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Antioxidant, cytotoxic,

and antibacterial activities

of Clitoria ternatea flower extracts
and anthocyanin-rich fraction

Ethel Jeyaseela Jeyaraj, Yau Yan Lim & Wee Sim Choo™

Clitoria ternatea flower is a traditional medicinal herb that has been used as a natural food colourant.
As there are limited studies on investigating the bioactivities of the anthocyanin-rich fraction

of Clitoria ternatea flower, this study aimed to determine an efficient column chromatography
method to obtain the anthocyanin-rich fraction from this flower and characterise its composition,
antioxidant, antibacterial, and cytotoxic activities. Amberlite XAD-16 column chromatography was
more efficient in enriching the total anthocyanin content (TAC) of the fraction with the highest TAC to
total phenolic content (TPC) ratio of 1:6 than that using C18-OPN. A total of 11 ternatin anthocyanins
were characterised in the anthocyanin-rich fraction by LC-MS analysis. The antioxidant activity

of the anthocyanin-rich fraction was more potent in the chemical-based assay with an IC;, value

of 0.86 +0.07 mg/mL using 1,1-diphenyl-2-picrylhydrazyl (DPPH) assay than cellular antioxidant
assay using RAW 264.7 macrophages. In vitro cytotoxicity assay using human embryonic kidney
HEK-293 cell line showed the anthocyanin-rich fraction to be more toxic than the crude extracts.

The anthocyanin-rich fraction had more potent antibacterial activity than the crude extracts against
Bacillus cereus, Bacillus subtilis, and Escherichia coli. The anthocyanin-rich fraction of C. ternatea has
the potential to be used and developed as a functional food ingredient or nutraceutical agent.

Anthocyanins are classified under the flavonoid group of polyphenol compounds, which gives rise to the red and
blue colours of vegetables, fruits, flowers, and leaves'. Anthocyanins are present in plants as a glycoside in which
the anthocyanidin is bound to a sugar group, with glucose, galactose, rhamnose, xylose, or arabinose bound to
an aglycon?. The six major types of anthocyanidin which occur widely in plants are cyanidin, delphinidin, petu-
nidin, peonidin, pelargonidin, and malvidin®. Various studies have shown anthocyanins to have a wide range of
biological activities such as antimicrobial, antioxidant, cardiovascular protection, and anticancer activities*°.

Clitoria ternatea flower (butterfly pea), a member of the Fabaceae family has a vivid blue colour which is
widely used as a natural food colourant (e.g. in rice cakes, tea, snacks, and sweet desserts), traditional medicine
as well as an ornamental plant’=. C. ternatea plant is widely distributed in India, the Philippines, other Asian
countries, and South and Central America’. The flowers are mainly composed of flavonols (quercetin, myricetin,
and kaempferol derivatives) and anthocyanins (ternatin A1-A3, B1-B4, C1-C4, and D1-D3)'. The six major
anthocyanins in C. ternatea flowers are ternatin A1, A2, B1, B2, D1, and D2 which are based on delphinidins.
These are triacylated anthocyanins that showed relatively higher stability compared with nonacylated and mono-
acylated anthocyanins”!!. The crude flower extract has been shown to have various therapeutic potentials such
as antidiabetic, antioxidant, and antimicrobial activities'>"'*. However, it is not known if these activities are
contributed by the flavonols or anthocyanins.

Preliminary processing of plant extracts is essential for the enrichment and purification of active compounds.
Column sorbents such as RP-C18, Toyopearl, Sephadex LH-20, Amberlite XAD-7, and Amberlite XAD-16
have been employed for the separation and enrichment of various phytochemicals. They are known for their
unique adsorption properties in which some of these resins have been successfully used for the fractionation
and purification of anthocyanins'®. The use of preparative high-performance liquid chromatography (HPLC)
for the separation of active compounds on a large scale is rather expensive and inconvenient'®. Several studies
investigated the potential of C. ternatea flower extract for several bioactivities. However, most of these studies
only used a particular solvent for extraction from the raw material without further purification steps in which
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Resin Particle diameter (um) Surface area (m*/g) Average pore size A)
C18-OPN 75 300 120
Amberlite XAD-16 560-710 800 200

Table 1. Physical and chemical properties of C18-OPN and Amberlite XAD-16 resins.

there are high chances of various other phytochemicals being present in the crude extract. Most of those studies
also did not further investigate, determine or characterise the anthocyanins that are present in their extracts.

Column chromatography has been commonly employed for the purification of anthocyanins. Amberlite
XAD-16 is known to be a non-ionic macroreticular resin that adsorbs and releases ionic species through hydro-
phobic and polar interactions whereas C18-OPN, the external surface of the silica gel is coated with a hydro-
philic group which makes the reversed-phase open column chromatography possible with 100% water. Apart
from that, Amberlite XAD-16 also has a larger surface area and pore size, but smaller particle size compared to
C18-OPN. Thus, the objective of this study was to compare the efficiency in separating the anthocyanins of C.
ternatea flowers using these two open column chromatography methods (C18-OPN and Amberlite XAD-16)
followed by the characterisation of the anthocyanins. The anthocyanin-rich fraction of the flower has also not
been explored for its antibacterial potential, cytotoxic activity as well as antioxidant potential in a cell-based
assay for its ability to attenuate ROS production. RAW264.7 murine macrophage cell line has been used in many
studies to determine the anti-oxidative and anti-inflammatory potential of compounds by observing the release
of various cytokines, interleukins as well as reactive oxygen species (ROS)'. The generation of excess free radi-
cals (e.g. ROS) induces oxidative stress in cells which can damage cells, and long-term oxidative stress leads to
the generation of various chronic diseases. This macrophage cell line is increasingly being used as an approach
to determine the antioxidant potential of various bioactive compounds of natural origin and was thus used in
the current study'®. Subsequently, the potential of the anthocyanin-rich fraction of C. ternatea flowers was also
determined and compared to the crude extracts for its antibacterial activity against various Gram-positive and
Gram-negative bacterial strains and its cytotoxic activity was also determined on a normal human cell line model,
human embryonic kidney HEK-293 cell line.

Results and discussion
Characterisation and identification of anthocyanins by LC-MS in C. ternatea anthocyanin-rich
fraction using C18-OPN and Amberlite XAD-16 column.  There is limited natural blue food colourant
available commercially. The blue colour of C. ternatea flowers is attributed to its anthocyanins which have been
mainly characterised and termed as ternatins. These anthocyanins are polyacylated derivatives of delphinidin
3,3', 5'-triglucoside. The ternatins which are polyacylated with p-coumaroyl groups contribute to the colour of
the anthocyanins to the bluish region. The high stability of the anthocyanins is due to the polyacylation at the 3’
position which also contributes to the stable blue colouration'. In our previous study comparing the effective-
ness of solvent or water extraction methods, 50% ethanol was found to be the best for solvent extraction method
while the condition of 50 °C for 1 h was the best for the water extraction method. Both extracts had similar
phytochemical content®. The crude solvent extract (50% ethanol) of C. ternatea flowers was used in this study
to determine a column chromatography method that was more effective to isolate the anthocyanins. Previous
studies have either used Amberlite XAD7HP resin or C-18 Sep-Pak cartridges for the partial purification of C.
ternatea flower anthocyanins. The study utilising the Amberlite XAD7HP resin characterised ternatins B2 or
B3, B4, D2 and some delphinidin derivatives while the ternatin B2, B3, B4, C2, D1, D3 and some delphinidin
derivatives were characterised in the study utilising C-18 Sep-Pak cartridges. However, it is not known which
method is superior or more effective for the purification of C. ternatea flower anthocyanins?'-?*. The volume of
sample which can be loaded onto the C-18 Sep-Pak cartridges is rather small and would not be convenient thus
exploring a larger scale method for anthocyanin purification would be beneficial. In this study, the crude solvent
extract (50% ethanol) of C. ternatea flowers was subjected, separately, to column chromatography methods uti-
lising two resins with distinct properties (Table 1) to determine its efficiency for the partial purification of antho-
cyanins. The extract was semi-purified using C18-OPN or Amberlite XAD-16 open column chromatography
to remove phenolic acids and flavonols. Ethyl acetate facilitated the removal of flavonols while acidified water
assisted in the removal of phenolic acids and sugars®*. To determine an open column chromatography method
with better efficiency to obtain a semi-purified anthocyanin-rich fraction, the extraction yield, TAC and TPC
were determined and compared to the crude extract (Table 2).

