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Abstract

Aim: Glycation reactions involve the binding of sugars to amino groups of proteins to form advanced glycation end products
(AGES) via glycation intermediates. AGEs induce inflammatory and protein dysfunctions, leading to diabetes and skin aging.
The aim of this study was to evaluate the anti-glycation effect of holy basil (Ocimum tenuiflorum) leaf extract and identify the
compounds responsible for these effects.

Methods: The crude extract was obtained by hot water extraction of dried holy basil leaves. The total polyphenol and
flavonoid contents and antioxidant activities of the crude extract were determined. Phenolic compounds were isolated from
the crude extract using various chromatographic methods. The effect of the crude extract and isolated compounds on the
formation of fluorescent AGEs, N*-(carboxymethyl) lysine (CML), 3-deoxyglucosone (3-DG), glyoxal (GO), and methylglyoxal
(MGO) were examined.

Results: The crude extract of holy basil was rich in polyphenols, most of which were flavonoids. Luteolin 5-O-glucoside
(1), luteolin 7-O-glucuronide (2), (-)-rabdosiin (3), apigenin 7-O-glucuronide (4), rosmarinic acid (5), globoidnan A (6),
and salvianolic acid A (7) isolated from the crude extract inhibited the formation of fluorescent AGEs, CML, 3-DG, GO,
and MGO. In particular, compounds 3, 5, 6, and 7 were potent antiglycation compounds. The crude extract also showed high
antioxidant activities.

Conclusions: Phenolic compounds of holy basil were found to be the active components endowing antiglycative effects.

One of the antiglycation mechanisms of these polyphenols could be related to the antioxidant action of holy basil.

KEY WORDS: antiglycative effect, advanced glycation end products (AGE:),
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Introduction

Glycation is a non-enzymatic reaction between reducing
sugars and amino groups in proteins, lipids, and nucleic acids
and produces advanced glycation end products (AGEs)?.
Accumulation of AGEs, such as N°*(carboxymethyl) lysine
(CML), in dermal tissue influences glycation stress in the
skin. AGEs partially accumulate in the skin by binding to
collagen proteins. Lysine and arginine, the amino acids
in collagen, can be glycated to AGEs to form crosslinks
between glycated collagen. Glycation of collagen induces
skin aging, leading to the loss of skin elasticity and wrinkle
formation?. Glycation is an aging process related to oxidative
stress and is also associated with diabetic complications,
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atherosclerosis, neuropathies, and Alzheimer's disease * 9.
Furthermore, diseases caused by the glycation reaction in
vivo result from oxidative and inflammatory stresses due
to reactive oxygen species, which induce structural and
functional protein alterations, cellular dysfunction, apoptosis,
and organ injuries®. Thus, glycation is associated with
various diseases and aging. Therefore, inhibition of glycation
is important for protection against aging and for maintaining
homeostasis.

The genus Ocimum, belonging to the family Labiatae,
consists of 30 species that are distributed in tropical and
subtropical regions. Holy basil (Ocimum tenuiflorum)
has traditionally been used in India and Sri Lanka for the
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Antiglycative-active Substances of Holy Basil

treatment of various diseases. This plant is used to prepare
herbal tea or dried powder and treat colds, headaches,
coughs, heart disease, and skin diseases®. A previous study
suggested that the essential oils of holy basil leaves have
potent antioxidant activity”. Holy basil also contains many
non-volatile compounds, including saponins, flavonoids,
and tannins®. Zhao et al. showed that polyphenols, i.e.
protocyanidins, condensed tannins, and flavonoids, play an
important role in antiglycation activity ®. Holy basil can be
expected to have a high inhibitory effect on glycation because
phenolic compounds such as luteolin, apigenin, orientin,
eugenol, caffeic acid, and rosmarinic acid have been reported
as the main bioactive constituents'*". The aim of this study
was to evaluate the antiglycative effect of the extract from
holy basil leaves, quantify the phenolic compounds and
their antioxidant activities, and investigate the formation of
fluorescent AGEs, CML, and glycation intermediates.

Material and methods
1) Chemicals and reagents

Gallic acid, methanol (MeOH), Folin-Ciocalteu reagent,
sodium hydroxide (NaOH), (+)-catechin, sodium nitrite,
aluminum trichloride, acetic acid, sodium acetate trihydrate,
methanol-d4 (MeOD), potassium persulfate, acetonitrile,
formic acid, rosmarinic acid, salvianolic acid A, glucose,
sodium hydrogen phosphate, sodium dihydrogen phosphate,
aminoguanidine, 2,3-butanedione, perchloric acid, sodium
hydrogen carbonate, 2,3-diaminonaphthalene, ethyl acetate,
glyoxal (GO), methylglyoxal (MGO) and ethanol (EtOH)
were purchased from Fujifilm Wako Pure Chemicals (Osaka,
Japan). 1,1-Diphenyl-2-picrylhydrazyl (DPPH), 2,2’-azino-
bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), and
bovine serum albumin (BSA) were obtained from Sigma
Aldrich (St. Louis, USA). 3-deoxyglucosone (3-DG) was
purchased from Dojindo Laboratory (Kumamoto, Japan).
Luteolin 5-O-glucoside, luteolin 7-O-glucronide, and apigenin
7-0O-glucronide were purchased from Namiki Shoji (Tokyo,
Japan). (—)-Rabdosiin was obtained from MedChemExpress
(NJ, USA).

