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Abstract
Background: Xanthine oxidase (XO) plays an important role in human’s purine degradation. Excessive uric
acid formation results in hyperuricemia and gout. The study aimed to determine the XO inhibitory
potential of Chrysanthemum morifolium Ramat. dried �ower and its effect on XO gene expression in
animal models.

Methods: In vitro XO inhibitory assay was employed to investigate the XO inhibitory potential of C.
morifolium �owers. The bioactive sub-fraction was investigated further to give additional insight on its
uric acid lowering potential via animal study and XO gene expression analysis. HPLC-Q-TOF-MS/MS was
utilized to identify the putative compounds in the sub-fraction.

Results: Among the fractions, EtOAc fraction exhibited the highest in vitro XO inhibitory potency (51.77 ±
0.98%; IC50 = 10.64 ± 0.51 µg/mL) and it was further fractionated into 15 sub-fractions through open
column chromatography. EtOAc F7, F8, F9, F10, and F11 possessed >75% XO inhibition. F9 and F10
exhibited high in vitro XO inhibitory activity, cellular pro-proliferative effect and intracellular antioxidant
activity among the sub-fractions tested. These two sub-fractions were also non-cytotoxic at the
concentration range of 0.1 – 10 µg/mL. F10 was shown to be very effective in both serum and urine uric
acid lowering properties in rats model upon oral consumption. It was subjected to further fractionation
and a total of 11 sub-fractions were obtained. F10-4, F10-8, F10-9, and F10-10 possessed >90% XO
inhibition. These sub-fractions were subjected to HPLC-Q-TOF-MS/MS analysis. A total of nine known
compounds have been identi�ed and 26 unknown compounds were detected.

Conclusions: The possible mechanisms contributed to the anti-hyperuricemic effect of F10 were
suggested to be non-competitive inhibition of XO enzyme, XO gene expression down regulation, and
enhancement of uric acid excretion. Structure elucidation of the unknown compounds and the evaluation
of the XO inhibitory activity of a single or a mixture of these compounds are recommended to identify
possible synergism between them.

Background
Gout is a common form of in�ammatory arthritis that affects the joints and musculoskeletal system. It is
induced by the deposition of monosodium urate crystals in the synovial �uid and other tissues in the
body [1]. Hyperuricemia is a condition of overproduction or under-excretion of uric acid. This condition is
caused by high dietary intake of foods that are rich in nucleic acids and is de�ned as serum uric acid
level greater than 7.0 mg/mL [2]. Xanthine oxidase (XO) is the key enzyme that catalyzes the oxidation of
hypoxanthine and xanthine into uric acid. During purine metabolism, XO produces reactive oxygen
species (ROS) by transferring electrons to oxygen from hypoxanthine and xanthine [3]. Superoxide anion
radicals generate by XO catalyzing reactions are involved in various pathological condition, such as
in�ammation, hepatitis, and carcinogenesis. Besides that, oxidative stress in uremia is the consequence
of high ROS production and XO acts as one of the main factor of excessive ROS production [3].
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Allopurinol is being used clinically as XO inhibitor for gout treatment by blocking the terminal step of uric
acid biosynthesis. However, it results in many side effects like hepatitis, nephropathy, and allergic
reactions. Therefore, it is necessary to search for new alternatives which confer higher therapeutic activity
and lesser side effects.Natural products are more natural way of treatment and excellent sources of lead
compounds in the search of new medication for clinical disorders with fewer side effects. Botanical
extracts have been used to treat diseases and play a major role in primary health care in many developing
countries.

Chrysanthemum morifolium, known as Hang Bai Ju in Chinese, is an edible �ower that is commonly used
in traditional Chinese medicine particularly for its liver balancing properties. Flower portion of C.
morifolium has been used as an edible and medicinal material for hundreds of years as a sedative due to
its cooling abilities [4]. It contains essential oils, sesquiterpenes, and phenolic compounds and has been
reported to demonstrate various biological activities, such as anti-oxidative, anti-in�ammatory, anti-
mutagenicity, and anti-HIV [1]. Many in vitro studies have been performed to investigate the XO inhibitory
mechanism of phenolic acids and bioactive �avonoids, such as chrysin, kaempferol and quercetin [5, 6,
7]. Numerous in vivo studies on the anti-hyperuricemic activity of other plant extracts have also been
conducted [5, 8], but investigation on C. molifolium has not been well performed in a greater depth.
Therefore, the present study is the �rst in vitro and in vivo investigation on the potential of C. morifolium
�ower sub-fractions in XO inhibition and the determination of its anti-hyperuricemic activity followed by
XO mRNA gene expression study.

The main objectives of the present study were to compare the in vitro XO inhibitory activity, cytotoxicity
and cellular antioxidant capacity of different sub-fractions of the hydromethanolic extract of C.
morifolium Ramat. dried �ower and its mode of XO inhibition. The effects of C. morifolium �ower sub-
fractions on rats’ uric acid levels and XO gene expression were also determined in this study. The
compounds present in the bioactive sub-fractions were identi�ed using HPLC-Q-TOF-MS/MS.

Materials And Methods

Plant materials
Dried �owers of C. morifolium Ramat. originated from Hang Zhou, China was procured from a Chinese
drug store (Lee Mun Onn Medicine Store) in Petaling Jaya (GPS coordinates: 3.0875° N, 101.6451° E),
Selangor, Malaysia in May 2017. Authentication of the plant sample was carried out by a botanist, Dr.
Mohd. Firdaus Ismail at the Biodiversity Unit, Institute of Bioscience, Universiti Putra Malaysia, and a
voucher specimen (SK3139/17) was deposited at the unit’s herbarium of that institute.

Chemicals and reagents
HPLC grade solvents such as methanol, petroleum ether, ethyl acetate, dimethyl sulfoxide (DMSO),
hexane, chloroform, and acetonitrile as well as celite and culture Dulbecco’s Modi�ed Eagle Medium:
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Nutrient Mixture F–12 (DMEM-F12) were purchased from ThermoFisher Scienti�c (Waltham, United
States). Potassium phosphates monobasic, dibasic, xanthine, allopurinol, crystal violet, trypan blue
staining solution, sodium dodecyl sulfate (SDS), 2’–7’dichloro�uorescin diacetate (DCFH-DA), tert-butyl
hydroperoxide (tBuOOH), 5-sulfosalicyclic acid dihydrate (SSA), and 2-Vinylpyridine were purchased from
Sigma Aldrich (St. Louis, United States). Enzyme of xanthine oxidase from cow’s milk was purchased
from Roche Diagnostics (Mannheim, Germany). Preparative layer plates (Silica gel 60 F254, 20 cm × 20
cm) and silica gel 60 (230–400 meshes ASTM; 0.040–0.063mm)was purchased from Merck (New
Jersey, United States). Phosphate buffered saline was purchased from First Base Laboratories Sdn Bhd
(Selangor, Malaysia). SYBR Green Master Mix was purchased from Bio-Rad Laboratories (California,
United States) and ultrapure water from a Mili-Q® puri�cation system was used in this research.