In terms of extraction yield, there was no significant difference in both column chromatography methods.
As for TAC, both column chromatography methods were equally potent in separating anthocyanins as they had
significantly higher values compared to the crude extract in which the TAC values were almost 5 times higher
than that in the crude extract. As for TPC, both column chromatography methods were significantly higher
than the crude extract. The TPC of the C18-OPN anthocyanin-rich fraction was significantly higher than semi-
purified using Amberlite XAD-16 (Table 2). In terms of enriching TAC, the crude extract showed the lowest
ratio of TAC:TPC (1:9). The anthocyanin-rich fraction of Amberlite XAD-16 showed a higher ratio of TAC:TPC
(1:6) compared to that fractionated using C18-OPN (1:7) which indicates that the anthocyanins were much more
enriched in the former method. The comparison of the ratio of TAC to TPC is used as a quantitative method to
relate to the increase of anthocyanins in the overall content. Resins with a higher surface area and larger aver-
age pore diameter have shown to have better adsorption and desorption capacities for anthocyanins'. This is
supported by the open column chromatography method utilising Amberlite XAD-16 to be more effective than
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Extract Extraction yield (%)* TAC (mg CGE/g) TPC (mg GAE/g)
Crude extract - 5.5+0.9* 50.4+3.2°
C18-OPN 16.2+5.0° 25.0+3.5° 176.0+11.9°
Amberlite XAD-16 18.2+3.8° 25.9+2.4° 122.7+£8.0°

Table 2. Extraction yield, TAC, and TPC of C. ternatea crude solvent extract and anthocyanin-rich fractions
using C18-OPN and Amberlite XAD-16 columns. * Expressed as 100 x (g dry extract/g dry crude extract). >
Values with different superscript letters within a column are significantly different (p <0.05).

Assigned compound (or isomer) | Molecular formula | Molecular ion [M+H]* | Fragment ions Peak area (%)
1. Ternatin C2 CyH75030 1491.3587 773.2185,1021.2399 4.08
2. Ternatin B4 CgoHgs034 1329.3152 4118211;28’361 1.1727,788.4357, 5.62
3. Ternatin D3 CsyHys0n 1167.2703 859.1952, 1021.2398 438
4. Ternatin B3 C,sHy Oy 1637.3876 1329.3138 5.94
5. Ternatin B2 C,sHg, 0, 1637.3904 1021.2398, 1167.2699, 1329.3144 | 23.93
6. Ternatin D3 CsyHys0n 1167.2703 1021.2398 1.83
7. Ternatin C1 CeoHesO0s4 1329.3150 1167.2694 5.24
8. Ternatin B1 CooHy; O 1946.4632 1167.2691 6.62
9. Ternatin D2 CeoH;, 056 1475.3456 1167.2702 20.03
10. Ternatin D3 CsyHys05 1167.2703 859.1950 1.88
11. Ternatin D1 CgHgO4 1783.4192 1167.2699 20.44

Table 3. Characterisation of anthocyanin compounds in Clitoria ternatea flower anthocyanin-rich fraction via
LC-MS analysis.

C18-OPN. A higher TPC value indicates that more flavonols, phenolic acids, or other compounds may have been
retained. The anthocyanin-rich fraction obtained via Amberlite XAD-16 was selected for further investigation
as it had a higher overall enrichment of anthocyanins and was subjected to LC-MS analysis to characterise the
anthocyanins that were present in the fraction.

Results from LC-MS analysis (Table 3) show the tentative anthocyanins identified in the anthocyanin-
rich fraction of C. ternatea flowers obtained through Amberlite XAD-16 column chromatography based on
literature*>?*?>2¢, The anthocyanins of C. ternatea are based on delphinidin and are polyacylated. The structure
of the anthocyanins was characterised as malonylated delphinidin 3,3’,5-triglucosides having 3',5'-side chains
with alternative D-glucose (G) and p-coumaric acid (C) units’. Compound 1 with [M + H]* m/z 1491.3587 and
identified fragments at m/z 1021.2399 [M-2G-2C]*, and 773.2185 [M-malonate-G-C]* was identified as ternatin
C2. Compound 2 with [M +H]* m/z 1329.3152 and identified fragments at m/z 1021.2403 [M-G-C]*, 788.4357
[M—malonate-G-2C]*, 611.1727 [M-malonate-2G-C]*, and 465.1190 [M-malonate-2G-2C]* was identified as
ternatin B4. Compound 3 with [M + H]* m/z 1167.2703 and identified fragments at m/z 1021.2398 [M-C]*, and
859.1952 [M-G-C]* was identified as ternatin D3. Compound 4 with [M + H]* m/z 1637.3876 and identified
fragment at m/z 1329.3138 [M-G-C]* was identified as ternatin B3. Compound 5 with [M + H]* m/z 1637.3904
and identified fragments at m/z 1329.3144 [M-G-C]*, 1167.2699 [M-2G-C]*, and 1021.2398 [M-2G-2C]* was
identified as ternatin B2. Compound 6 with [M +H]* m/z 1167.2703 and identified fragment at m/z 1021.2398
[M-C]J* was identified as ternatin D3 isomer. Compound 7 with [M + H]* m/z 1329.3150 and identified fragment
at m/z 1167.2694 [M-G]* was identified as ternatin C1. Compound 8 with [M + H]* m/z 1946.4632 and identified
fragment at m/z 1167.2691 [M-3G-2C]" was identified as ternatin B1. Compound 9 with [M + H]* m/z 1475.3456
and identified fragment at m/z 1167.2702 [M-G-C]* was identified as ternatin D2. Compound 10 with [M + H]*
m/z 1167.2703 and identified fragment at m/z 859.1950 [M-G-C]* was identified as ternatin D3 isomer. Com-
pound 11 with [M +H]* m/z 1783.4192 and identified fragment at m/z 1167.2699 [M-2G-2C]* was identified
as ternatin D1. Ternatin B2, ternatin D1, and ternatin D2 have [G-C-G-C and G-C], [G-C-G-C and G-C-G-C],
and [G-C-G-C and G-C-G] linked at positions 3" and 5’ in the structure of delphinidin, respectively, and were
found to be the most abundant anthocyanin present having a peak area of 23.93, 20.44, and 20.03%, while ternatin
D3 and its isomers having [G-C and G-C] linked at positions 3’ and 5’ in the structure of delphinidin were the
least abundant in the anthocyanin-rich fraction (Table 3). The anthocyanin composition obtained in this study
is in accordance with the findings of another study using the crude extract of C. ternatea flowers'. A similar
profile of anthocyanin composition was also detected in our previous study in the crude extract of the flowers®.

Antioxidant activity of anthocyanin-rich fraction from C. ternatea flower. 2,2-diphenyl-1-pic-
rylhydrazyl radical (DPPH) and ferric reducing power (FRP) antioxidant assays (chemical-based) were per-
formed to assess the antioxidant activity of C. ternatea flower anthocyanin-rich fraction. In the DPPH assay, the
radical scavenging activity of the anthocyanin-rich fraction was found to have an ICj, value of 0.86 +0.07 mg/
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Figure 1. Viability of RAW264.7 cells treated with different concentrations (pug/mL) of C. ternatea flower
anthocyanin-rich fraction at 24 h. Values are means (n=3) + standard deviations. Values with different letters are
significantly different (p <0.05) in cell viability. Cells lysed by 1% Triton X-100 were used as the positive control,
while the untreated cells were assayed as the negative control.

mL. The result indicated that the fraction was more potent than the crude extracts (ICs, value of solvent
extract=1.24+0.05 and 1.18+0.07 mg/mL for the water extract) as reported by our previous study®. Accord-
ing to the results for FRP, C. fernatea flower anthocyanin-rich fraction was found to have 34.5 mg gallic acid
equivalent/g extract which was more potent than the crude extracts as reported previously*’. Most of the pre-
vious studies have determined the antioxidant activity of C. ternatea flower solvent or water extracts only in
which the ICy, values ranged from 0.08 to 4 mg/mL in DPPH assay'?”. Other studies have reported the antho-
cyanins of other fruits to be more potent than its crude extracts. A particular study compared the antioxidant
activity of crude mulberry extract and its anthocyanin-rich extract. The anthocyanin-rich extract was found
to have higher antioxidant activity compared to the crude extract in the DPPH assay*®. A similar pattern was
also obtained in another study where the anthocyanin-rich blackberry extract had higher antioxidant activity
than the crude extract in the ORAC assay®. The anthocyanins in these studies differed structurally in that they
were based on cyanidin derivatives with aglycone functional groups in mulberry fruit while the anthocyanins of
blackberry fruit were mainly composed of cyanidin-3-glucoside (90%) which differed from the anthocyanins in
C. ternatea flower which are based on delphinidin derivatives and are in the triacylated form’. Previous studies
suggested the antioxidant activity of C. ternatea flowers was contributed by the presence of various flavonols and
anthocyanins®.