2) General experimental methods

The UV (ultra violet) spectra were acquired on a V-570
UV/Vis spectrometer (Jasco, Tokyo). 'H and *C nuclear
magnetic resonance (NMR) spectra were recorded on a
ECZ-600 spectrometer (JEOL, Tokyo) at 600 and 125 MHz,
respectively. Chemical shifts are expressed in O (ppm) and
referenced to the residual solvent peaks. The optical rotations
were measured using a Jasco P-1030 instrument. High-
performance liquid chromatography (HPLC) was performed
on a Jasco LC-2000 Plus HPLC system equipped with an
MD-2010 Plus photodiode array (PDA) detector and an
Atlantis T3 column (3 pm, 150 mm x 4.6 mm i.d., Waters,
Milford, MA, USA) using an acetonitrile-H,O-formic acid
solvent system. Mass spectra were obtained using liquid
chromatography time-of-flight mass spectrometry (LC-
TOF-MS). The LC-TOF-MS was performed on an Agilent
1200 Infinity HPLC and Agilent 6540 Agilent Ultra-High-
Definition Accurate-Mass Q-TOF LC/MS instrument. The

mass spectra were recorded in the negative electrospray
ionization (ESI) mode. Preparative HPLC was performed
using a LC-8A pump (Shimadzu, Kyoto, Japan), UV-4570
detector (Jasco), and Inertsil ODS-4 column (3 wm, 250 mm
x 20 mm i.d., GL Sciences, Tokyo). The samples were eluted
at a flow rate of 6.0 mL/min using 20 % ~ 27 % acetonitrile
containing 0.1 % acetic acid as a mobile phase. Signals were
recorded at 280 nm.

3) Plant materials and extraction

Holy basil (Ocimum tenuiflorum) fresh leaves were
collected in a medicinal garden at the Institute of Traditional
Plants (Negombo, Sri Lanka). The seedlings were purchased
from the Department of Agriculture (Peradeniya, Sri Lanka)
under the Ministry of Agriculture, which identified by the
Industrial Technology Institute (Colombo, Sri Lanka). Then,
the plant was cultivated for at least six months. The collected
leaves were washed, and dried at 25°C and 50% ~ 70 %
humidity for two weeks. The dried leaves of holy basil (50 g)
were extracted with distilled water (500 mL) at 100°C for 1 h.
Then, the extract was filtered, evaporated, and lyophilized to
obtain the crude extract (11.6 g).

4) Determination of total polyphenol content

The total polyphenol content was determined using the
Folin-Ciocalte method'?. The crude extract was adjusted to
0.5mg/mL with 50 % MeOH and used as the sample solution.
The sample solution (20 pL) was mixed with 1 N Folin-
Ciocalteu reagent (40 uL). Then, 1 N NaOH (100 puL) was
added to the mixture and incubated for 15 min, followed
by centrifugation at 20,000 x g and 4°C for 5 min. The
supernatant was dispensed into 96 well plate, and the
absorbance was measured at 734 nm using a microplate
reader (SpectraMax 13x, Molecular Devices, CA, USA). The
total polyphenol content was expressed as mg gallic acid
equivalents/g of the sample. The assays were performed in
triplicate.

5) Determination of total flavonoid content

The total flavonoid content was determined using the
aluminum chloride colorimetric assay '¥. The crude extract
was adjusted to 0.5 mg/mL with 50 % MeOH and used as the
sample solution. The sample solution (125 pl) was mixed
with 5% sodium nitrite (40 pL) and distilled water (625 pL)
and incubated for 5 min. Next, 10 % aluminum trichloride
(250puL) was added and incubated for 6 min, followed by the
addition of 1 N NaOH (250 pL) and distilled water (140 pL).
The mixture was vortexed and the absorbance at 510 nm
was measured using a microplate reader. The total flavonoid
content was expressed as mg (+)-catechin equivalents per
gram of the sample. The assays were performed in triplicate.

6) 1,1-Diphenyl-2-picrylhydrazyl (DPPH) radical
scavenging assay

The DPPH radical scavenging activity was measured as
reported previously ”. The crude extract was adjusted to 1 ~

100 pg/mL with 50 % MeOH and used as the sample solution.
The sample solution (40 L) was mixed with 100 mM acetate
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buffer (40 uL, pH 5.5), and then a 0.5 mM DPPHe solution
in EtOH (20 pL) was added. The reaction mixture was
vortexed and incubated in the dark for 30 min at 30°C, after
which the absorbance was measured at 517 nm (As;7) using a
microplate reader. The DPPH radical scavenging activity was
calculated using the following equation:

DPPH radical scavenging activity (%)
= [(As17 (control) — A7 (sample)) / Asy7 (control)] x 100

ICsop (50% inhibitory concentration) values were
calculated from the percentage decrease relative to the sample
concentration. The assays were performed in triplicate. Gallic
acid and ascorbic acid were used as positive controls.

