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Abstract
Aims:
Evaluation of hepatoprotective, free radical scavenging potentials of the plant parts and isolation, characterization of major
active compounds.
Methods:
An in-vitro assay using human hepatoma cell line (Huh7) was used to evaluate the effect of methanol extract of C.pacificum
Nakai parts (flowers, aerial parts, roots) and fractions of flowers (10,100,1000 µg/ml) on enzymes activities before and after
exposure of the cells to carbon tetrachloride (CCl4).
Results:
Among the tested parts, flowers ethanol extract (100 µg/ml) exhibited the highest significant increase in superoxide dismutase
(SOD) activity (237.18±6.5U/ml) and liver glutathione (GSH) level (25.42±1.74 mg/dl). Furthermore it showed the highest
free radical scavenging activity (IC50, 1.2 mg/ml) even more potent than silymarin (IC50, 1.84 mg/ml). Ethyl acetate (EtOAc)
and butanol (n-BuOH) fractions of flowers (100 µg/ml) exhibited higher potency than other fractions and silymarin in
normalizing alanine transaminase (ALT) (11.42±0.43 & 13.68±0.87 U/ml respectively) and SOD (276.7±1.31&276.7±2.19
U/ml respectively) activities. Moreover, butanol fraction was more effective in neutralizing GSH level (18.4 ±0.10 mg/dl)
compared to silymarin (16.73±1.33 mg/dl). Bioassay guided fractionation led to the isolation of luteolin, luteolin-7-Oglucuronide, luteolin-7-O-β-rutinoside (scolymoside) and 1,5-di-O-caffeoylquinic acid (cynarin), the latter compounds are
active hepatoprotectives in artichoke.
Conclusion:
This is the first report for the protective and radical scavenging potentials of C. pacificum which may partly attributed to the
presence of active phenolics as cynarin.
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INTRODUCTION
Oxidative stress is considered a main mechanism in
contributing to the initiation and progression of hepatic
damage in a variety of liver disorders (1-3). Many plant
phenolics have potent antioxidant and hepatoprotective
effects (4-7). Genus Chrysanthemum has been reported to
contain significant amounts of flavonoids and
hydroxycinnamoyl-quinic acids which demonstrate radicalscavenging and anti-hepatotoxic activities(5-7,8-12). Our
previous study on C. pacificum Nakai family
Asteraceae(13) ascertained the metabolites profiling in the
plant on an organ basis using UPLC-MS. Hydroxycinnamic
acid derivatives and flavonoids were detected as the most
abundant phytoconstituents. Herein we report on for the
first time an in-vitro assay using the human hepatoma cell
line (Huh7) to evaluate the possible hepatoprotective,
antioxidant potentials of C. pacificum organs against CCl4induced injury. Furthermore, this study correlates the
activity among organs with their phenolics and flavonoids
content.
MATERIALS AND METHODS
General techniques
The antioxidant activity was determined using Jenway
double beam spectrometer (UK). Shimadzu UV-1650 PC

