. Despite the lack of an outer cell membrane in
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Fig. 3. Mass analysis of the CinTrp Schiff base.

Gram-positive bacteria, S. aureus has a more hydrophobic surface
than E. coli (Lather et al., 2016; Mirani et al., 2018). The greater
hydrophobicity of S. aureus as well as its thicker cell-wall and lack
of an external surface membrane may contribute to its resistance
to CinTrp (Oh et al., 2018). Furthermore, it seems that the struc-
tural properties of CinTrp enhance its interaction with Gram-
negative bacteria, and thus increase its permeability, allowing its
apparent activity against E. coli and K. pneumoniae (Wei et al.,
2011); however, the mechanism of action involved requires further
investigation.

3.3.2. Hemolytic activity

The hemolytic effect of the CinTrp assessed over the range of
20-1000 pg/mL on human red blood cells (hRBCs) under physio-
logical conditions (pH 7.4 and 37 °C) was evaluated against PBS
and TX100 as negative and positive controls, respectively (Fig. 6
and Table 4). Typically, erythrocytes provide a useful tool for toxi-
city studies as their membrane properties are well described and
are easy to obtain. Practically, the results revealed a slight or no

hemolytic effect of CinTrp below 250 pg/mL (1.50%) compared with
the 100% lysis of the TX100, with no significant differences up to
750 pg/mL (6.50%). However, a cell lysis of 23.13% at 1000 ug/mL
was observed. Below 500 ug/mL, the effect was lower than the per-
missible range (<4.5%) (Bahojb Noruzi et al., 2020). Although dose-
dependent hemolysis is a common observation, the mechanism
underlying this phenomenon remains unclear; thus, necessitating
further investigation before its biological utilization (Rahimi
et al,, 2017).

The biological activities of other CAASBs taken from literature
are given in Table 5. The most relevant molecules with experimen-
tal conditions more closely resembling those of the CinTrp
investigated here are presented for comparison. Wei et al. (Wei
et al.,, 2011) studied the antibacterial activities of several amino
acid-based Cin derivatives at concentrations of 200, 400, and
600 pg/mL against various bacterial strains, including E. coli. The
reported ZOI values were the same (no inhibition against
P. aeruginosa) or higher (against E. coli and K. pneumoniae) than
those obtained by other researchers, such as Nanda et al. (Nanda
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et al., 2015); for instance, the ZOI value of CinTrp against E. coli
obtained in this work (8.0 mm, 500 pg/mL) was in the acceptable
region compared with the findings reported by Nanda (2.0 mm,
375 ng/mL. Wang et al. (Wang et al., 2016) reported the antibacte-
rial activity of more than 24 Schiff base compounds of Cin and
amino acids against E. coli and S. aureus; however, CinTrp was
not included and the consistency with the results of other studies

(Wei et al., 2011) is not clear, probably because of differences in
the experimental conditions.

Conversely, because of the lack of reports on the hemolytic
activity of Cin-amino acids in the literature, the comparison was
difficult. Considering the Schiff base functional group, the hemoly-
sis of 100 pug/mL of a curcumin-based Schiff base (Ali et al., 2013)
yielded a hemolytic effect of about 21% (compared with letrazole,
100% lysis), while CinTrp at the same concentration yielded a
hemolytic effect of 1.10% (compared with TX100, 100% lysis). How-

—
200

—
250 300

.3.50. —
Wavelength (nm)

ever, the employed concentration range appeared to be high,
resulting in an apparently toxic effect. Therefore, more extensive
investigation may be important to draw a definitive conclusion
on this issue.

.
400 450 500

Fig. 4. UV-Vis spectra of Cin, Trp, and CinTrp (6.3 x 10~> M) in ethanol.
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Fig. 5. TGA/DTG thermograms of cinnamaldehyde (Cin), tryptophan (Trp) and N-(cinnamylidene) tryptophan (CinTrp).

Antibacterial activity of the CinTrp Schiff base.

Conc. (pg/mL)

Zone of Inhibition; mean and standard deviation (SD) (mm), (n = 2)

Gram-positive bacteria

Gram-negative bacteria

S. aureus E. coli P. aeruginosa K. pneumoniae

CinTrp  Amp Cef CinTrp Amp Cef CinTrp  Amp Cef CinTrp Amp Cef
20 - - 21.5(221) - - - - - - - - -
40 - - 26.0(14) - 7.5 (0.7) - - - - - - -
100 - - 29.5(49) - 103 (0.7) - - 8.3(2.1) - - 8.0 (2.8) 7.5 (0.7)
250 - 10.0(2.8) 34.0(2.8) - 145(1.4) - - 125(0.7) - - 12.0(2.8) 10.0(2.8)
500 - 13.5 (2.1 355(3.5) 75(0.7) 16.0(0.0) 8.0(0.0) - 18.0(0.0) 163 (2.1) 7.5(0.7) 18.0(2.8) 16.0(0.0)
1000 - 183(3.5) 395(49) 75(21) 18.0(00) 95(2.1) - 19.5(1.4) 185(2.8) 8.0(0.0) 235(3.5) 185(0.0)

Abbreviations: CinTrp, N-(cinnamylidene) tryptophan; Amp, ampicillin; Cef, ceftriaxone.
Notes: Dash sign (-) means no detection. Dimethyl sulfoxide (DMSO) used as a negative control showed no zone of inhibition. The values represent the average of two
independent experiments with standard deviation (SD) given in bracket.
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Fig. 6. Percentage of hemolysis of hRBCs caused by the CinTrp Schiff base under the

test conditions. Data points are means, and bars represent the standard error of the
mean (SeM) from triplicates.