7) 2,2'-Azino-bis (3-ethylbenzothiazoline-6-sulfonic
acid) (ABTS) radical cation scavenging assay

The ABTS radical cation scavenging activity was
measured as reported previously”. First, 10 mL of 7 mM
ABTSe solution was mixed with 176 uL of 140 mM potassium
persulfate, and the mixture was allowed to stand in the dark
at 25°C for 12 ~ 16 h. The solution was then diluted 30-fold
with EtOH, and the absorbance of this ABTSe solution at
734 nm was measured to be approximately 0.700 using a
spectrophotometer. The crude extract was adjusted to 1 ~ 200
pg/mL with 50% MeOH and used as the sample solution.
The sample solution (20 pL) was then added to the ABTSe
solution (200 pL). The mixture was vortexed and incubated
for 4 min at 37°C, following which the absorbance was
read at 734 nm (A 734) using a microplate reader. The ABTS
radical cation scavenging activity was calculated using the
following equation:

ABTS radical cation scavenging activity (%)
= [(A 734 (control) — A 734 (sample)) / A 734 (control)] x 100

I1Cs¢ values were calculated from the percentage
decrease relative to the sample concentration. The assays
were performed in triplicate. Gallic acid and ascorbic acid
were used as positive controls.

8) Superoxide dismutase (SOD)-like activity

The SOD-like activity was evaluated using the SOD
Assay Kit-WST (Dojindo Laboratory, Kumamoto, Japan)
according to the protocol. The crude extract was adjusted
to 1 ~ 50 pg/mL with 50% MeOH and used as the sample
solution. The sample solution (20 uL) and 200 pL of WST
working solution were mixed with enzyme working solution
(20 puL). The mixture was vortexed and incubated for 20 min
at 37°C, following which the absorbance was read at 450 nm
(Ay4s0) using a microplate reader. The antioxidant activity
was expressed as the percentage inhibition, as follows:

Inhibition (%)
= [(A4s0 (control) — Aysg (sample)) / A 4so (control)] x 100

ICsp values were calculated from the percentage
decrease relative to the sample concentration. The assays
were performed in triplicate. Gallic acid and ascorbic acid
were used as positive controls.

Glycative Stress Research

9) Isolation of phenolic compounds

The crude extract (8.0 g) was dissolved in distilled
water and applied to a DIAION HP-20 column (Mitsubishi
Chemical, Tokyo; 35 g; 330 mm x 30 mm i.d.) equilibrated
with distilled water. The column was eluted with a H,O-
MeOH solvent system (300 mL) and three fractions, namely,
H,0 Fr. (5.40g), 50 % MeOH Fr. (1.84 g), and 100 % MeOH
Fr. (0.50 g), were obtained. The 50% MeOH Fr. sample
(1.0 g) was further separated on a Sephadex LH-20 column
(Cytiva Sweden AB, Upsala, Sweden; 25 g; 300 mm x 30 mm
i.d.) using H,O/MeOH mixture (100:0, 75:25, 50:50, 25:75,
and 0:100 v/v; 200 mL). The fractions collected using 25 %
~100% MeOH were dissolved in 20 % ~ 27 % acetonitrile,
and the soluble portion was subjected to preparative HPLC.
Seven phenolic compounds were isolated from each of the
fractions. Among the seven compounds, compound 1 (6.1
mg) was isolated from 75% MeOH Fr., compound 2 (66.3
mg), 3 (7.1 mg), 4 (6.8 mg), and 5 (23.8 mg) were isolated
from 25% MeOH Fr., and compound 6 (6.2 mg) and 7 (3.5
mg) were isolated from the 100 % MeOH fraction. The
purities of the isolated compounds were confirmed by HPLC.
The structures of compounds 1 ~ 7 (Fig. 1) obtained from
the crude extract were analyzed by LC-TOF-MS, 'H NMR
spectroscopy, '*C NMR spectroscopy, UV spectroscopy,
and specific optical rotation measurement. Compounds
were identified by a direct comparison of the HPLC
chromatograms with those of the standards.

10) Preparation of glycated proteins

The glycated proteins were prepared in accordance with
a previously reported method®. The BSA-glucose glycation
model was used to investigate the effect of the crude extract
of holy basil and the compounds isolated from it upon
glycation. BSA was added to a final concentration of 10
mg/mL to a 100 mg/mL glucose solution prepared in 0.1 M
phosphate-buffered saline (PBS, pH 7.2), and the mixture
was incubated at 60°C for seven days (solution A). As a
background, a 10 mg/mL BSA solution without glucose was
prepared (solution B). To clarify the effects of the crude
extract and isolated compounds, samples of the indicated
concentrations were added to the reaction mixture in
the presence or absence of glucose (solutions C and D,
respectively). Aminoguanidine was used as a positive control.
Aliquots of the reaction mixtures were then assayed for the
formation of AGE and AGE intermediates. The reaction
mixtures were kept at —20 °C until analysis.

11) Measurement of AGE-derived fluorescence

AGE formation was measured using a fluorescence
microplate reader at excitation and emission wavelengths of
370 and 440 nm, respectively *. The inhibitory activity against
fluorescent AGE formation of the crude extract, isolated
compound, and aminoguanidine was calculated as following
equation and the ICsq values also were obtained from the plot
of the inhibitory activity relative to the sample concentration.

Inhibitory activity of fluorescent AGE formation (%)
= {[fluorescence of (solution A — solution B) — (solution C —
solution D)] / fluorescence of (solution A — solution B)} x 100
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Luteolin 7-O-glucronide (2)

(-)-Rabdosiin (3)

Globoidnan A (6)

Salvianolic acid A (7)

Fig. 1. Chemical structures of the phenolic compounds isolated from holy basil.
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12) Measurement of CML

CML is a non-fluorescent AGE and the most abundant
product of the glycation reaction. CML produced in the
reaction mixtures was quantified by ELISA (enzyme-
linked immuno sorbent assay) using the CircuLex CML/N*-
(carboxymethyl) lysine ELISA Kit (Medical and Biological
Laboratories, Tokyo, Japan), following the manufacturer’s
instructions. To prepare the test solution, the reaction mixture
was diluted 250-fold with 0.1 M PBS. The CML content
showed as the percentage of CML formation compared to
that of controls without sample addition.