was used for recording UV spectra and Chrom Tech model
(CT-2400) for determination of total phenolic and
flavonoid content. NMR analyses were run on Varian
VNMRS 600 NMR spectrometer (Bruker Daltonics,
Bremen, Germany) 1H-NMR, 600 MHz, 13C-NMR, 125
MHz. or Bruker NMR-spectrophotometer (Microanalytical
Unit, Faculty of Pharmacy, Cairo university), 1H-NMR, 400
MHz, 13C-NMR, 100 MHz, Japan relative to TMS in
CD3OD or DMSO. For column chromatography, Sephadex
LH-20 (Pharmacia, Uppsala, Sweden), Silica gel 60 H for
VLC (E-Merck, Darmstadt, Germany), silica gel 60 for
column
chromatography
(Fluka,70–230
mesh,
Germany)and silica gel 100 C18–reversed phase (70–230
mesh, Fluka) were used. Pre-coated silica gel 60 F254 plates
(Merck, Germany) were used for TLC.
Plant material
Samples of the flowers capitulum, aerial parts and roots
were collected during 2012-2013 from the plants cultivated
in the Experimental Station of Medicinal plants,
Pharmacognosy Department, Faculty of Pharmacy, Cairo
University. The plant was kindly identified by Mrs.
Therease Labib, taxonomy specialist, Orman Botanical
Garden, Giza, Egypt. A voucher specimen (27.2.2014) was
deposited at the herbarium of Pharmacognosy Department,
Faculty of Pharmacy, Cairo University.
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Chemicals and standards
Silymarin, carbon tetrachloride (CCl4) and dimethyl
sulfoxide were purchased from Sigma–Aldrich chemicals
Co. (St. Louis, MO, USA). Dulbecco’s modified Eagle’s
medium, fetal bovine serum, trypsin 0.25%, penicillin G,
streptomycin and phosphate-buffered saline were obtained
from Gibco Invitrogen (Carlsbad, CA, USA). Kits for
measurement of AST, ALT, SOD activities and GSH level
were purchased from Biodiagnostic for diagnostic reagents
(Dokki, Giza, Egypt).
2, 2-Diphenyl-1-picrylhydrazyl (DPPH reagent), trolox and
gallic acid (Sigma-Aldrich, St. Louis, MO, USA) for free
radical scavenging estimation. Folin-Ciocalteu reagent
used for determination of total polyphenolic content
obtained from Loba-Chemie (Mumbai, india).
Cell culture
Human hepatoma cancer cells (Huh-7) obtained from
VACSERA (Dokki, Giza, Egypt). Cells were maintained in
DMEM medium supplemented with 100 mg/ml
streptomycin, 100units/ml penicillin and 10% heatinactivated fetal bovine serum in a humidified, 5% CO2
atmosphere at 37 C.
Hepatoprotective potential estimation
The dried powders of flowers, aerial parts and roots were
macerated in 70% ethanol till exhaustion and dried under
vacuum. The fresh flowers of C. pacificum Nakai was
extracted with 70% ethanol at room temperature till
exhaustion, the extract, in each case, was dried under
vacuum till dryness. Dry ethanol extract was re-suspended
in H2O and successively extracted with PE, CHCl3, EtOAc
and n-BuOH saturated with water till exhaustion. Each
extract was concentrated under reduced pressure till
dryness. The extracts of the different organs and fractions
of flowers extract were used for the hepatoprotective assay.
To assess the hepatoprotective effect of the tested samples,
exponentially growing cells were collected using 0.25%
trypsin-EDTA and plated in 6-well plates at 105cells/well.
Cells were treated with various concentrations of the plant
extracts (10, 100, 1000 μg/ml in phosphate-buffered saline)
for one hour, followed by the addition of 40 mM CCl4 in
0.05% dimethyl sulfoxide and subsequent incubation for
two hours. The supernatant was collected and assayed for
AST, ALT, SOD activities and GSH level. Silymarin was
used as a reference agent. All variables were measured in
triplicates and the experiment was repeated three times.
Results were expressed as mean ± standard deviation
(S.D.), calculated from n = 3. Data were analyzed using
one-way analysis of variance (ANOVA), followed by
Turkey-Kramer’s post hoc test. Statistical significance was
accepted at a level of p<0.001.
Free radical scavenging activity estimation
Lyophilised 70% methanol extracts of C. pacificum organs
were dissolved in 70% methanol at a concentration of (0.5,
1, 1.5, 2, 2.5, 3 mg/mL) where 200 µL of each test solution
added to 6 mL DDPH solution. The DPPH was prepared at
a concentration of 0.004 % in methanol (HPLC grade).
Blank samples were run using 99.9% (absolute) methanol.
The mixture was left for 30 min at room temperature then

