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tration (MIC) values were 3294, 156, and 32 pg/mL for the crude extract, active fraction, and isolate
of T. cordifolia, respectively. The total phenol active fraction was 38.44 mg GAE/g, while the total
flavonoid content was 79.46 mg QE/g. N-trans-Feruloyltyramine or Moupinamide, a phenol group
compound with a molecular ion weight of 314 m/z (M + H)", was successfully isolated as the
bioactive compound. The moupinamide isolate may be responsible for the antibacterial activity
of T. cordifolia in this work. Our findings indicate that the bioactive isolate from 7. cordifolia is
a potential source of green material and exhibits the potential to inhibit P. aeruginosa biofilm, which
is responsible for microbial corrosion.
© 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Microbiologically influenced corrosion is a type of corrosion that is
induced or accelerated by specific microorganisms or metabolic prod-
ucts (Marciales et al., 2019). Pseudomonas aeruginosa is a Gram-
negative facultative aerobic bacterium that produces biofilms on metal
surfaces and promotes corrosion (Jia et al., 2017; Cardona and Mufoz
Mata, 2013). P. aeruginosa causes corrosion in the marine environment
by forming biofilms (Pu et al., 2020; Lekbach et al., 2018). The corro-
sion mediated by P. aeruginosa has been shown to decrease the perfor-
mance of pipe network systems that distribute water (Lekbach et al.
2018). It is critical to use inhibitors to control corrosion and prevent
material damage caused by corrosion (Nikitasari et al., 2020). Many
synthetic compounds are highly resistant to corrosion, but most are
highly toxic to the environment (Verma et al., 2018). Because of the
growing awareness of green chemistry and sustainable development,
using chemicals derived from plants is becoming increasingly popular
in many industrial applications, such as corrosion inhibition. Due to
their affordability, availability, renewability, ecological acceptability,
and ecologically friendly qualities, green inhibitors or green biocides
from plants have recently undergone tremendous growth and advance-
ments (Royani, Hanafi and Manaf, 2022; Satheesh et al., 2016). On the
other hand, due to the large variety of bioactive molecules that plants
produce, they are a potential source of antibacterial agents against P.
aeruginosa (Parthipan et al., 2018; Swaroop et al., 2016; Parthipan
et al., 2021). In order to create and exploit bioactive components that
are more efficient at resolving corrosion issues brought on by the P.
aeruginosa biofilm bacterium, researchers can benefit from harvesting
and separating bioactive compounds.

Tinospora cordifolia is a tropical vine belonging to the Menisperma-
ceae family utilized as a traditional medicinal herb. Due to its bioactive
compounds, 7. cordifolia has been widely studied in literature from
various scientific disciplines. Various extracts, fractions, and con-
stituents were examined and several bioactive substances were quanti-
tatively evaluated (Singh and Chaudhuri, 2017). According to previous
studies, the dominant phytochemical elements of the genus Tinospora
are quaternary alkaloids (Yusoff et al., 2014). The other results indi-
cated that the extract of 7. cordifolia included pharmacologically
active chemicals that exhibit potent antioxidant and antibacterial
properties (Ramesh et al., 2016). Another study stated that crude
extracts and isolated chemicals from 7. crispa possess different phar-
macological properties, such as antioxidant, anti-inflammatory, cyto-
toxic, and antidiabetic properties (Ahmad et al., 2016). Although
there have been numerous studies on the extraction and use of 7. cordi-
folia in medicine and pharmaceuticals, to the best of our knowledge,
no research has isolated bioactive components from this species to cre-
ate corrosion biofilms through green antibacterial material. In this
case, further research is needed to explore this type of plant because
of its extraordinary potential to inhibit and control various microbes.

Previous studies on crude extract have demonstrated that 7.
cordifolia stem extract exhibits antibacterial activity against P.
aeruginosa (Royani et al., 2023), inspiring more investigation into
these positive qualities of the plant and possible applications. This

work focused on isolating and assessing the antibacterial activity
of the identified bioactive compounds due to their promising biolog-
ical properties. This work aimed to identify bioactive chemicals as
sustainable materials for growing antibacterial biofilms in synthetic
seawater media. T. cordifolia was utilized in this investigation
because it is a medicinal herb that contains numerous bioactive
components. Extracts and isolation were performed using macera-
tion, column chromatography, and thin-layer chromatography. The
antibacterial activity against P. aeruginosa was assessed by dilution
in synthetic seawater broth. Utilizing AICl; and Folin-Ciocalteu
calorimetry, the flavonoid and phenolic contents were evaluated.
Pure isolates/compounds were distinguished by FT-IR, 'H NMR,
13C NMR, HMQC, and HMBC.