Chemical antioxidant assays are conventionally used to measure antioxidant activity. However, these assays
bear no similarity to biological systems*'. Most studies on the antioxidant activity of C. ternatea flower extracts
done so far are based on chemical assays. Cellular antioxidant activity (CAA) assay was performed in this study
as it can address issues faced using chemical antioxidant assays being bioavailability, metabolism, and uptake
of the antioxidant compounds in the biological system?®***. The cytotoxicity of the anthocyanin-rich fraction
(39.1-2500 pg/mL) was evaluated using MTA assay on RAW264.7 cells (Fig. 1) at 24 h to determine the non-toxic
concentration to be used in the CAA assay to ensure the concentration range used and the antioxidant activity
observed is not due to cell toxicity or death.

The anthocyanin-rich fraction of C. ternatea flower was found to be non-toxic up to 156.3 ug/mL against
RAW?264.7 cells and was thus selected as the highest concentration to be used in the CAA assay. RAW264.7
macrophage cells were used as a research model, and oxidative stress was induced by 2,2'- Azobis (2-methylpro-
pionamidine) dihydrochloride (AAPH) for the generation of ROS. The ability of the extract to reduce the extent
of AAPH-generated free radicals in RAW264.7 cells is shown in Fig. 2. The anthocyanin-rich fraction showed
weak antioxidant activity at 78.1 ug/mL in which the inhibition of ROS production was about 20% and was also
less potent than the positive control quercetin at 20 pg/mL (Fig. 2). The crude extracts of C. ternatea flower had
more potent cellular antioxidant activity (75-80% inhibition at 156.3 ug/mL) than the anthocyanin-rich fraction
in this study®. The crude extract is known to be mainly composed of flavonols and anthocyanins which may have
acted synergistically to exert the antioxidant activity'’. Although the anthocyanin-rich fraction was shown to
have better antioxidant activity than the crude extracts in the chemical-based assays (DPPH and FRP), this effect
was not able to be observed in the cellular antioxidant assay. However, it should be noted that the concentration
of extracts in the chemical assay was much higher to achieve the ICs, values.

The concentration which showed an effect in chemical assays could not be translated to the cell-based assay
and other factors are involved as well such as the bioavailability and uptake of compounds by the cell. The
anthocyanins present in different fruits, flowers, and vegetables have different structures and thus have different
pharmacological outcomes which explain the difference in the trend observed?. A study found the anthocyanin-
enriched extract of blackberry with a greater ability to suppress free radical generation than the crude extract
in human intestinal (INT-407) cells*. However, it should be noted that various factors could have affected the
outcome between both assays such as the difference in the cell line, treatment time, and also the composition
of anthocyanins in both extracts where cyanidin-3-glucoside was the major anthocyanin in blackberry extract
and is in an unacylated form with a molecular weight of 484.8%°. The anthocyanins of C. ternatea known as
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Figure 2. ROS production of AAPH-induced oxidation of DCFH to DCF in RAW264.7 cells treated with C.
ternatea flower anthocyanin-rich fraction. Different letters indicate significant differences in ROS production
at p<0.05. The negative control was cells treated with DCFH-DA and AAPH without plant extract while the
positive control was cells treated with DCFH-DA and AAPH with quercetin.
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Figure 3. Viability of HEK-293 cells treated with different concentrations (ug/mL) of C. ternatea flower crude
solvent extract, crude water extract, and anthocyanin-rich fraction at 24 h. Values are means (n=3) + standard
deviations. Values with different letters are significantly different (p <0.05) in cell viability. Cells lysed by 1%
Triton X-100 were used as the positive control, while the untreated cells were assayed as the negative control.

ternatins (based on delphinidins) are triacylated and the molecular weight ranged from around 1168 to 1946
(Table 3). Although the acylated anthocyanins have been known to have several advantages over the nonacylated
forms such as high stability and resistance to changes in heat, light, and pH, it is unknown for its characteristics
in cellular uptake due to the nature of the functional groups present as well as it being a rather large molecule
compared to cyanidin-3-glucoside. The anthocyanins of C. ternatea (ternatins) being large molecules are highly
acylated with the structure of delphinidin 3,3',5'-triglucoside in which the 3'- and 5'-glucoses are acylated with
variable lengths of p-coumaric acid-glucose side chains®. C. ternatea anthocyanins are also highly hydrophilic
in nature which may have affected the cellular uptake of these compounds to effectively prevent oxidation as it
may affect its penetration across cell membranes which are hydrophobic®*.

Cytotoxic activity of water extract, solvent extract, and the anthocyanin-rich fraction of C.
ternatea flower in HEK-293 cell line. MTA assay was performed to assess the cytotoxic activity of C.
ternatea flower crude solvent extract (50% ethanol), crude water extract (50 °C for 1 h), and anthocyanin-rich
fraction in HEK-293 cell line (isolated from the kidney of a human embryo) at 24 h (Fig. 3) HEK-293 cells are
considered as a normal human cell line model (being representative of human cells) which has been routinely
used to evaluate the cytotoxicity of compounds®. Percentages of cell viability above 80% are considered non-
cytotoxic; within 80-60% weak; 60-40% moderate and below 40% strong cytotoxicity respectively which is in
accordance with ISO 10,993-5 in vitro test for cytotoxicity®®. The water and solvent extracts were found to
be non-toxic from 19.5 to 156.3 pg/mL while the anthocyanin-rich fraction was found to be non-toxic at the
concentration range from 19.5 to 78.1 pug/mL. The water and solvent extracts displayed strong cytotoxic activ-
ity at 312.5 pg/mL while it was 156.3 ug/mL for the anthocyanin-rich fraction. The anthocyanin-rich fraction
displayed higher cytotoxic activity compared to the water and solvent extracts. Previous studies investigated
mostly the cytotoxic activity of water and solvent extracts of C. ternatea flower on various cancer cell lines
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C. ternatea flower C. ternatea flower water Anthocyanin-rich

Bacteria MIC (mg/mL) | ATCCno | solvent extract extract fraction of C. ternatea | CAM
Gram-positive

Staphylococcus aureus 6538P >40 >40 >40 0.002
Staphylococcus aureus 29,213 >40 >40 >40 0.004
MRSA 700,699 >40 >40 >40 0.004
MRSA 33,591 >40 >40 >40 0.031
MRSA 43,300 >40 >40 >40 0.004
Enterococcus faecalis 29,212 >40 >40 >40 0.004
VRE 700,802 >40 >40 >40 0.008
Enterococcus faecium 19,434 >40 >40 >40 0.004
Bacillus cereus 14,579 10 10 0.63 0.002
Bacillus subtilis 8188 10 10 0.63 0.002
Gram-negative

Shigella flexneri 12,022 >40 >40 >40 <0.001
Salmonella typhimurium | 14,028 >40 >40 >40 0.004
Escherichia coli 25,922 >40 >40 10 0.004
Pseudomonas aeruginosa | 10,145 >40 >40 >40 0.125
Pseudomonas aeruginosa | BAA-47 >40 >40 >40 0.031
Pseudomonas aeruginosa | BAA-2110 | >40 >40 >40 0.063
Pseudomonas aeruginosa | 27,853 >40 >40 >40 0.125
Pseudomonas aeruginosa | 9027 >40 >40 >40 0.063

