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Camellia nitidissima Chi (CNC), belonging to Camellia genus (Theaceae family), is a medicinal
and edible plant in China. Among the whole plant, the CNC flowers are especially precious,
but the biological activities and the compositions of the CNC flowers are unknown. In this
study, inhibiting effects on the formation of advanced glycation end-products (AGEs) of
five CNC flowers fractions and three isolated compounds were investigated, these three
compounds are two flavonoid glycosides and one flavanol, namely kaempferol 3-0-[2,3,4-
Tri-O-acetyl-a-L-rhamnopyranosyl-(1— 3)-2,4-di-O-acetyl-a-L-rhamnopyranosyl-(1—6)]-
B-D-glucopyranoside, kaempferol 3-0-[2,3,4-Tri-O-acetyl-a-L-rhamnopyranosyl-(1— 3)-4-
O-acetyl-a-L-rhamnopyranosyl-(1—6)]-B-D-glucopyranoside and catechin. Among these
five fractions, the ethyl acetate fraction showed the highest total phenolic contents and
inhibiting effects on AGE formation. Bovine serum albumin (BSA)-glucose and BSA-
methylglyoxal assay showed that the ethyl acetate fraction inhibited AGE formation by
74.49% and 34.3% at 1 mg/mL, respectively. As the main components, these three com-
pounds also showed remarkable inhibiting effects on AGE formation by scavenging
methylglyoxal, next two catechin-carbonyl adducts were identified using HPLC-ESI-MS/
MS. The results showed that the CNC flowers had remarkable inhibiting effects on the
formation of AGEs. The primary structure-activity relationship showed (1) the glycosides
could reduce the inhibiting effects compared to kaempferol and (2) the acetyl at position
2" in compound 1 had no remarkable influence of the inhibiting effects on AGE formation
compared to compound 2.
Copyright © 2017, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan
LLC. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Advanced glycation end-products (AGEs) are the nonenzy-
matic reaction final products between reducing sugars and
amino groups in proteins, lipids, and nucleic acids [1]. AGEs
and reactive carbonyl species play an important role in many
human diseases such as diabetic complications [1], Alz-
heimer's disease [2], aging [3] and atherosclerosis [4]. Thus, it
is a potential therapeutic method for the diabetic prevention
or other pathogenic complications to search AGE inhibitors.
Comparing with synthetic compounds, natural products have
been proven relatively safe for human. Hence, some plant
extracts have been evaluated for their inhibiting effects on the
formation of AGEs in recent years [5—9]. Most of these plant
extracts with the inhibiting effects on the AGE formation
mainly contained the large amount of phenolic compounds in
their phytochemicals [10—-12]. As a major kind of phenolic
compounds, flavonoid and flavonoid glycosides have been
isolated from many plants, especially from some kinds of teas
[13—15]. And the flavonoid and flavonoid glycosides show
many biological activities in vivo and in vitro, especially
flavonoid and flavonoid glycosides are regarded as AGEs in-
hibitors to represent a potential therapeutic target to prevent
and treat diabetic complications [10,16,17].

Yellow Camellia includes over 42 species and 5 variants and
they are mainly distributed in a narrow region of Guangxi
province in Southern China and Northern Vietnam. The yel-
low petals of the flowers are rarely found in the world, so it is
called “the pandas in plant kingdom” [14]. Camellia nitidissima
Chi (CNC) belongs to Camellia genus and is regarded as a me-
dicinal and edible plant in China. CNC plays an important role
in human health [18], and the CNC leaves have the ability of
inhibiting the formation of AGEs [8]. Since the CNC flowers are
more rare and precious than the leaves, most of the studies
about CNC are on the leaves, and the biological activities and
the compositions of the CNC flowers are unknown. In this
study, we isolate the major flavonoid glycosides and flavanol
from the CNC flowers fractions, and evaluate the inhibiting
effects on the AGE formation of CNC flowers fractions and the
major flavonoid glycosides and flavanol.