4. Conclusion
To assess the physical, chemical, and biological properties of

CinTrp, spectral, thermal, antibacterial, and hemolysis tests were
performed. The structural properties of CinTrp were detailed using

Table 4

Journal of King Saud University — Science 34 (2022) 101988

FTIR, 'H-, *C NMR, UV-Vis, and MS analyses. The thermal analysis
indicated a slightly lower stability of CinTrp than Trp. The in vitro
antibacterial activity tests proved CinTrp selective potential activ-
ity against E. coli and K. pneumoniae compared with the findings for
S. aureus above 250 pg/mlL, in reference to Cef and Amp. In this
case, its activity was as high as that of Cef throughout the concen-
tration range. Conversely, S. aureus and P. aeruginosa were insensi-
tive to CinTrp up to 1000 pg/mL. The hemolytic activity test, in
reference to PBS and TX100 as negative and positive controls,
respectively, revealed negligible effects (<1.5%) below 250 pg/mL,
and as low as 6.5% at 750 ug/mL. However, a hemolytic value of
23.13% was detected at 1000 pg/mL. Consequently, it could be con-
cluded that CinTrp is more active against E. coli and its hemo-
compatibility at moderate concentrations, below 500 ug/mL, on
hRBCs is permissible. These findings might be useful in terms of
developing pharmaceutical products and thus warrant further
intensive investigation.
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Hemolytic activity of the N-(cinnamylidene)tryptophan Schiff base on human erythrocyte cells.

Hemolysis; mean and standard deviation (SD) (%), (n = 3)

Controls N-(cinnamylidene)tryptophan concentration (ug/mL)
Triton X-100 (0.1% v/v) (positive Phosphate-buffered saline (negative 40 100 250 500 750 1000
control) control)
100.00 (7.80) 0.00 (2.91) 0.81 1.10 1.50 4.43 6.50 23.13
(4.81) (5.03) (4.18) (3.20) (3.06) (2.87) (7.76)

Values represent the average of three independent experiments (n = 3) with standard deviation (SD) given in bracket.

Table 5

Comparison of the bacterial activity of some cinnamaldehyde amino acid Schiff bases taken from the literature.

Cin-amino acid SB Bacteria; method; Standard; Ref.

Conc. (pg/mL) (*) ZOI (mm) (**)

CinGly E. coli; 200 (600) 14.2 (21.8)
CinAla diffusion disk;Cin. (5.5) 200 (600) 14.3 (22.4)
CinVal ,Benzene (3.5) 200 (600) 13.1 (20.3)
CinPhe ) 200 (600) 14.1 (21.3)
CinLeu (Wei et al., 2011) 200 (600) 14.3 (21.3)
CinGlu 200 (600) 13.4 (20.8)
CinAsp 200 (600) 13.1 (20.6)
CinGIn 200 (600) 13.3(21.5)
CinMet 200 (600) 13.5(21.9)
CinTrp E. coli; diffusion disk; amoxicillin, doxycycline MIC of both is 10 pg/mL (Nanda et al., 2015) 375 2

K. pneumoniae; diffusion disk; amoxicillin, doxycycline MIC of both is 10 pg/mL (Nanda et al., 2015) 375 -
CinHis E. coli; diffusion disk; amoxicillin, doxycycline MIC of both is 10 pg/mL (Nanda et al., 2015) 250 -

K. pneumoniae; diffusion disk; amoxicillin, doxycycline MIC of both is 10 ug/mL (Nanda et al., 2015) 250 -
CinPhe E. coli; diffusion disk; Cin (8.0), ciprofloxacin (22.3) (Wang et al., 2016) 9523 (0.03 mol/L) 8.0

S. aureus; diffusion disk; Cin (8.0), ciprofloxacin (16.0) (Wang et al., 2016)

9523 (0.03 mol/L)  10.0

Abbreviations: ZOI, zone of inhibition; MIC, minimum inhibitory concentration; SB, Schiff base; Gly, glycine; Ala, alanine; Val, valine; Phe, phenylalanine; Leu, leucine; Glu,
glutamic acid; Asp, aspartic acid; Gln, glutamine; Met, methionine; His, histidine. (*) indicates another concentration (Conc.) used and (**) its ZOI value.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jksus.2022.101988.
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