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Abstract
Background: Luteolin is a flavonoid found in various edible plants that exhibits diverse health benefits, including anti-inflammatory and anti-gout effects. However, 
there has been little clinical investigation of luteolin from the viewpoint of gout prevention. We conducted a clinical trial of supplementation with chrysanthemum 
flower extract rich in luteolin (LCE) to assess the effect on serum uric acid levels in Japanese men. 

Methods: We examined the effect of LCE containing 10% luteolin in two double-blind placebo-controlled studies. In the single-dose study, fasting subjects took 
a capsule containing 100 mg of LCE (10 mg of luteolin) or placebo before ingestion of a high purine base test meal and the serum uric acid level was determined 
over time. For the repeated-administration study, the subjects ingested placebo or LCE capsule for 4 weeks. Fasting serum uric acid was evaluated before and after 
ingestion.

 Results: Oral intake of LCE had no significant influence on serum uric acid. After 4 weeks of LCE ingestion, serum uric acid tended to decrease in the LCE 
group. A significant decrease of serum uric acid was observed after LCE ingestion in the subjects with a baseline uric acid level of 5.5 to 7.0 mg/dL. There were no 
abnormalities suggesting adverse effects during or after ingestion of LCE. 

Conclusion: Ingestion of LCE for 4 weeks reduced the serum uric acid level. Luteolin may be able to prevent gout by controlling uric acid.

Abbreviations: XOD: xanthine oxidase; LCE: luteolin-rich chry-
santhemum flower extract; CRP: C-reactive protein; AUC: area under 
the concentration vs. time curve; CFO: chrysanthemum flower oil

Backgrounds
Gout is a disorder in which accumulation of needle-shaped uric acid 

crystals in peripheral tissues due to hyperuricemia [1]. Nonsteroidal 
anti-inflammatory drugs [2], steroids [3], and colchicine [4] are 
prescribed to suppress acute pain and inflammation, while xanthine 
oxidase (XOD) inhibitors such as allopurinol are used for reduction 
of high blood uric acid levels [5]. Several Japanese foods have a high 
content of purine bases, such as nori (seaweed), shiitake (mushrooms), 
chicken liver, and sakura shrimp [6]. However, Japanese people tend to 
be more conscious about the purine base content of beer and alcoholic 
beverages, in spite of it being lower than in the foods mentioned above 
[7]. Approximately 30% of Japanese men have hyperuricemia and 0.8% 
of outpatients are on treatment for gout [8].  

Dried chrysanthemum flowers are used as a traditional remedy 
for gout in China [9]. Several constituents of the flowers exhibit anti-
inflammatory activity, including triterpene alcohol [10,11], octulosonic 
acid derivatives [12], and flavonoids [13]. Moreover, an oil containing 
1% chrysanthemum flower extract polyphenol has been reported to 
suppress dietary hyperuricemia in rats [14]. Luteolin is a flavonoid 
with 4 hydroxyl groups and is found in a wide variety of edible plants, 
including chrysanthemum flowers [15]. It has been reported to exhibit 
diverse biological activities. In relation to gout, luteolin competitively 
inhibits XOD activity with a micromolar IC50 value [16-18]. Its 

inhibitory activity against XOD has been confirmed in mice after oral 
ingestion. In addition, luteolin suppressed enhancement of hepatic 
XOD activity enhanced by oxonate which induces hyperuricemia [19, 
20]. Moreover, luteolin suppresses nitric oxide production by uric acid 
in pancreatic β-cells, which exacerbates diabetic complications [21]. 
However, there is only one clinical report about the influence of luteolin 
on the blood uric acid level [22]. Therefore, we investigated the effects 
of luteolin-rich chrysanthemum flower extract (LCE) in Japanese men 
with slightly high uric acid levels. In the first study, we investigated 
whether a single oral dose of LCE suppressed the postprandial increase 
of uric acid in subjects ingesting a diet with a high purine base content. 
We also investigated whether repeated ingestion of LCE could suppress 
the serum uric acid level.  

Materials and methods	
Subjects

For the single-dose study, 39 male employees of Oryza Oil & Fat 
Chemical Co. Ltd. aged 22 to 71 years were recruited. After receiving 
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of the test meal. At seven days after the first examination, the same 
test was repeated. The subjects in each group ingested the other type of 
capsule and the test meal, and blood was collected in a similar way to 
that described above.  