2. Materials and Methods
2.1. Instruments and reagents

The nuclear magnetic resonance data ("H-NMR and *C-NMR)
were recorded on Bruker AV-500 (Bruker Inc., Germany). The
mass spectrometry (MS) spectra were performed on Agilent
1100 Series LC-MSD-Trap/SL and Thermo TSQ Quantum LC/
MS spectrometers. Silica gel (100—200 mesh, 200—300 mesh),
which was used for silica gel column chromatography and
thin-layer chromatography was purchased from Qingdao
Marine Chemical Factory (Qingdao, China). Sephadex LH-20
(GE Healthcare Bio-sciences AB, Uppsala, Sweden), C18
(YMC, Japan) and RP-18 F254 plates (0.25 mm, Merck, Ger-
many) were used. Methylglyoxal was purchased from Wuhan
Huameihua Co. (Wuhan, China). Aminoguanidine was pur-
chased from Dulai Biotechnology Co. (Nanjing, China). Bovine

serum albumin (BSA) was purchased from Beijing Solarbio
Science and Technology Co. (Beijing, China). HPLC grade
methanol was purchased from Tedia (Fairfield, USA). All other
chemicals were analytical grade and purchased from Shuan-
gling Chemical Reagent Co. (Nanjing, China).

2.2. Plant materials

The C. nitidissima Chi (CNC) flowers were collected in July 2013
from Fangchenggang, Guangxi Province, China. The flowers
were air-dried and coarsely powdered (ca. 40 mesh).

2.3. Determination of total phenolic contents

The total phenolic contents were determined by the
Folin—Ciocalteu method following the literature [19].

2.4. The isolation of phytochemicals

The CNC flowers (6 kg) were refluxed with 95% ethanol for 3
times (3, 2, and 1 h, respectively). Ethanolic extract (1200 g)
was obtained through a rotary evaporator at 45 °C. Then the
ethanolic extract was suspended in water and partitioned by
dichloromethane (3 x 4.5 L), ethyl acetate (3 x 4.5 L) and n-
butanol (3 x 4.5 L), respectively, to yield the dichloromethane
(52 g), ethyl acetate (256 g) and n-butanol (560 g) fractions. The
water phase was dried at 50 °C to yield the water fraction
(300 g). The dichloromethane fraction was subjected to silica
gel column chromatography eluted with dichloromethane-
methanol (1:0, 49:1, 25:1, 15:1, 9:1, 5:1, 0:1) gradient system
to yield 4 subfractions on the basis of thin-layer chromatog-
raphy analysis. The subfraction 3 was subjected to silica gel
column chromatography, Sephadex LH-20 (dichloro-
methane-methanol 1:1) and C18 (methanol-water 2:8, 3:7, 4:6,
5:5, 6:4, 7:3, 8:2, 9:1, 10:0) repeatedly, to yield compound 1
(3.25 g). Then the compound 2 (2.16 g) and compound 3
(2.57 g) were obtained from the ethyl acetate fraction through
the similar methods.

2.5.  Antiglycation assay in BSA-glucose model

The antiglycation assay in BSA-glucose model was tested
using the published method [8] with minor modifications. The
final concentrations of catechin were 5 mg/mL, 2.5 mg/mL,
1 mg/mL and 0.2 mg/mL. Fluorescence intensity (excitation
wavelength was monitored at 340 nm and emission wave-
length was monitored at 420 nm) of the test solution was
measured on a microplate reader (TECAN Infinite 200 Pro.,
Austria).