Table 4. Minimum inhibitory concentration (MIC) values of C. ternatea flower crude extracts and
anthocyanin-rich fraction. MIC values were the means of three biological replicates. MRSA methicillin-
resistant Staphylococcus aureus; VRE vancomycin-resistant Enterococci; CAM chloramphenicol.

such as MCF-7 (hormone-dependent breast cancer cell line), K562 (human leukemia cells), and SKBR (human
breast carcinoma) cell lines which displayed ICs, (concentration of test agent that causes 50% cell death) values
ranging from 27.2 to 68.2 ug/mL*. Another study found the cytotoxicity of the solvent extracts against Dalton’s
lymphoma ascites (DLA) cells with ICs, values of 36 ug/mL and 57 pg/mL*. The water and solvent extracts of
C. ternatea flowers were found to be cytotoxic to various cancer cell lines below 100 pg/mL but were not toxic
up to 100 pg/mL on normal human foreskin fibroblast (Hs27) cell line. However, the cytotoxic concentration
on the normal cell line was not determined as the highest concentration tested was 100 pug/mL. It could only be
concluded that the extracts were more toxic to cancer cell lines compared to a normal cell line*'. These studies
suggested that the cytotoxic activity of the extracts could be contributed by the presence of flavonoids.

There are no cytotoxic studies done so far for the anthocyanin-rich fraction. A particular study investigated
the cytotoxic activity of the crude extract, anthocyanin fraction, phenolic fraction, and organic acid fraction of
specialty potatoes on PC-3 (androgen-independent) and LNCaP (androgen-dependent) human prostate car-
cinoma cell lines. The anthocyanin fraction was found to be the most active component of the potato extracts
for inhibition of LNCaP and PC-3 cell proliferation*?. C. ternatea flower extract is composed mainly of vari-
ous flavonols (quercetin, kaempferol, and myricetin) and anthocyanins’. Although anthocyanins are the main
components of the anthocyanin-rich fraction, the minor presence of other flavonols may have contributed to
the cytotoxic effect as well. Apart from anthocyanins, studies have also shown flavonols such as quercetin and
kaempferol to possess cytotoxic activity®. As the anthocyanin-rich fraction of C. ternatea had a higher TPC
value than that of crude extract (Table 2), this may be the reason that the anthocyanin-rich fraction possesses
higher cytotoxic activity.

Several studies investigating various other bioactivities of C. ternatea flower extract determined the in vivo
toxicity of the extract in mice or rats'**. An acute toxicity study (14 days) was done using albino Wistar rats
which were treated orally with 50% ethanol extract of C. ternatea flowers at 2000 mg/kg body weight. The
treatment group showed no signs of mortality or abnormality and there was no significant difference in the
hematological values compared to the control untreated group which indicates no acute toxicity of C. ternatea
flower extracts up to 2000 mg/kg**. There are no in vivo studies done for the anthocyanin-rich fraction of C.
ternatea so far. Although the crude extracts of C. ternatea flower displayed toxicity at doses above 156.3 pg/mL
against HEK-293 cells, the findings from the acute toxicity study in rats show the extract to be rather safe for
consumption** Further in vivo studies are necessary to determine the toxic effects of anthocyanin-rich fraction
besides considering the effects of other factors such as stability and bioavailability of the compounds present.

Antibacterial activity of water extract, solvent extract, and the anthocyanin-rich fraction of C.
ternatea flower. The agar dilution method (ADM) was used to determine the minimum inhibitory concen-
tration (MIC) values of C. ternatea flower crude extracts and the anthocyanin-rich fraction. The test concentra-
tion ranged from 0.16 to 40 mg/mL (Table 4). ADM was used to test the extracts instead of broth microdilution
assay due to the colour of the C. ternatea flower extracts that interfered with the detection of microbial growth in
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the broth. The crude water and solvent extracts of C. ternatea flower were found to have activity against B. cereus
and B. subtilis with a MIC value of 10 mg/mL while the anthocyanin-rich fraction was found to be more potent
against these strains with a MIC value of 0.63 mg/mL. The C. ternatea anthocyanin-rich fraction but not the
crude extracts was found to have activity against the Gram-negative bacteria E. coli with a MIC value of 10 mg/
mL. The MIC values of chloramphenicol were similar to those reported in the literature showing the validity of
the tests*>.

Most of the antibacterial studies done previously for C. ternatea flower extract utilised the disc diffusion
assay in which the zone of inhibition ranged from 7 to 26 mm on various bacterial species**. A study reported
that the MIC range of C. ternatea flower crude extract was 1.25-10 mg/mL against E. coli, K. pneumonia, and
P aeruginosa which were isolated from patients*. However, in this current study, the activity was not achieved
most probably due to the difference in the strains used. The findings obtained in the current study found the
crude extracts to have activity against B. cereus and B. subtilis. Another study reported activity against both of
these strains (isolated from contaminated food samples) with a MIC value of 25 mg/mL which was higher than
obtained in the current study*. This is the first study to report the antibacterial activity by comparing the crude
extracts and anthocyanin-rich fraction utilising the agar dilution method. The higher antimicrobial activity
achieved by the anthocyanin-rich fraction was most likely caused by the higher anthocyanin content compared
to the crude extracts which had a higher content of flavonols. Our previous study investigated the flavonol and
anthocyanin-rich fraction for antibiofilm activity against P. aeruginosa. The anthocyanin-rich fraction but not
the flavonol fraction was responsible for the potent antibiofilm activity where the biofilm formation by four P
aeruginosa strains was significantly reduced (minimum biofilm inhibitory concentration ranging between 0.625
and 5.0 mg/mL). The anthocyanin-rich fraction also significantly reduced bacterial attachment to the polysty-
rene surface by 1.1 log CFU/cm? based on SEM analysis*. These findings may suggest the antibacterial activity
of the anthocyanin-rich fraction of C. ternatea is due to the anthocyanins and not flavonols but this requires
further investigation.

There was no clear trend observed for the anthocyanin-rich fraction against the Gram-positive or Gram-
negative bacteria. However, it displayed activity against B. cereus, B. subtilis, and E. coli (Table 4). Previous studies
have shown the antibacterial potential of anthocyanin-rich fractions of other fruits or flowers such as hibiscus or
blueberry which were mainly composed of anthocyanins based on cyanidin, delphinidin, petunidin, and malvidin
derivatives. These different anthocyanin derivatives may have acted synergistically for the antibacterial activity
of these anthocyanin-rich fractions against bacterial strains such as E. coli, B. cereus, and P. aeruginosa®®>'. The
effect of the compounds in previous studies was found to affect bacterial cell membrane structure leading to the
inactivation of crucial enzymes, affecting gene expression, and impairment of the metabolism of bacteria which
may affect their growth and reproduction. The anthocyanins were found to have affected the tricarboxylic acid
cycle (TCA) cycle which is one of the main ways for cells to gain energy and also the common metabolic pathway
for oxidation of sugar, fats, and protein. Disruption of the TCA cycle leads to weakened cellular respiration and
inadequate energy supply leading to death®>3,

The anthocyanins of C. ternatea were ternatin anthocyanins based on delphinidins’ and these different ter-
natins may have acted synergistically to achieve the antibacterial effect. The findings suggest a possibility of the
anthocyanins being responsible for the observed antibacterial activity. Many antibacterial studies of antibiotics
and various other natural compounds have shown the compounds to have higher activity against Gram-positive
bacterial strains than the Gram-negative bacterial strains which is mainly attributed to the morphology of the
Gram-positive bacterial strains which are known to be void of the outer membrane known to be present in
Gram-negative bacterial strains making them more resistant to antibacterial agents®*. However, the findings
obtained in this study are rather interesting as the flower extracts and enriched anthocyanin fraction were
shown to have activity only against certain Gram-positive (B. subtilis and B. cereus) and Gram-negative (E. coli)
bacterial strains but not on the other strains. Studies have reported the structural similarities of certain proteins
observed in both E. coli (FtsW and RodA) and B. subtilis (spoVE) which are known to function in cell division,
cell elongation, and spore formation respectively®. Similarities were also found in the mreB proteins of E. coli
and B. subtilis important for the structural maintenance of the cells®®. We can speculate that the crude flower
extracts and anthocyanin enriched fraction may have exerted a unique mechanism of antibacterial activity with
a potential target of a specific region which may be present in these 3 bacterial strains due to their similarities.
However, further studies (e.g. molecular docking and gene expression studies) are required to facilitate and
understand the underlying mechanism for the antibacterial effect and its potential against bacteria virulence.