the absorbance was measured spectrophotometrically
against a blank at 517 nm. Trolox [(±)-6-hydroxy-2,5,7,8tetramethylchromane-2-carboxylic acid] and silymarin
were used as positive controls at a concentration of (0.05,
0.07, 0.09, 0.11, 0.13 mg/ml), and (0.5, 1, 1.5, 2, 2.5, 3
mg/ml), respectively. Free radical scavenging activity is
expressed as the concentration of extract inhibiting DPPH
formation by 50% relative to methanol (IC50 value).
Determination of polyphenolic content
Aliquots (2 ml, each) of 50% methanolic extracts and
standard solution of gallic acid (0.008, 0.016, 0.024, 0.032,
0.04, 0.048, and 0.056 mg/mL) was added to 1.5 mL of
Folin-Ciocalteu reagent and 4 ml of 20% sodium carbonate
solution, then the solution was diluted to 25 ml with
distilled water. The absorbance of the resulting solution
was measured, after 30 min at λmax 765 nm, against a blank
prepared at the same time, using 2 ml of distilled water,
instead of the tested solution. For each concentration,
triplicate experiments were carried out. The results were
expressed as µg of gallic acid equivalents/ mg of extract
(GAE)
Determination of total flavonoids content
Aliquots (0.5 ml, each) of 80% methanol extracts and
standard solution of quercetin (0.01, 0.02, 0.04, 0.08 and
0.1 mg/mL) was added to 0.1 Ml of 10% aluminium
chloride, 0.1 mL of 1M potassium acetate aqueous solution
and 2.8 mL of distilled water. The solution was well mixed
and the absorbance was measured spectrophotometrically at
415 nm against blank. Total flavonoids content was
expressed as mg quercetin equivalent (QE)/g plant extract.
Each measurement was performed in triplicate.
Extraction and isolation
Fresh flowers (3.5 kg) was macerated in 70% ethanol till
exhaustion. The ethanolic extract was evaporated under
vacuum to yield (95 g). The residue was suspended in
water and partitioned successively with petroleum ether,
chloroform followed by ethyl acetate and n-butanol
saturated with water. The solvents were then evaporated
under reduced pressure to give different fractions. The
EtOAc residue (10.5 g) was subjected to silica gel CC and
eluted by gradient addition of CHCl3, EtOAc and MeOH
to yield fractions I & ΙΙ. Fr. I (350 mg) was purified by
sephadex LH-20 using MeOH-H2O (1:1 v/v) to yield
compound 1. Fraction II was purified by sephadex LH-20
using MeOH-H2O (1:1 v/v) and further purified by
rechromatography on a silica gel column (13 cm L×1 cm
D). Gradient elution was performed using CHCl3-MeOH
(95:5 v/v) with increasing MeOH percentage by 1% till
reaching 10% MeOH to yield compound 2. n-BuOH
fraction was subjected to VLC column eluted with CHCl3
and increasing the polarity by 5% increments with EtOAc,
MeOH and H2O till concentration 20% to yield fractions A
& B. Fraction A (700 mg) was subjected to purification on
sephadex LH-20 MeOH-H2O (1:1 v/v), to yield compound
3. Fraction B (2.7 g) was chromatographed on sephadex
LH-20 column using MeOH-H2O (1:1 v/v) followed by
further purification on C18–reversed phase column to
yield compound 4.
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RESULTS AND DISCUSSION
Estimation of free radical scavenging activity
Free radical scavenging activity of C. pacificum Nakai
organs was assessed using a modified 2, 2-diphenyl-1picrylhydrazyl (DPPH) assay(14). Results (Table 1 &
Figure 1) revealed that the flowers methanol extract is the
most effective in inhibiting DPPH (IC50, 1.2 mg/ml), and
even more potent than silymarn (IC50, 1.84 mg/ml),
whereas roots extract was the least effective (IC50 value of
1.9 mg/ml).
Table 1: Free radical scavenging activity of methanol extracts of
C. pacificum organs
DPPH inhibition
Organ
IC50 (mg/mL)
Flower
1.2 ± 0.05
Aerial part
1.69 ± 0.03
Root
1.9 ± 0.04
Silymarin
1.84 ± 0.07
Trolox
0.09 ± 0.001

Figure 1: Histogram showing free radical scavenging activity of
C. pacificum organs methanol extract