13) Measurement of AGE intermediates

3-DG, GO, and MGO were identified as intermediates
of the AGEs using a high-performance liquid chromatography-
ultraviolet (HPLC-UV) system, as reported previously '¢.
Samples were prepared by adding 50 pL aliquots of the
reaction mixtures to 6 uL of 5 pg/mL 2,3-butanedione, which
was used as an internal standard, and 75 pL of distilled water.
The mixture was vortexed, following which 125 uL of 6.0%
perchloric acid was added. Then, the mixture was centrifuged
at 12,000 x g for 10 min. The supernatant was added to 125
uL of saturated sodium hydrogen carbonate and 12.5 uL of
1 mg/mL 2,3-diaminonaphthalene labeling reagent. The
mixture was incubated overnight at 4 °C. The next day, ethyl
acetate (0.5 mL) was added to the reaction solution for liquid-
liquid extraction, followed by centrifugation at 1,000 x g for
10 min. The supernatant was concentrated by distillation
under a nitrogen atmosphere. Subsequently, 100 pL of MeOH
was added, and the mixture was used as the sample for
analysis. The standards for 3-DG, GO, and MGO were
analyzed by HPLC using an Inertsil ODS-3 column (5 pm,
150 mm x 4.6 mm i.d., GL Sciences). The mobile phase for
gradient elution was as follows: solvent A: H,O, solvent B:
100 % acetonitrile. The gradient conditions were as follows:
0 min, 10 % B; 55 min, 41.4 % B. The flow rate and detection
wavelength were 1.0 mL/min and 268 nm, respectively.

Statistical analysis

All statistical analyses were performed using GraphPad
Prism 5 for Windows (GraphPad Software, San Diego, CA).
Values are expressed as mean + standard deviation (SD).
Statistical analysis was performed using one-way ANOVA
followed by Tukey’s test for statistical comparisons among
groups, with a value of p < 0.05 indicating significance.

Table 1. Antioxidant activity of the crude extract of holy basil.

DPPH radical scavenging activity

Sample (ICso; pg/mL)
Crude extract 36.6 £ 0.2°¢
Gallic acid 3.5 £ 0.6%
Ascorbic acid 11.8 = 1.0°

ABTS radical cation scavenging activity

Glycative Stress Research

Results
Total polyphenol and flavonoid contents

The total polyphenol and flavonoid contents were 214.5
+ 8.0 mg gallic acid equivalents/g extract and 146.6 + 4.6 mg
catechin equivalents/g extract respectively. The results
indicated that approximately 70 % of the polyphenols in the
crude holy basil extract were flavonoids.

Antioxidant activity

Antioxidant properties of the crude extract are listed in
Table 1. The crude extract showed DPPH radical scavenging
activity, ABTS radical cation scavenging activity, and SOD-
like activity, with ICsq values of 36.6 + 0.2 pg/mL, 172.1
+ 6.5 ug/mL, and 39.5 + 3.6 pg/mL, respectively. The I1Csg
values of the crude extract obtained in the DPPH radical and
ABTS radical cation scavenging assays were approximately
30 % lower than those of ascorbic acid; However, the values
were approximately 4.5-fold higher in SOD-like activity.

Structure analysis of isolated compound

The crude extract of holy basil was fractionated by
chromatography on DIAION HP-20 column and Sephadex
LH-20 column, followed by purification by preparative HPLC
to isolate phenolic compounds. Luteolin 5-O-glucoside (1),
luteolin 7-O-glucuronide (2), (-)-rabdosiin (3), apigenin 7-O-
glucuronide (4), rosmarinic acid (5), globoidnan A (6), and
salvianolic acid A (7) were isolated (Fig. 2). Their compounds
were identified by comparison of the data to the references
17-2 The spectroscopic data of isolated compounds were in
the Supplementary data. Although compounds 1, 2, 3, 4, and
5 have been found in various plants, compounds 6 and 7 in
holy basil is being reported for the first time.

Inhibitory activity on the formation of
fluorescent AGEs

The inhibitory activities of the crude extract of holy
basil and the isolated compound for the formation of
fluorescent AGEs are shown in Table 2. Both the crude
extract and isolated compounds inhibited the formation of
fluorescent AGEs. Their inhibitory activity was stronger
than that of aminoguanidine, which was used as a positive
control. Compounds 3, 5, 6, and 7 significantly suppressed
the formation of fluorescent AGEs.

SOD-like activity

(ICs0; pg/mL) (ICs0; ug/mL)

172.1 £ 6.5¢ 39.5 = 3.6°
12.4 £ 0.2 0.6 = 0.32
61.8 £ 9.5 179.0 = 1.9

Values represent mean + SD from three independent experiments, and means within columns with the same superscript letters are not significantly different
(p <0.05). DPPH,1,1-diphenyl-2-picrylhydrazyl; ABTS, 2,2"-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid); SOD, superoxide dismutase; ICs0, 50 %

inhibitory concentration; SD, standard deviation.
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Fig. 2. HPLC chromatogram of the phenolic compounds isolated from the crude extract of holy basil.