Conclusions.  This study demonstrated that the anthocyanin-rich fraction of C. ternatea flowers was success-
fully obtained using C18-OPN and Amberlite XAD-16 open column chromatography methods. The Amberlite
XAD-16 method was found to be the superior method as it efficiently enhanced the TAC compared to the TPC.
The anthocyanins were successfully characterised and their composition in the anthocyanin-rich fraction was
obtained by LC-MS analysis. The anthocyanin-rich fraction had more potent antioxidant activity in the chem-
ical-based assays over a cellular assay. It was also found to have higher cytotoxic and antibacterial activity com-
pared to the crude extracts. In future studies, the use of techniques such as preparative high-performance liquid
chromatography (HPLC) for the isolation of active compounds is recommended to determine the compound/s
responsible for the observed activity. It is worthwhile to investigate further the anthocyanin-rich fraction of C.
ternatea as it has the potential to be used and developed as a functional food ingredient or nutraceutical agent.
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Methods

Plant samples. Freshly harvested Clitoria ternatea cv. Double Blue flowers were obtained from a plant nurs-
ery in Subang Jaya, Malaysia. Only the petals of fresh C. ternatea flowers were used in the extraction process. The
petals were cut into smaller pieces (approximately 0.5x 0.3 cm) before usage.

Declaration statement. We declare that the collection of plant material is in accordance with relevant
institutional, national, and international guidelines and legislation.

Extraction of samples. The fresh flower sample material (50 g) was extracted in 1 L of 50% ethanol with
constant shaking for 3 h at room temperature (25 °C) for the solvent extract while it was extracted in 1 L of
distilled water with constant shaking for 1 h at 50 °C in a water bath for the water extract. The solution was then
vacuum-filtered and the marc was discarded. The solution was concentrated under vacuum at 45 °C using a
rotary evaporator followed by freeze-drying at —80 °C. The freeze-dried extracts were kept at—80 °C until fur-
ther analysis. Chromatography columns [S24/29, 25 (D) x 300 mm (L)] with sintered glass disc (porosity 0) and
stopcock with PTFE key were used for the open column chromatography as described below. Both C18-OPN
and Amberlite XAD-16 adsorbents were immersed overnight in methanol before loading into the columns (%
of column height).

C18-OPN column chromatography. The fractionation of the crude extract was carried out with some
modifications using C18-OPN column chromatography®'. Briefly, 5 g of freeze-dried crude extract was dissolved
in 10 mL of water and adjusted to pH 7.0 with 5 N NaOH. A total of 10 mL of extract was loaded in Cosmosil
C18-OPN column (Nacalai, San Diego, USA) previously conditioned to pH 7.0 with 0.5 L of 100% methanol
and 1 L of nanopure water (pH 7.0). The neutral phenolics were absorbed in the column, whereas the phenolic
acids were not. The column was washed with 1 L of water (pH 7.0) to remove the phenolic acids. The column was
then adjusted to pH 2.0 with acidified water. The flavonols were eluted using 1 L of 100% ethyl acetate and the
anthocyanins using 0.5 L of 100% methanol. The methanol fraction (containing anthocyanins) was concentrated
under vacuum at 45 °C in a rotary evaporator followed by freeze-drying at—80 °C. The freeze-dried extracts
were kept at — 80 °C until further analysis.

Amberlite XAD-16 column chromatography. The fractionation of crude extract was carried out
according to a previous study”’. The extracts (5 g of freeze-dried crude extract) were first dissolved in distilled
water (100 mL) and adjusted to pH 2. They were then partitioned with 100 mL of ethyl acetate in triplicate to
remove the flavonols. The aqueous phase (containing anthocyanins) was concentrated under reduced pressure
at 37 °C in a rotary evaporator. The sample was then subjected to further purification using Amberlite XAD-16
column chromatography. Briefly, the column was rinsed with 1 L of purified water and then activated with 0.5 L
of 2% aqueous sodium hydroxide solution. After rinsing with purified water, the material was conditioned to
pH 3 by washing with 1 L of acidified water. The concentrated sample (10 mL) was loaded in the column and
rinsed with 0.3 L of acidified water (pH 3) at a flow rate of 10 mL/min to remove the phenolic acids. Then, the
anthocyanins were eluted with acidified methanol [95:5, methanol/acidified water (pH 2), v/v]. The methanol
fraction (containing anthocyanins) was concentrated under vacuum at 45 °C in a rotary evaporator followed by
freeze-drying at— 80 °C. The freeze-dried extracts were kept at — 80 °C until further analysis.

Liquid chromatography-mass spectrometry (LC-MS) analysis. LC-MS analysis was done for the
characterisation of anthocyanins with minor modifications!. Individual compounds were identified based on
retention time, and mass-to-charge ratio using LC-MS. 1290 Infinity LC system coupled to 6520 Accurate-Mass
Q-TOF mass spectrometer with a dual ESI source (Agilent, Santa Clara, USA) using Zorbax Eclipse XDB-C18,
Narrow-Bore 2.1 x 150 mm, 3.5 microns (Agilent, Santa Clara, USA) and a guard column of the same chemistry
was used for the chromatographic separations. A mass range of 500-2000 m/z was used for MS detection in
positive mode. The elution gradients were performed with acetonitrile/methanol (1:1), formic acid (0.5:99.5,
v/v) (phase A) and formic acid/water (0.5:99.5, v/v) (phase B). The applied elution conditions were as follows:
0-2 min, 2% A; 98% B; 3-5 min, 5% A, 95% B; 5-30 min, 20% A, 80% B; 30-72 min, 35% A, 65% B; 72-83 min,
100% A, 0% B; 83-85 min, isocratic, 100% A; 87-90 min, 2% A, 98% B to return to the starting condition.
Nitrogen was used as desolvation gas, at 300 °C and a flow rate of 60 L/h, and He gas was used as damping gas,
declustering potential 40 of eV; collision energy 5 eV; collision cell entrance potential 10 eV.

Measurement of total phenolic content (TPC). The extract was determined for total phenolic content
(TPC) using the Folin-Ciocalteu method with minor modifications®®. The freeze-dried extract was dissolved in
distilled water to a concentration of 1 mg/mL. Gallic acid was used as the standard and a calibration curve was
established (0 - 1000 mg/mL). The extract or gallic acid (0.5 mL) was added to 2.5 mL Folin-Ciocalteu reagent
(tenfold diluted with distilled water) and mixed thoroughly for 3 min. Sodium carbonate (2 mL, 7.5% w/v) was
added to the mixture and the mixture was allowed to stand for 30 min at room temperature. The absorbance
of the mixture was measured using a Perkin Elmer Lambda 25 UV-VIS spectrophotometer (Norwalk, USA) at
760 nm. TPC was expressed as mg gallic acid equivalent/g dry weight of extract (mg GAE/g extract).

Measurement of total anthocyanin content (TAC). The pH differential method was used to ana-
lyze the total anthocyanin content (TAC)*’. The absorption of the samples in pH 1 buffer (potassium chloride,
0.025 M) and pH 4.5 buffer (sodium acetate, 0.4 M) was measured using a Perkin Elmer Lambda 25 UV-VIS
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spectrophotometer (Norwalk, USA) at 520 and 700 nm. The anthocyanin concentration was expressed as cyan-
idin-3-glucoside equivalents, and calculated as follows:

Anthocyanin pigment (mg/L) =(A x MW x DF x 1000)/(8 x 1),

where A = [(Asy—Azq) at pH 1.0]-[(Asy—Asq) at pH 4.5], MW is the molecular weight of cyanidin-3-glucoside
(449.2), ¢ is the molar absorptivity (26,900), and DF is the dilution factor. The total anthocyanin content was
expressed as mg cyanidin-3-glucoside equivalents/g dry weight of extract (mg CGE/g extract).