Estimation of hepatoprotective activity
This is the first report on the in- vitro hepatoprotective
effect of C. pacificum parts using a cell culture model
consisting of a human hepatoma cell line (Huh7) that was
treated with CCl4 to induce hepatocyte damage. The
protective effect of the tested samples was evaluated based
on the changes in aspartate aminotransferase (AST),
alanine transaminase (ALT), superoxide dismutase (SOD)
activities and liver glutathione (GSH) level before and after

exposure of the cells to CCl4(15). Exposure of Huh7 cells to
CCl4 significantly (p<0.001) increased AST, ALT,
decreased SOD activities to 40.45 ±3.15, 36.41 ±2.84 and
168.48 ±3.7 U/ml respectively and decreased GSH level to
2.38 ±0.37 mg/dl in comparison to control untreated cells.
Pretreatment of cells with different concentrations of
silymarin (10,100,1000 µg/ml) significantly (p<0.001)
ameliorated CCl4-induced damage through decreasing
AST, ALT activities and increasing SOD activity. At the
same time silymarin increased GSH level (Table 2 &
Figure 2).
All tested samples significantly reduced
elevated AST and ALT activities (p<0.001) as compared to
CCl4 intoxicated group. Extracts of flowers (100 µg/ml),
aerial parts (100 & 1000 µg/ml) and roots (100 µg/ml)
significantly (p<0.001) reduced AST and ALT levels
compared with CCl4 treated group. Ethanol extract of the
flowers (100 & 1000 µg/ml) exhibited a significant
increase (p<0.001) in SOD activity (237.18 & 371.77 U/ml
respectively) (Table 2 & Figure 2). GSH reduced level
following CCl4 intoxication was significantly (p<0.001)
restored by pretreatment with all tested samples (Table 2 &
Figure 2). The extracts of flowers (10, 100 & 1000 µg/ml),
and aerial parts (10 & 1000 µg/ml) increased GSH level to
22.64, 25.42, 25.75, 21.71 & 22.19 mg/dl respectively.The
forementioned results revealed that ethanolic extract of the
flowers demonstrated the highest potency regarding SOD
and GSH enzymes at all concentration levels, and showed
comparable activity to the ethanolic extract of the aerial
parts & roots regarding AST and ALT levels, followed by
that of aerial parts, while the extract of the roots was the
least effective in normalizing the CCl4-induced damage on
Huh7 cell lines. The same human hepatoma cell line
(Huh7) model was adopted to estimate the hepatoprotective
potential of petroleum ether (PE), chloroform (CHCl3),
ethyl acetate (EtOAc), n-butanol (n-BuOH) and remaining
aqueous (H2O) fractions of the flowers ethanol extract as
the most potent organ (Table 3& Figure 3).

Table 2: Protective effect of C. pacificum organs ethanol extract relative to CCl4-induced damage on the Huh7 human hepatoma cell
line
Group
Normal
CCl4
Sil

Flower

AP

Root

Conc
µg/ml
10
100
1000
10
100
1000
10
100
1000
10
100
1000

AST
U/ml
%changec
16.34±0.19
-40.45#±3.15
+147.531
21.46*±3.46
-46.95
16.55*±0.43
-59.10
17.92*±1.61
-55.71
26.91*±0.35
-33.47
22.51*±1.23
-44.36
24.58*±0.47
-39.24
-39.05
24.65*±0.35
-54.45
18.43*±0.36
-44.13
22.60*±1.41
28.64*±1.19
-29.20
22.33*±2.33
-44.82
23.61*±0.13
-41.64

ALT
U/ml
%changec
27.29±1.15
-36.41#±2.84
+33.39
28.32*±3.11
-22.23
24.89*±0.39
-31.64
25.11*±0.12
-31.01
23.12*±0.32
-36.49
20.26*±1.11
-44.36
22.52*±0.42
-38.14
-39.05
22.19*±0.32
-54.45
16.58*±0.31
-44.13
20.34*±1.27
25.78*±1.07
-29.20
-44.82
20.09*±2.09
21.25*±0.12
-41.64

SOD
U/ml
% changec
317.83±8.1
-168.48#±3.7
-46.99
225.92*±1.59
+34.09
235.78*±1.18
+39.95
292*±0.70
+73.23
211.02*±7.74
+25.25
237.18*±6.5
+40.78
371.77*±2.59
+120.67
117.01±4.64
-30.54
128.66±1.01
-23.63
182.44±0.46
+8.29
107.33±4.24
-36.29
116.71±4.15
-30.73
103.60±2.24
-38.50