Plant extraction and solvent-solvent partition
Dried �owers of C. morifolium were powdered and approximately 500 g of the dried powder was
sonicated in 80% methanol (2 L) for 2 hours at 25°C. The 80% hydromethanolic �ltrate was evaporated
using rotary evaporator to obtain a crude extract. The crude extract (58.86 g) was dissolved in 400 mL of
methanol and then partitioned using equal volume of petroleum ether and ethyl acetate. Each fraction
was then concentrated under reduced pressure to obtain petroleum ether (PE) fraction, ethyl acetate
(EtOAc) fraction and residual (RS) fraction. All fractions were weighed and stored at –80oC until further
use.

In vitro xanthine oxidase inhibitory activity
The XO inhibitory activity was determined based on a modi�ed method [9]. The substrate and the enzyme
solutions were prepared immediately before use. Test samples were dissolved in DMSO and diluted to
different concentrations (12.5 - 400 µg/mL). The assay mixture consisted of 130 µL of 0.05 M potassium
phosphate buffer (pH 7.5), 10 µL of sample, 10 µL of 0.1 unit/mL XO enzyme solution. After pre-
incubation for 10 minutes at 25°C, the reaction was then initiated by the addition of 100 µL xanthine
(0.15 mM) solution and incubated for 10 minutes at 37°C. The enzymatic conversion of xanthine to form
uric acid was measured at absorbance of 295nm. All reactions were performed in triplicates (n = 3) in a
96-well UV microplate. Negative control containing the assay mixture without sample extract was also
prepared. Allopurinol was used as a positive control in the assay mixture. The IC50 for allopurinol and all
the fractions were determined. The XO inhibitory activity was calculated as:

XO Inhibition (%) = (Control absorbance—Sample absorbance) / Control absorbance x 100%

Xanthine oxidase enzyme kinetic
In order to determine the inhibitory mode of the active fractions and sub-fractions, Lineweaver-Burk plot
analysis was performed. The kinetic study was carried out in the absence and presence of inhibitor with

https://www.google.com/search?q=Hercules,+California&stick=H4sIAAAAAAAAAOPgE-LSz9U3MC4wzDVPUeIAsQsrCwu1tLKTrfTzi9IT8zKrEksy8_NQOFYZqYkphaWJRSWpRcWLWEU8UouSS3NSi3UUnBNzMtPyi_IyEwEpHuIwWwAAAA&sa=X&ved=2ahUKEwid-sKXlunhAhVEuI8KHUXcCZoQmxMoATAaegQIDxAH
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varying concentrations (0.075—2.4 mM) of xanthine as substrate, by using the XO inhibitory activity
assay. The mode of inhibition was determined from the slope of the Lineweaver-Burk plot for competitive,
non-competitive and mixed-type inhibition.

Bioassay-guided fractionation using column chromatography
Approximately 2.50 g of the most bioactive fraction of C. morifolium was subjected to silica gel open
column chromatography using silica gel 60 (230—400 meshes ASTM; 0.040—0.063mm; Merck) as
stationary phase. Separation was accomplished by eluting various solvent mixtures using mobile phase
of increasing polarity from 70:30, 60:40, 50:50, 40:60, 30:70, 20:80, 10:90, 100:0 (v/v) of hexane: ethyl
acetate. The residuals in the column were recovered by sequential elution of equal volume of methanol,
then followed by equal volume of methanol: chloroform (1:1, v/v). The sub-fractions were collected and
evaporated. They were then subjected to thin layer chromatography (TLC) (Silica gel 60 F254 20cm ×
20cm; Merck) pro�ling by using hexane: ethyl acetate (1:1) as mobile phase. The sub-fractions with the
same retention factor (Rf) were pooled together to afford 15 sub-fractions (F1—F15). All sub-fractions
were subjected to XO inhibitory assay and the bioactive sub-fractions were fractionated further. Refer to
Figure 1 in results for �ow chart of bioassay-guided fractionation.

Cellular assays

Crystal violet assay
Crystal violet assay was performed based on a modi�ed protocol [10]. HepG2 cell line was used in this
assay. The cells were seeded in a 96-well plate and incubated for 24 hours at 37oC in CO2 incubator.
Medium was aspirated from wells, washed twice with 1× phosphate-buffered saline (PBS) solution and
100 µL/well of fresh medium containing sub-fraction (0.1—100 µg/mL) was added into the wells. Cells
were incubated for 24 hours at 37oC in CO2 incubator with the treatments condition. After 24 hours
incubation, medium was aspirated and the cells were washed twice with 1× PBS solution. Next, 50 µL of
0.5% crystal violet staining solution was added into each well and incubated for 20 minutes in CO2

incubator at 37oC. Crystal violet staining solution was removed and the plate was washed twice with
milliQ water. Next, 1% of sodium dodecyl sulfate (SDS) solution was added into each well of plate and
incubated for 20 minutes. The optical density of each well at 570nm (OD570) was measured with 96-well
UV microplate reader (In�nite M200Pro, Tecan Group Ltd, Männedorf, Switzerland). The percentage of
viable cells were determined by comparing the average OD570 values of extract treated cells with the
OD570 values of the non-treated cells. The means and the standard error of mean are calculated for at
least three independent experiments.