2. Materials and methods

2.1. Materials

Tinospora cordifolia plants were provided by the Indonesian
Medical and Aromatic Crops Research Institute (IMACRI) -
Bogor. The plant samples were identified in the Herbarium
Bogoriense laboratory, Directorate of Scientific Collection
Management of BRIN, Cibinong — Bogor (ID number: B-18
10/11.6.2/D1.05.07/6/2022). Pseudomonas aeruginosa (ATCC
15,442 strain) was obtained from IPB University Culture Col-
lection (IPBCC) — Department of Biology, IPB University.

The solvents for extraction, fractionation, and isolation
were distilled methanol, n-hexane, ethyl acetate, and distilled
water. TLC silica gel sheet 60 F,s4 aluminium sheets (Merck,
1.05554.0001) were used for thin layer chromatography, and
silica gel (0.063-0.200 mm, Merck 1.07734.1000) was used
for column chromatography. The antibacterial test materials
were Brain Heart Infusion (BHI, BD, Bacto 237500), Mueller
Hinton Agar (MHA), and synthetic seawater media (Marine
Art, SF-1, Japan). Both tetracycline and ampicillin (Sigma)
were used for positive control.

2.2. Extract preparation

The stems of T. cordifolia plants were washed and dried
before being cut into small pieces and pulverized in a blen-
der. The powdered simplicia was stored in a closed container
at room temperature. One thousand grams of powdered sim-
plicia were extracted using the repeated maceration method
with 50% methanol (v/v) in the macerator for three consec-
utive days. The filtrate was filtered and evaporated using a
rotary vacuum evaporator after maceration. Furthermore,
the extract was collected, weighed, and refrigerated until fur-
ther processing.
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2.3. Isolation of the active compounds

The flow chart in Fig. 1 shows the process of isolating the
active compound from the T. cordifolia plant extract. The
extract was fractionated using column chromatography and
solvents containing n-hexane, ethyl acetate, and methanol.
After preparation, 12.5 g of crude stem extract was slowly
added to the column. In this study, column chromatography
used a flow rate of 2 mL/min with 100 mg/mL of concentration
and 125 mL of volume. After that, the eluent was streamed and
collected. The eluent was gradually changed from nonpolar to
polar. A rotary vacuum evaporator was used to collect and
evaporate the results of the column chromatographic elution.
The fraction concentrates were then visualized, and aggrega-
tion was performed using the same thin-layer chromatography
(TLC) profile. The active fraction was then isolated using a
two-stage column chromatography method. 94.5 mg of the
active fraction was prepared with a volatile solvent, 90 mg of
silica gel was added, and the mixture was loaded into the chro-
matography column. The column chromatography elution
results were placed in a vial and dried in an oven. The isolates
or subfractions were then separated using TLC to produce
pure isolates and combinations based on the same TLC profile.
The subfraction (isolate) was weighed and placed in a bottle,
and its activity was determined. Furthermore, for pure isolates,
the compound structure was analysed and identified.

2.4. Phenolic and flavonoid content analyses

The total phenolic content (TPC) of the resulting extract and
active fraction was analysed using the Folin-Ciocalteu method
(Singleton, Orthofer, and Lamuela-Raventos, 1999) with gallic
acid as a standard. Pipette 500 L of sample solution and refer-
ence solution (25, 50, 100, 150, and 200 puL) into a test tube and
dilute with 250 pL of Folin-Ciocalteu reagent and distilled
water to a volume of 4 mL. After 8 min, 750 uL of 20% Na,-
CO; was added and shaken until homogeneous. The mixing
solution remained at room temperature for 2 h. Absorption
was measured at a wavelength of 765 nm. Each measurement
was repeated twice to obtain the average phenol content.
The total phenolic content was represented as gallic acid equiv-
alents (mg/g extract) by using the calibration regression equa-
tion of the curve.