GSH
mg/dl
% changec
13.48±0.90
-2.38#±0.37
-82.37
28.13*±3.2
+1083.27
30.93*±2.5
+1201.03
38.50*±2.78
+1519.63
22.64*±0.53
+852.34
25.42*±1.74
+969.18
25.75*±0.42
+983.19
+813.08
21.71*±0.92
+687.85
18.73*±0.19
+833.64
22.19*±0.72
18.86*±0.37
+693.46
17.37*±0.10
+630.84
17.86*±0.34
+651.40

a-Results are expressed as mean ± S.D.;
b-Sil =Silymarin; AP=Aerial parts
c-(+) represents percentage of increase and (-) represents percentage of decrease in each value when compared to either normal or CCl4
*Statistically significant difference from CCl4 group at p < 0.001; # Statistically significant difference from normal group at p < 0.001
Statistical analysis was performed using one-way ANOVA followed by Tukey test
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Table 3: Protective effect of C. pacificum flowers fractions against CCl4-induced damage on the Huh7 human hepatoma
cell line

Normal
CCl4
Sil

PE

CHCL3

EtOAc

n-BuOH

H2O

Conc
µg/ml
10
100
1000
10
100
1000
10
100
1000
10
100
1000
10
100
1000
10
100
1000

AST
U/ml
%changec
13.03±0.93
-24.18#±2.1
85.57
-59.55
9.78*±0.32
-61.75
9.25*±0.09
-66.50
8.1*±1.03
15.35*±0.25
-36.52
14.25*±0.17
-41.07
14.15*±0.04
-41.48
15.21*±0.05
-37.09
14.51*±0.25
-39.99
14.18*±0.07
-41.35
14.88*±0.15
-38.46
14.2*±0.05
-41.27
11.2*±0.51
-53.68
-39.90
14.53*±0.50
-41.23
14.21*±0.28
-41.56
14.13*±0.15
14.89*±0.67
-38.42
15.33*±0.05
-36.60
14.91*±0.07
-38.33

ALT
U/ml
%changec
11.58±1.45
-26.41#±1.86
128.06
-24.68
19.89*±1.69
-37.97
16.38*±0.47
-49.64
13.30*±0.43
22.67*±0.32
-14.16
21.92*±0.65
-17.00
16.07*±1.73
-39.15
20.41*±0.65
-22.71
15.13*±0.32
-42.71
13.18*±1.08
-50.09
16.01*±0.21
-39.37
11.42*±0.43
-56.75
6.45*±0.25
-75.57
-34.60
17.27*±0.93
-48.20
13.68*±0.87
-58.27
11.02*±0.07
17.08*±0.43
-35.32
14.12*±1.08
-46.53
11.61*±0.10
-56.03

SOD
U/ml
%changec
327.37±5.07
-181.37#±2.05
-44.59
27.54
231.33*±3.54
51.62
275.01*±5.13
70.33
308.92*±6.18
179.04±8.18
-1.28
1.8
184.67±8.18
187.33±6.18
3.28
190.67±1.31
5.13
203.67±5.01
12.29
205.75±2.75
13.44
271.4*±5.09
49.64
276.7*±1.31
52.56
339.28*±5.27
87.07
47.65
267.8*±2.25
52.56
276.7*±2.19
81.12
328.5*±5.53
190.53±1.27
5.05
10.50
200.43±3.57
204.13±3.75
12.54