Detection: PDA detector (280 nm); gradient condition: 5% ~ 100 % acetonitrile containing 0.1% formic acid.
1: Luteolin 5-O-glucoside (1), 2: Luteolin 7-O-glucronide (2), 3: (-)-Rabdosiin (3), 4: Apigenin 7-O-glucronide
(4), 5: Rosmarinic acid (5), 6: Globoidnan A (6), 7: Salvianolic acid A (7). HPLC, high-performance liquid
chromatography; PDA, photodiode array.

Supplementary data
Spectroscopic data of compounds 1-7

Luteolin 5-O-glucoside (1): yellow amorphous powder; UV (MeOH) A, = 248, 346 nm; HR-ESI-MS m/z 447.0945 [M-
H]", calcd. for C,1Hy(0y, 448.1018; '"H NMR (600 MHz, MeOD): & 7.37 (dd, 1H, J = 7.6, 2.0 Hz, H-6"), 7.35 (brs, 1H,
H-2'),6.89 (d, 1H, J=8.2 Hz, H-5"), 6.81 (d, 1H, J=2.0 Hz, H-6), 6.69 (d, 1H, J = 2.0 Hz, H-8), 6.52 (s, 1H, H-3),4.83 (d,
IH, J =7.6 Hz, H-1"), 3.94 (dd, 1H, J = 12.0, 1.4 Hz, H-6"a), 3.75 (dd, 1H, J = 12.0, 5.5 Hz, H-6"P), 3.58-3.60 (m, 1H,
H-2"),3.42-3.50 (m, 3H, H-3", H-4", H-5"); *C NMR (125 MHz, MeOD): & 180.4 (C-4), 165.3 (C-7), 164.4 (C-2), 160.7
(C-9), 160.1 (C-5), 150.8 (C-4'), 147.0 (C-3'), 123.5 (C-1'), 120.1 (C-6"), 116.8 (C-5"), 114.0 (C-2"), 109.2 (C-10), 106.5
(C-3), 105.1 (C-1"), 104.9 (C-6), 99.3 (C-8), 78.6 (C-5"), 77.3 (C-3"), 74.7 (C-2"), 71.2 (C-4"), 62.5 (C-6"). The above
data were in consistency with the reported values of Luteolin 5-O-glucoside (Sevindik et al., 2015).
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Luteolin 7-O-glucronide (2): yellow amorphous powder; UV (MeOH) A, = 253, 266, 347 nm; HR-ESI-MS m/z 461.0729
[M-HT", caled. for Cy;H3O4,, 462.0798; '"H NMR (600 MHz, MeOD): & 7.43 (d, 1H, J = 7.6 Hz, H-6'), 7.41 (s, 1H,
H-2"),6.90 (d, 1H, J = 8.3 Hz, H-5'), 6.82 (d, 1H, J = 2.1 Hz, H-8), 6.60 (s, 1H, H-3), 6.49 (d, 1H, J = 2.1 Hz, H-6), 5.10
(d, 1H, J = 7.6 Hz, H-1"), 3.93 (d, 1H, J = 9.0 Hz, H-5"), 3.53-3.57 (m, 3H, H-2", H-3", H-4"); '*C NMR (125 MHz,
MeOD): & 184.1 (C-3), 175.0 (C-6"), 166.9 (C-2), 164.9 (C-7), 162.8 (C-5), 159.0 (C-9), 151.2 (C-4"), 147.1 (C-3"),
123.5 (C-1"), 120.5 (C-6"), 116.8 (C-5"), 114.3 (C-2"), 107.2 (C-10), 104.1 (C-3), 101.6 (C-1"), 101.4 (C-6), 96.1 (C-
8), 77.5 (C-3"), 76.6 (C-5"), 74.5 (C-2"), 73.3 (C-4"). The above data were in consistency with the reported values of
luteolin 7-O-glucronide (Bhatarrai et al., 2019).

(-)-Rabdosiin (3): light brown amorphous powder; UV (MeOH) A, = 255, 285, 345 nm; [a]D =-37.6 (¢ = 0.50, MeOH),
HR-ESI-MS m/z 717.1475 [M-H]", calcd. for C3H300 6, 718.1549; '"H NMR (600 MHz, MeOD): & 7.58 (s, 1H, H-4),
6.79 (s, 1H, H-5),6.74 (d, 1H,J = 2.1 Hz, H-2"), 6.68 (d, 1H, /= 1.4 Hz, H-2"), 6.66 (d, 1H, J = 8.2 Hz, H-5"), 6.64 (d,
1H,J=7.6 Hz,H-5"),6.60 (d, 1H,J=8.2 Hz,H-5"),6.55 (d, 1H,/J=7.6 Hz, H-6"),6.50 (d, 1H, /= 8.0 Hz, H-6"), 6.49
(s,1H,H-8),6.35(d, 1H,J=8.2,2.0 Hz,H-6"),6.33 (d, 1H,J=2.0 Hz,H-2'),5.04 (dd, 1H,/=7.9,4.8 Hz, H-8""), 4.97
(dd, 1H,J=6.9,4.8 Hz, H-8"),4.44 (brs, 1H,H-1),3.88 (d, 1H,J=1.5Hz,H-2),3.03 (dd, IH, J = 14.5, 4.1 Hz, H-7"),
2.98 (dd, 1H, J = 13.8, 3.8 Hz, H-7"), 2.91-2.96 (m, 2H, H-7"); 3*C NMR (125 MHz, MeOD): § 174.3 (C-9"), 173.7
(2-C0O0-), 173.5 (C-9") , 168.0 (3-COO0-), 149.1 (C-7), 146.1 (C-3"), 146.0 (C-3"), 145.9 (C-4"), 145.4 (C-6), 145.1
(C-4"), 145.1 (C-3"), 144.8 (C-4"), 140.9 (C-4), 136.8 (C-1"), 131.4 (C-9), 129.6 (C-1"), 129.5 (C-1"), 124.7 (C-10),
122.0 (C-6"), 121.4 (C-6"), 120.5 (C-3), 119.9 (C-6"), 117.7 (C-2"), 117.6 (C-2"), 117.5 (C-8), 117.3 (C-5), 116.4 (C-
5", 116.3 (C-5"), 116.3 (C-5"), 115.6 (C-2'), 75.7 (C-8"), 75.7 (C-8"), 49.9 (C-2), 46.1 (C-1), 38.1 (C-7"), 37.7 (C-
7"). The above data were in consistency with the reported values of (—)-rabdosiin (Ozgen et al.,2010).