For the repeated-administration study, blood and urine were 
collected from fasting subjects in both groups on September 6, 2016. 
The subjects in each group (N=15) ingested one placebo capsule 
or one LCE capsule daily with water after a meal for 4 weeks. Then 
blood and urine samples were collected from fasting subjects. After a 
13-day washout period, blood and urine samples were collected from 
the fasting subjects again. Then the subjects in each group ingested the 
other type of capsule (LCE or placebo) for 4 weeks, after which blood 
and urine samples were collected under fasting conditions. 

Blood and urine analysis

In the single-dose study, the collected blood samples were 
centrifuged to obtain serum. Uric acid levels in serum and urine were 
determined by FALCO Biosystems Ltd. (Kyoto, Japan). 

In the repeated-administration study, serum was obtained for 
determination of uric acid and C-reactive protein (CRP), while whole 
blood was used for measurement of the erythrocyte sedimentation 
rate and white blood cell count. These parameters were determined by 
FALCO Biosystems Ltd. Urine pH was measured by  pH papers ranged 
from 3.8 to 5.4 and 5.5 to 9.0. 

Ethics and compliance

This study was performed in accord with the WMA Declaration 
of Helsinki (64th WMA General Assembly in 2013, Brazil) and was 
carried out in line with ethical considerations. Each subject’s human 
rights and safety were taken into consideration. The ethics committee 
of Oryza Oil & Fat Chemical was made up of scientists from Oryza 
Oil & Fat Chemical Co. Ltd. with doctoral degrees in pharmacy, as 
well as a medical doctor and a lawyer from a legal firm. The committee 
was convened to assess the ethical nature and appropriateness of the 
protocol. The two studies were implemented based on the protocol 
approved by the ethics committee and any substantial deviations from 
the protocol required authorization by the committee. Both studies were 
registered with the University Hospital Medical Information Network-
Clinical Trial Registry (UMIN000023818 and UMIN000022823). 

Investigation of adverse events

Evaluation of adverse events was carried out and the causal 
relationship with the test substances was determined. The decision as 
to whether or not the study should continue was made by the doctor 
in charge, if necessary. Adverse events were defined as symptoms 
resulting from ingestion of LCE that were unpleasant for the subject. If 
a subject asked to discontinue the study, it was promptly stopped and 
consideration was taken to prevent any disadvantage to the subject.   

Exclusion criteria 

If any of the following events occurred during the repeated-
administration study, the case was discussed at the clinical conference 
and the subject in question was excluded from analysis after review. 

1)	 If the subject was late when participating in each test.

2)	 If the number of days with no intake of the test product (i.e., 
the specified daily amount for ingestion was not reached) 
was greater than 15 % of the total number of planned 
ingestion days.

a full explanation of the study purpose and protocol, the candidate 
subjects agreed to a screening test, which involved intake of a high 
purine base test meal. Disodium 5'-guanylate (1.62 g, Cheil Jedang 
Indonesia PT) and sodium 5'-isosiate (1.63 g, Ajinomoto, Japan) were 
mixed with commercially available powdered corn soup (17.6 g, Knoll 
cup soup, Ajinomoto, Japan). Then 180 mL of hot water was added to 
dissolve the mixture and it was used as the high purine base test meal. 
The candidate subjects fasted from 10:00 pm on the night before the 
test and a blood sample was collected on the morning of the test. Then 
they ingested the test meal and blood samples were collected after 60 
min, 120 min, and 240 min. Subjects were enrolled if the fasting serum 
uric acid level was 5.5 to 8.0 mg/dL and an increase of serum uric acid 
after ingestion of the test meal was confirmed. There were 20 subjects 
selected and they were aged from 22 to 70 years old. 

For the repeated-administration study of LCE, healthy men aged 
20 years or older were recruited from among the employees of Oryza 
Oil & Fat Chemical Co. Ltd. who freely gave consent to the study. 
Among them, 39 men aged 22 to 71 (42.8±13.3) years who did not 
meet any of the “exclusion criteria” below were selected as candidates. 
After confirmation of informed consent, fasting blood was collected to 
measure the baseline serum uric acid value, and then 30 participants 
were selected in order from the highest to lowest uric acid level. The 
subjects were grouped so that the average age was similar in each 
group. Uric acid levels ranged from 4.5 to 7.8 mg/dL (6.0±0.9 mg/dL). 
Exclusion criteria were as follows. 

1)	 Current medication for any chronic symptom. 

2)	 Severe allergy to foods or medicines. 

3)	 Current treatment for hyperuricemia or gout. 