GSH
mg/dl
%changec
9.20±0.52
-2.38#±0.18
-74.13
372.27
11.24*±0.12
602.94
16.73*±1.33
857.98
22.80*±0.03
13.26*±0.09
457.14
16.21*±0.15
581.09
18.60*±0.07
681.51
11.26*±0.38
373.11
12.51*±0.10
425.63
14.23*±0.37
497.89
12.24*±0.15
414.28
16.53*±0.16
594.54
19.06*±0.17
700.84
415.12
12.26*±0.09
673.10
18.4 *±0.10
826.89
22.06*±0.26
14.71*±0.05
518.06
15.01*±0.06
530.67
17.55*±0.05
637.39

a-Results are expressed as mean ± S.D.; b-Sil=Silymarin; PE=Petroleum ether; H2O=Remaining water fraction
c-(+) represents percentage of increase and (-) represents percentage of decrease in each value when compared to either normal or CCl4
* Statistically significant difference from CCl4 group at p < 0.001; # Statistically significant difference from normal group at p < 0.001
Statistical analysis was performed using one-way ANOVA followed by Tukey test

Figure 2: Protective effect of ethanol extract of C. pacificum
parts relative to CCl4

Figure. 3: Protective effect of C. pacificum flowers fractions
relative to CCl4 on the activity of AST, ALT & SOD and level of
GSH using in-vitro assay on human hepatoma cell line (Huh7).
Sil., Silymarin;
PE, petroleum ether fraction;
H2O,
remaining water fraction.
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EtOAC and n-BuOH (100 & 1000 µg/ml) were the most
effective fractions (p<0.001) in neutralizing the reduced
SOD activity, GSH level and the elevated ALT level.
Furthermore, EtOAC and n-BuOH fractions demonstrated
higher potency than silymarin in normalizing ALT and
SOD activities. Moreover, n-BuOH fraction was more
effective in neutralizing GSH levels compared to silymarin.
Determination of total polyphenol content
Total
polyphenol
content
was
determined
spectrophotometrically (Figure 4) according to the FolinCiocalteu colorimetric method (16). Flowers (53.65 ± 1.15)
was the most enriched part in the total polyphenols
followed by aerial parts (42.01 ± 0.91) whereas roots
extract showed the least content (27.99 ±0.62 mg/g plant
extract).

Luteolin (1)

Figure 4: Total polyphenol content of C. pacificum parts.
1,5-Di-O-caffoeylquinic acid (2)

Figure 5: Total flavonoids (TF) content of C. pacificum
parts.
Determination of total flavonoids content
Total flavonoids (TF) content was measured using AlCl3
colourimetric assay (17). Results (Figure 5) revealed that
TF expressed as mg quercetin /g plant extract was
comparable in the flowers and aerial parts reaching 51.52 ±
1.2 & 54.02 ± 0.7mg/g extract, respectively whereas the
roots showed the lowest TF content (38.28± 0.52 mg/g
extract).
Correlation appears to exist between total
polyphenols and flavonoids content and the investigated
activities for flowers, aerial parts and roots samples.
Flowers
demonstrating
strong
antioxidant
&
hepatoprotective effects were enriched in total polyphenols
and flavonoids with an average concentration of 53.65 &
51.52 mg/g plant extract respectively.
Isolation and characterization of phytochemicals from
flowers fractions
As EtOAc and n-BuOH fractions exhibited the highest
hepatoprotective effect, these two fractions were selected
for isolation of phytochemicals. Luteolin (1) and 1,5-di-Ocaffeoylquinic acid (2) were isolated from EtOAc fraction,
while luteolin-7-O-β-glucuronide (3) and luteolin-7-Orutinoside were isolated from n-BuOH fraction (Figure 6).

Luteolin-7-O-β-glucuronide (3)