Apigenin 7-O-glucronide (4): yellow amorphous powder; UV (MeOH) A, = 235,265,340 nm; HR-ESI-MS m/z 445.0765
[M-H]", calcd. for C,;H,50;,446.0841; "H NMR (600 MHz, MeOD): § 7.87 (d, 2H, J = 7.6 Hz, H-2', H-6"), 6.92 (d, 2H,
J=8.3Hz,H-3",H-5"),6.81 (d, 1H, J = 1.8 Hz, H-8), 6.64 (s, 1H, H-3), 6.48 (d, 1H,J= 1.4 Hz, H-6),5.13 (d, 1H, /= 7.6
Hz, H-1"), 4.03 (d, 1H, J = 8.3 Hz, H-5"), 3.53—3.60 (m, 3H, H-2", H-3", H-4"); 3C NMR (125 MHz, MeOD): § 184.1
(C-4), 175.6 (C-6"), 166.8 (C-2), 164.6 (C-7), 162.9 (C-5), 162.9 (C-4"), 159.0 (C-9), 129.7 (C-2"), 129.7 (C-6"), 123.1
(C-1"), 117.0 (C-3'), 117.0 (C-5'), 107.2 (C-10), 104.1 (C-3), 101.4 (C-1"), 101.2 (C-6), 96.0 (C-8), 77.3 (C-3"), 76.6 (C-
5"), 74.4 (C-2"), 73.1 (C-4"). The above data were in consistency with the reported values of apigenin 7-O-glucronide
(Moussaoui et al., 2010).

Rosmarinic acid (5): brown amorphous solid; UV (MeOH) A, = 235 and 330 nm; HR-ESI-MS m/z 359.0776 [M-H]
, calcd. for C,gH,40g, 360.0845; '"H NMR (600 MHz, MeOD): § 7.54 (d, 1H, J = 15.8 Hz, H-7), 7.03 (d, 1H, J = 2.1 Hz,
H-2),6.95 (dd, 1H,J =8.3,2.0 Hz, H-6),6.77 (d, 1H,J = 7.6 Hz, H-5),6.74 (d, 1H,J = 1.5 Hz, H-2"), 6.68 (d, IH, J = 7.6
Hz,H-5"),6.61 (dd, 1H,J=8.2,2.1 Hz,H-6'),6.26 (d, 1H, J = 16.5 Hz, H-8), 5.17 (dd, 1H, J = 8.3,4.1 Hz, H-8"), 3.09 (dd,
1H, J = 14.5, 4.1 Hz, H-7'a), 2.99 (dd, 1H, J = 14.5, 8.3 Hz, H-7'f); '3*C NMR (125 MHz, MeOD): & 173.7 (C-9'), 168.5
(C-9), 149.7 (C-4), 147.7 (C-7), 146.8 (C-3), 146.1 (C-3"), 145.2 (C-4"), 129.4 (C-1"), 127.2 (C-1), 123.1 (C-6), 121.8
(C-6"), 117.6 (C-2"), 116.5 (C-5), 116.3 (C-5"), 115.2 (C-2), 114.5 (C-8), 74.8 (C-8'"), 37.9 (C-7"). The above data were in
consistency with the reported values of rosmarinic acid (Sevindik et al., 2015).