DPPH free radical scavenging activity. DPPH assay with minor modifications was carried out for free
radical scavenging (FRS) analysis®®. One mL of DPPH (5.9 mg per 100 mL in 100% methanol) was added to
500 uL samples (triplicate) of different dilutions. Samples were left to stand for 30 min in dark at room tempera-
ture followed by an absorbance measurement at 517 nm. The radical scavenging activity was calculated using
the equation below:

Scavenging activity (%) = (Ac— As) /Acx 100

A =negative control absorbance (without sample); Ag=sample absorbance ; IC5, the concentration of the extract
required to destroy 50% of the DPPH was determined.

Ferric reducing power. The potassium ferricyanide-ferric chloride method was used to determine the fer-
ric reducing power of C. ternatea flower extracts®. Different dilutions of 400 pL samples were added to 1 mL
phosphate buffer (0.2 M, pH 6.6) and 1 mL potassium ferricyanide (1% w/v) to determine the ferric reducing
power (FRP) activity. The mixture was left to stand for 20 min at 50 °C followed by the addition of 1 mL of
trichloroacetic acid (10% w/v). The mixture was separated into aliquots of 1 mL and diluted with 1 mL of water.
Then, 200 uL of ferric chloride (0.1% w/v) was added to the mixture. The mixture was kept in the dark for 30 min
followed by an absorbance measurement at 700 nm. Gallic acid (GA) was used as the standard and FRP activity
was expressed as mg GAE/g.

Cell culture. HEK-293 (human embryonic kidney) cells and RAW264.7 (mouse macrophage) cells were
purchased from the American Type Culture Collection (Manassas, Virginia, USA). HEK-293 cells were grown
as monolayer culture in Roswell Park Memorial Institute (RPMI) medium while RAW264.7 cells were grown
in Dulbeccos modified Eagle’s medium-high glucose (DMEM-HG) supplemented with 10% fetal bovine
serum (FBS), penicillin (100 U/mL), and streptomycin (100 ug/mL) incubated at 37 °C in an atmosphere of 5%
CO,-95% air mixture.

Microculture tetrazolium assay (MTA). MTA assay was used to assess cell viability®. Cells were seeded
on 96-well plates at 5000 cells per well for HEK-293 cells and at 10,000 cells/well for RAW264.7 cells. The cells
were incubated at 37 °C in 5% CO, for 24 h. The cells were treated with the extracts and the anthocyanin-rich
fraction and incubated further at 37 °C in 5% CO, for 24 h. Triton X-100 (1%) solution was used as the posi-
tive control. MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) reagent (final concentration:
0.5 mg/mL) was added to the cells after treatment and incubated for 4 h at 37 °C. The medium was discarded
and 0.1 mL of dimethyl sulfoxide (DMSO) was added to each well to dissolve the formazan crystals formed. The
absorbance was read at 570 nm in a microplate reader and cell viability was calculated.

Asample — Abplank

Cell viability (%) = x 100

control — Ablank

Cellular antioxidant activity (CAA) assay. RAW 264.7 cells were used to determine the CAA of C.
ternatea flower anthocyanin-rich fraction®. The basis of this antioxidant assay involves the cellular uptake of
2'-7'dichlorofluorescin diacetate (DCFH-DA) which is a non-fluorescent probe followed by hydrolyzation of
intracellular esterase to form dichlorofluorescein (DCFH). The non-fluorescent substrate is oxidized by the
peroxyl radicals generated from 2,2'-Azobis (2-methylpropionamidine) dihydrochloride (AAPH), producing a
fluorescent product (dichlorofluorescein, DCF). The antioxidants within the cell act to quench the free radical
and reduce fluorescence intensity, thus indicating modulation of intracellular oxidation. RAW 264.7 cells were
seeded into a 96-well plate (5x 10* cells/well) and incubated for 24 h. The medium was removed and the wells
were washed with phosphate-buffered saline (PBS). The cells were treated for 1 h with 100 pL of extracts mixed
with 20 uM DCFH-DA dissolved in medium with the absence of FBS in triplicates. Quercetin was used as the
positive control (20 pg/mL). The extracts and DCFH-DA mixture were removed from the wells after treatment
and were then washed with 100 uL of PBS. Then 100 uL of 1 mM AAPH in PBS was added to the wells. Fluo-
rescence reading was measured every 5 min for 1 h in a microplate reader at 37 °C with emission at 535 nm and
excitation at 485 nm. Each plate had triplicate wells of negative control wells (cells treated with DCFH-DA and
AAPH without plant extract), and blank wells (cells treated with DCFH-DA, without AAPH and plant extract).
Blank subtraction was done by subtraction of final fluorescence values with initial fluorescence values. The anti-
oxidant activity of the sample was calculated with the formula:
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Reactive oxygen species (ROS) produced (%)

Final fluorescence reading of sample — Initial fluorescence reading of sample 100
X

" Final fluorescence reading of control — Initial fluorescence reading of control

Antimicrobial test. The antimicrobial activity of C. ternatea flower crude extracts and the anthocyanin-
rich fraction was tested against nine Gram-positive [Staphylococcus aureus (ATCC 6538P, ATCC 29,213), Methi-
cillin-resistant S. aureus (ATCC 700,699, ATCC 33,591, ATCC 43,300), Enterococcus faecalis (ATCC 29,212,
ATCC700802) Bacillus cereus (ATCC 14,579), B. subtilis (ATCC 8188)] and eight Gram-negative [Pseudomonas
aeruginosa (ATCC 10,145, ATCC BAA-47, BAA-2110, ATCC 27,853, ATCC 9027), Shigella flexneri (ATCC
12,022), Salmonella typhimurium (ATCC 14,028), Escherichia coli (ATCC 25,922)] laboratory control bacterial
strains obtained from the American Type Culture Collection (ATCC, Virginia, U.S.A.). The bacterial strains
were stored at — 80 °C supplemented with glycerol (25% v/v). The antimicrobial activity was evaluated by deter-
mining the minimum inhibitory concentration (MIC) using the agar dilution method described by the Clinical
and Laboratory Standard Institute®®. The extracts were filtered through a membrane filter (0.20 um) followed
by serial dilution at 0.16-40 mg/mL (final concentration) and added to molten Mueller-Hinton agar that has
been allowed to equilibrate in a water bath at 45 °C. The agar and extract solution was mixed thoroughly and
poured into Petri dishes and allowed to solidify at room temperature. Chloramphenicol (0.001-0.5 mg/mL) was
used as the positive control, whereas the negative control was bacterial suspension alone (no plant extract). The
inoculum was prepared by making a direct broth suspension of isolated colonies selected from a 24 h agar plate.
The suspension was adjusted to achieve turbidity equivalent to a 0.5 McFarland standard, which is equivalent to
about 1 x 108 colony-forming units (CFU)/mL. The 0.5 McFarland suspension was diluted 1:10 in sterile broth to
obtain a concentration of 10 CFU/mL. Two pL of bacterial suspension was delivered and the final inoculum on
the agar was approximately 10* CFU per spot. The inoculated plates were allowed to stand at room temperature
for 30 min to allow the spots to be absorbed into the agar. The plates were inverted and incubated at 37 °C for
24 h. The MIC was recorded as the lowest concentration of extract that completely inhibits the growth of the
bacteria.

Statistical analysis. All experiments were carried out in independent triplicates. The results were expressed
as the mean value + standard deviation. The data obtained were analysed using one-way ANOVA followed by
post-hoc Tukey’s test and significance was set at p < 0.05 using SPSS 23 software (New York, USA).