2.6.  Antiglycation assay in BSA-methylglyoxal model

The antiglycation assay in BSA-methylglyoxal model was
carried out based on the published method [8] with minor
modifications. The final concentrations of catechin were 5 mg/
mL, 2.5 mg/mL, 1 mg/mL and 0.2 mg/mL. Fluorescence in-
tensity (excitation wavelength was monitored at 340 nm and
emission wavelength was monitored at 420 nm) of the test
solution was measured on a microplate reader (TECAN Infinite
200 Pro., Austria).
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2.7.  Methylglyoxal scavenging assay

The methylglyoxal trapping assay followed a published
method with some modifications [5,8]. Methylglyoxal (10 mM),
o-phenylenediamine (50 mM) were freshly prepared in phos-
phate buffer (50 mM, pH 7.4). The final concentration of test
samples (the five fractions, compounds 1—3 and kaempferol)
and aminoguanidine was 5 mg/mL. Three mL methylglyoxal
were incubated with 0.75 mL test samples or phosphate buffer
in pH 7.4 at 37 °C water bath for 0, 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 6,
8,12 and 24 h. After incubation, 200 pL of o-phenylenediamine
were added with 200 pL of each test solution. Before HPLC
analysis, the mixtures were kept in dark at room temperature
for 1 h. The remaining methylglyoxal was detected on an
Thermo Dionex Ultimate 3000 HPLC system (Thermo Fisher
Scientific Inc., Massachusetts, USA) equipped with a diode
array detector, and a Thermo Syncronis-C18 column
(250 mm x 4.6 mm i.d., 5 um; Thermo Fisher Scientific Inc.,
Massachusetts, USA). Mobile phases were composed of 0.1%
formic acid in water (A) and methanol (B). The elution started
at 50% B and then increased to 55% in 10 min, and then
increased to 100% in 11 min and lasted for 5 min, then
returned to 50% in 16.5 min and lasted for 5 min. The flow rate
was 1 mL/min and the injection volume was 20 pL. Detection
wavelength was monitored at 315 nm.

2.8. Identification of catechin-carbonyl adducts on
HPLC-ESI-MS/MS

The catechin-carbonyl adducts were identified using a pub-
lished method [8] with some modifications. Catechin and
methylglyoxal were dissolved in dimethyl sulfoxide and
phosphate buffer (pH 7.4) to the final concentrations at 5 mg/
mL, respectively. Then, methylglyoxal and catechin were
mixed with equal volume and incubated at 37 °C water bath for
4 h. The instruments here were the same as the literature [8].
But mobile phase A was 0.1% formic acid of water and mobile
phase B was 0.1% formic acid of methanol. The flow rate was
0.4 mL/min and the injection volume was 20 pL. The linear
gradient was: 0—2 min, 5-5% B; 2—15 min, 5-30% B; 15—20 min,
30—90% B; 20—25 min, 90—90% B; 25—25.1 min, 90—5% B;
25.1-30 min, 5-5% B. Detection wavelength was set at 280 nm.

2.9. Statistical analyses

All experiments were conducted independently in triplicate,
and experimental results were expressed as mean + standard
deviation or average. One-way analysis of variance (ANOVA)
and Duncan's multiple range test were performed by SPSS
version 17.0 (SPSS Inc., Chicago, IL, USA) software. Statistical
significance was determined by p < 0.05.

3. Results and Discussion

3.1.  Total phenolic contents in the fractions of CNC
flowers

Total phenolic contents (Table 1) of the ethyl acetate fraction
was highest and that of the water fraction was the lowest.

Table 1 — The total phenolic contents of the five fractions
of CNC flowers.

Fraction

Total phenolic contents
(mg GAE/g)

170.74 + 1.984b
85.02 + 0.873c
345.14 + 4.048a
164.19 + 3.175b
31.69 + 1.746d

Ethanolic extract
Dichloromethane fraction
Ethyl acetate fraction
n-butanol fraction

Water fraction

Each value was expressed as mean + SD (n = 3). Means with
different small letters (a, b, ¢, d) within a column were significantly
different (p < 0.05).

Total phenolic contents of the n-butanol fraction were similar
to that of the ethanolic extract. Total phenolic contents of the
dichloromethane fraction was significantly lower than that of
the ethyl acetate fraction [19], These results indicated that
phenolic compounds in this species maybe have good solu-
bility in medium polar solvents, such as water-saturated ethyl
acetate [8,20].

