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ABSTRACT — Kaempferol is a kind of natural flavonoid in many edible plants and reportedly has var-
ious physiological effects. In the present study, we conducted the genotoxicity (in vitro and in vivo) and 
13-week subchronic toxicity studies of a new product, a kaempferol aglycone-rich food produced from 
enzyme-treated horseradish leaves, to evaluate its safety. In the bacterial reverse mutation test, the kaemp-
ferol aglycone-rich product showed positive results in some Salmonella typhimurium strains in the presence 
or absence of metabolic activation as well as other flavonoids. However, it did not increase micronucleated 
polychromatic erythrocytes taken from male Sprague−Dawley (SD) rats administered orally by gavage up 
to 4000 mg/kg for 2 consecutive days. In the 13-week subchronic toxicity study in SD rats, the kaempfer-
ol aglycone-rich product was orally administered by gavage once daily to SD rats for 13 weeks (91 days) 
at a dose of 500, 1000, or 2000 mg/kg/day. No toxic changes were observed at up to 2000 mg/kg/day.  
In conclusion, these findings indicated that the kaempferol aglycone-rich product was not genotoxic in 
vivo. The no-observed-adverse-effect level for both male and female rats was 2000 mg/kg/day, the highest 
dose tested, in the 13-week subchronic toxicity study in rats, suggesting it is safe for use as a food.
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INTRODUCTION

Flavonoids are a family of polyphenolic compounds 
and are contained in many fruits, vegetables, and bever-
ages (Yoshida et al., 2008), with over 8000 compounds 
known (Pietta, 2000). Kaempferol is a natural flavonoid 
in many edible plants such as tea, grapefruit, broccoli, 
cabbage, kale, tomato, strawberry, mustard, quinoa, and 
horseradish (Calderón-Montaño et al., 2011). This flavo-
noid has various physiological effects such as involvement 
in mitochondrial function (Montero et al., 2004), thy-
roid hormone activation (da-Silva et al., 2007), and var-
ious anticancer potentials (Sharma et al., 2007; Bestwick  

et al., 2007; Li et al., 2017; Mylonis et al., 2010). Kaemp-
ferol could potentially counteract hypoxia in the body by 
increasing intracellular ATP content, suggesting that die-
tary intake might improve muscular performance declines 
(Mizokami et al., 2021). Therefore, kaempferol should ben-
efit human health as a functional food ingredient.

Recently, a new product, a kaempferol aglycone-rich 
food produced from enzyme-treated horseradish leaves, was 
developed by Otsuka Pharmaceutical Co., Ltd. Kaemp-
ferol aglycone, an active ingredient in the new product, 
is in many edible plants, and people have probably been 
consuming it from edible plants, for many years. Howev-
er, there are limited data regarding its safety to the best 
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of our knowledge. In the present study, we conducted the 
new product’s genotoxicity and 13-week subchronic tox-
icity studies to evaluate its safety.

MATERIALS AND METHODS

Genotoxicity and subchronic toxicity studies com-
plied with Good Laboratory Practice (GLP) Standards 
for Nonclinical Safety Studies on Drugs (Ordinance 
No. 21 issued by the Ministry of Health and Welfare 
[MHW], Japan, on 26 March 1997). The genotoxicity 
studies were carried out under the following guidelines:  
Guidance on Genotoxicity Testing and Data Interpretation for  
Pharmaceuticals Intended for Human Use (Notification 
0920, No. 2) issued by the Ministry of Health, Labour 
and Welfare, Japan, 20 September, 2012; Organisation 
for Economic Co-operation and Development (OECD) 
Guideline for the Testing of Chemicals Test No. 474 
(OECD, 2016); OECD Guideline for Testing of Chemicals 
Test No. 471 (OECD, 1997). The subchronic toxicity study 
was carried out under the revisions of the Guidelines for 
Toxicity Studies of Drugs: Partial Revision of the Guidelines  
for Repeated Dose Toxicity Studies (Notification No. 655) 
issued by the MHW, Japan, on 05 April 1999. The animal 
experiment committee of Otsuka Pharmaceutical Co., Ltd. 
or contract vendor approved all animal studies.

Test article
The kaempferol aglycone-rich product was supplied for 

each study by the Saga Nutraceuticals Research Institute  
of Otsuka Pharmaceutical Co., Ltd. (Saga, Japan). The 
test article was produced from enzyme-treated horserad-
ish leaves and contained approximately 16.8% kaemp-
ferol aglycone as an active ingredient. The test article 
was suspended in 5% gum arabic solution (gum arabic:  
FUJIFILM Wako Pure Chemical Corp., Osaka, Japan, 
water for injection: Otsuka Pharmaceutical Factory, Inc., 
Tokushima, Japan) for subchronic toxicity and in vivo 
genotoxicity studies. It was dissolved in dimethyl sulfox-
ide (DMSO, FUJIFILM Wako Pure Chemical Corp.) for 
in vitro genotoxicity study.

Bacterial reverse mutation test
The Salmonella typhimurium strains (TA98, TA100, 

TA1535, and TA1537) and the Escherichia coli strain 
(WP2 uvrA) were obtained from the Division of Genetics  
and Mutagenesis, National Institute of Health Sciences  
(Kanagawa, Japan). The test article solution was pre-
pared before use for each assay. The negative control 
article was DMSO. The positive control articles were 
as follows: furylfuramide (AF-2, FUJIFILM Wako Pure  

Chemical Corp.), sodium azide (SAZ, FUJIFILM Wako 
Pure Chemical Corp.), acridine mutagen ICR-191 (ICR-
191, Polysciences, Inc., Warrington, USA), 2-aminoanthra-
cene (2AA, FUJIFILM Wako Pure Chemical Corp.), and 
benzo[a]pyrene (B[a]P, FUJIFILM Wako Pure Chemical 
Corp.). The vehicle for the positive control articles was 
DMSO except for SAZ (water for injection).

Two independent assays were performed: the dose-find-
ing and the main tests. The pre-incubation method con-
ducted the assay in the presence and absence of metabol-
ic activation (+S9 or −S9). Table 1 shows the doses of the 
test and positive control articles for each bacterial strain.

Frozen bacterial suspensions were thawed, grown for 
9 hr at 37°C in a nutrient medium (Nutrient Broth No. 2, 
OXOID Ltd., Hampshire, UK), and used at a concentra-
tion of 1.0 × 109 cells/mL or more. The test formulations 
(0.1 mL each) were placed in a test tube, followed by 
either 0.5 mL of 0.1 M sodium phosphate buffer (pH 7.4,  
FUJIFILM Wako Pure Chemical Corp.) or 0.5 mL of the 
S9 mix for metabolic activation. After 0.1 mL of bacterial 
suspension was added to each tube, the tubes were incu-
bated at 37°C for 20 min. Two mL of warmed top agar 
containing 0.5 mM L-histidine, D-biotin, and L-tryptophan  
(FUJIFILM Wako Pure Chemical Corp.) were then add-
ed to each tube and were poured immediately onto glucose 
agar plates. Each condition was tested in triplicate for the 
test articles and negative control articles or duplicate for the 
positive control articles. All plates were incubated at 37°C 
for 48 hr (the dose-finding test) or 48.5 hr (the main test) 
before counting.