Globoidan A (6). light brown amorphous powder; UV (MeOH) A, = 261 and 318 nm; HR-ESI-MS m/z 491.0987 [M-H]",
caled. for Co6H,00, 0, 492.1062; 'H NMR (600 MHz, MeOD): § 8.24 (brs, 1H, H-4),7.62 (d, 1H, J = 1.4 Hz, H-2), 7.26 (s,
1H, H-8), 7.24 (s, 1H, H-5),6.87 (d, 1H, J = 8.3 Hz, H-5'), 6.86 (d, 1H, J =2.0 Hz, H-2"),6.79 (d, 1H, J = 2.0 Hz, H-2"),
6.75 (dd, 1H,J =8.2,2.0 Hz, H-6"), 6.68 (dd, 1H, J=8.2,2.0 Hz, H-6"), 6.65 (d, 1H, J = 8.2 Hz, H-5"), 5.24 (dd, 1H, J
=9.6,3.4 Hz, H-8"), 3.16 (dd, 1H, J = 13.4, 3.4 Hz, H-7"), 3.05 (dd, 1H, J = 14.5, 9.6 Hz, H-7"); '3C NMR (125 MHz,
MeOD): 6 174.2 (C-9"), 168.4 (C-9), 150.2 (C-7), 148.3 (C-6), 146.2 (C-4"), 146.1 (C-3'), 1459 ( C-3"),145.2 (C-4"),
140.0 (C-1), 133.8 (C-1"), 131.9 (C-8a), 130.3 (C-1"), 129.8 (C-4a), 129.4 (C-4), 125.1 (C-3), 124.4 (C-2), 122.4 (C-6"),
121.9 (C-6"), 118.0 (C-2"), 117.6 (C-2"), 116.4 (C-5"), 116.3 (C-5"), 112.4 (C-5), 109.4 (C-8),76.0 (C-8"), 38.2 (C-7").
The above data were in consistency with the reported values of globoidan A (D’Urso et al).
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Salvianolic acid A (7): yellow amorphous powder; UV (MeOH) A,,,, = 227 and 287 nm; HR-ESI-MS m/z 493.1147 [M-H]",
caled. for C,4H,,04¢,494.1220; 'H NMR (600 MHz, MeOD): & 8.02 (d, 1H, J = 15.8 Hz, H-7'), 7.12 (d, 1H, J = 16.5 Hz,
H-8),7.10 (d, 1H, J = 8.9 Hz, H-6"), 7.03 (d, 1H, J = 2.0 Hz, H-2), 6.86 (dd, 1H, J = 8.3,2.0 Hz, H-6), 6.74 (d, 1H, J =
7.6 Hz,H-5"), 6.73 (d, 1H,J = 7.6 Hz, H-5), 6.71 (d, 1H, J = 2.1 Hz, H-2"), 6.65 (d, 1H, J = 15.8 Hz, H-7), 6.62 (d, 1H, J
=8.3 Hz,H-5"),6.54 (dd, 1H,J =8.3, 1.4 Hz, H-6"), 6.29 (d, 1H, J = 15.8 Hz, H-8"), 5.12 (dd, 1H, J = 8.3, 2.7 Hz, H-8"),
3.06 (dd, 1H,J = 14.5,3.4 Hz, H-7"),2.92 (dd, 1H, J = 13.8,9.0 Hz, H-7"); 3C NMR (125 MHz, MeOD): § 175.5 (C-9"),
168.9 (C-9'), 148.2 (C-4"), 146.9 (C-7"), 146.7 (C-4), 146.4 (C-3), 146.0 (C-3"), 145.0 (C-4"), 144.4 (C-3"), 137.8 (C-
7),131.4 (C-1), 130.0 (C-1"), 128.2 (C-2"), 126.2 (C-1"), 122.0 (C-6"), 120.6 (C-8), 120.4 (C-6), 120.1 (C-6"), 117.3 (C-
2"), 116.5 (C-5"), 116.3 (C-5), 116.1 (C-8"), 114.7 (C-5"), 114.0 (C-2), 76.3 (C-8"), 38.2 (C-7"). The above data were in
consistency with the reported values of salvianolic acid A (Zhou et al., 2014).

Table 2. Inhibitory activity against fluorescent AGE formation.

Sample 1Cso value (mg/mL) 1Cso0 value (mM)
Crude extract 0.37 + 0.02° -

Luteolin 5-O-glucoside (1) 0.22 = 0.02° 0.49 = 0.05°
Luteolin 7-O-glucronide (2) 0.25 + 0.01°¢ 0.55 = 0.01°
(-)-Rabdosiin (3) 0.15 = 0.01¢ 0.21 £ 0.02°¢
Apigenin 7-O-glucronide (4) 0.23 £ 0.01°¢ 0.52 + 0.02°
Rosmarinic acid (5) 0.07 = 0.01°¢ 0.20 £ 0.04¢
Globoidnan A (6) 0.08 + 0.01° 0.16 £ 0.02°¢
Salvianolic acid A (7) 0.09 = 0.01° 0.18 = 0.03¢
Aminoguanidine 0.49 £ 0.04% 6.74 = 0.58?

Values represent mean + SD from three independent experiments, and means within columns with the same superscript

letters are not significantly different (p <0.05). AGE, advanced glycation end product; SD, standard deviation.

Inhibitory activity on the formation of CML and
AGE intermediates

To examine the inhibitory activity for the formation of
non-fluorescent AGEs, the level of CML, which is one of the
AGEs, was measured using ELISA. As shown in Fig. 3, the
CML levels decreased in the crude extract of holy basil and
the compounds isolated from it. The inhibition rates of CML
formation in the crude extract, compounds 1, 2, and 4 were
10 % ~ 20 % lower than that of the control. Compounds 3, 5,
6, and 7 were more potent in inhibiting CML formation than
that of the crude extract, compounds 1, 2, and 4.

Next, we evaluated the effects of the crude extract of
holy basil and the compounds isolated from it on the
formation of AGE intermediates (Fig.4). HPLC-UV analysis
revealed the formation of three types of intermediates,
namely, 3-DG, GO, and MGO. Both crude extract and the
isolated compounds suppressed the formation of 3-DG,
GO, and MGO. In particular, compounds 3, 5, 6, and 7
significantly reduced the formation of AGE intermediates.
The crude extract showed approximately 30 % inhibitory

activity against 3-DG formation; compounds 1, 2, and 4
showed approximately 50 % activity; and compounds 3, 5, 6,
and 7 showed the highest inhibition activities (approximately
70 %). The formation of GO and MGO was inhibited by 40 %
~ 50 % upon the addition of the crude extract, compounds 1,
2, and 4; and compounds 3, 5, 6, and 7 had potent inhibitory
activity of AGE intermediates (approximately 60 % ~ 70 %).