Luteolin-7-O-rutinoside (4)
Figure 6: Chemical structures of compounds isolated from
C, pacificum flowers
The structures of the isolated compounds (Figure 6) were
established by comparing their UV, 1H and 13C NMR
spectroscopic data with those in the literature and
confirmed through co-chromatography with authentic
samples. Compound 1 (Luteolin, 70 mg) was isolated as
yellow powder, displayed a molecular formula of C15H9O6
derived from its HR-ESI-MS data (m/z 285.0409 [M-H]-).
The 1H NMR spectral data showed the characteristic
signals of a luteolin nucleus; three protons of ring-B, at δ
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6.9 and 7. 4 (each d, J =8 Hz) for H-5' and H-6',
respectively and H-2' at δ 7. 4 (1H, s), in addition to a pair
of meta-coupled aromatic protons at δ 6.2 & 6.41 (each d, J
= 2 Hz) for H-6 and H-8 respectively whereas H-3 protons
appeared at δ 6.57 (1H, s). Published data(18) and cochromatography against in-house authentic standard
confirmed its identification. Compound 2 (1,5-di-Ocaffeoylquinic acid, 15 mg) was isolated as white powder.
Its 1H NMR spectral data showed the characteristic signals
for two caffeic acid molecules(19-20). Two pairs of transolefinic protons, the first at δ 7.44 & 6.23 ppm, (1H J= 15.9
& 15.6 Hz) assigned to H-7' and H-8' and second at δ 7.37
& 6.16 ppm (1H, J= 15.6 & 15.9 Hz) assigned to H-7'' and
H-8'' respectively. A pair of three protons, exhibiting two
ABX systems was displayed. Two doublets at δ 7.03 &
7.07 ppm (J= 1.5 & 1.8 Hz) assigned to H-2'' and H-2',
respectively and a multiplet at δ 6.76 ppm was assigned to
H-5'' and H-5'. In addition, a multiplet at δ 6.95 ppm,
integrated as two protons was assigned to H-6'' and H-6'.
It also showed the characteristic signals of a quinic acid
molecule(20-21). Two multiplets at δ 1.83 & 2.39 ppm and
two other multiplets at δ 2.20 & 2.50 ppm assigned to H-6
axial & H-6 equatorial and H-2 axial & H-2 equatorial,
respectively. Three multiplets at δ 4.04, 5.27 and 3.53 ppm
assigned to H-3, H-5 and H-4, respectively. It was obvious
that only H-5 was downfield shifted, indicating the
presence of a caffeoyl moiety at position 5 of the quinic
acid molecule. On the other hand, the signals of H-3 and
H-4 were not significantly desheilded, suggesting that the
other caffeoyl moiety is attached to C-1 of the quinic acid
(22-23). Further evidence for esterification at C-1 was
provided by the signals for the two protons H-2 axial and
H-2 equatorial, which lost their magnetic equivalence and
appeared at δ 2.20 & 2.50, respectively(24).
Compound 3 (luteolin-7-O-β-glucuronide, 10 mg) was
isolated as yellow powder, its UV spectroscopic data [λmax
258, 267, 348] indicated its flavone nature(25-26). It
displayed a molecular formula of C21H17O12 derived from
its HR-ESI-MS data (m/z 461.0815 [M-H]-), and further
yielding an ion fragment at m/z 285.0461 [M-H-176]- of
luteolin due to the loss of one glucuronide moiety,
suggesting for the presence of luteolin glucuronide(26).
Analysis of its 1H NMR spectrum and co-chromatography
against in-house authentic standard confirmed our
interpretation. Compound 4 (luteolin-7-O-rutinoside, 40
mg) was isolated as yellow powder, its 1H NMR spectral
data showed the characteristic signals of luteolin nucleus as
described under compound 1. The sugar units were
identified as rhamnoglucoside based on13C NMR spectrum.
The presence of the anomeric proton at δ 4.91 (J= 7.70 Hz)
indicated β-configuration of glucose(27). The methyl group
of rhamnose was displayed at δ 1.09 ( J=6 Hz). The
anomeric proton of rhamnose unit resonate at δ 4.62 as
singlet, confirms its α- configuration. The direct evidence
for the sugars sequence and their linkage sites was
determined from the results of HMBC experiment which
showed unequivocal correlation peaks between H-1glc-C-7
& H-1rha-C-6glc.
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CONCLUSION
The protective effect of C. pacificum flowers is at least
partly attributed to its antioxidant activity as evidenced by
the reduction in GSH level, the increase in SOD activity
and confirmed by the significant radical scavenging
activity.
The
identified
compounds
possesses
hepatoprotective potential(4,5,22,28), furthermore, they are
similar to the active compounds of artichoke, particularly
1,5-di-O-caffeoylquinic acid (cynarin), luteolin-7-Orutinoside (scolymoside) and luteolin (29-31). Our results
suggest that C. pacificum contained biologically active
constituents and need further investigations supporting its
use as hepatoprotective agent.
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