Each test plate was observed for growth inhibition and 
checking the presence or absence of a precipitate, and 
revertant colonies were counted visually or using a colony 
counter. The test article was considered positive for muta-
genicity when the numbers of revertant colonies in the test 
article groups were greater than twice the values for the 
negative control group, and the values increased in a dose-
dependent manner. Data were not analyzed statistically.

Rat bone marrow micronucleus test
Male Sprague−Dawley (SD) rats, supplied by the Atsugi  

breeding center of Charles River Laboratories Japan, Inc., 
were used for in vivo genotoxicity study. All animals were 
clinically monitored at the time of delivery to the testing  
facility and during the acclimation period of 7 days or 
more. Two or three animals in each group were housed in 
plastic cages with bedding (ConfiNest, Falma Co., Ltd., 
Tokyo, Japan) in an animal room that was controlled to  
maintain the temperature at 22°C–23°C with relative 
humidity at 45%–52%, air ventilation at 10–15 times/hr,  
and a 12-hr light period (7:00 a.m. to 7:00 p.m.). Each 
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animal was allowed free access to a pelleted diet (CR-
LPF, sterilized by radiation, Oriental Yeast Co., Ltd., 
Tokyo, Japan) and tap water via water bottles. The ani-
mals were assigned to 5 groups of 5 animals by comput-
er block randomization based on body weight measured 
on allocation day. Eight-week-old rats at the start of dos-
ing were used.

The test article was orally administered by gavage to 
rats for 2 consecutive days (at a 24-hr interval) at a dose 
of 1000, 2000, or 4000 mg/kg/day. The negative control 
group was administered vehicle (5% gum arabic solu-
tion) in the same manner. The positive control group was 
administered a single intraperitoneal dose of mitomycin C 
(MMC, Kyowa Kirin Co., Ltd., Tokyo, Japan) at 2 mg/kg.

The animals were sacrificed 24 hr after the final dosing, 
and their femurs were removed. Bone marrow was isolated 
from the femur, and bone marrow smear slides were pre-
pared, dried, and fixed in methanol (2 slides per animal).  
From each animal, 1 slide exhibiting the better smear con-
dition out of 2 slides prepared was selected and stained 
with acridine orange. The incidence of polychromatic 
erythrocyte (PCE) per 500 total erythrocytes (PCE + nor-
mochromatic erythrocyte [NCE]) and that of micronucle-
ated polychromatic erythrocyte (MNPCE) per 4000 PCEs 
were examined.

The significance of the incidence of MNPCE was 
assessed using the exact probability test of Fisher (level 
of significance: 5%, one-tailed). Bartlett’s test was con-
ducted to examine the homogeneity of variance (level of 
significance: 1%) for the incidence of PCE. Since the var-
iance was homogeneous, Dunnett’s test was conducted 
(levels of significance: 1% and 5%, two-tailed).

Subchronic toxicity study
Male and female SD rats, supplied by the Atsugi 

breeding center of Charles River Laboratories Japan, Inc., 
were used for the 13-week subchronic oral toxicity study. 
All animals were clinically monitored at the time of 
delivery to the testing facility and during the acclimation 
period of 18 days. Two or three animals in each group 
were housed in plastic cages with bedding (ALPHA-dri, 
Shepherd Specialty Papers, Inc., MI, USA) in an ani-
mal room that was controlled to maintain the tempera-
ture at 22°C–24°C with relative humidity at 39%–53%, 
air ventilation at 10–15 times/hr, and a 12-hr light period  
(7:00 a.m. to 7:00 p.m.). Each animal was allowed free 
access to a pelleted diet (CR-LPF, sterilized by radiation, 
Oriental Yeast Co., Ltd., Tokyo, Japan) and tap water via 
an automatic watering device. Six-week-old rats at the 
start of dosing were used. The animals were assigned to  

Table 1.   The experimental condition of bacterial reverse mutation test.
Dose-finding test

Strain
Test article Positive control

Dose (µg/plate)
−S9 +S9 −S9 +S9

TA100
5000, 1500,  

500, 150, 50, 15,  
5, 1.5, and 0  

(DMSO)

5000, 1500,  
500, 150, 50, 15,  

5, 1.5, and 0  
(DMSO)

AF-2: 0.01 B[a]P: 5.0
TA1535 SAZ: 0.5 2AA: 2.0
WP2 uvrA AF-2: 0.01 2AA: 10.0
TA98 AF-2: 0.1 B[a]P: 5.0
TA1537 ICR-191: 1.0 B[a]P: 5.0

Main test

Strain
Test article Positive control

Dose Level (µg/plate)
−S9 +S9 −S9 +S9

TA100

1500, 750, 375,  
188, 93.8, 46.9, and 0  

(DMSO)

1500, 750, 375, 188,  
93.8, 46.9, 23.4, 11.7,  

5.86, 2.93, and 0  
(DMSO)

AF-2: 0.01 B[a]P: 5.0

TA1535 1500, 750, 375,  
188, 93.8, 46.9, and 0  

(DMSO)

SAZ: 0.5 2AA: 2.0

WP2 uvrA AF-2: 0.01 2AA: 10.0

TA98 1500, 750, 375,  
188, 93.8, 46.9, 23.4, 11.7, 

5.86, 2.93, and 0  
(DMSO)

AF-2: 0.1 B[a]P: 5.0

TA1537 ICR-191: 1.0 B[a]P: 5.0
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4 groups of 10 animals per sex by computer block rand-
omization based on weight measured on allocation day.

The test article was orally administered by gavage 
once daily to rats for 13 weeks (91 days) at a dose of 
500, 1000, or 2000 mg/kg/day. The vehicle control group 
was administered vehicle (5% gum arabic solution) in the 
same manner.

Animals were observed twice daily for clinical signs 
before dosing and 1−2 hr after dosing during the dosing 
period, except on weekends. On weekends, the animals 
were observed once daily before dosing. Body weights 
and food consumption were measured weekly. At the final 
week (Week 13), 5 males and 5 females from each group 
were selected and underwent an ophthalmologic exami-
nation, which included gross examinations of the anterior 
portion and ocular fundus. At Weeks 7 and 13, 5 males and 
5 females of each group were selected, and urinalysis was 
performed. Urine was collected from fasted rats for 4 hr,  
followed by 20 hr from the same rats (not fasted). On the 
day after the final dosing, blood was collected from the 
posterior vena cava of all animals fasted under isoflurane 
anesthesia and examined for hematological and clinical 
biochemistry parameters. After blood sampling, all ani-
mals were euthanized, and necropsy consisted of macro-
scopic observations of the external morphology and all 
major internal organs for all animals. Certain organs were 
removed, weighed and examined microscopically for his-
topathological abnormalities. Table 2 shows the details of 
each examination.

The homogeneity of variance was analyzed using  
Bartlett’s test (level of significance: 1%) for the data 
shown as follows: body weight, food consumption, quan-
titative urinalysis parameters, hematology, clinical bio-
chemistry, and organ weight. Homogeneous data were  
assessed using Dunnett’s test to compare the difference 
of group mean values between the vehicle control group 
and test article groups (levels of significance: 5% and 
1%, two-tailed). Heterogeneous data were assessed using 
Steel’s test (levels of significance: 5% and 1%, two-tailed).