Discussion

Glycation stress in vivo is one of the causes of aging and
lifestyle-related diseases, and AGE formation by glycation is
associated with oxidative reactions. Aminoguanidine inhibits
AGE production; however, ingestion of the compound causes
side effects such as anemia, liver damage, and vitamin B6
deficiency *. Therefore, new antiglycation components, such
as luteolin, cyanidin 3-O-galactoside, and rhodanthenone B
have been isolated from medicinal herbs .

Holy basil is an important herb in traditional medicines
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Fig. 3. Effects of the crude extract of holy basil and the phenolic compounds isolated from it on the
formation of CML.

Extract and isolated compounds with indicated percentages were introduced into the BSA-glucose model and
incubated at 60 °C for seven days. CML was quantified using ELISA. Data were calculated as the percentage of
CML formation compared to that of controls without sample addition and are presented as mean + SD (n = 8). Bar
with different letters (a- e) differ (p < 0.05). CML, N®-(carboxymethyl) lysine; ELISA, enzyme-linked immuno
sorbent assay; SD, standard deviation.
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Fig. 4. Effects of the crude extract of holy basil and the phenolic compound isolated from it on the formation of
AGE intermediate.

Extract and isolated compounds with indicated percentages were introduced into the BSA-glucose model and incubated
at 60°C for seven days. The AGE intermediates were detected using a HPLC-UV system: (A) 3-DG, (B) GO, and (C)
MGO. Data were calculated as the percentage of AGE intermediate formation compared to that of controls without
sample addition and are presented as mean + SD (n=3). Different letters (a - €) for the same method represent statistically
significant differences between samples (p < 0.05). AGE, advanced glycation end product; BSA, bovine serum albumin;
HPLC, high-performance liquid chromatography; UV, ultra violet; 3-DG, 3-deoxyglucosone; GO, glyoxal; MGO,
methylglyoxal; SD, standard deviation.
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and is often referred to as "The Queen of Herbs" or "The
Incomparable One" or "The Mother Medicine of Nature
in Ayurveda Systems"?. This herb has a history of more
than 3000 years as a medicinal plant in India and Sri
Lanka and has potential functional properties. In this study,
the physiological functions of holy basil were evaluated
using its antiglycative effect as an indicator. The hot water
extract of holy basil exhibited strong antiglycation activity.
The extract was mostly composed of flavonoids such as
luteolin 5-O-glucoside (1), luteolin 7-O-glucuronide (2),
(-)-rabdosiin (3), apigenin 7-O-glucronide (4), rosmarinic
acid (5), globoidnan A (6), and salvianolic acid A (7), and
these flavonoids were found to be active components for the
antiglycative effect. In particular, compounds 3, 5, 6, and 7
showed stronger antiglycation activities than glycosides.

Yang et al.? reported that kaempferol exhibited stronger
antiglycation inhibitory activity than kaempferol glycosides
in the BSA-glucose model, which is consistent with our
results. Incidentally, compounds 6 and 7 have been isolated
and identified in holy basil leaves for the first time. The
mechanism of in vivo glycation involves the accumulation
of AGEs due to the metabolism of dicarbonyl derivatives
such GO, 3-DG, and MGO**. Among the AGEs, CML,
which is generated by an intramolecular Cannizzaro reaction
with GO as a precursor and by oxidative cleavage of Schiff
bases or Amadori compounds, has been detected in patients
with diabetes and high oxidative stress*”. Therefore, the
effect of the crude extract of holy basil and the compounds
isolated from it on the glycation reaction was examined, and
indeed, GO formation was significantly inhibited. This result
suggested that the inhibition of GO formation led to the
suppression of CML accumulation by preventing subsequent
metabolism.

In a previous study, free radical scavenging was
proposed as an anti-glycation mechanism®. The crude
extract of holy basil scavenged DPPH and ABTS radical
cations and also exhibited SOD-like activity. These results
suggest that the antioxidant properties of holy basil help
in inhibiting AGE formation. Oxidative stress plays an
important role in the mechanism of AGE formation and
accumulation in vivo and is implicated as a key factor in
the progression of several diseases. Glycation, which is
accelerated in the presence of oxidative stress in tissues,
induces aging*. It has been suggested that the extract of
holy basil, which has potent antioxidant activity, can be an
effective component in inhibiting age-related glycation;
however, further research is needed to elucidate the in vivo
antiglycative mechanism.

Conclusions

Herein, we report the antiglycative effect of the extract
of holy basil and the phenolic compounds isolated from
it on the BSA-glucose system. The crude extract of holy
basil is rich in polyphenols, and luteolin 5-O-glucoside
(1), luteolin 7-O-glucuronide(2), (—)-rabdosiin (3), apigenin
7-0O-glucuronide (4), rosmarinic acid (5), globoidnan A (6),
and salvianolic acid A (7) present in it significantly inhibited
the formation of fluorescent AGEs, CML, and glycation

intermediates. It has been suggested that the antioxidant
activity of these phenolic compounds can contribute to the
antiglycation effect. Our findings showed that compounds
3,5, 6, and 7 were the active constituents of holy basil. The
properties of holy basil are beneficial for the development of
cosmetics, supplements, medicines, and other applications.
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