Meanwhile, the total flavonoid content was analysed by the
colorimetry aluminium chloride (AlCl;) method described by
Chang et al. with slight modification (Chang et al., 2002).
4 mg of quercetin was dissolved in 4 mL methanol. The stan-
dard curve measurements used 10, 20, 30, 40, and 50 pg/mL
concentrations with standard solution volumes of 50, 100,
150, 200, and 250 pL. Each test tube (standard and sample)
received 2 mL of distilled water and 150 pL of NaNO, (5%).
After 5 min, 150 pL of AICl; (10%) was added. After 6 min,
2 mL of 1 M NaOH was added, and the volume was adjusted
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Fig. 1

Flowchart of the isolation of bioactive compounds from 7. cordifolia plants consisting of crude extract maceration, including

initial column chromatography, secondary column chromatography with the most active fraction, and identification of the isolated

compounds.
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with distilled water to 5 mL. After homogenizing the solution
mixture, the absorbance was measured using a UV—Vis spec-
trophotometer at 510 nm.

2.5. Antibacterial assay

Antibacterial activity was assessed by serial broth dilution
methods following previous methods as described elsewhere
(Priyanto et al., 2022). Before the antibacterial test, all instru-
ments were cleaned and sterilized in a UV chamber for 24 h.
The media and nutrients were prepared according to the man-
ufacturer’s instructions and autoclaved for 15 min at 121 °C.
The 96-well microplate well (Iwaki) was filled with 100 pL of
BHI medium (diluted with artificial seawater), and well (A)
was filled with 100 pL of the extract solution (diluted on
methanol) before generating a series of dilution concentrations
(serially dilution was set starting from 5000 to 50 pg/mL for
fraction samples, and from 300 to 10 pg/mL for sub-fraction
and isolate samples). Next, 100 pL of the 24-hour cultured bac-
terial suspension was added to each well plate and incubated at
room temperature for 24 h. This study used the standard
McFarland 0.5 of 24-hour bacterial culture, equivalent to
1 x 10® CFU/mL. The turbidity and clarity of each incubated
test medium were compared to the control media solution to
determine the minimum inhibitory concentration (MIC).
When the inhibition of bacterial growth is at a lower concen-
tration, referred to as the MIC value, the test (Mueller Hinton
Agar (MHA) media is cleaner. After incubation, the minimum
bacterial concentration (MBC) was observed by searching for
areas on the agar medium with no bacterial growth.

2.6. Analysis thin layer chromatography (TLC)

TLC analysis isolated or separated the active compound from
the liquid solution. Aluminium plates and silica gel 60 F,s4 as
the stationary phase were used for TLC analysis. The mobile
phase (eluent) was a mixture of n-hexane, ethyl acetate, and
methanol. The sample (fraction/isolate) was dissolved in the
appropriate solvent and shaken until completely dissolved.
Furthermore, the solution was spotted on the bottom plate line
(1 cm from the bottom), dried, and then eluted in a chamber
containing eluent in a specific ratio. The plates were removed
and dried after being completely adsorbed (up to the top line
of the plates). The spots formed were observed at wavelengths
of 254 and 366 nm.

2.7. Identification of bioactive compounds by LC-MS, FT-
NMR, and FT-IR

The molecular weights of the compounds were determined
using liquid chromatography-mass spectrometry (LC-MS)
with a UNIFI chromatography instrument (Xevo G2-XS
QToF) equipped with Mariner Biospectrometry software.
The LCMS test was performed with methanol solvent, a
5 uL injection volume, and a C-18 column (15 mm x 2 mm)
with a 0.2 mL/minute flow rate. Furthermore, Fourier transfer
nuclear magnetic resonance (FT-NMR) JEOL JNM 500 MHz
was used to identify pure compounds from isolated results,
such as proton (‘"H NMR), carbon (*C NMR), and 2D-
NMR, which included HMQC and HMBC. Approximately
3 mg of the pure isolate was dissolved in a special deuterated

solvent (CD;0D) and then placed in a unique glass tube for
NMR in the centre of the magnetic field tank to be measured
by NMR. The functional groups (chemical bonds) of the com-
pounds were detected using Fourier transform infrared spec-
trometry (FT-IR) (Bruker-Tension II). The scan frequency
range was 4000 cm™!' to 500 cm~', with a resolution of
4 cm™! for 45 s.