3.2 The elucidation of compounds 1—3

The structures of the three compounds and kaempferol were
shown in Fig. 1. Among the three compounds, compound 1
was isolated from the dichloromethane fraction, compound 2
and 3 were isolated from the ethyl acetate fraction. And all of
the three compounds were reported in CNC flowers for the
first time.

Compound 1 (Fig. 1A), Kaempferol 3-0-[2,3,4-Tri-O-acetyl-
a-L-rhamnopyranosyl-(1 — 3)-2,4-di-O-acetyl-a-L-rhamnopyr-
anosyl-(1—6)]-B-D-glucopyranoside. Yellow amorphous pow-
der. C43Hs00,4. ESI-MS, m/z 949.16 [M-H] . *H-NMR (500 MHz,
CDs0D) 6 0.77 (3H, d,] = 6.5 Hz, H-6"), 1.13 (3 H, d, ] = 6.5, H-
6""),1.95 (1 H, s, Hye-4"), 1.96 (1 H, s, Hye-2"), 2.05 (1 H, s, Hye-
2"),2.12 (1H, s, Hye-4""), 2.17 (1H, 5, Hye-3""), 3.35-3.50 (6 H, m,
H-3", 4", 5", 2", 6", 5"), 3.80 (1 H, dd, ] = 1.5, 11.0 Hz, H-3"),
3.92-3.95 (2 H, m, H-6", 5""), 4.60 (1 H, s, H-2"), 4.68 (1 H, s, H-
1), 4.94 (1H, m, H-1""), 5.00—5.06 (3 H, m, H-4", 4", 2"}, 5.11 (1
H, m,H-3"),548 (1H,d,] =7.5Hz,H-1"),6.21(1H,d,] = 2.0 Hz,
H-6),6.38 (1H, d,] = 2.0 Hz, H-8), 6.89 (2 H, d,] = 9.0 Hz, H-3, 5'),
8.00 (2 H, d,J = 9.0 Hz, H-2, 6). 3C-NMR (125 MHz, CD50D)
6 179.5 (C-4), 172.3, 20.7 (AcO-C-4""), 172.0, 20.8 (AcO-C-4"),
171.9, 20.8 (AcO-C-2"), 171.9, 20.9 (AcO-C-2""), 171.6, 21.1 (AcO-
C-3""), 167.0 (C-7), 163.1 (C-5), 161.6 (C-4), 158.9 (C-9), 158.5 (C-
2), 135.0 (C-3), 132.3 (C-2, C-6)), 122.9 (C-1'), 116.3 (C-3, C-5),
105.7 (C-10), 103.3 (C-17), 100.0 (C-1"), 100.0 (C-6), 99.0 (C-1),
94.9 (C-8), 78.1 (C-5"), 76.7 (C-3"), 76.0 (C-3"), 75.4 (C-2"), 73.9 (C-
4"),72.7 (C-2"), 72.1 (C-4""), 71.2 (C-2""), 71.1 (C-3""), 70.1 (C-4"),
68.5 (C-5""), 67.6 (C-6"), 67.3 (C-5"), 17.7 (C-6""), 17.3 (C-6") [21].

Compound 2 (Fig. 1B), Kaempferol 3-0-[2,3,4-Tri-O-acetyl-
a-L-rhamnopyranosyl-(1— 3)-4-O-acetyl-a-L-rhamnopyr-
anosyl-(1—6)]-p-D-glucopyranoside. ~ Yellow  amorphous
powder. CyHggOs5. ESI-MS, m/z 907.10 [M-H]~. 'H-NMR
(500 MHz, CD50D) 6 1.00 (3 H, d, J = 5.0 Hz, H-6"), 1.09 (3 H, d,
J=5.0Hz,H-6""),1.93 (3 H, s, Hye-4"), 2.06 (3 H, s, Hpe-2"""), 2.08
(3H, s, Hye-4""), 2.13 (3 H, 5, Hye-3""), 3.35—3.50 (6 H, m, H-3",
4" 5" 2" 6" 5") 3.75(1H,dd,J = 3.5, 8.5 Hz, H-3"), 3.81-3.92 (3
H, m, H-6",2",5"),4.49 (1 H, s, H-1"), 4.95 (1 H, d,] = 8.5 Hz, H-
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Fig. 1 — The chemical structures of compound 1 (A), compound 2 (B), compound 3 (C), and kaempferol (D).