Preparation and allocation of test samples

LCE was obtained by aqueous ethanol extraction from the flowers 
of Chrysanthemum indicum cultivated in China and powdered by 
Oryza Oil & Fat Chemical Co. Ltd. LCE (commercial name: Kiku 
Flower Extract-P; Lot. T-519) contained 10% luteolin, and 100 mg 
of LCE was placed into colored hard capsules for ingestion. Placebo 
capsules with the same appearance as the LCE capsules that contained 
100 mg of dextrin were also made. The capsules were colored and the 
filling was not visible from outside. The allocation sheet indicating test 
sample allocation was strictly protected by a controller who was not 
directly involved in the study. 

For the single-dose study, the 20 subjects were allocated to 2 groups 
so that the average age and uric acid level were similar. For the repeated-
administration study, the 30 subjects were allocated to 2 groups from 
the highest value to lowest uric acid value. 

Protocol 

The studies and statistical analysis were carried out at Oryza Oil 
& Fat Chemical Co. Ltd. The studies were done as placebo-controlled 
double-blind cross-over trials. The primary outcome was the serum 
uric acid level in both studies.

For the single-dose study (performed on July 8, 2016), one group 
(n=10) ingested a placebo capsule and the other group ingested an LCE 
capsule (n=10). All subjects fasted from 10:00 pm on the night before 
the test and the first blood collection was carried out in the morning of 
the test day. Then the subjects ingested the high purine base test meal 
and the second, third, and fourth blood collections were performed 
after 60, 120, 180 and 240 min. Urine was collected 2 hr after intake 
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3)	 If there were major issues with regard to reliability of the data 
due to problems with testing or other reasons. 

4)	 Other reasons suggesting that it was appropriate to exclude the 
subject.

Statistical analysis

The results are reported as the mean and SD (except urine 
parameters). A two-tailed paired t-test was used for comparisons 
between before and after ingestion of capsules. The unpaired t-test was 
used to compare the placebo group with the LCE groups. A probability 
of less than 5% was considered significant.

Results
Single-dose study 

The results of the tests performed before and after the washout 
period were combined (20 subjects in total). The serum uric acid level 
before ingestion of the placebo or LCE capsules was 6.8±1.0 mg/dL and 
6.6±1.0 mg/dL, respectively. At 2 hr after the test meal ingestion, serum 
uric acid rose to 9.1±1.3 mg/dL (placebo) and 9.0±1.3 mg/dL (LCE). 
Uric acid remained at more than 8.5 mg/dL at 4 hr after the test meal. 
The area under the concentration vs. time curve (AUC) was almost 
the same in both groups, being 457±179 mg/dL·4 hr in the placebo 
group and 469±201 mg/dL·4 hr in the LCE group. Figure 1A shows the 
increase of serum uric acid in all subjects and in subjects with a uric 
acid level of less than 7.0 mg/dL. There were no significant differences 
up to 4 hr after the test meal. Urinary excretion of uric acid was similar 
in both groups (Figure 1B). 

Four-week repeated-administration study 

Two subjects dropped out from each of the placebo and LCE groups 
during the study period for personal reasons. Table 1 shows the changes 
of serum uric acid after ingestion of placebo capsules or LSE capsules. 
Ingestion of LSE caused uric acid to decrease significantly (-0.18 mg/
dL). Statistical analysis was also performed in subjects with a uric acid 
level of more than 5.5 and less than 7.0 mg/dL. As a result, significant 
reduction of the uric acid level was observed in LCE group compared 
to the placebo group. The changes of blood pressure, pulse rate, and 
urine pH (safety evaluation parameters) are indicated in Table 2. All 
values were in the normal ranges and significant differences were not 
detected between before and after ingestion or between the two groups. 
Moreover, inflammatory parameters (CRP, erythrocyte sedimentation 
rate, and white blood cell count) did not change during ingestion of 
placebo capsules or LCE capsules (Table 3).