RESULTS

Bacterial reverse mutation test
In the dose-finding test, precipitation was observed on 

the agar plates at the dose of 5000 μg/plate in the pres-
ence or absence of the S9 mix. Growth inhibitory effect 
was observed in any test strain at 1500 μg/plate or more 
regardless of the presence or absence of the S9 mix. The 
numbers of revertant colonies increased in the TA98, 
TA100, and TA1537 with or without the S9 mix. The 
numbers of revertant colonies in the TA100 with the S9 

mix and the TA98 and TA1537 with or without the S9 mix 
increased more than twice as much as the control group.

The main test was conducted up to 1500 μg/plate with 
the presence or absence of the S9 mix. The main bacteri-
al reverse mutation test results are presented in Table 3. 
Growth inhibitory effect was observed in any test strain 
regardless of 1500 μg/plate in the presence or absence of 
the S9 mix. The numbers of revertant colonies increased 
in the TA98, TA100, and TA1537 with or without the S9 
mix. The numbers of revertant colonies were more than 
twice that in the TA100 with the S9 mix and the TA98 
and TA1537 with or without the S9 mix compared to 
the control group. The results described above conclud-
ed that the kaempferol aglycone-rich product was muta-
genic (positive) under the conditions employed in the pre-
sent study.

Rat bone marrow micronucleus test
Table 4 presents the rat bone marrow micronucleus test 

results.
There were no statistically significant treatment-relat-

ed differences in incidences of MNPCE or PCE, whereas 
the positive control induced significantly increased inci-
dence of MNPCE. Thus, the results demonstrated that the 
kaempferol aglycone-rich product did not induce chromo-
somal damage in rat bone marrow.

Subchronic toxicity study
There were no dead animals as well as abnormal clin-

ical signs in any group throughout the study period. As 
demonstrated in Figs. 1 and 2, no significant changes in the 
body weight and food consumption were noted for any 
treated group as compared to the control group through-
out the study period. No treatment-related ophthalmologi-
cal findings were identified in any animal at Week 13.

There were no treatment-related changes in the semi-
quantitative urinalysis for any treated group compared to 
the control group. Table 5 shows the quantitative urinaly-
sis results. Statistically significant decreased urine volume  
was observed in males at 2000 mg/kg/day at Week 7. This 
value was within the background data and was therefore 
considered not to be treatment-related. At 500 mg/kg/day, 
decreased urine volume at Weeks 7 and 13 and increased 
urinary osmolality at Week 7 were observed in males. These 
changes were not dose-related and were therefore consid-
ered not to be treatment-related.

No statistically significant changes were identified for 
any hematological parameter in any treatment group at 
Week 13 as compared to the control group (Table 6).

Clinical biochemistry at Week 13 (Table 7) revealed sta-
tistically significant increases in T-BIL, measured by 
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BOD method, in males at 500 mg/kg/day or more and 
females at 1000 mg/kg or more as compared to the con-
trol group. When T-BIL was measured by the VO method 
using the same samples as an additional experiment, no 
increase in T-BIL was observed.

Statistically significant decreases in BUN and CRNN 
in females at 2000 mg/kg/day. Because these were decreased 
responses, the changes were of no toxicological significance.

Measurement of the organ weights at Week 13 (Table 8)  
revealed statistically significant increases in the relative 
weights of the lungs in males at 2000 mg/kg/day and the 
kidneys in males at 1000 mg/kg or more than the control 
group. However, since no absolute weight increases were 
noted, the changes were of no toxicological significance. 
Although statistically significant increases in the absolute 

weights of the adrenal glands in females at 500 mg/kg/day  
and the absolute and relative weights of the prostate in 
males at 1000 mg/kg/day were observed as compared to 
the control group, these were not dose-related changes.

The results of the gross pathology are shown in Table 9.  
Although some findings occurred in treated groups, these 
were spontaneous and not dose-related and therefore not 
considered treatment-related.

No treatment-related histopathological findings were 
evident in any animal at the termination of the dosing peri-
od (Table 10). Although some findings occurred in treated 
groups, these were spontaneous and not dose-related and 
therefore not considered treatment-related.

Table 2.   Details of examinations in the subchronic toxicity study.
Examination Parameters / Organs

Urinalysis

1.  Semiquantitative paper test: pH, protein, glucose, ketones, bilirubin, occult blood, and urobilinogen (an automated 
urine analyzer, CLINTEK 500, Siemens Healthcare Diagnostics Inc., Tokyo, Japan)

2.  Urine sediments
3.  Urine volume and color tone
4.  Osmolality (an automated osmotic pressure analyzer, OSMO STATION OM-6060, ARKRAY, Inc., Kyoto, Japan)
5.  Sodium (Na), potassium (K), and chloride (Cl) excretion (an automated clinical chemistry analyzer, TBA-120FR, 

CANON MEDICAL SYSTEMS CORP., Tochigi, Japan)

Hematology

1.  Red blood cell count (RBC), hemoglobin concentration (HGB), hematocrit value (HCT), mean corpuscular volume 
(MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), red cell 
distribution width (RDW), reticulocyte count (Retic), platelet count (PLT), white blood cell count (WBC), and 
differential white blood cell count (lymphocyte [LYMP], neutrophil [NEUT], eosinophil [EOS], basophil [BASO], 
monocyte [MONO], and large unstained cells [LUC]) (a hematology analyzer, ADVIA 2120i, Siemens Healthcare 
Diagnostics Inc., Tokyo, Japan)

2.  Prothrombin time (PT), activated partial thromboplastin time (APTT), and fibrinogen (FIB) (an auto coagulation 
analyzer, ACL Elite Pro, Instrumentation Laboratory Corp., Massachusetts, USA)

Clinical  
biochemistry

Aspartate aminotransferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase (LDH), alkaline 
phosphatase (ALP), total cholesterol (T-CHO), triglycerides (TG), phospholipids (PL), total bilirubin (T-BIL*), 
glucose (GLU), blood urea nitrogen (BUN), creatinine (CRNN), sodium (Na), potassium (K), chloride (Cl), calcium 
(Ca), inorganic phosphate (P), total protein (TP), albumin (ALB), and A/G ratio (an automated clinical chemistry 
analyzer, TBA-120FR, CANON MEDICAL SYSTEMS CORP., Tochigi, Japan)
*:  T-BIL was first measured by the bilirubin oxidase (BOD) method. Then, T-BIL was also measured by the vanadate 

oxidation (VO) method using the same samples as a non-GLP additional experiment (an automated clinical 
chemistry analyzer, Hitachi-7180, Hitachi High-Technologies Corp., Tokyo, Japan).