Received: 17 December 2021; Accepted: 24 August 2022
Published online: 01 September 2022

References
1. Kong, J. M., Chia, L. S., Goh, N. K., Chia, T. E & Brouillard, R. Analysis and biological activities of anthocyanins. Phytochemistry
64, 923-933 (2003).
2. Pojer, E., Mattivi, E, Johnson, D. & Stockley, C. S. The case for anthocyanin consumption to promote human health: A review.
Compr. Rev. Food Sci. Food Saf. 12, 483-508 (2013).
3. Choo, W. S. Fruit pigment changes during ripening. In: Encyclopedia of food chemistry, (eds. Melton, L., Shahidi, E. & Varelis, P.)
117-123 (Elsevier, 2018).
4. Zhang, Y., Seeram, N. P, Lee, R, Feng, L. & Heber, D. Isolation and identification of strawberry phenolics with antioxidant and
human cancer cell antiproliferative properties. J. Agric. Food Chem. 56, 670-675 (2008).
5. Lacombe, A., Wu, V. C. H,, Tyler, S. & Edwards, K. Antimicrobial action of the American cranberry constituents; phenolics,
anthocyanins, and organic acids, against Escherichia coli O157:H7. Int. ]. Food Microbiol. 139, 102-107 (2010).
6. Ziberna, L. et al. Acute cardioprotective and cardiotoxic effects of bilberry anthocyanins in ischemia-reperfusion injury: Beyond
concentration-dependent antioxidant activity. Cardiovasc. Toxicol. 10, 283-294 (2010).
7. Mukherjee, P. K., Kumar, V., Kumar, N. S. & Heinrich, M. The Ayurvedic medicine Clitoria ternatea-From traditional use to
scientific assessment. J. Ethnopharmacol. 120, 291-301 (2008).
8. Chusak, C., Henry, C. J., Chantarasinlapin, P., Techasukthavorn, V. & Adisakwattana, S. Influence of Clitoria ternatea flower extract
on the in vitro enzymatic digestibility of starch and its application in bread. Foods 7, 102 (2018).
9. Lijon, M. B., Meghla, N. S., Jahedi, E., Rahman, M. A. & Hossain, I. Phytochemistry and pharmacological activities of Clitoria
ternatea. Int. J. Nat. Soc. Sci. 4, 1-10 (2017).
10. Kazuma, K., Noda, N. & Suzuki, M. Flavonoid composition related to petal color in different lines of Clitoria ternatea. Phytochem-
istry 64, 1133-1139 (2003).
11. Vidana Gamage, G. C,, Lim, Y. Y. & Choo, W. S. Sources and relative stabilities of acylated and nonacylated anthocyanins in bever-
age systems. J. Food Sci. Technol. 59, 831-845 (2022).
12. Kamkaen, N. & Wilkinson, J. M. The antioxidant activity of Clitoria ternatea flower petal extracts and eye gel. Phytother. Res. 23,
1624-1625 (2009).
13. Pahune, B., Niranjane, K., Danao, K., Bodhe, M. & Rokade, V. Anti-microbial activity of Clitoria ternatea L flower extract and use
as a natural indicator in acid base titration. J. Nat. Prod. Plant Resour. 3, 48-51 (2013).
14. Rajamanickam, M., Kalaivanan, P. & Sivagnanam, I. Evaluation of anti-oxidant and anti-diabetic activity of flower extract of Clitoria
ternatea L. J. Appl. Pharm. Sci. 5, 131-138 (2015).
15. Yang, Y, Yuan, X,, Xu, Y. & Yu, Z. Purification of anthocyanins from extracts of red raspberry using macroporous resin. Int. J. Food
Prop. 18, 1046-1058 (2015).
16. Shoji, T., Yanagida, A. & Kanda, T. Gel permeation chromatography of anthocyanin pigments from rose cider and red wine. J.
Agric. Food Chem. 47, 2885-2890 (1999).
17. Lin, X. et al. Curcumin attenuates oxidative stress in RAW264.7 cells by increasing the activity of antioxidant enzymes and activat-
ing the Nrf2-Keap1 pathway. PLoS ONE 14, e0216711 (2019).
18. Heffernan, S. et al. Blue whiting protein hydrolysates exhibit antioxidant and immunomodulatory activities in stimulated murine
RAW264.7 cells. Appl. Sci. 11,9762 (2021).

Scientific Reports |

(2022) 12:14890 | https://doi.org/10.1038/s41598-022-19146-z nature portfolio



www.nature.com/scientificreports/

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Vidana Gamage, G. C., Lim, Y. Y. & Choo, W. S. Anthocyanins from Clitoria ternatea flower: Biosynthesis, extraction, stability,
antioxidant activity, and applications. Front. Plant Sci. 12, 792303 (2021).

Jeyaraj, E. J., Lim, Y. Y. & Choo, W. S. Effect of organic solvents and water extraction on the phytochemical profile and antioxidant
activity of Clitoria ternatea flowers. ACS Food Sci. Technol. 1, 1567-1577 (2021).

Nair, V., Bang, W. Y., Schreckinger, E., Andarwulan, N. & Cisneros-Zevallos, L. Protective role of ternatin anthocyanins and querce-
tin glycosides from butterfly pea (Clitoria ternatea Leguminosae) blue flower petals against lipopolysaccharide (LPS)-induced
inflammation in macrophage cells. J. Agric. Food Chem. 63, 6355-6365 (2015).

Vuong, T. T., Srivichai, S. & Hongsprabhas, P. Effect of sugar and CaCl, concentration on fluorescence quenching characteristics
of whey proteins by delphinidin derivatives from butterfly pea flower. Agric. Nat. Resour. 55, 569-578 (2021).

Escher, G. B., Wen, M., Zhang, L., Rosso, N. D. & Granato, D. Phenolic composition by UHPLC-Q-TOF-MS/MS and stability of
anthocyanins from Clitoria ternatea L (butterfly pea) blue petals. Food Chem. 331, 127341 (2020).

Tenore, G. C., Novellino, E. & Basile, A. Nutraceutical potential and antioxidant benefits of red pitaya (Hylocereus polyrhizus)
extracts. J. Funct. Foods 4, 129-136 (2012).

Terahara, N. et al. Five new anthocyanins, ternatins A3, B4, B3, B2, and D2, from Clitoria ternatea flowers. J. Nat. Prod. 59, 139-144
(1996).

Terahara, N. et al. Eight new anthocyanins, ternatins C1-C5 and D3 and preternatins A3 and C4 from young Clitoria ternatea
flowers. J. Nat. Prod. 61, 1361-1367 (1998).

Bhalke, R. D. & Anarthe, S. J. Antinociceptive and antioxidant activity of various parts of Clitoria ternatea (Fabaceae). J. Pharm.
Res. 8, 30-34 (2009).

Du, Q. Z., Zheng, J. F. & Xu, Y. Composition of anthocyanins in mulberry and their antioxidant activity. J. Food Compos. Anal. 21,
390-395 (2008).

Elisia, L., Hu, C., Popovich, D. G. & Kitts, D. D. Antioxidant assessment of an anthocyanin-enriched blackberry extract. Food Chem.
101, 1052-1058 (2007).

Jeyaraj, E. ], Lim, Y. Y. & Choo, W. S. Extraction methods of butterfly pea (Clitoria ternatea) flower and biological activities of its
phytochemicals. J. Food Sci. Technol. 58, 2054-2067 (2020).

Gengatharan, A., Dykes, G. A. & Choo, W. S. Betalains: Natural plant pigments with potential application in functional foods.
LWT Food Sci. Technol. 64, 645-649 (2015).

Wolfe, K. L. & Liu, R. H. Cellular antioxidant activity (CAA) assay for assessing antioxidants, foods, and dietary supplements. J.
Agric. Food Chem. 55, 8896-8907 (2007).

Loépez-Alarcén, C. & Denicola, A. Evaluating the antioxidant capacity of natural products: A review on chemical and cellular-based
assays. Anal. Chim. Acta. 763, 1-10 (2013).

Terahara, N, Saito, N., Honda, T., Toki, K. & Osajima, Y. Acylated anthocyanins of Clitoria ternatea flowers and their acyl moieties.
Phytochemistry 29, 949-953 (1990).

. Prochiantz, A. Getting hydrophilic compounds into cells: Lessons from homeopeptides. Curr. Opin. Neurobiol. 6, 629-634 (1996).
. Zhao, C. L. et al. Stability-increasing effects of anthocyanin glycosyl acylation. Food Chem. 214, 119-128 (2017).
. Ma, Z. et al. Establishment and validation of an in vitro screening method for traditional Chinese medicine-induced nephrotoxicity.