3. Results and discussion

3.1. Yield extract

In this study, the maceration technique was used to obtain
yield extracts because, compared to other techniques, macera-
tion is a more straightforward process, requires less equipment
and is widely used on a large scale (Vongsak et al., 2013). T.
cordifolia stem extract with 50% methanol solvent yielded a
20.35% yield. This study calculated yield by weighing the
dry extract (concentrated extract) and dividing it by the initial
weight (powdered plant material). The extraction efficiency is
influenced by extraction time, temperature, method, solvent,
and phytochemical composition (Elboughdiri, 2018; Ida
Madiha et al., 2017). Because methanol has a boiling point
of 65 °C, it is commonly used as a solvent in maceration. In
comparison, ethanol has a boiling point of 78 °C, and ethyl
acetate has a boiling point of 77.1 °C (Nawaz et al., 2020).
As a result, the temperature used to evaporate the resulting
extract with methanol solvent is not too high, reducing the risk
of overheating and destroying the secondary metabolite con-
tent of the extract. As a result, the time needed to evaporate
the sample is relatively short.

3.2. Fractionation and antibacterial activity

Fractionation was accomplished through column chromatog-
raphy with silica gel as the stationary phase and combined
solution as the mobile phase. The mobile phases in the frac-
tionation mixtures were hexane, ethyl acetate, and methanol
solvents with increasing polarity. Table 1 shows the T. cordifo-

Table 1 T. cordifolia stem extract fractionation results with
several ratios of the eluent.

Component  Eluent Weight (mg)  Yield (%)
Fraction 1 n-Hex: AcOEt (3:1) 82.2 0.66
Fraction 2 n-Hex: AcOEt (2:1) 121.1 0.97
Fraction 3 n-Hex: AcOEt (1:1) 177.4 1.42
Fraction 4 n-Hex: AcOEt (1:1) 288 2.30
Fraction 5 n-Hex: AcOEt (1:2) 149.4 1.20
Fraction 6 n-Hex: AcOEt (1:2) 628.9 5.03
Fraction 7 n-Hex: AcOEt (1:2) 79.6 0.64
Fraction 8 n-Hex: AcOEt (0:1) 1300.4 10.40
Fraction 9 n-Hex: AcOEt (0:1) 336.9 2.70
Fraction 10  n-Hex: AcOEt (0:1) 16.1 0.13
Fraction 11 ~ AcOEt: MeOH (9:1)  319.3 2.55
Fraction 12 AcOEt: MeOH (8:2) 2433 1.95
Fraction 13  AcOEt: MeOH (8:2) 5329 4.26
Fraction 14  AcOEt: MeOH (7:3) 471 3.77
Fraction 15  AcOEt: MeOH (1:1)  957.5 7.66
Fraction 16  AcOEt: MeOH (0:1)  2742.9 21.94
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lia stem extract fractionation results and the eluent ratio after
combining based on similarities in TLC spots. Methanol pro-
duced the highest yield (21.94%), followed by ethyl acetate
(10.40%). The type, composition, and activities of the
extracted phytochemicals were influenced by the polarity of
the solvent used in extraction and fractionation (Nawaz
et al., 2020). Ethyl acetate is a semipolar solvent (index polar-
ity of 4.4) that can dissolve alkaloids, flavonoids, sterols, and
terpenoids. Methanol is polar (with an index polarity of 5.1).
It can dissolve polar compounds, such as amino acids, fla-
vones, flavonoids, glycosides, polyphenols, saponins, phenolic
compounds, tannins, and terpenoids (Sri Widyawati et al.,
2014). Furthermore, hexane is nonpolar but can dissolve lig-
nin, lipids, terpenoids, and sterols (Sri Widyawati et al.,
2014). This result demonstrates that 7. cordifolia contains
more phytochemicals with polar properties.