1), 5.02—5.08 (3 H, m, H-4", 4", 2""), 5.15 (1 H, m, H-3""), 5.28
(1H,dd,J = 1.5,3.0 Hz, H-1"),6.21 (1H, d,] = 2.0 Hz, H-6), 6.38 (1
H, d,J = 2.0 Hz, H-8), 6.86 (2H, d,] = 9.0 Hz, H-3/, 5), 8.04 (2 H, d,
J = 9.0 Hz, H-2/, ). *C-NMR (125 MHz, CD;0D) 6 179.1 (C-4),
171.7,20.4 (AcO-C-2""), 171.7, 20.5 (AcO-G-4"), 171.5, 20.5 (AcO-
C-4""),171.5, 20.6 (AcO-C-3""), 165.7 (C-7), 162.8 (C-5), 161.2 (C-
4'), 159.2 (C-9), 158.3 (C-2), 135.2 (C-3), 132.1 (C-2/, C-6'), 122.7
(C-1)), 115.8 (C-3/, C-5), 105.6 (C-10), 104.2 (C-1"), 100.3 (C-1""),
99.8 (C-6), 99.4 (C-1"), 94.9 (C-8), 77.8 (C-5"), 77.1 (C-3"), 76.3 (C-
3"), 75.0 (C-2"), 73.5 (C-4"), 72.6 (C-2"), 71.8 (C-4""), 71.4 (C-2""),
70.7 (C-3"), 70.5 (C-4"), 69.7 (C-5""), 68.5 (C-6"), 67.9 (C-5"), 17.5
(C-6""), 17.4 (C-6") [21].

Compound 3 (Fig. 1C), Catechin. Yellow amorphous pow-
der. Cy5H1406. ESI-MS, m/z 289.01 [M-H] . "H-NMR (500 MHz,
CD;0D) 62.53 (1H, dd,] = 8.0, 16.0 Hz, H-4), 2.87 (1 H, dd, ] = 5.5,
16.5 Hz, H-4), 4.00 (1 H, m, H-3), 4.57 (1H, d,] = 7.5 Hz, H-2), 5.86
(1H,d,J =2.5Hz, H-6),5.93 (1H, d,] = 2.5 Hz, H-8), 6.73 (1 H, dd,
J = 2.0, 8.0 Hz, H-6), 6.77 (1 H, d, ] = 8.0 Hz, H-5), 6.84 (1 H, d,
J = 1.5 Hz, H-2'). 3C-NMR (125 MHz, CD;0D) 6 156.6 (C-7), 156.4
(C-5), 155.5 (C-9), 148.8 (C-3'), 148.8 (C-4), 130.8 (C-1'), 118.8 (C-
6'), 114.8 (C-5'), 113.9 (C-2'), 99.5 (C-10), 95.0 (C-6), 94.2 (C-8),
81.4 (C-2), 67.4 (C-3), 27.1 (C-4) [22].

3.3.  Antiglycation assay in BSA-glucose model

Fig. 2A displays the inhibiting effects on AGE formation of the
five fractions in this model. Their effects were concentration-
dependent. Interestingly the ethyl acetate fraction could
inhibit the formation of AGEs more significantly comparing
with other fractions, with the percentage inhibition of 90.49%
at 5 mg/mL and 32.05% at 0.2 mg/mL, and the water fraction
had the least effects. The effects of the n-butanol fraction
were similar to that of the ethanolic extract. The results sug-
gested that inhibiting AGE formation was consistent with the
total phenolic contents of the four fractions, except for the
dichloromethane fraction. Previous researches reported that

the major mechanism for phenolic compounds to inhibit AGE
formation was scavenging reactive carbonyl species [6,8].
Interestingly, the total phenolic contents of the dichloro-
methane fraction were much lower than that of the ethanolic
extract and n-butanol fraction, but its inhibiting effect was
similar to theirs. It suggested that the dichloromethane frac-
tion included some non-phenolic compounds, which could
inhibit the formation of AGEs. In some previous studies, some
non-phenolic compounds, could scavenge reactive carbonyl
species to inhibit the AGE formation [23]. And in vivo, every
stage of the AGE formation process might have different
inhibiting mechanisms with different inhibitors [7,24].