Trypan blue exclusion assay

https://www.google.com/search?q=M%C3%A4nnedorf&stick=H4sIAAAAAAAAAOPgE-LSz9U3sEwvSC_PU-IEsQ1LsstLtLSyk63084vSE_MyqxJLMvPzUDhWGamJKYWliUUlqUXFi1i5fA8vyctLTckvSgMAEVLcrVIAAAA&sa=X&ved=2ahUKEwiEmpP-lvfhAhVLKY8KHTPqCTcQmxMoATAcegQIChAL
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HepG2 cells were seeded and grown in a 6-well plate. Medium was washed and replaced until the cells
con�uency reached 70%. Cells were treated with different sub-fractions and incubated for 24 hours in CO2

incubator at 37oC. Medium was aspirated and 0.5mL trypsin was added and incubated for 5 minutes.
Next, cell suspension was collected into tube accordingly. Tubes containing HepG2 cells were re-
suspended. Cells were then stained by combining 20 µL of cell sample with 20 µL of trypan blue staining
solution to obtain 0.1% �nal concentration. Then, 20 µL of mixed cell sample was loaded into the
Nexcelom Cellometer counting chamber and inserted into Auto T4 sample slot. Cells sample was
analysed. Live cells as well as dead cells, total cells, percentage of viability, live cell concentration and
total cell concentration were determined and calculated [11, 12].

Reactive Oxygen Species (ROS) assay
HepG2 cells were seeded and grown in a 24-well plate. Medium was washed and replaced until the cells
con�uency reached 70%. Medium was changed to DMEM-F12 without fetal bovine serum and incubated
for 24 hours in CO2 incubator at 37oC. Then, 10 µL of 2’, 7’-Dichlorodihydro�uorescein diacetate (5 µM)
reagent was added into wells and incubated in CO2 incubator for 45 minutes. Medium was washed out
using 1 mL of 1× PBS solution twice. Cells were treated with 500 µL of tert-butyl hydroperoxide (400 µM)
as positive control and test samples at different concentrations (0.1—10 µg/mL). Absorbance was
obtained immediately at excitation of 485 nm/± 20 and emission of 528nm/± 20 and repeated every 30
minutes for 2 hours [13].

In vivo anti-hyperuricemic effects of C. morifolium in potassium
oxonate-induced rats
Male SD rats (7 weeks) were acclimatized to the laboratory condition on normal diet for at least one week
prior to the experiment. Animals were provided with rodent diet and clean water ad libitum, except 1 hour
prior to drug administration, whereby access to food was restricted. All the rats were randomly divided
into �ve groups of six (n = 6) rats each. Experimental hyperuricemia was induced by injection of uricase
inhibitor, potassium oxonate (PO). The rats were intraperitoneally (i.p.) injected with PBS containing 250
mg/kg PO (except normal control group) one hour before the administration of test samples to increase
the serum uric acid (SUA) level on daily basis, for 7 days. After one hour, the rats were treated with 25
mg/kg and 50 mg/kg of C. morifolium EtOAc F10 via oral gavage. The extract was replaced by PBS (pH
7.4) and water in negative and normal control groups, respectively.

Allopurinol (10 mg/kg) was used as positive control in this study. Blood samples were collected by rats’
tail vein bleeding on day 7. On day 6, each rat was kept separately for urine collection using single animal
method [14]. On day 8, the rats were euthanized under CO2 and blood samples were collected by cardiac
puncture. Blood samples were transferred to sterile tubes and allowed to clot on ice for 30 minutes. The
blood was centrifuged at 2,000g for 15 minutes at 4oC to obtain serum. The urine and serum samples
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were stored at –80°C until assays. Livers were also dissected immediately on ice and homogenized at
frequency of 20 kHz for 5 minutes. The homogenate was freeze in liquid nitrogen and stored at –80°C
until XO activity and gene expression analysis. SUA and urine uric acid (UUA) levels were measured using
Amplex® Red uric acid/uricase assay kit (ThermoFisher Scienti�c, United States) while liver XO activity
was measured by using Amplex® Red xanthine/xanthine oxidase assay kit (ThermoFisher Scienti�c,
United States).

qPCR analysis of XO gene expression
qPCR analysis was carried out using Bio-Rad CFX96Real-Time PCR, version 3.1to determine the
expression level of XO after drug administration. Three rats that had serum uric acid (SUA) levels close to
the mean value in each group on day 7 were selected. Total RNA was extracted from their livers using
NucleoSpin RNA kit (Macherey-Nagel GmbH & Co. KG, Germany). Next, RNA quality and quantity were
determined by performing agarose gel electrophoresis and Nanodrop spectrophotometry. One-step Real-
Time SYBR Green qPCR was performed. The primers (forward primer: 5’-GCATGCCAGACCATACTGAA–3’;
and the reverse primer: 5’-AAATCCAGTTGCGGACAAAC–3’) for rat xanthine dehydrogenase (XDH; Gene
ID: 497811, mRNA sequence: NM_017154) were purchased from IDT Singapore Pte Ltd, Singapore. The
housekeeping gene, β-actin for rat (mRNA sequence: NM_031144) with primer sequences of 5’-
ATTGTGATGGACTCCGGAGA–3’ (forward) and 5’-CAGCTCATAGCTCTTCTCCA–3’ (reverse) was
purchased from MYTACG Bioscience Enterprise, Malaysia.

Putative identi�cation of XO inhibitors using HPLC-Q-TOF-MS/MS
EtOAc sub-fractions were analysed by using Hypersil GOLD C18 column (150 × 4.6mm, 5µm,
ThermoFisher Sciencti�c, United States) at 25°C on Agilent 1260 In�nity HPLC with UV detector at 210
nm, 254 nm, and 280 nm wavelengths.The mobile phase consisted of water (A) and acetonitrile (B) with
gradient elution (0—5 minutes, 98% A, 0.7 mL/min; 5—7 minutes, 85% A, 0.5 mL/min; 7—20 minutes, 25%
A, 0.2 mL/min; 20—40 minutes, 15% A, 0.2 mL/min; 40—45 minutes, 10% A, 0.5 mL/min; 45—50 minutes,
0% A, 0.7 mL/min; 50—55 minutes, 98% A, 0.7 mL/min.). Test sample of 20 µL was injected in each run.
Samples were prepared at 10 ppm in HPLC grade methanol, �ltered through 0.45 µm syringe �lter
(ThermoFisher Scienti�c, United States) and sent to Infra Advanced Laboratory, University of Malaya for
the identi�cation of compounds by using Agilent 6200 series TOF/6500 series Q-TOF (Santa Clara, United
States) with ESI source (Santa Clara, United States). HPLC-Q-TOF-MS/MS was performed in positive
mode under the following operating parameters: scanning mode, total ion current (TIC) and extracted ion
chromatogram (EIC); scanning range, 10—1700 m/z; fragmentor voltage, 175V; Gas �ow, 14 L/minutes;
and nebulizer, 35 psig. The mass spectrometry data were qualitatively analysed using MassHunter
Workstation software (version B.05.01, Agilent Technologies) for possible markers and were compared to
standard online database such as METLIN metabolite database, Human Metabolome Database (HMDB),
PubChem and KEGG metabolite databases.

https://www.ncbi.nlm.nih.gov/nuccore/NM_017154
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Statistical analysis
All data were analysed using Statistical Package for Social Sciences (SPSS) version 21.0 and expressed
as mean ± standard error of mean (SEM). The data in the present study was subjected to One-way
analysis of variance (ANOVA) and the signi�cance of difference between the means was determined by
post-hoc Duncan’s multiple range tests at 95% least signi�cant difference (p ≤ 0.05).