Additionally, the flow velocity influences the fractionation
process, which is affected by gravity, the polarity of the eluent,
and the density of the stationary phase (silica gel) (Ravisankar
etal., 2019; Pirrung et al.; 2018). In addition, the resulting frac-
tions were subjected to an antibacterial test to determine their
antibacterial activity level and the fraction’s minimal inhibi-
tory concentration. Table 2 displays the antibacterial activity
of T. cordifolia stem extract fractions against P. aeruginosa
bacteria. According to the antibacterial activity results, the
Ist and 2nd fractions exhibited the lowest minimum inhibitory
concentration (MIC) values (140 and 156 pg/mL). In contrast,
the minimum inhibitory concentration (MIC) of positive con-
trol (tetracycline and ampicillin) was 3.9 pg/mL. The MIC val-
ues of the Ist and 2nd fractions are close to those of the
positive control, indicating that the 1st and 2nd fractions pos-
sess a potent inhibitory effect; consequently, they were isolated
for the subsequent processes.

Table 2 Results of the antibacterial activity against P.
aeruginosa from various fractions.

Component Concentration (pg/mL)
MIC MBC
Crude extract 3293.75 >6587.5
Fraction 1 140.625 >128.25
Fraction 2 156.25 >312.5
Fraction 3 284.375 >568.75
Fraction 4 1325 2650
Fraction 5 1500 3000
Fraction 6 3562.5 7125
Fraction 7 1312.5 2625
Fraction 8 1868.75 3737.5
Fraction 9 1762.5 >3525
Fraction 10 1006.25 >2012.5
Fraction 11 3387.5 6775
Fraction 12 1125 >2250
Fraction 13 2875 5750
Fraction 14 4437.5 8875
Fraction 15 2850 5700
Fraction 16 4825 9650
Positive control (tetracyclin) 3.9 7.8

Positive control (ampicillin) 39 7.8
Negative control (methanol) - -

3.3. Total phenolic and flavonoid contents

The Folin-Ciocalteu and colorimetric aluminium chloride
(AICl3) methods were used to determine the increase in the
content of these two phytochemicals (phenolic and flavonoids)
in the active fraction. The TPC and TFC values of the initial
extract increased significantly, according to the results in
Table 3.

The total phenolic content and bioactive properties of
extracts significantly impact their antioxidant and antimicro-
bial activities (Sukiman et al., 2022). Studies have shown that
an increase in the phenolic content of plant extracts leads to an
increase in antioxidant and antibacterial activity (Kadir, 2021).
Correlation studies of phytochemical content on biological
activity were also conducted in the 7. crispa stem extracts
(Sukiman et al., 2022). Based on the TPC and TFC values, it
is highly probable that the active fraction belongs to the phe-
nol group and is responsible for antibacterial activities. There-
fore, isolation and further analysis are needed to obtain the
active compound and its molecular structure.

3.4. LCMS of active fractions

The analysis result of liquid chromatography-mass spec-
trophotometry (LCMS) for the active fraction is presented in
Fig. 2.

The active fraction chromatogram results are shown in
Fig. 2, and there is a peak with a high intensity at a retention
time of 1.9 min. At 1.9 min of retention time, a dominant
(high) spectrum, m/z 314.22 (M + H)™, indicates a molecular
weight of 313.22. Previous researchers reported that the m/z
spectrum of 312.1235 (M—H)" indicated the compound N-
trans-feruloyltyramine (Khan et al., 2021). Another study
found an N-feruloyl tyramine compound in the 314
(M + H)™ spectrum (Sun et al., 2019). These findings support
previous findings that the 7. cordifolia plant contains the com-
pound N-frans-feruloyltyramine, also known as moupinamide,
with a molecular weight of 313.13141 (Royani et al., 2023).

3.5. Isolation of the active Fraction and antibacterial properties

The active fraction was isolated to obtain pure isolates with
activity against P. aeruginosa bacteria. Table 4 shows the mass
gain results and the eluent ratio used.

Based on the similarity of the TLC plate results, ten sub-
fractions were obtained from the isolation process. The fifth
subfraction showed the highest mass gain (40.2 mg) of approx-
imately 42.5%. The 7th fraction exhibited the lowest mass gain
(about 3 mg) and is indicated as a pure compound with a single
TLC spot, as shown in Fig. 3.

Table 3 Comparison of TPC and TFC values in crude
extracts and active fractions from 7. cordifolia plants.

Component TPC (GAE/g, %) TFC (QE/g, %)
Crude extracts 6.56 + 0.17 0.33 £ 0.04
(50% methanol)

Active fraction 38.44 + 0.24 79.46 £ 1.00
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Fig. 2

The subfractions were then subjected to antibacterial tests
to determine their activity against bacterial inhibition. Table 5
summarizes the findings of the antibacterial activity test per-
formed on each subfraction against bacteria capable of form-
ing biofilms.