Organ weight
Brain, pituitary gland, salivary glands (submandibular glands and sublingual glands), thyroid glands (including the 
parathyroid glands), thymus, heart, lungs with bronchi, liver, spleen, adrenal glands, kidneys, testes, seminal vesicles 
with coagulating glands, prostate, ovaries, and uterus

Histopathology

Cerebrum, cerebellum, spinal cords at thoracic region, sciatic nerve, eyes, optic nerves, harderian glands, pituitary 
gland, thyroid glands, parathyroid glands, adrenal glands, thymus, spleen, submandibular lymph nodes, mesenteric 
lymph nodes, heart, aorta, trachea, lungs with bronchi, tongue, esophagus, stomach, duodenum, jejunum, ileum with 
Peyer’s patch, cecum, colon, rectum, submandibular glands, sublingual glands, liver, pancreas, kidneys, urinary 
bladder, testes, ovaries, epididymides, uterus, prostate, vagina, seminal vesicles with coagulating glands, mammary 
glands, sternum with bone marrow, femur with stifle joint and bone marrow, femoral skeletal muscle, and skin
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DISCUSSION

To evaluate the safety of a new product, a kaempferol 
aglycone-rich food produced from enzyme-treated horse-
radish leaves, the following studies were conducted: bac-
terial reverse mutation test, rat bone marrow micronucle-

us test, and 13-week subchronic toxicity study in rats.
In the bacterial reverse mutation test, the numbers of 

revertant colonies increased in the TA98, TA100, and 
TA1537 with or without the S9 mix. The numbers of 
revertant colonies were more than twice that in the TA100 
with the S9 mix and the TA98 and TA1537 with or with-

Table 3.   Results of the main bacterial reverse mutation test.
metabolic 
activation Dose (µg/plate) Number of revertant colonies/plate

TA100 TA1535 WP2 uvrA TA98 TA1537

−S9

0a 119 ± 1.5 9 ± 1.0 20 ± 4.0 18 ± 1.0 9 ± 0.6
46.9 134 ± 2.5 10 ± 1.7 21 ± 5.9 19 ± 2.9 9 ± 1.0
93.8 138 ± 13.2 9 ± 2.0 24 ± 11.2 17 ± 1.7 8 ± 1.5
188 138 ± 16.3 10 ± 3.1 21 ± 6.9 21 ± 6.0 12 ± 1.2
375 139 ± 4.0 7 ± 2.6 23 ± 5.3 22 ± 1.5 26 ± 4.7
750 174 ± 11.0 7 ± 2.1 19 ± 3.5 37 ± 4.5 35 ± 4.6
1500 75 ± 20.5* 1 ± 0.6* 21 ± 1.5* 49 ± 5.1* 4 ± 2.5*

Positive control 
(Dose [µg/plate])

AF-2 
(0.01)

SAZ
(0.5)

AF-2
(0.01)

AF-2
(0.1)

ICR-191
(1.0)

704 308 92 302 1782

+S9

0a 115 ± 14.6 11 ± 2.5 26 ± 3.6 25 ± 4.2 11 ± 1.5
2.93 131 ± 7.6 NA NA 37 ± 1.2 11 ± 3.5
5.86 179 ± 10.5 NA NA 57 ± 1.5 13 ± 2.5
11.7 229 ± 9.8 NA NA 87 ± 11.8 14 ± 3.1
23.4 288 ± 19.3 NA NA 200 ± 4.2 29 ± 6.5
46.9 327 ± 22.5 12 ± 1.7 25 ± 6.2 235 ± 17.8 33 ± 6.8
93.8 404 ± 15.0 12 ± 1.5 30 ± 0.6 286 ± 14.6 56 ± 9.0
188 472 ± 15.4 16 ± 1.7 29 ± 7.8 363 ± 26.1 68 ± 13.7
375 494 ± 52.8 14 ± 1.5 30 ± 5.8 450 ± 66.0 81 ± 10.4
750 446 ± 33.3 11 ± 7.2 34 ± 5.8 446 ± 27.2 92 ± 12.1
1500 210 ± 18.6* 6 ± 1.5* 30 ± 2.1* 431 ± 20.2* 80 ± 10.8*

Positive control 
(Dose [µg/plate])

B[a]P
(5.0)

2AA
(2.0)

2AA
(10.0)

B[a]P
(5.0)

B[a]P
(5.0)

1178 228 559 285 82
All data are presented as mean ± S.D. (n = 3), except for the positive control articles (mean, n = 2).
a: Negative control (DMSO), NA: Not applicable.
* Growth inhibitory effect was observed.
AF-2: furylfuramide, SAZ: sodium azide, ICR-191: acridine mutagen ICR-191, B[a]P: benzo[a]pyrene, 2AA: 2-aminoanthracene.

Table 4.   Results of the rat bone marrow micronucleus test.

Dose
(mg/kg/day)

MNPCE PCE
Number of MNPCE 

in 4000 PCE
Incidence of MNPCE 

(%)
Number of PCE 

in 500 Erythrocytes
Incidence of PCE 

(%)
0a 6 ± 2 0.15 ± 0.06 284 ± 20 56.9 ± 4.1
1000 6 ± 1 0.15 ± 0.02 300 ± 26 60.0 ± 5.1
2000 4 ± 2 0.10 ± 0.05 285 ± 25 56.9 ± 5.0
4000 5 ± 3 0.12 ± 0.06 280 ± 29 56.1 ± 5.7
2 (Positive control) 115 ± 25* 2.88 ± 0.63 258 ± 28 51.7 ± 5.7
All data are presented as mean ± S.D. (n = 5).
a: Negative control: 5% gum arabic solution; Positive control: mitomycin C.
* P < 0.05, compared to negative control.
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out the S9 mix compared to the control group. Some fla-
vonoids, such as galangin, kaempferol, and quercetin, are 
known to show mutagenicity in Salmonella typhimuri-
um strains, probably by yielding reactive intermediates 

(Resende et al., 2012). The mutagenicity of kaempferol 
in the bacterial strains is largely due to its metabolic acti-
vation (Resende et al., 2012), and the metabolization of 
kaempferol by the S9 mix gives rise to quercetin, increas-

Fig. 1.  Changes in body weights of rats in the subchronic 
toxicity study. All data are presented as mean (n = 10, 
male: solid lines, female: dashed lines). No significant 
difference in any treated groups from control group.

Fig. 2.  Changes in food consumptions of rats in the subchronic 
toxicity study. All data are presented as mean (n = 10,  
male: solid lines, female: dashed lines). No significant 
difference in any treated groups from control group.

Table 5.   Results of quantitative parameters of urinalysis in the subchronic toxicity study.

Parameter Dose (mg/kg/day)
0 (Control) 500 1000 2000

Males
Urine Volume 
(mL/24 hr)

Week 7 20.2 ± 6.3 10.3 ± 3.4* 14.6 ± 3.8 11.5 ± 5.9*
Week 13 20.0 ± 2.9 13.2 ± 1.1* 22.2 ± 9.8 15.8 ± 4.9

Osmotic Pressure 
(mOsm/kg)

Week 7 1444 ± 478 2218 ± 222* 2033 ± 328 1942 ± 424
Week 13 1788 ± 327 1910 ± 121 1654 ± 533 1653 ± 119

Na excretion 
(mmol/24 hr)

Week 7 2.3 ± 0.5 2.0 ± 0.6 2.4 ± 0.5 1.8 ± 0.6
Week 13 3.2 ± 1.1 2.1 ± 0.4 3.2 ± 1.2 2.1 ± 0.7

K excretion 
(mmol/24 hr)

Week 7 5.0 ± 0.7 4.3 ± 1.2 5.3 ± 0.6 3.8 ± 1.0
Week 13 6.6 ± 1.3 4.6 ± 0.4 6.2 ± 2.0 4.7 ± 1.5

Cl excretion 
(mmol/24 hr)

Week 7 3.6 ± 0.6 3.0 ± 0.8 3.6 ± 0.4 2.6 ± 0.8
Week 13 4.5 ± 1.4 2.9 ± 0.3 4.3 ± 1.6 3.1 ± 1.2