Evid. Based Complement. Alternat. Med. 2018, 2461915 (2018).

Lépez-Garcia, J., Lehocky, M., Humpolicek, P. & Sdha, P. HaCaT keratinocytes response on antimicrobial atelocollagen substrates:
Extent of cytotoxicity, cell viability and proliferation. J. Funct. Biomater. 5, 43-57 (2014).

Shivaprakash, P,, Balaji, K. S., Chandrashekara, K. T., Rangappa, K. S. & Jayarama, S. Induction of apoptosis in MCE-7 cells by
methanolic extract of Clitoria ternatea L. Int ]. Appl. Biol. Pharm. 6, 80-86 (2015).

Kumar, B. S. & Bhat, K. L. In-vitro cytotoxic activity studies of Clitoria ternatea linn flower extracts. Int. J. Pharma. Sci. Rev. Res.
6,120-121 (2011).

Neda, G. D., Rabeta, M. S. & Ong, M. T. Chemical composition and anti-proliferative properties of flowers of Clitoria ternatea.
Int. Food Res. J. 20, 1229-1234 (2013).

Reddivari, L., Vanamala, J., Chintharlapalli, S., Safe, S. H. & Miller, J. C. Jr. Anthocyanin fraction from potato extracts is cytotoxic
to prostate cancer cells through activation of caspase-dependent and caspase-independent pathways. Carcinogenesis 28, 2227-2235
(2007).

Matsuo, M., Sasaki, N., Saga, K. & Kaneko, T. Cytotoxicity of flavonoids toward cultured normal human cells. Biol. Pharm. Bull.
28, 253-259 (2005).

Srichaikul, B. Ultrasonication extraction, bioactivity, antioxidant activity, total flavonoid, total phenolic and antioxidant of Clitoria
ternatea linn flower extract for anti-aging drinks. Pharmacogn. Mag. 14, 322 (2018).

Yong, Y. Y., Dykes, G., Lee, S. M. & Choo, W. S. Comparative study of betacyanin profile and antimicrobial activity of red pitahaya
(Hylocereus polyrhizus) and red spinach (Amaranthus dubius). Plant Foods Hum. Nutr. 72, 41-47 (2017).

Yong, Y. Y, Dykes, G., Lee, S. M. & Choo, W. S. Effect of refrigerated storage on betacyanin composition, antibacterial activity
of red pitahaya (Hylocereus polyrhizus) and cytotoxicity evaluation of betacyanin rich extract on normal human cell lines. LWT
Food Sci. Technol. 91, 491-497 (2018).

Uma, B., Prabhakar, K. & Rajendran, S. Phytochemical analysis and antimicrobial activity of Clitoria ternatea Linn against extended
spectrum beta lactamase producing enteric and urinary pathogens. Asian J. Pharm. Clin. Res. 2, 94-96 (2009).

Leong, C. R. et al. Anthocyanins from Clitoria ternatea attenuate food-borne Penicillium expansum and its potential application
as food biopreservative. Nat. Prod. Sci. 23, 125-131 (2017).

Jeyaraj, E. J., Nathan, S., Lim, Y. Y. & Choo, W. S. Antibiofilm properties of Clitoria ternatea flower anthocyanin-rich fraction
towards Pseudomonas aeruginosa. Access Microbiol. 4,000343 (2022).

Jabeur, I. et al. Hibiscus sabdariffa L as a source of nutrients, bioactive compounds and colouring agents. Food Res. Int. 100, 717-723
(2017).

Cerezo, A. B. et al. Anthocyanins in blueberries grown in hot climate exert strong antioxidant activity and may be effective against
urinary tract bacteria. Antioxidants 9, 478 (2020).

Salaheen, S., Peng, M., Joo, J., Teramoto, H. & Biswas, D. Eradication and sensitization of methicillin resistant Staphylococcus
aureus to methicillin with bioactive extracts of berry pomace. Front. Microbiol. 8, 253 (2017).

Sun, X. H. et al. Antibacterial effect and mechanism of anthocyanin rich Chinese wild blueberry extract on various foodborne
pathogens. Food Control 94, 155-161 (2018).

Breijyeh, Z., Jubeh, B. & Karaman, R. Resistance of gram-negative bacteria to current antibacterial agents and approaches to resolve
it. Molecules 25, 1340 (2020).

Ikeda, et al. Structural similarity among Escherichia coli FtsW and RodA proteins and Bacillus subtilis SpoVE protein, which func-
tion in cell division, cell elongation, and spore formation, respectively. J. Bacteriol 171, 6375-6378 (1989).

Abhayawardhane, Y. & Stewart, G. C. Bacillus subtilis possesses a second determinant with extensive sequence similarity to the
Escherichia coli mreB morphogene. J. Bacteriol. 177, 765-773 (1995).

Chang, Y. ]., Pong, L. Y., Hassan, S. S. & Choo, W. S. Antiviral activity of betacyanins from red pitahaya (Hylocereus polyrhizus) and
red spinach (Amaranthus dubius) against dengue virus type 2 (GenBank accession no. MH488959). Access Microbiol. 2 (2020).
Chong, K. L. & Lim, Y. Y. Effects of drying on the antioxidant properties of herbal tea from selected vitex species. J. Food Qual. 35,
51-59 (2012).

Scientific Reports |

(2022) 12:14890 | https://doi.org/10.1038/s41598-022-19146-z nature portfolio



www.nature.com/scientificreports/

59. Lee, J., Durst, R. W,, Wrolstad, R. E. & Collaborators. Determination of total monomeric anthocyanin pigment content of fruit
juices, beverages, natural colorants, and wines by the pH differential method: collaborative study. J. AOAC Int. 88, 1269-1278
(2005).

60. Sylvester, P. W. Optimization of the tetrazolium dye (MTT) colorimetric assay for cellular growth and viability. Methods Mol. Biol.
716, 157-168 (2011).

61. Loh,Z. H. & Lim, Y. Y. Drying effects on antioxidant activity, enzyme activity, and phytochemicals of avocado (Persea americana)
leaves. J. Food Process Preserv. 42, €13667 (2018).

62. Clinical and Laboratory Standards Institute. Methods for dilution antimicrobial susceptibility tests for bacteria that grow aerobi-
cally; approved standard, 9th edn. CLSI document M07-A9, Wayne, PA (2012).

Acknowledgements
We gratefully acknowledge the School of Science, Monash University Malaysia for funding this work.

Author contributions
E.J.J. wrote the manuscript and performed the experiments. Y.Y.L. and W.S.C. supported the experiments and
preparation of the manuscript. W.S.C. acted as the corresponding author, supervising the overall research and
the manuscript preparation.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to W.S.C.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports |

(2022) 12:14890 | https://doi.org/10.1038/s41598-022-19146-z nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Antioxidant, cytotoxic, and antibacterial activities of Clitoria ternatea flower extracts and anthocyanin-rich fraction
	Results and discussion
	Characterisation and identification of anthocyanins by LC–MS in C. ternatea anthocyanin-rich fraction using C18-OPN and Amberlite XAD-16 column. 
	Antioxidant activity of anthocyanin-rich fraction from C. ternatea flower. 
	Cytotoxic activity of water extract, solvent extract, and the anthocyanin-rich fraction of C. ternatea flower in HEK-293 cell line. 
	Antibacterial activity of water extract, solvent extract, and the anthocyanin-rich fraction of C. ternatea flower. 
	Conclusions. 

	Methods
	Plant samples. 
	Declaration statement. 
	Extraction of samples. 
	C18-OPN column chromatography. 
	Amberlite XAD-16 column chromatography. 
	Liquid chromatography-mass spectrometry (LC–MS) analysis. 
	Measurement of total phenolic content (TPC). 
	Measurement of total anthocyanin content (TAC). 
	DPPH free radical scavenging activity. 
	Ferric reducing power. 
	Cell culture. 
	Microculture tetrazolium assay (MTA). 
	Cellular antioxidant activity (CAA) assay. 
	Antimicrobial test. 
	Statistical analysis. 

	References
	Acknowledgements