The results of the antibacterial activity revealed that the
minimum inhibitory concentration (MIC) values ranged
from 16 to 128 pg/mL with varying minimum bacterial con-

Results of LCMS analysis for active fractions.

centration (MBC) values, as shown in Table 5. Antibacterial
activity from the subfraction results tended to be much
stronger than that of the fractions and extracts, which could
occur because the secondary metabolite content in the sub-
fraction was purer, which significantly impacted its activity.
In addition to the bacterial test, pure isolates were analysed
with FT-IR, '"H NMR, and '*C NMR to determine their
molecular structure.
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Table 4 Results of subfraction, mass, and eluent from the
active fraction of 7. cordifolia stem extracts.

Table S Results of MIC and MBC of subfraction against P.
aeruginosa in synthetic seawater media.

Component Eluent Weight (mg) Yield (%)
Sub-Fraction I  n-Hex: AcOEt (3:1) 6 6.35
Sub-Fraction 2 n-Hex: AcOEt (2:1) 5.5 5.82
Sub-Fraction 3  n-Hex: AcOEt (1:1) 4.7 4.97
Sub-Fraction 4  n-Hex: AcOEt (1:2) 5.2 5.50
Sub-Fraction 5 n-Hex: AcOEt (0:1) 40.2 42.54
Sub-Fraction 6  AcOEt: MeOH (9:1) 6.4 6.77
Sub-Fraction 7 AcOEt: MeOH (8:2) 3 3.17
Sub-Fraction 8  AcOEt: MeOH (7:3) 3.6 3.81
Sub-Fraction 9  AcOEt: MeOH (1:3) 3.2 3.39
Sub-Fraction 10 AcOEt: MeOH (0:1) 14.3 15.13

Fig. 3  Spot TLC isolate results under UV lamp 254 and 366 nm
of T. cordifolia subfraction 7th.

3.6. Identification of bioactive compounds

The 'H NMR and '>C NMR spectra of the pure isolate are
shown in Fig. 4 and Table 6, respectively. The results of the
'"H NMR spectrum of the isolate indicate that there are two
aromatic rings, namely, the substitution at 1-4 (A2B2) on
the benzene ring, in which the two signals overlap because they
are symmetrical, namely, at 3y 6.72 (2H, d, 8 Hz) and 6y 7.06
(2H, d, 8 Hz). The aromatic ring with the ABX system (trisub-
stituted at C 1, 3, and 4) at oy 6.79 (d, 8 Hz), 7.01 (dd, 1.5;

Component Concentration (pg/mL)
MIC MBC
Sub-Fraction 1 64 >128
Sub-Fraction 2 64 >128
Sub-Fraction 3 32 > 64
Sub-Fraction 4 16 >32
Sub-Fraction 5 64 >128
Sub-Fraction 6 128 >256
Sub-Fraction 7 32 > 64
Sub-Fraction 8 32 > 64
Sub-Fraction 9 42.5 >85
Sub-Fraction 10 Not detected Not detected
Positive control (tetracyclin) 39 7.8

Negative control (methanol) - -

8 Hz), and 7.15 (d, 1.5 Hz). Trans double bonds were detected
at oy 6.40 (d, 16 Hz) and 7.42 (d, 16 Hz), and CH,-CH, groups
were detected at 6y 2.75 (2H, t, 7 Hz) and 3, 47. (2H, t, 7 Hz).
In addition to a methoxy group (—OCHs;) at 3.87 (s), as sum-
marized in the structure shown in Fig. 4. The 'H NMR and
3C NMR (Table 6) spectral data are consistent with published
data (Al-Taweel et al., 2012; Jiang et al., 2015; Marques et al.,
2022).