Females
Urine Volume 
(mL/24 hr)

Week 7 10.0 ± 5.4 6.3 ± 4.9 7.7 ± 2.4 8.7 ± 2.9
Week 13 7.9 ± 2.6 4.9 ± 4.1 9.0 ± 3.4 11.9 ± 6.3

Osmotic Pressure 
(mOsm/kg)

Week 7 2065 ± 468 2479 ± 689 2168 ± 316 1931 ± 502
Week 13 2004 ± 256 2206 ± 683 1744 ± 119 1458 ± 492

Na excretion 
(mmol/24 hr)

Week 7 1.6 ± 0.8 1.1 ± 0.6 1.3 ± 0.2 1.4 ± 0.2
Week 13 1.3 ± 0.5 0.7 ± 0.3 1.4 ± 0.5 1.3 ± 0.6

K excretion 
(mmol/24 hr)

Week 7 3.4 ± 1.4 2.4 ± 1.0 2.9 ± 0.6 2.9 ± 0.2
Week 13 2.9 ± 0.9 1.6 ± 0.6 2.9 ± 1.1 2.7 ± 1.2

Cl excretion 
(mmol/24 hr)

Week 7 2.3 ± 1.0 1.7 ± 0.8 2.0 ± 0.3 1.9 ± 0.2
Week 13 2.0 ± 0.6 1.0 ± 0.4 2.0 ± 0.7 1.9 ± 0.8

All data are presented as mean ± S.D. (n = 5).
* P < 0.05, compared to control group (0 mg/kg/day).
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ing its genotoxicity (Cushnie and Lamb, 2005). Giv-
en that the product contains kaempferol aglycone as an 
active ingredient and the product-induced mutagenicity 
was also more marked under the metabolic activation, its 
mutagenicity was probably caused by kaempferol.

In the rat bone marrow micronucleus test, the kaemp-

ferol aglycone-rich product did not induce increases in 
micronucleated polychromatic erythrocytes in rat bone 
marrow. Quercetin shows the negative results of the in 
vivo genotoxicity studies (Utesch et al., 2008) though 
the compound shows strong mutagenicity in a bacterial 
reverse mutation test (Resende et al., 2012). Kaempfer-

Table 6.   Results of Hematological parameters in the subchronic toxicity study.

Parameter Dose (mg/kg/day)
0 (Control) 500 1000 2000

Males
RBC (104/μL) 849 ± 45 852 ± 21 842 ± 29 841 ± 51
HGB (g/dL) 15.2 ± 0.8 14.8 ± 0.4 15.1 ± 0.5 15.0 ± 0.8
HCT (%) 44.1 ± 2.3 43.2 ± 1.0 43.8 ± 1.4 43.4 ± 2.5
MCV (fL) 52.0 ± 1.7 50.8 ± 1.6 52.1 ± 1.6 51.6 ± 1.8
MCH (pg) 17.9 ± 0.5 17.4 ± 0.7 17.9 ± 0.5 17.8 ± 0.6
MCHC (g/dL) 34.5 ± 0.3 34.2 ± 0.5 34.4 ± 0.1 34.6 ± 0.7
RDW (%) 13.1 ± 0.9 13.6 ± 1.2 13.3 ± 0.8 13.4 ± 0.6
Retic (109/L) 192.9 ± 35.3 190.7 ± 49.2 175.8 ± 26.1 198.7 ± 42.1
PLT (104/μL) 116.0 ± 14.0 116.3 ± 30.2 121.1 ± 10.8 121.8 ± 14.2
WBC (102/μL) 99.6 ± 22.8 94.4 ± 25.1 88.9 ± 27.5 103.0 ± 19.9
LYMP (102/μL) 79.3 ± 20.9 71.9 ± 19.8 70.5 ± 28.2 78.6 ± 14.5
NEUT (102/μL) 14.6 ± 4.1 17.3 ± 7.3 13.7 ± 4.4 18.8 ± 7.7
EOS (102/μL) 1.7 ± 0.4 1.4 ± 0.7 1.3 ± 0.5 1.5 ± 0.5
BASO (102/μL) 0.2 ± 0.1 0.2 ± 0.1 0.2 ± 0.1 0.2 ± 0.1
MONO (102/μL) 2.8 ± 1.0 2.7 ± 0.9 2.3 ± 0.3 2.9 ± 0.7
LUC (102/μL) 1.2 ± 0.6 1.1 ± 0.6 1.0 ± 0.5 1.0 ± 0.5
PT (sec) 14.3 ± 0.8 13.8 ± 0.8 14.2 ± 1.1 14.3 ± 0.9
APTT (sec) 16.7 ± 2.9 16.2 ± 1.8 17.2 ± 2.2 17.1 ± 1.3
FIB (mg/dL) 297 ± 35 285 ± 27 297 ± 27 300 ± 37
Females
RBC (104/μL) 782 ± 40 773 ± 31 754 ± 33 757 ± 27
HGB (g/dL) 14.7 ± 0.5 14.5 ± 0.6 14.4 ± 0.4 14.4 ± 0.3
HCT (%) 41.8 ± 1.9 41.2 ± 1.6 40.7 ± 1.4 40.8 ± 1.2
MCV (fL) 53.6 ± 3.0 53.3 ± 1.1 54.0 ± 1.4 53.9 ± 1.3
MCH (pg) 18.8 ± 0.9 18.7 ± 0.4 19.1 ± 0.5 19.0 ± 0.7
MCHC (g/dL) 35.1 ± 0.7 35.1 ± 0.4 35.3 ± 0.5 35.3 ± 0.8
RDW (%) 12.0 ± 0.6 11.6 ± 0.2 11.7 ± 0.3 12.0 ± 0.2
Retic (109/L) 147.1 ± 19.4 132.5 ± 29.6 151.7 ± 25.4 151.1 ± 20.9
PLT (104/μL) 114.4 ± 12.5 108.9 ± 8.4 112.4 ± 10.3 118.4 ± 11.7
WBC (102/μL) 63.1 ± 19.0 52.5 ± 11.6 54.4 ± 15.5 54.5 ± 11.7
LYMP (102/μL) 48.6 ± 14.5 41.4 ± 10.4 41.9 ± 14.7 42.0 ± 11.8
NEUT (102/μL) 10.9 ± 4.5 7.9 ± 2.2 9.6 ± 5.4 9.0 ± 3.4
EOS (102/μL) 0.9 ± 0.3 1.0 ± 0.5 0.8 ± 0.2 0.9 ± 0.4
BASO (102/μL) 0.1 ± 0.1 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.1
MONO (102/μL) 1.8 ± 0.8 1.7 ± 0.7 1.6 ± 0.4 1.8 ± 0.7
LUC (102/μL) 0.7 ± 0.4 0.5 ± 0.2 0.5 ± 0.2 0.8 ± 0.3
PT (sec) 13.3 ± 0.8 13.2 ± 0.8 13.2 ± 1.0 13.3 ± 1.1
APTT (sec) 14.1 ± 1.1 14.0 ± 1.3 14.0 ± 1.7 14.2 ± 2.0
FIB (mg/dL) 222 ± 42 221 ± 22 213 ± 20 207 ± 19
All data are presented as mean ± S.D. (n = 10). 
No significant difference in any treated groups from control group (0 mg/kg/day).
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ol is also mutagenic in vitro but has also been reported 
to be non-carcinogenic in a carcinogenicity study in rats 
(Takanashi et al., 1983). The flavonoid may show no tox-

ic effects in vivo because of its low oral bioavailability 
(Calderón-Montaño et al., 2011). Therefore, the kaemp-
ferol aglycone-rich product was not considered genotox-

Table 7.   Results of clinical biochemistry parameters in the subchronic toxicity study.