Results

XO inhibitory activity of C. morifolium fractions
The yield of fractions and sub-fractions of the bioassay-guided fractionation was presented in Figure 1.
All the fractions and sub-fractions were analysed for their XO inhibitory activity and the results were
tabulated in Table 1. One-way ANOVA analysis demonstrated that EtOAc fraction exhibited the highest XO
inhibitory activity of 51.77 ± 0.98% at 100 μg/mL among the fractions. The activity was lower than the
standard drug, allopurinol (positive control), which showed nearly 100% inhibition at the same
concentration with low IC50 of 8.84 ± 0.11 µg/mL. The IC50 of the EtOAc fraction (10.64 ± 0.51 µg/mL)
was not signi�cantly different from that of the positive control, which indicated its high potency in XO
inhibition relative to the allopurinol.

Besides, the inhibitory mechanism of the C. morifolium crude extract and its fractions were studied by
using double-reciprocal plot of enzyme kinetic. Lineweaver-Burk plots of XO activity in the presence and
absence of inhibitor were shown in Figure 2. The results indicated that the mode of XO inhibition for the
RS fraction was competitive, whereas the crude extract as well as the EtOAc and PE fractions were shown
to be non-competitive. The most bioactive EtOAc fraction was fractionated through open column
chromatography and 15 sub-fractions were obtained. The XO inhibitory activity of the 15 sub-fractions
showed that EtOAc F7, F8, F9, F10 and F11 possessed the highest XO inhibitory activity (>75%) at 100
µg/mL, whereas other sub-fractions exhibited low to moderate activity.

Cellular assays
Prior to the in vivo experiment, the non-cytotoxic concentration of F7 to F11 were determined by using
crystal violet assay. Based on Figure 3, all �ve sub-fractions showed no toxicity to HepG2 cells up to 10
µg/mL. At concentration of 100 µg/mL, there was a decrement of cell viability (%) in all sub-fractions.
Hence, the non-cytotoxic concentrations (0.1, 1 and 10 µg/mL) were selected for all the subsequent cell
culture experiments. Since F9 and F10 showed pro-proliferative effect with viability two to three-fold
higher than the untreated control, these sub-fractions were subjected to trypan blue exclusion assay for
the con�rmation of the cell viability results. Trypan blue exclusion assay results demonstrated that there
was a gradual rise in cell viability as the concentration of both F9 and F10 were increased. The increase
in percentage of viability becomes signi�cant in F10 at 1 µg/mL (10.37 ± 1.40%) and 10 µg/mL (11.02 ±
1.85%). The increased of cell viability in F10 indicated that it is non-cytotoxic and has pro-proliferative
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effects towards HepG2 cells. These data suggested that both F9 and F10 were indeed highly non-
cytotoxic to human liver carcinoma (HepG2) cells. ROS assay was carried out in this study to investigate
the antioxidant capacity of the EtOAc sub-fractions. Tert-Butyl hydroperoxide was used as positive control
in this assay to increase the ROS level of HepG2 cells. Figure 4 showed the ROS activity of F9 and F10,
respectively, at different concentrations. F10 reduced the intracellular ROS level signi�cantly up to 60
minutes at 10 µg/mL, whereas F9 showed no signi�cant reduction of ROS level up to 120 minutes in
comparison to the normal control.

In vivo anti-hyperuricemic effects of C. morifolium in potassium
oxonate-induced rats
In vivo toxicity test was conducted to determine the non-toxic concentration and median lethal dose
(LD50) upon oral administration in rats based on Fixed Dose Procedure of OECD guideline 425. The non-
toxic concentration range was found to be 0—50 mg/kg and the LD50 was determined to be 133.33
mg/kg body weight upon oral administration in rats. Hence, daily dosage of 25 mg/kg and 50 mg/kg
were suggested to be safe and were explored further for their anti-hyperuricemic activity. The results
showed that the administration of potassium oxonate (250 mg/kg, i.p.) increased the SUA level of the
negative control rats signi�cantly. Oral administration of allopurinol (positive control) at 10 mg/kg
resulted in signi�cant reduction of SUA level (Table 2). The SUA level of the rats that received 25 mg/kg
and 50 mg/kg of F10 were also lowered signi�cantly as compared to the negative control. This indicated
that both doses of F10 are effective in SUA level suppression. In addition to that, the SUA lowering
e�cacy of 50 mg/kg of F10 was not signi�cantly different from that of the positive control throughout
the study period. On the other hand, the UUA level of the rats was shown to be signi�cantly reduced by the
administration of both doses of F10. However, F10 was shown to be less effective than allopurinol, which
reduced the UUA to the basal level (similar to the normal control level). To elucidate the underlying
mechanisms of the anti-hyperuricemic effects of F10, its effect on XO enzyme was evaluated. The results
demonstrated that the administration of F10 signi�cantly reduced the XO level in rats (Figure 5). Besides,
the administration of F10 also signi�cantly reduced the xanthine and hypoxanthine levels relative to the
negative control. However, the levels were shown to be higher than the normal control.

qPCR analysis of XO gene expression
XO gene expression in fold change after various treatments (Figure 6) were determined by obtaining the
difference between the samples ΔΔCT values and the ΔCT value of housekeeping gene (β-actin).
Hyperuricemic (negative) control showed three folds increase in XO gene expression as compared to the
normal control group. F10 at 25 mg/kg and 50 mg/kg doses signi�cantly down-regulated the XO gene
expression relative to the negative control, with 50 mg/kg dose showed no signi�cant difference in XO
gene expression from the normal and positive control. Hence, this results suggested the ability of F10 in
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down-regulating XO gene expression, with 50 mg/kg dose being more effective, comparable to the effect
of allopurinol.