According to the specific results of "H NMR and '*C NMR
spectral data, this isolate was identified as N-(4-hydroxy-3-m
ethoxy-E-cinnamoyl)-4-(2-aminoethyl) phenol, the synonym
of which is 4-(2-aminoethyl) N-trans-feruloyltyramine and
moupinamide, with the structure shown in Fig. 4. This com-
pound has never been reported in 7. cordifolia previously.
However, N-frans-Feruloyltyramine has been isolated from
other species, including Smilax aristolochiifolia (Amaro et al.,
2014), Polyalthia suberosa (Soi-ampornkul et al., 2022), Sola-
num procumbens (Solanaceae) (Tran et al., 2019), Datura metel
(Xu et al., 2018), and Bassia indica (Othman et al., 2021). This
assumption was supported by the results of the '*C NMR
spectrum measurements (Table 6) and the H and C correlation
measurements (HMQC), as shown in Fig. 4 and Table 6.

Then, as shown in Fig. 5, the results are supported by
HMBC long-range correlation, which can determine the posi-
tion of the chemical movement value in the molecular struc-
ture. The primary correlation of HMBC also reveals two
aromatic rings on the benzene ring (at dy 6.72 (2H, d, 8 Hz)
and 7.06 (2H, d, 8 Hz)) as well as aromatic rings at dy 6.79
(d, 8 Hz), 7.01 (dd, 1.5; 8 Hz), and 7.15 (dd, 1.5; 8 Hz) (d,
1.5 Hz). Furthermore, trans double bonds were discovered at
Sy 6.49 (d, 16 Hz) and 7.42 (d, 16 Hz), as well as the presence
of CH,-CH, groups at oy 2.75 (2H, t, 7 Hz) and 3.47 (d,
16 Hz) (2H, t, 7 Hz). The long-range correlation coupling in
the HMBC spectrum between the signal (3H, 3.87, s) and C
at 149.94 can be used to determine the position of the methoxy
group at C-3.

Fig. 6 shows the FT-IR spectrum of the 7. cordifolia iso-
lates, which confirms the presence of the Moupinamide com-
pound. Significant absorption bands at 3350-3300 cm™'
(N—H bending) and 1651 cm ™' (C=O0 stretch) in the IR spec-
tra of the isolate indicate the amide function. An aromatic



A. Royani et al.

HO

6.72(2H,d,8Hz)
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116.35
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149.94

111.57

128.35
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H
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7.15(d,1.5Hz)

Fig. 4  Analysis of isolated bioactive compounds (N-(4-hydroxy-3-methoxy-E-cinnamoyl)-4-(2-aminoethyl) phenol) with HMQC.

Table 6 Tabulation of chemical shift data from "H NMR and '>*C NMR spectra of bioactive isolates versus references.

Position Isolate in this study Reference (Al-Taweel et al., Reference (Jiang et al., 2015) Reference (Marques et al.,
(500 MHz in CD3;0D) 2012) (150 and 600 MHz in 2022)
(500 MHz in CD3;0D) CD;0D) (50 and 200 MHz in CD5;0D)
313C  81H 3C  SIH 313C  81H 313C  31H
1 C 128.35 128.2 128.5 128.22
2 CH 111.57 7.15 (d, 1.5 Hz) 111.5 7.13 (d, 1H, 1.2 Hz) 111.8 7.12 (1H, d, 1.8 Hz 111.45 7.04 (brd, 1H, 8 Hz)
3 C 149.94 149.3 149.5 149.87
4 C 149.38 149.8 150.0 149.22
5 CH 116.54 6.79 (d, 8 Hz) 116.4 6.81 (d, 1H, 8.5 Hz) 116.7 6.81 (1H, d, 8.4 Hz) 116.43 6.79 (d, 1H, 8 Hz)
6 CH 123.32  7.01 (dd, 1.5; 8 Hz) 123.2 7.048 (dd, 1.2; 8.5 Hz) 123.4 7.03 (1H, dd, 1.8 Hz) 123.21 7.03 (bs, 1H)
7 CH 142.14 7.42 (d, 16 Hz) 142.0 7.44 (d, 1H, 155 Hz) 1424 7.46 (1H, d, 15.6 Hz) 142.02 7.43 (d, 15.8 Hz)
8 CH 118.79 6.40 (d, 16 Hz) 118.7 6.41 (d, 1H, 15.5Hz) 118.9 6.42(1H, d, 15.6 Hz) 118.69 6.4 (d, IH, 15.8 Hz)
9 C 169.28 169.2 169.4 169.15
14 C 131.38 131.3 131.5 131.26
2,6 2CH 130.84 7.06 (2H,d, 8 Hz) 130.7 7.07 (d, 2H, 8.4 Hz) 131.0 7.06 (2H, dd, 2.4 Hz) 130.73 7.10 (2H, d, 8 Hz)
3,5 2CH 11635 6.72(2H,d,8 Hz) 116.2 6.73 (d, 2H, 8.4 Hz) 116.5 6.74 (2H, dd, 2.4 Hz) 116.24 6.71 (d, 2H, 8.4 Hz)
4 C 157.05 156.9 157.1 156.86
7 CH, 3591 2.75 (2H, t, 7 Hz) 35.8 2.76 (t, 2H, 7.5 Hz) 36.0 2.77 2H, t, 7.2 Hz) 35.88 2.74 (2H, t, 6.9 Hz)
8 CH, 42.66 3.47 (2H, t, 7 Hz) 42.5 3.47 (t, 2H, 7.5 Hz) 42.7 3.48 (2H, t, 7.2 Hz) 42.54 3.46 (2H, t, 6.9 Hz)
OCH; 56.45 3.87 (3H, s) 56.4 3.85(3H, s) 56.6 3.89 (3H, s) 56.33 3.87 (3H, s)