Parameter Dose (mg/kg/day)
0 (Control) 500 1000 2000

Males
AST (IU/L) 62 ± 10 74 ± 46 67 ± 23 59 ± 7
ALT (IU/L) 36 ± 6 41 ± 30 38 ± 14 33 ± 5
LDH (IU/L) 47 ± 19 40 ± 15 47 ± 23 42 ± 14
ALP (IU/L) 329 ± 40 291 ± 78 305 ± 58 341 ± 106
T-CHO (mg/dL) 77 ± 15 69 ± 12 73 ± 14 74 ± 17
TG (mg/dL) 74 ± 39 65 ± 24 52 ± 19 63 ± 28
PL (mg/dL) 115 ± 17 107 ± 14 107 ± 19 112 ± 19

T-BIL (mg/dL) BOD method 0.1 ± 0.0 0.4 ± 0.1** 0.4 ± 0.1** 0.5 ± 0.1**
VO method 0.10 ± 0.00 NM NM 0.10 ± 0.00

GLU (mg/dL) 149 ± 17 144 ± 17 136 ± 15 141 ± 11
BUN (mg/dL) 17 ± 3 18 ± 3 16 ± 2 16 ± 2
CRNN (mg/dL) 0.30 ± 0.04 0.29 ± 0.03 0.28 ± 0.03 0.27 ± 0.04
Na (mmol/L) 144 ± 1 144 ± 1 144 ± 0 144 ± 1
K (mmol/L) 3.7 ± 0.3 3.8 ± 0.3 3.7 ± 0.2 3.8 ± 0.2
Cl (mmol/L) 106 ± 2 106 ± 2 106 ± 1 106 ± 1
Ca (mg/dL) 10.4 ± 0.3 10.5 ± 0.3 10.4 ± 0.3 10.6 ± 0.3
P (mg/dL) 5.9 ± 0.8 5.8 ± 0.7 5.9 ± 0.7 5.9 ± 0.5
TP (g/dL) 6.5 ± 0.2 6.4 ± 0.2 6.5 ± 0.3 6.5 ± 0.3
ALB (g/dL) 3.4 ± 0.1 3.4 ± 0.1 3.4 ± 0.2 3.5 ± 0.2
A/G ratio 1.1 ± 0.1 1.1 ± 0.1 1.1 ± 0.1 1.1 ± 0.1
Females
AST (IU/L) 60 ± 7 57 ± 8 59 ± 8 56 ± 8
ALT (IU/L) 32 ± 8 31 ± 9 34 ± 8 29 ± 8
LDH (IU/L) 33 ± 7 30 ± 7 36 ± 13 29 ± 8
ALP (IU/L) 146 ± 47 150 ± 46 141 ± 26 150 ± 24
T-CHO (mg/dL) 87 ± 17 89 ± 21 87 ± 24 88 ± 13
TG (mg/dL) 71 ± 63 50 ± 22 67 ± 47 38 ± 20
PL (mg/dL) 171 ± 24 167 ± 31 167 ± 30 165 ± 20

T-BIL (mg/dL) BOD method 0.1 ± 0.0 0.1 ± 0.0 0.2 ± 0.1* 0.2 ± 0.1*
VO method 0.08 ± 0.04 NM NM 0.10 ± 0.00

GLU (mg/dL) 118 ± 7 114 ± 10 120 ± 11 120 ± 9
BUN (mg/dL) 22 ± 5 19 ± 4 18 ± 1 16 ± 2*
CRNN (mg/dL) 0.37 ± 0.06 0.35 ± 0.04 0.33 ± 0.04 0.32 ± 0.03*
Na (mmol/L) 143 ± 1 142 ± 1 142 ± 1 143 ± 1
K (mmol/L) 3.3 ± 0.2 3.4 ± 0.1 3.4 ± 0.2 3.4 ± 0.1
Cl (mmol/L) 107 ± 2 107 ± 1 107 ± 1 107 ± 2
Ca (mg/dL) 10.6 ± 0.2 10.5 ± 0.2 10.6 ± 0.4 10.7 ± 0.2
P (mg/dL) 4.8 ± 1.3 4.8 ± 1.1 4.7 ± 1.1 4.8 ± 1.0
TP (g/dL) 7.1 ± 0.4 7.0 ± 0.3 7.0 ± 0.3 7.1 ± 0.4
ALB (g/dL) 4.1 ± 0.3 4.1 ± 0.1 4.1 ± 0.2 4.2 ± 0.2
A/G ratio 1.4 ± 0.2 1.4 ± 0.1 1.5 ± 0.2 1.5 ± 0.1
All data are presented as mean ± S.D. (n = 10), except for T-BIL measured by VO method (n = 5).
NM: Not measured.
* P < 0.05, ** P < 0.01, compared to control group (0 mg/kg/day).
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Table 8.   Results of absolute and relative organ weights in the subchronic toxicity study.

Organ Dose (mg/kg/day)
0 (control) 500 1000 2000

Males
Terminal body weight (g) 560 ± 56 542 ± 38 541 ± 45 541 ± 48
Brain (g) 2.23 ± 0.09 2.18 ± 0.08 2.21 ± 0.07 2.23 ± 0.10

(g/100 g BW) 0.40 ± 0.03 0.41 ± 0.03 0.41 ± 0.03 0.41 ± 0.03
Pituitary gland (mg) 13.2 ± 0.9 13.5 ± 1.2 13.2 ± 1.0 13.0 ± 1.3

(mg/100 g BW) 2.4 ± 0.2 2.5 ± 0.3 2.4 ± 0.2 2.4 ± 0.3
Thyroid glands (mg) 25.3 ± 8.6 24.3 ± 4.6 21.7 ± 3.0 23.9 ± 3.7

(mg/100 g BW) 4.6 ± 1.7 4.5 ± 1.0 4.0 ± 0.6 4.4 ± 0.7
Salivary glands (mg) 730 ± 78 777 ± 102 746 ± 76 744 ± 84

(mg/100 g BW) 131 ± 12 144 ± 22 138 ± 9 138 ± 10
Thymus (mg) 302 ± 96 307 ± 86 284 ± 50 303 ± 67

(mg/100 g BW) 54 ± 18 57 ± 15 53 ± 9 56 ± 13
Heart (g) 1.55 ± 0.08 1.50 ± 0.12 1.52 ± 0.09 1.56 ± 0.16

(g/100 g BW) 0.28 ± 0.01 0.28 ± 0.01 0.28 ± 0.02 0.29 ± 0.02
Lungs (g) 1.55 ± 0.07 1.52 ± 0.07 1.57 ± 0.12 1.62 ± 0.15

(g/100 g BW) 0.28 ± 0.02 0.28 ± 0.02 0.29 ± 0.01 0.30 ± 0.02*
Liver (g) 13.85 ± 1.88 13.59 ± 1.65 13.55 ± 0.63 14.24 ± 2.07