Putative identi�cation of XO inhibitors using HPLC-Q-TOF-MS/MS
In view of the promising anti-hyperuricemic effect of F10, it could be inferred that the main XO inhibitory
effect might be attributed to the antioxidant compounds present in the sub-fraction. Therefore, the F10
was further analysed to identify the bioactive compounds responsible for the XO inhibitory activity. In this
part of our study, F10 was further puri�ed by using preparative TLC to obtain 11 sub-fractions. It was
found that the EtOAc F10–4, F10–8, F10–9 and F10–10 possessed high XO inhibitory activity of >90%
inhibition, with IC50 lower than that of allopurinol (8.84 ± 0.11 μg/mL). This indicated that the XO
inhibitory potency of these sub-fractions is comparable to that of allopurinol. Hence, these four sub-
fractions were subjected to HPLC-Q-TOF-MS/MS analysis for putative identi�cation of XO inhibitor(s).

HPLC analysis of F10–4, F10–8, F10–9, and F10–10 revealed the presence of multiple compounds. The
compounds were identi�ed by using Q-TOF-MS/MS equipped with MassHunter Workstation software
(version B.05.01, Agilent Technologies). Compounds identi�cation were con�rmed by matching the m/z
of the precursor and fragment ions with standard databases, and were tabulated in Table 3. There were
35 major compounds detected with only nine known compounds identi�ed. The known compounds
identi�ed were alkaloids (18, 32),, terpenoids (7, 34),, fatty acids (8),, lignan (11) and �avonoids (17, 19)..
There were 26 unknown compounds detected and their molecular formulas were shown in this study.
Positive Dragendorff test and the molecular formula of the unknown compounds suggested that most of
them might be alkaloid compounds.

Discussion

XO inhibitory activity of C. morifolium fractions
Our study provides, for the �rst time, data showing that C. morifolium sub-fractions effective in XO
inhibition in vitro and uric acid reduction in vivo. At the beginning, EtOAc fraction was shown to exhibit
moderate (High: 71–100%; moderate: 41–70%; low: 0–40%) XO inhibition. This might due to its higher
total �avonoid content as compared to the other fractions. C. morifolium EtOAc fraction has been shown
to contain signi�cantly higher total phenolic and �avonoid content than other fractions in our preliminary
study [15]. This is because natural phenols possess solubility preference to solvents with intermediate
polarity [16], EtOAc in this study, rather than more polar or non-polar solvent. Thus, majority of the
�avonoid compounds of C. morifolium �ower in this study might have been drawn to the EtOAc fraction
during solvent-solvent partitioning, conferred to its higher bioactivity. The results are in agreement with
Kennouche et al. (2016) in which the EtOAc extract of Chrysanthemum segetum showed the highest level
of polyphenol and �avonoid contents [17]. Although the inhibitory effect of a complex mixture could not
be directly compared to a pure compound, the moderate XO inhibitory activity of the EtOAc fraction
suggested that it might serve as a potential XO inhibitor. In other words, the EtOAc fraction might exhibit
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higher XO inhibition at higher concentration or purity. Therefore, it was subjected to bioassay-guided
fractionation to obtain higher purity sub-fractions for further analysis.

Kinetic studies indicated that the mode of XO inhibition for the RS fraction was competitive, whereas the
crude extract, EtOAc and PE fractions were shown to be non-competitive. Non-competitive inhibitor
inactivating an enzyme by changes its conformation as well as its active site [18]. This indicated that the
inhibitor in the crude, EtOAc and PE fractions does not compete for the XO active site with xanthine
(substrate); but rather inhibiting the XO enzyme possibly by causing conformational change to the XO
active site. According to Spanou (2012), pure polyphenolic compounds, such as quercetin and
kaempferol derivatives possessed non-competitive XO inhibition [19]. In addition to that, previous studies
have reported that �avonoids such as kaempferol and luteolin are fully reversible, and exhibited non-
competitive inhibition on XO enzyme [20]. RS fraction in this study inhibited XO via competitive inhibition.
This indicated that the inhibitor present in the RS fraction might resemble the structure of xanthine,
thereby, competing for the same active site. Competitive inhibitor can only bind to free enzyme but not
enzyme-substrate complex, thus inhibition can be overcome by increasing the concentration of substrate
in the reaction [21]. According to Nguyen et al. (2006), most of the �avonoids, phenolic, caffeoylquinic
acid derivatives and monoterpenoid glucoside compounds from Chrysanthemum sinense extract showed
competitive inhibition on XO enzyme [22].

The increased bioactivity of F7 to F11 might be due to greater concentration of potent bioactive
compounds in the sub-fractions. Fractionation is a crucial step to increase the purity of bioactive
compounds and hence, the bioactivity. In some cases, mixture of compounds shows higher bioactivity
than pure compound [23]. In vitro XO inhibitory activity of C. morifolium �ower oil and its anti-
hyperuricemic activity on male Wistar rats has been published [1], but there is limited study on the effect
of a mixture of compounds in the semi-puri�ed sub-fractions in lowering rats’ uric acid level, which was
investigated in this study. Before that, cytotoxic assays were carried out to determine the non-cytotoxic
concentration of the sub-fractions. In this case, only the most bioactive EtOAc F7 to F11 were selected for
further analysis.

Cellular assays
The present study showed that all �ve sub-fractions (F7—F11) were non-cytotoxic to the HepG2 cells up
to 10 µg/mL but a decrement of cell viability was observed at 100 μg/mL in crystal violet assay. The net
loss of cell viability at 100 µg/mL has indicated the cytotoxic effect of all �ve sub-fractions at this
concentration towards HepG2 cells. Similar result was observed in Chrysanthemum coronarium extract,
which possessed the inhibition of cell proliferation of six different cell lines at 100 µg/mL [24]. It was
postulated that the pro-proliferative effects of F9 and F10 might be linked to the presence of antioxidant
compounds, such as �avonoid, since it possessed diverse biological characteristics such as antioxidant,
anti-in�ammatory, anti-mutagenic, antivirus, anti-hepatotoxic, and anti-carcinogenic activities [25].
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Trypan blue exclusion assay showed an increase in cell viability and pro-proliferative effect in F10 treated
cells. Limited studies have been published previously revealing the in�uence of C. morifolium sub-
fractions on viability of HepG2 cell lines. In literature, few plant species of the genus Chrysanthemum
were reported to have cell proliferation in lower extract concentrations. Similar result was observed using
C. coronarium extract which shows cell proliferative effects up to 50 µg/mL [25], while cytotoxic activity
on HeLa and Velo cell lines was observed in C. segetum and C. �osculosus [26].