Discussion
We investigated the effect of LCE on the serum uric acid level in 

healthy Japanese subjects. It was found that a single oral dose of LCE 
did not suppress the increase of uric acid after a high purine base 
test meal. Ueda et al. reported that chrysanthemum flower oil (CFO) 
containing luteolin suppressed elevation of serum uric acid in Japanese 
subjects after loading with a high purine base diet [22]. In their study, 
significant suppression of uric acid by CFO was observed in the subjects 
with a baseline serum uric acid level of 7.1 mg/dL or more, while there 
was no significant difference between the placebo and CFO groups 
in subjects with a baseline serum uric acid of 6.5 mg/dL or more. In 
Japan, the criterion for diagnosis of hyperuricemia is a serum uric acid 
level of more than 7.0 mg/dL. In this study, we examined the effect 
of LCE on Japanese men with serum uric acid levels over the range 
from normal to hyperuricemia (5.5 to 8.0 mg/dL). However, LCE did 

not suppress the increase of uric acid in all subjects or in the subjects 
with uric acid levels of less or more than 7.0 mg/dL (data not shown). 
Hence, CFO seems to reduce the postprandial uric acid level in patients 
with hyperuricemia, but LCE has no effect on postprandial elevation 
of uric acid. Differences in the constituents of CFO and LCE may have 
contributed to the differing results. The flavonoid content of CFO was 
not mentioned in the report, but the luteolin content of LCE is 10% 
and the content of other polyphenolic compounds is relatively lower. 
Thus, luteolin (a principal component of LCE) does not seem to affect 
to postprandial elevation of the serum uric acid level.

After ingestion of LCE for 1 month in the second study, the serum 
uric acid level decreased in the subjects with a baseline uric acid level 
of 5.5 to 7.0 mg/dL. Hence, LCE seems to suppress mildly elevated 
uric acid levels. Among structurally similar flavonoid derivatives, 
consumption of quercetin (500 mg/day) for 4 weeks has been reported 
to decrease the baseline serum uric acid level without affecting uric acid 
excretion [23]. In addition, 6-month consumption of soy bean-derived 
daizein (40 mg/day) decreased serum uric acid in hypercholesterolemic 
subjects [24] Among processed foods containing polyphenols, green 
tea [25] and black tea [26] extracts have been reported to suppress the 
serum uric acid level. Therefore, there is evidence that polyphenolic 
compounds like flavonoids and catechin derivatives may reduce the 
baseline serum uric acid level. Thus, luteolin in LCE might also have 
suppressed baseline serum uric acid by a similar mechanism to that 
reported for polyphenols.

Conclusion
Ingestion of LCE for 4 weeks suppressed the fasting serum uric acid 

level in Japanese men with mild hyperuricemia.

Before After Net change (Δ)
First period

Group A Placebo 5.84 ± 0.94 5.88 ± 0.94 0.05 ± 0.55
Group B LCE 6.12 ± 1.10 5.98 ± 1.07 -0.14 ± 0.37

Second period
Group A LCE 6.08 ± 1.27 5.82 ± 1.02 -0.26 ± 0.50
Group B Placebo 5.88 ± 0.93 5.65 ± 0.88† -0.23 ± 0.38

Total (All subjects)
Placebo 5.96 ± 1.10 5.85 ± 0.96 -0.11 ± 0.54

LCE 6.00 ± 1.00 5.82 ± 0.97† -0.18 ± 0.37
Total (uric acid of 5.5 to 7.0 mg/dL)

Placebo 5.91 ± 0.59 6.09 ± 0.52 0.18 ± 0.48
LCE 6.18 ± 0.65 5.98 ± 0.55 -0.20 ± 0.38*

Table 1. Serum uric acid level before and after ingestion of placebo or LCE for 4 weeks.

Values represent the mean and SD (n=13 or 26). Significant differences between placebo 
and LCE*: p<0.05. Significant difference between before and after ingestion †: P < 0.05.

Before After 4 weeks Net change (Δ)
Systolic blood 

pressure 
(mmHg)

Placebo 136.2  ± 13.1 132.8  ± 15.8 -3.4  ± 14.5

LCE 134.5  ± 13.7 130.5  ± 15.7 -3.9  ± 10.5

Diastolic 
blood pressure 

(mmHg)

Placebo 81.5  ± 8.6 79.6  ± 8.9 -1.9  ± 8.1

LCE 80.4  ± 11.7 79.2  ± 10.0 -1.3  ± 9.9

Pulse rate 
(/ min)

Placebo 78.1  ± 17.9 77.8  ± 13.3 -0.3  ± 10.5
CFE 73.8  ± 14.2 79.2  ± 10.0 5.4  ± 14.5

Urine pH
Placebo 6.63  ± 0.48 6.67  ± 0.49 0.04  ± 0.47

CFE 6.52  ± 0.54 6.69  ± 0.49 0.17  ± 0.45

Table 2. Blood pressure, pulse rate, and urine pH before and after ingestion of LCE or 
placebo.

Values represent the mean and SD (n=26). No significant differences were detected between 
before and after ingestion or between the two groups.
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