As shown in Fig. 2B, all the three compounds, isolated from
CNC flowers, had the inhibiting effects on AGE formation in
this model. And the inhibiting effects became more pro-
nounced with the increasing of the concentration. Some pre-
vious studies showed that flavonoid compounds had the
inhibiting effects on the formation of AGEs [25-27]. By
contrast, compound 1 showed stronger activity of the inhib-
iting effects on the AGE formation than that of the dichloro-
methane fraction. So it indicated that as one of the main
components, compound 1 also might be the major active
component of the dichloromethane fraction in BSA-glucose
analysis. Similarly, compound 2 also might be the major
active component of the ethyl acetate fraction in BSA-glucose
analysis. But compound 3 showed weaker inhibiting effects
than that of the ethyl acetate fraction, so it indicated that
compound 3 was one major component, but not the major
active component of the ethyl acetate fraction in BSA-glucose
analysis. Interestingly, comparing compound 3 with kaemp-
ferol, kaempferol showed more remarkable inhibiting effects
than compound 3. The results suggested that there was one
potential structure-activity relationship between the kaemp-
ferol and compound 3, and it was similar to the publication,
which showed that kaempferol had the stronger activity in
BSA-glucose model [28]. Then comparing the inhibiting effects
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Fig. 2 — Effects on the AGE formation in BSA-glucose assay of aminoguanidine, the five fractions of CNGC flowers (A) and the
three compounds isolated from CNC flowers, kaempferol (B). Each value was expressed as mean + SD (n = 3).

of compound 1-2 and kaempferol, kaempferol showed higher
activity than compound 1-2. The results suggested that the
glycosides decreased the inhibiting effects, and the acetyl (on
position 2”) had no obvious significance on the inhibiting ef-
fects in this model. The study [17] supported our results,
demonstrating that glycosides decreased the inhibiting effects
on the AGE formation.

3.4.  Antiglycation assay in BSA-methylglyoxal model

The results of the antiglycation assay in BSA-methylglyoxal
model of the five fractions were shown in Fig. 3A. It was
obvious that the inhibiting effects on AGE formation increased
with concentrations, whose trend was similar to that of the
BSA-glucose model. The ethyl acetate fraction, with 80.4%
inhibition 5 mg/mL and 34.3% at 1 mg/mL, was more effective
than the other four fractions. And the effects of inhibiting AGE
formation of the ethanolic extract and n-butanol fraction
were similar. The results suggested that phenolic compounds
were the major factor of inhibiting AGE formation by scav-
enging reactive carbonyl species [7,8]. Interestingly, even
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though the total phenolic contents of the dichloromethane
fraction was less than that of the ethanolic extract and the n-
butanol fraction, they showed the similar effect on inhibiting
AGE formation in BSA-methylglyoxal model (50.73% at 5 mg/
mL and 17.61% at 1 mg/mlL). It suggested that some non-
phenolic compounds could inhibit AGE formation [23,24].
The water fraction showed almost no inhibiting effect on the
formation of AGEs. These results showed that different frac-
tions had different inhibiting effects on the AGE formation
with different inhibiting mechanisms [7].