ROS assay demonstrated that F10 reduced the intracellular ROS level signi�cantly. According to Zhang et
al. (2000), high �avones content in C. morifolium extract possessed excellent antioxidant and oxygen
radicals scavenging activity [27]. Correlation between radical scavenging activity and �avonoids
compounds has been reported in C. morifolium [28]. Kim and Lee (2005) reported that polyphenolic
compounds isolated from C. morifolium showed superoxide anion radical scavenging activity [29]. In
addition, C. morifolium has been demonstrated to contain abundant phenolic and �avonoid compounds
with signi�cantly improved antioxidant activity [15]. Hence, it was suggested that the antioxidant effect
of F10 might be largely attributed to the presence of �avonoid compounds.

In vivo anti-hyperuricemic effects of C. morifolium in potassium
oxonate-induced rats
Potassium oxonate served as uricase inhibitor, which caused hyperuricemia by inhibiting uric acid
decomposition [1], thereby increased the uric acid level in the negative control. Our results showed that
the oral administration of F10 signi�cantly reduced the SUA level at both doses. However, the SUA level of
rats treated with 25 mg/kg of the F10 was signi�cantly higher than the normal and positive control. In
contrast, the SUA level in 50 mg/kg treatment and positive control were not signi�cantly different from
the normal control (not induced to be hyperuricemic), indicated the effectiveness of the 50 mg/kg
treatment (55.58 ± 4.81% reduction) in maintaining the SUA level, comparable to the positive control,
allopurinol (50.27 ± 5.05% reduction). This is in agreement with previous reports which demonstrated the
effectiveness of Chrysanthemum �ower oil in reducing SUA levels [1]. Thus, it is noteworthy that F10 at
50 mg/kg exhibited excellent anti-hyperuricemic effects, comparable to that of allopurinol.

The oral administration of F10 lowered the rats UUA level at both doses, but not as effective as the
positive control. The reduced, but higher than normal UUA level in the F10 treated rats might be due to
enhanced excretion of uric acid. Honda et al. (2014) suggested that uric acid-lowering effect of C.
morifolium plant is a consequence of both suppressed production and enhanced excretion of uric acid, in
which the uric acid transporter genes in the kidney is reported to be up-regulated in rats treated with
Chrysanthemum �ower oil [1]. The goal of gout therapy is long-term management of hyperuricemia,
which can be achieved by SUA suppression and enhanced uric acid excretion. Therefore, this study
suggested that oral consumption of 50 mg/kg of F10 may be suitable to be used as a long-term serum-
uric acid lowering therapy for the management of hyperuricemia and as a preventive measure for gout. It
could be explore further as a potential source of natural anti-hyperuricemic and uricosuric agent.
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XO is an enzyme that catalyses the oxidation of hypoxanthine and xanthine to produce uric acid in purine
catabolism [1]. Since hyperuricemia is resulted from uric acid overproduction, XO inhibitors that can
inhibit the production of uric acid have been considered for hyperuricemia treatment. In our study,
administration of F10 signi�cantly reduced the XO level in rats. This result suggested that one of the uric
acid-lowering mechanisms associated with F10 administration involved the suppression of uric acid
production via the inhibition of XO enzymes. Our results correspond to previous report depicted that C.
morifolium exhibited signi�cant XO inhibitory activity in a concentration-dependent manner [22]. Our
results also suggested that XO inhibition may be contributed by the down regulation of XO gene
expression. This agrees with the reports by Honda et al. (2014), which demonstrated that the
administration of Chrysanthemum �ower oil suppress the uric acid production by inhibition of XO in the
liver [1].

According to Montalbini and Torre (1995), xanthine will be accumulated and elevated in concentration
when XO enzyme is inhibited [30]. This is in agreement with our results, in which xanthine and
hypoxanthine levels increased relative to the normal control after the administration of F10. Therefore, it
was suggested that the suppression of uric acid production in rats was achieved by XO enzymes
inhibition. However, both hypoxanthine and xanthine showed only slight increase compared to the
negative control. This might be explained by the enhanced excretion or re-utilization of xanthine and
hypoxanthine when XO action is inhibited. Puig et al. (1988) reported a direct relationship between the
excretion of uric acid, xanthine and hypoxanthine [31]. To date, there is no report about the regulation of
XO gene expression by plant sub-fraction. Hence, qPCR analysis of XO gene expression was conducted in
this study to gain further insight into the mechanism of XO inhibition by C. morifolium EtOAc F10.

qPCR analysis of XO gene expression
The present study showed that both doses of F10 down-regulated the XO gene expression. This results
further con�rmed the ability of F10 in down-regulating XO gene expression; with 50 mg/kg dosage being
more effective, comparable to that of allopurinol. Down-regulation of the XO gene expression in this study
might be explained by the reduced ROS level in F10 treated rats. McNally et al. (2005) reported that lower
level of ROS could directly down-regulate the expression of xanthine dehydrogenase (XDH) and XO [32].
They also indicated that lower hydrogen peroxide level reduces calcium ions release from endoplasmic
reticulum, subsequently supressing the conversion of XDH to XO. Hence, the XO inhibition ability of F10 is
most probably attributed to the direct effect of its antioxidant activity.

In another study, Chrysanthemum �ower oil has been shown to suppress uric acid production by
inhibiting XO enzyme in the liver and accelerating renal uric acid excretion [1]. Their �ndings
demonstrated that the increased excretion of uric acid is modulated through the up-regulation of uric acid
transporter genes in the kidney. However, they did not report further on the regulation of liver XO gene
expression. Pfeffer et al. (1994) reported that in�ammatory mediators like cytokines induced XDH/XO
gene expression as well as its activity in renal epithelial cells [33]. This is also correspond to our study in
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which the expression of XO was probably down-regulated due to the absence or lower concentration of
in�ammatory cytokines. This is because ROS act as both a signalling molecule and a mediator of
in�ammation, in which the increase in ROS induces in�ammatory responses [34]. In the present study, the
down regulation of the XO might be related to the reduced oxidative stress in the treated rats due to the
high antioxidant activity of the F10.