group was present, as evidenced by absorption at 1588 cm™
and between 880 and 680 cm™'. It was also identified that in
the aliphatic functional
3010 ecm™', carbonyl (C—=0) at 1700 cm™', and ester at

this isolate,

1210 em™*.

group (CH,) at

The results of the antibacterial test of pure isolates versus
crude extracts and active fractions, as illustrated in Fig. 7, indi-
cate that the isolates are promising against the biofilm bac-
terium P. aeruginosa. The antibacterial activity was relatively

high against P. aeruginosa, with a minimum inhibitory concen-
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Fig. 5 Chemical shift value and summary HMBC correlation for an isolate from 7. cordifolia.
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Fig. 6 FT-IR spectra of isolate results from 7. cordifolia.

tration of 32 pg/mL, as demonstrated by the bacterial test
data. Furthermore, the MIC results in Fig. 7 support the rela-
tionship between phenolic and flavonoid content and antibac-
terial activity. The antibacterial activity increases with
increasing concentrations of TPC and TFC in the active frac-
tion of the crude extract (Table 3).

Several studies have shown that moupinamide or N-trans
feruloyltyramine (NTF) compounds isolated from plants
show various bioactivities, such as Liriope muscari (Lili-
aceae), which exhibits antioxidant activity (Li et al., 2012),
and Celtis africana, which possesses anti-inflammatory and

antioxidant activity (Al-Taweel et al., 2012). Other studies
have discovered that N-trans feruloyltyramine from the fruit
of Lycium barbarum can potentially be a neuroprotective and
neurogenic agent for age-related brain diseases (Khan et al.,
2021). Sidastrum paniculatum was effective against Aedes
aegypti L (Marques et al., 2022). Piper wallichii has been
shown to exhibit antibacterial pathogenic activity (Nongmai
et al., 2022). Based on the data and some literature, it
appears that moupinamide is responsible for the antibacterial
activity of the plant extracts and isolates investigated in this
study.
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Fig. 7 Comparison of MIC values for crude extracts, active
fractions, and isolates from 7. cordifolia plants.

4. Conclusions

Bioactive compounds were successfully isolated from 7. cordifolia
stems through extraction, fractionation, and isolation. The minimum
inhibitory concentration (MIC) values were 3294, 156, and 32 pg/mL
for the crude extract, active fraction, and isolate of T. cordifolia,
respectively. The total phenol active fraction was 38.44 mg GAE/g,
while the total flavonoid content was 79.46 mg QE/g. The isolated
bioactive compound confirmed by NMR and FT-IR spectroscopy is
N-trans-feruloyltyramine or moupinamide, with a molecular ion
weight of 314 M/Z (M + H)". Compounds isolated from this plant
exhibit significant antimicrobial activity. The isolated compound mou-
pinamide could be responsible for the high antibacterial activity
against P. aeruginosa bacteria. Our findings indicate that the bioactive
isolate from 7. cordifolia is a great potential source of green material
with the prospect of inhibiting the biofilm of P. aeruginosa, which is
responsible for microbial corrosion. Before using this component as
a green antimicrobial biocide, the anti-biocorrosion performance on
metals must be evaluated.
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