(g/100 g BW) 2.47 ± 0.17 2.50 ± 0.19 2.52 ± 0.24 2.62 ± 0.20
Spleen (g) 0.82 ± 0.08 0.84 ± 0.18 0.83 ± 0.12 0.81 ± 0.14

(g/100 g BW) 0.15 ± 0.01 0.16 ± 0.03 0.15 ± 0.02 0.15 ± 0.02
Kidneys (g) 3.19 ± 0.22 3.27 ± 0.30 3.43 ± 0.27 3.41 ± 0.51

(g/100 g BW) 0.57 ± 0.04 0.60 ± 0.04 0.64 ± 0.04** 0.63 ± 0.05**
Adrenal glands (mg) 54 ± 6 62 ± 16 55 ± 8 53 ± 4

(mg/100 g BW) 10 ± 1 11 ± 3 10 ± 1 10 ± 0
Testes (g) 3.42 ± 0.34 3.47 ± 0.24 3.56 ± 0.50 3.62 ± 0.28

(g/100 g BW) 0.62 ± 0.07 0.64 ± 0.06 0.66 ± 0.06 0.67 ± 0.07
prostate (g) 1.24 ± 0.15 1.25 ± 0.22 1.43 ± 0.19* 1.23 ± 0.09

(g/100 g BW) 0.22 ± 0.03 0.23 ± 0.04 0.27 ± 0.04* 0.23 ± 0.03
Seminal vesicles (g) 1.65 ± 0.22 1.68 ± 0.25 1.79 ± 0.31 1.84 ± 0.34

(g/100 g BW) 0.30 ± 0.05 0.31 ± 0.04 0.33 ± 0.05 0.34 ± 0.06
Females
Terminal body weight (g) 311 ± 46 309 ± 19 319 ± 38 302 ± 32
Brain (g) 2.02 ± 0.09 2.01 ± 0.09 2.02 ± 0.11 2.04 ± 0.08

(g/100 g BW) 0.66 ± 0.07 0.65 ± 0.04 0.64 ± 0.06 0.68 ± 0.06
Pituitary gland (mg) 16.6 ± 3.3 17.4 ± 3.0 16.8 ± 3.1 17.4 ± 2.3

(mg/100 g BW) 5.4 ± 1.1 5.6 ± 0.8 5.3 ± 1.0 5.9 ± 1.1
Thyroid glands (mg) 16.5 ± 3.3 19.4 ± 4.1 18.1 ± 4.4 16.3 ± 3.6

(mg/100 g BW) 5.4 ± 1.2 6.3 ± 1.1 5.7 ± 1.3 5.4 ± 0.9
Salivary glands (mg) 445 ± 48 484 ± 39 442 ± 37 462 ± 72

(mg/100 g BW) 144 ± 14 157 ± 19 140 ± 16 153 ± 18
Thymus (mg) 245 ± 52 289 ± 61 245 ± 50 243 ± 77

(mg/100 gv) 79 ± 15 94 ± 21 77 ± 13 80 ± 21
Heart (g) 0.97 ± 0.10 0.97 ± 0.06 0.98 ± 0.06 1.01 ± 0.07

(g/100 g BW) 0.31 ± 0.02 0.31 ± 0.02 0.31 ± 0.02 0.34 ± 0.03
Lungs (g) 1.20 ± 0.10 1.22 ± 0.08 1.20 ± 0.12 1.20 ± 0.08

(g/100 g BW) 0.39 ± 0.04 0.40 ± 0.02 0.38 ± 0.03 0.40 ± 0.03
Liver (g) 7.47 ± 1.03 7.61 ± 0.74 7.88 ± 1.03 7.75 ± 0.64

(g/100 g BW) 2.41 ± 0.18 2.46 ± 0.17 2.48 ± 0.14 2.58 ± 0.15
Spleen (g) 0.52 ± 0.05 0.51 ± 0.11 0.55 ± 0.14 0.55 ± 0.08

(g/100 g BW) 0.17 ± 0.02 0.17 ± 0.04 0.17 ± 0.03 0.18 ± 0.02
Kidneys (g) 2.04 ± 0.23 2.01 ± 0.15 2.07 ± 0.24 2.04 ± 0.15

(g/100 g BW) 0.66 ± 0.06 0.65 ± 0.03 0.65 ± 0.04 0.68 ± 0.05
Adrenal glands (mg) 62 ± 5 68 ± 5* 64 ± 11 72 ± 14

(mg/100 g BW) 20 ± 3 22 ± 2 20 ± 3 24 ± 6
Ovaries (mg) 82.0 ± 10.2 81.3 ± 7.5 79.6 ± 16.8 76.8 ± 14.1

(mg/100 g BW) 26.6 ± 3.2 26.4 ± 2.7 24.8 ± 3.0 25.4 ± 3.5
Uterus (mg) 604 ± 78 665 ± 128 681 ± 121 743 ± 174

(mg/100 g BW) 199 ± 42 216 ± 46 214 ± 29 250 ± 72
All data are presented as mean ± S.D. (n = 10).
* P < 0.05, ** P < 0.01, compared to control group (0 mg/kg/day).
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Table 9.   Results of gross pathology in the subchronic toxicity study.

Organs/Findings Dose (mg/kg/day)
0 (control) 500 1000 2000

Males
Number of animals examined 10 10 10 10
Incisor, upper jaw/

Fracture 0 1 0 0
Intestine, ileum (Peyer’s patch)/

Diverticulum 1 0 0 1
Kidney/

Dilation, pelvis 0 1 0 0
Stomach (glandular)/

Focus, dark red 1 0 0 1
Testis/

Large 0 0 1 0
Females
Number of animals examined 10 10 10 10
Liver/

Small, lobar 0 0 1 0
Pituitary gland/

Cyst 0 0 0 1
Stomach (glandular)/

Focus, dark red 2 0 2 1
Values are the number of animals with findings.

ic in vivo.
In rat’s 13-week subchronic toxicity study, clinical bio-

chemistry revealed increases in T-BIL, measured by BOD 
method, in males at 500 mg/kg/day or more and females 
at 1000 mg/kg or more. However, no increase in T-BIL 
was observed when T-BIL was measured by the VO 
method using the same samples. It has been reported that 
T-BIL value measured by the BOD method was higher 
due to positive interference by carotene (Ida et al., 2002; 
Kiuchi et al., 2019). On the other hand, the VO method 
is relatively free of interferences from coexisting serum 
substances (Tokuda and Tanimoto, 1993).

Since the kaempferol aglycone-rich product is pro-
duced from enzyme-treated horseradish leaves, it may 
contain various plant-derived ingredients. Given that there 
were no changes in other clinical biochemistry parameters 
or histopathological lesions related to the hepatobiliary 
system, the kaempferol aglycone-rich product-induced 
increases in T-BIL were judged to be false positive due to 

differences in assay methods. As a result, the oral dosing 
of the product at up to 2000 mg/kg/day for 13 weeks did 
not show any significant toxicological changes. There-
fore, the no-observed-adverse-effect level (NOAEL) 
for both male and female rats was 2000 mg/kg/day  
under the conditions of this study.

In conclusion, these findings indicated that the kaemp-
ferol aglycone-rich product was not genotoxic in vivo.  
The NOAEL was 2000 mg/kg/day in a 13-week subchronic  
toxicity study in rats, suggesting it is safe for use as a food.
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Table 10.   Results of histopathology in the subchronic toxicity study.