Putative identi�cation of XO inhibitors using HPLC-Q-TOF-MS/MS
Based on HPLC-Q-TOF-MS/MS analysis, only apigenin 7-O-glucoside (17) has been reported previously in
C. morifolium, while other known compounds were reported for the �rst time from C. morifolium.
Flavonoid compounds are well studied for their anti-in�ammatory, antibacterial, antifungal, and anti-
tumour properties. Compounds such as luteolin and apigenin isolated from Chrysanthemum spp. have
been shown to possess good XO inhibitory activity [35]. In this study, apigenin 7-O-glucoside (17) and
prunetin 4’-O-galactoside (19) were identi�ed. These two compounds were speculated to be responsible
for the high XO inhibitory activity of F10–8 in this study. Apigenin 7-O-glucoside is a stable and non-toxic
natural �avonoid, with a better solubility compared to other �avonoid compounds [36]. It has been shown
to have multiple signi�cant biological activities such as anti-in�ammatory, anticancer, antiviral,
antibacterial, antioxidant, and pro-apoptotic effects [37, 38]. Apigenin has been shown to be the most
potent inhibitor for XO, attributed to its stable interaction with the enzyme active site in a molecular
modelling study [39]. Compound 19 was identi�ed for the �rst time from C. morifolium in the present
study. It has been isolated from the leaves and stems bark of Dalbergia spinose and has been related to
anti-in�ammatory activity [40]. Since current treatment of gout include the use of anti-in�ammatory
agent, compound 17 and 19 could be investigate further as a lead compound for gout therapy.

Majority of the compounds in the highly bioactive F10 might be alkaloids, but only two known
compounds being identi�ed in this study, namely acetylintermedine (18) and prosopinine (32)..
Compound 18 is a naturally occurring pyrrolizidine alkaloid reported to be hepatotoxic. According to FDA
Poisonous Plant Database, pyrrolizidine alkaloids presents in C. morifolium possess signi�cant hepato-
toxicity, genotoxicity, cytotoxicity, tumorigenicity and neurotoxicity on human and animals [41].
Compound 32 is a piperidine alkaloid which contain a hydroxypiperidine with a hydroxy group at position
C–3, a hydroxymethyl group at C–2, and an 8-hydroxydecyl group at C–6 (PubChem CID: 42608371).
Although alkaloid compounds are often toxic to human beings, they are widely used in modern
medicines. For instance, colchicine is used as anti-in�ammatory agent for acute gout attack treatment
and prevention [42] and is currently used as a clinically effective anti-gout medicine. However, its risk to
bene�t ratio is considered high as gastrointestinal effects such as nausea, diarrhoea, vomiting, and
stomach upset would occur in about 80% of patients [43]. In the light of that, it is necessary to search for
new alternatives which confer higher therapeutic activity and lesser side effects. Since abundant of
alkaloids are present in Chrysanthemum �owers [44] and alkaloid has been shown to exhibit XO
inhibitory activity [45], it is highly recommended to isolate and elucidate the structure of the unknown
compounds in the bioactive sub-fractions by other spectroscopic method including 1H and 13C NMR.

https://pubchem.ncbi.nlm.nih.gov/compound/hydroxypiperidine
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Conclusion
In a nutshell, the dried �ower extract of Chrysanthemum morifolium was shown to be effective in XO
inhibition and anti-hyperuricemic activity. Crude EtOAc fraction demonstrated moderate, non-competitive
XO inhibition. Its sub-fractions, F9 and F10 exhibited high in vitro XO inhibitory activity, cellular pro-
proliferative effect and intracellular antioxidant activity among the sub-fractions tested. F10 was shown
to be very effective in both serum and urine uric acid lowering properties in rats model upon oral
consumption, comparable to that of allopurinol. Based on the results, the possible mechanisms
contributed to the anti-hyperuricemic effect of F10 were suggested to be non-competitive inhibition of XO
enzyme, XO gene expression down regulation, and enhancement of uric acid excretion. A total of nine
known compounds have been identi�ed as 4’-hydroxybupivacaine (1),, vulgarone B (7),, 4-oxo–9Z, 11Z,
13E, 15E-octadecatetraenoic acid (8),, magnoshinin (11),, apigenin 7-O-glucoside (17),, acetylintermedine
(18),, prunetin 4’-O-galactoside (19),, prosopinine (32),, and schizonepetoside E (34).. There were 26
unknown compounds detected in this study. Both known and unknown compounds found in this study
could potentially serve as lead compound for the development of XO inhibitor which confers higher
therapeutic activity and lesser side effects. Hence, it is highly recommended to isolate and elucidate their
structure by other spectroscopic methods including NMR spectroscopy. In addition to that, the evaluation
of the XO inhibitory activity of a single or a mixture of these compounds is also suggested to identify
possible synergism between them.
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Table 1 Xanthine oxidase inhibitory activity and IC50 of different fractions of the C. morifolium �ower
extract. 
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Samples Xanthine oxidase inhibition (%) IC50 (µg/mL)

PE 28.09 ± 2.09 c 40.44 ± 0.63 b

RS 33.86 ± 3.25 c 35.75 ± 3.38 b

EtOAc 51.77 ± 0.98 b 10.64 ± 0.51 c

Crude 11.55 ± 1.21 d 127.93 ± 1.68 a

Allopurinol 99.79 ± 0.21 a 8.84 ± 0.11 c

Values are mean ± SEM (n = 3).Means with different superscript letter (vertical) showed signi�cant
difference (p ≤ 0.05). Percentage of inhibition and IC50 values were measured at 100μg/mL. PE,
petroleum ether; RS = residual fraction; EtOAc, ethyl acetate.

 

Table 2 Uric acid content in SD rats treated with Chrysanthemum morifolium EtOAc F10. 

Treatments Serum uric acid content (%) Urine uric acid content (%)

Positive control 108.30 ± 5.05 c 98.97 ± 5.17 c

Negative control 217.79 ± 10.28 a 249.67 ± 9.93 a

Normal control 100.00 ± 0.00 c 100.00 ± 0.00 c

25 mg/kg EtOAc F10 134.38 ± 7.91 b 157.13 ± 5.71 b

50 mg/kg EtOAc F10 96.74 ± 4.81 c 143.97 ± 5.80 b

All values are mean ± SEM (n = 6). The values of normal control have been normalized to 100%. Means
with different superscript letter (vertical) showed signi�cant difference (p ≤ 0.05). 