In BSA-methylglyoxal model, the compound 1-3 and
kaempferol all had remarkable and concentration-dependent
inhibiting effects (Fig. 3B). And it was reported that kaemp-
ferol, catechin and other kinds of flavonoid, flavonoid glyco-
side, which were found in CNC leaves and other plants, could
inhibit the formation of AGEs [8,10,29]. By contrast, the
inhibiting effects on AGE formation of compound 1 was
stronger than that of the dichloromethane fraction, and
compound 2, 3 both showed stronger activity than the ethyl
acetate fraction in the BSA-methylglyoxal model. So as the
main components, compound 1 also might be the major active
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Fig. 3 — Effects on the AGE formation in BSA-methylglyoxal assay of aminoguanidine, the five fractions of CNC flowers (A)
and the three compounds isolated from CNC flowers, kaempferol (B). Each value was expressed as mean + SD (n = 3).
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component of the dichloromethane fraction and compound 2,
3 also might be the major active components of the ethyl ac-
etate fraction in the BSA-methylglyoxal model. And kaemp-
ferol showed significant inhibiting effects, comparing with
compound 1-3, due to the difference between the structures
[28]. A previous publication showed that the inhibiting effects
of flavones were stronger than those of corresponding flavo-
nols, flavanones [16]. And compound 1-2 both showed
weaker inhibiting effects than keampferol indicating that the
glycosides could reduce the activity of flavonoids in this
model [17]. Interestingly, compound 1 and 2 had no obvious
significance of the inhibiting effects on the AGE formation,
and the two compounds had the same structure except a
acetyl (on position 2”), so it suggested that the acetyl (on po-
sition 2”) had no detectable effect on the inhibition of the
formation of AGEs of the flavonoid glycosides [30].

3.5.  Methylglyoxal scavenging assay

The methylglyoxal scavenging curves of the five CNC flowers
fractions were demonstrated in Fig. 4A. We found that
methylglyoxal degraded with different fractions and amino-
guanidine more dramatically than that without any other
compounds in phosphate buffer, so all fractions had a sig-
nificant effect on trapping methylglyoxal, especially the
dichloromethane fraction. For the dichloromethane fraction,
after incubated for 2 and 6 h, methylglyoxal remained 15.7%
and 9.8%, respectively. The results suggested that some non-
phenolic compounds showed acute effect on the methyl-
glyoxal scavenging [23,24]. After incubation with the ethanolic
extract, ethyl acetate and n-butanol fractions for 2 h, respec-
tively, the methylglyoxal content was decreased with 51.0%,
31.2% and 55.9% remained, respectively, and 17.8%, 12.0% and
17.6% remained, respectively for incubating 12 h. These data
showed that some phytochemicals could trap methylglyoxal
effectively, especially the phenolic compounds in the ethyl
acetate fraction [7,8,12]. And for the water fraction, the
methylglyoxal remained 63.4% and 13.6% respectively,
with incubation for 2 h and 12 h. It seemed that different
phytochemicals showed different inhibiting effects due to
the different inhibiting mechanisms or different scavenging
rate [31].

100 phosphate buffer

~—#—aminoguanidine
80 =&—cthanolic extract

== cthyl acetate fraction
604 == n-butanol fraction
== water fraction

Remaining methylglyoxal (%)

Time (h)

=== dichloromethane fraction

As shown in Fig. 4B, compound 1-3 and keampferol all
showed the ability of scavenging methylglyoxal. As the natural
inhibitors against the formation of AGEs, flavonoid glycosides
and flavanol had the activity of scavenging methylglyoxal [32].
Compound 1-2 and keampferol had the similar trendline of
scavenging methylglyoxal, so it indicated that the glycosides
and acetyl (on position 2”) had no influence on the ability of
scavenging methylglyoxal. Compared to keampferol, com-
pound 3 could rapidly scavenge methylglyoxal, and after 0.5 h,
37.4% of methylglyoxal remained in the buffer, 81.0% of
methylglyoxal remaining for keampferol at the same time, and
before 4 h, compound 3 could scavenge methylglyoxal more
rapidly than the other two compounds and keampferol. But
after 4 h, the remaining methylglyoxal for keampferol was less
than that of catechin, and after 12 h, 10.5% of methylglyoxal
remained in the buffer for keampferol, but 23.2% of methyl-
glyoxal remained for catechin at the same time. Kaempferol
and catechin both belonged to flavonoids, and the hydroxy on
B ring and/or the double bond between C-2 and C-3 might be
the major factor causing the difference of ability. It was re-
ported that the A ring was the major active site of flavonoids to
scavenge methylglyoxal, especially hydroxyl group at C-5 on
the A ring could enhance the ability and the double bond be-
tween C-2 and C-3 could increase methylglyoxal scavenging
activity. In addition, the number of hydroxyl groups on the B
ring had no significant influence on the ability of methyl-
glyoxal scavenging [33].