Organs/Findings Dose (mg/kg/day)
0 (control) 500 1000 2000

Males
Number of animals examined 10 10 10 10
Epididymis/    

Infiltrate, inflammatory cell 1 (minimal) NE NE 0
Epididymis/    

Dysplasia, retina 0 NE NE 1 (minimal)
Harderian gland/    

Infiltrate, inflammatory cell 0 NE NE 1 (mild)
Heart/    

Cardiomyopathy, rodent progressive 3 (minimal) NE NE 2 (minimal)
Intestine, ileum (Peyer's patch)/    

Diverticulum 1 (mild) NE NE 1 (mild)
Kidney/    

Basophilia, tubule 3 (minimal) NE NE 4 (minimal)
Cast, hyaline 2 (minimal) NE NE 0

Lung(bronchus)/    
Aggregation, alveolar macrophage 2 (minimal) NE NE 0

Pancreas/    
Atrophy, acinar cell, focal 3 (minimal) NE NE 0
Fibrosis, islet 0 NE NE 1 (minimal)

Prostate/    
Infiltrate, inflammatory cell 3 (minimal) NE NE 4 (minimal), 1 (mild)

Stomach/   
 Erosion-Ulcer, glandular stomach 1 (minimal) NE NE 1 (minimal)

Females
Number of animals examined 10 10 10 10
Heart/    

Cardiomyopathy, rodent progressive 0 NE NE 1 (minimal)
Kidney/    

Basophilia, tubule 1 (minimal) NE NE 0
Cast, hyaline 3 (minimal) NE NE 1 (minimal)
Fibrosis, focal 3 (minimal) NE NE 0

Lung (bronchus)/    
Aggregation, alveolar macrophage 2 (minimal) NE NE 1 (minimal)

Ovary/    
Atrophy, age-related 2 (minimal) NE NE 1 (mild)

Pituitary gland/    
Cyst, pars distalis 0 NE NE 1 (mild)

Stomach/    
Erosion-Ulcer, glandular stomach 2 (minimal) NE NE 1 (minimal)

Uterus/    
Infiltrate, inflammatory cell 1 (minimal) NE NE 0

Values are the number of animals with findings. Words in parenthesis indicate the grades of lesions.
Organs not listed in the table are those in which no findings were observed in the examination of animals at 0 and 2000 mg/kg/day.
NE: Not examined.

Vol. 9 No. 3

82

H. Kimoto et al.



REFERENCES

Bestwick, C.S., Milne, L. and Duthie, S.J. (2007): Kaempferol 
induced inhibition of HL-60 cell growth results from a heteroge-
neous response, dominated by cell cycle alterations. Chem. Biol. 
Interact., 170, 76-85.

Calderón-Montaño, J.M., Burgos-Morón, E., Pérez-Guerrero, C. 
and López-Lázaro, M. (2011): A review on the dietary flavonoid 
kaempferol. Mini Rev. Med. Chem., 11, 298-344.

Cushnie, T.P. and Lamb, A.J. (2005): Antimicrobial activity of fla-
vonoids. Int. J. Antimicrob. Agents, 26, 343-356.

da-Silva, W.S., Harney, J.W., Kim, B.W., Li, J., Bianco, S.D.,  
Crescenzi, A., Christoffolete, M.A., Huang, S.A. and Bianco,  
A.C. (2007): The small polyphenolic molecule kaempferol 
increases cellular energy expenditure and thyroid hormone acti-
vation. Diabetes, 56, 767-776.

Ida, T., Yamamoto, Y., Yamanaka, T. and Matsuo, S. (2002): What 
is the factor that the enzymatic method is higher than the diazo 
reaction method for total bilirubin assay? Jpn. J. Clin. Lab. 
Automat., 27, 666-669. (in Japanese)

Kiuchi, S., Ihara, H., Koyasu, M., Tani, A. and Hashizume, N. 
(2019): A case of β-carotenemia misdiagnosed as jaundice by 
the bilirubin oxidase method. J. Nutr. Sci. Vitaminol. (Tokyo), 
65, 451-454.

Li, S., Yan, T., Deng, R., Jiang, X., Xiong, H., Wang, Y., Yu, Q., 
Wang, X., Chen, C. and Zhu, Y. (2017): Low dose of kaempferol 
suppresses the migration and invasion of triple-negative breast 
cancer cells by downregulating the activities of RhoA and Rac1. 
OncoTargets Ther., 10, 4809-4819.

Mizokami, T., Akiyama, M. and Ikeda, Y. (2021): Kaempferol as a 
phytochemical increases ATP content in C2C12 myotubes under 
hypoxic conditions. J. Funct. Foods, 85, 104510.

Montero, M., Lobatón, C.D., Hernández-Sanmiguel, E.,  

Santodomingo, J., Vay, L., Moreno, A. and Alvarez, J. (2004): 
Direct activation of the mitochondrial calcium uniporter by natu-
ral plant flavonoids. Biochem. J., 384, 19-24.

Mylonis, I., Lakka, A., Tsakalof, A. and Simos, G. (2010): The die-
tary flavonoid kaempferol effectively inhibits HIF-1 activi-
ty and hepatoma cancer cell viability under hypoxic conditions.  
Biochem. Biophys. Res. Commun., 398, 74-78.

OECD. (1997): OECD guideline for the testing of chemicals Test 
No. 471: bacterial reverse mutation test.

OECD. (2016): OECD guideline for the testing of chemicals Test 
No. 474: mammalian erythrocyte micronucleus test.

Pietta, P.G. (2000): Flavonoids as antioxidants. J. Nat. Prod., 63, 
1035-1042.

Resende, F.A., Vilegas, W., dos Santos, L.C. and Varanda, E.A. 
(2012): Mutagenicity of flavonoids assayed by bacterial reverse 
mutation (Ames) test. Molecules, 17, 5255-5268.

Sharma, V., Joseph, C., Ghosh, S., Agarwal, A., Mishra, M.K. and 
Sen, E. (2007): Kaempferol induces apoptosis in glioblastoma 
cells through oxidative stress. Mol. Cancer Ther., 6, 2544-2553.

Takanashi, H., Aiso, S., Hirono, I., Matsushima, T. and Sugimura, T. 
(1983): Carcinogenicity test of quercetin and kaempferol in rats 
by oral administration. J. Food Saf., 5, 55-60.

Tokuda, K. and Tanimoto, K. (1993): A new method of measuring 
bilirubin in serum by vanadic acid. Jpn. J. Clin. Chem., 22, 116-
122. (in Japanese)

Utesch, D., Feige, K., Dasenbrock, J., Broschard, T.H., Harwood, 
M., Danielewska-Nikiel, B. and Lines, T.C. (2008): Evaluation 
of the potential in vivo genotoxicity of quercetin. Mutat. Res., 
654, 38-44.

Yoshida, T., Konishi, M., Horinaka, M., Yasuda, T., Goda, A.E., 
Taniguchi, H., Yano, K., Wakada, M. and Sakai, T. (2008): 
Kaempferol sensitizes colon cancer cells to TRAIL-induced 
apoptosis. Biochem. Biophys. Res. Commun., 375, 129-133.

Vol. 9 No. 3

83

Toxicity of a kaempferol aglycone-rich product