 

Table 3 Assignments of putative compounds for the major peaks identi�ed in HPLC-Q-TOF-MS/MS
spectra.
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Peak tR (min) Chemical
formula

Mass [M-H]+
(m/z)

Fragments m/z Identi�cation

1 13.168 C18 H28
N2 O2

304.2135 327.2030 133.0860,
177.1124,
221.1387,
283.1751,
309.1909

4'-
Hydroxybupivacaine

2 13.583 C17 H30
N4 O5

370.2218 388.2558 371.2285 -

3 14.532 C23
H42 N4
O8

502.3005 520.3344 503.3070 -

4 14.828 C25 H46
N4 O9

546.3268 564.3605 525.1942,
534.3121,
547.3342

-

5 15.895 C31 H55
N6 O2

543.4393 566.4286 209.1645,
435.3317,
566.4279

-

6 16.429 C39 H64
N7 O3

678.5074 679.5138 340.2605 -

7 20.947,
22.531,
22.814

C15 H22
O

218.1682 219.1759 201.1644,
219.1751

Vulgarone B

8 24.161 C18 H26
O3

290.1895

 

 

291.1971 273.1855,
291.1969

4-oxo-9Z, 11Z, 13E, 

15E-
octadecatetraenoic 

acid

9 25.262 C14 H31
N O2

245.2366 302.2131 246.2435 -

10 28.227 C19 H25 N
O

283.1951 284.2077 171.1171,
284.2017

-

11 28.462,
29.470

C24 H30
O6

414.2055 415.2126 119.0856,
295.1177,
415.2120

Magnoshinin

12 13.168 C15 H26
N4 O4

326.1952 327.2027 133.0859,
327.2027

-

13 14.235 C21 H38
N4 O7

458.2738 476.3079 459.2802 -
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14 14.472 C7 H8 O 108.0581 109.0655 109.0647 -

15 15.184 C23 H44
N3 O7

474.3185 453.3447 475.3255 -

16 15.836 C28 H53
N8 O4

565.4191 566.4892 588.4079 -

17 17.377 C21 H20
O10

432.1066

 

433.1138 271.0605,
433.1131

Apigenin 7-O-

glucoside

18 19.630 C17 H27
N O6

341.1847 342.1919 342.1914 Acetylintermedine

19 20.638 C22 H22
O10

446.1223

 

447.1297 285.0759,
447.1289

Prunetin 4'-O-

galactoside

20 23.306 C13 H21
O

193.1589 194.1661 194.1659 -

21 25.677 C9 H18
N2 S

186.1204 187.1276 187.1273 -

22 27.515 C22 H29 N
O6

403.2004 387.1816 105.0703,
267.1228,
387.1805,
404.2069

-

23 29.412 C12 H31
N11 O5

409.25 415.2127 281.1383,
415.2114,
432.2381

-

24 30.776 C16 H35 N
O2

273.2682 274.2754 274.2750 -

25 11.136 C5 H9 N
O

99.0692 100.0765 101.0793 -

26 11.611 C8 H14
N3 O4

216.0988 217.1061 217.1057 -

27 13.152 C15 H29
N5 O4

343.2219 327.2028 327.2021,
344.2283

-

28 13.567 C10 H30
N10 O3 S

370.2218 388.2559 371.2280 -

29 13.923 C19 H34
N4 O6

414.2476 432.2818 415.2538 -

30 15.820 587.4037 566.4288 588.4103 -
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C30 H51
N8 O4

31 27.499 C22 H29 N
O6

403.2006 387.1817 105.0703,
267.1227,
387.1807,
404.2069

-

32 28.507 C16 H33
N O3

287.2468 288.2538 288.2535 Prosopinine

33 29.337 C18 H33
N8 O S

409.2499 415.2130 119.0854,
281.1381,
415.2113,
432.2381

-

34 13.225 C16 H28
O8

348.1778 349.1850 349.1847 Schizonepetoside E

35 16.486 C27 H58
N20 O

678.5088 701.4957 114.0919,
340.2610

-

[-], unknown compounds.

Additional Files
Additional �le 1 – Thin Layer Chromatography pro�le of Chrysanthemum morifolium EtOAc F1 – F10.

The additional �le 1 is a Microsoft Word document.

 

Additional �le 2 – Extracted-ion Chromatogram of EtOAc (a) F10-4, (b) F10-8, (c) F10-9, and (d) F10-10.

The additional �le 1 is a Microsoft Word document.

Figures
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Figure 1

Flow chart of bioassay-guided fractionation and the yield of C. morifolium fractions and sub-fractions.
PE, petroleum ether; EtOAc, ethyl acetate; RS, residual; PO, potassium oxonate; XO, xanthine oxidase.
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Figure 2

The Lineweaver-Burk plots for (a) crude extract, (b) EtOAc, (c) PE and (d) RS fractions. ♦ is in the absence
of inhibitor. ■ is in the presence of inhibitor. PE, petroleum ether; RS, residual fraction; EtOAc, ethyl
acetate.
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Figure 3

Cell viability (%) of HepG2 cells treated with various concentrations of Chrysanthemum morifolium EtOAc
sub-fractions. (a) Crystal violet assay (b) Trypan blue exclusion assay. Values are mean ± SEM (n =
3).Signi�cant differences were compared between different concentrations within each sub-fraction.
Similar letter showed no signi�cant difference (p > 0.05).
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Figure 4

Reactive oxygen species level (%) of HepG2 cells treated with Chrysanthemum morifolium EtOAc (a) F9
(b) F10. Signi�cant differences were compared between different concentrations at each time point.
Similar letter showed no signi�cant difference (p > 0.05).



Page 28/29

Figure 5

Xanthine oxidase, xanthine and hypoxanthine content in SD rats treated with Chrysanthemum morifolium
EtOAc F10. All values are mean ± SEM (n = 6). The values of normal control have been normalized to
100%. Bar labelled with different letter indicate signi�cant difference (p ≤ 0.05) between different
treatments within xanthine oxidase, xanthine and hypoxanthine group.
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Figure 6

Xanthine oxidase gene expression (fold change) in SD rats treated with Chrysanthemum morifolium
EtOAc F10. All values are mean ± SEM (n = 6). The value of normal control has been normalized. Bar
labelled with different letter indicate signi�cant difference (p ≤ 0.05).