3.6. HPLC-ESI-MS/MS Identification of catechin-
carbonyl adducts

As catechin could scavenge methylglyoxal most rapidly before
4 h, catechin was incubated with methylglyoxal at 37 °C water
bath for 4 h, then the reaction mixture was analyzed by HPLC-
ESI-MS/MS. The results showed that some new peaks
appeared in the HPLC chromatogram (Fig. 5A). The peak at
6.3 min showed the molecular ion m/z 289.1 [M-H]~, which
was the molecular ion peak of catechin. The peak at 11.7 min
gave m/z 361.1 [M-H]~, which was 72 mass units more than
that of catechin, so it was identified as a monocatechin-
monomethylglyoxal adduct (Fig. 5B). Similarly, The peak at
9.6 min yielded m/z 433.1 [M-H], which was 144 mass

B

100 phosphate buffer

—&—aminoguanidine
80 compound 1
=y compound 2
=== compound 3
604 == kaempferol

Remaining methylglyoxal (%)

=

Time (h)

Fig. 4 — The capacity to scavenge methylglyoxal for 0-24 h at 37 °C of aminoguanidine, the five fractions of CNC flowers (A)
and the three compounds isolated from CNC flowers, kaempferol (B). Each value was expressed as mean + SD (n = 3).
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Fig. 5 — HPLC chromatogram of the mixture of catechin and methylglyoxal incubated at pH 7.4 in 37 °C water bath for 4 h (A);
MS of monocatechin-monomethylglyoxal (B), MS? of monocatechin-monomethylglyoxal (C), MS of monocatechin-
dimethylglyoxal (D), MS? of monocatechin-dimethylglyoxal (E) adducts.

units greater than that of catechin and identified as a
monocatechin-dimethylglyoxal adduct (Fig. 5D). In the MS
spectra, the m/z 361 [M-H]~ ion underwent collision-induced
dissociation MS? to form m/z 343 [M-H-18]", 289 [M-H-72]",
193 [M-H-18-150]" (Fig. 5C), and the m/z 433 [M-H] ion un-
derwent collision-induced dissociation MS? to form m/z 415
[M-H-18]~, 361 [M-H-72]", 343 [M-H-18-72]", 193 [M-H-18-72-
150] (Fig. SE). The results indicated that catechin and meth-
ylglyoxal formed the adducts through the A ring of catechin
[34]. Catechin belongs to the flavanoids, which were consisted
of two hydroxy-substituted aromatic rings joined by a three-
carbon link, and the C-6 or C-8 of the A ring was the reactive
position with methylglyoxal [34].

The phenolic compounds in different fractions of CNC
flowers showed inhibiting effects on the formation of AGEs.
Among these fractions, the ethyl acetate fraction showed the
highest total phenolic contents and inhibiting effects on AGE
formation. The ethanolic extract, ethyl acetate, and n-
butanol fractions showed the inhibiting effects of AGE for-
mation were due to the phenolic compounds, which had the
abilities to trap methylglyoxal. While the dichloromethane
fraction showed higher inhibition of the formation of AGEs
by phenolic compounds and/or some other non-phenolic
compounds. Three isolated phenolic compounds showed
inhibiting effects on the AGE formation through scavenging
methylglyoxal. It indicated that flavonoids from C. nitidissima

Chi flowers could inhibit the AGE formation by scavenging
methylglyoxal, but the glycosides could reduce the inhibiting
effects, the acetyl (at position 2”) had no remarkable effect on
the inhibiting formation of AGEs.
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