Food and Chemical Toxicology 49 (2011) 3272–3278

Contents lists available at SciVerse ScienceDirect

Food and Chemical Toxicology
journal homepage: www.elsevier.com/locate/foodchemtox

Oral toxicological studies of black soybean (Glycine max) hull extract:
Acute studies in rats and mice, and chronic studies in mice
Itsuko Fukuda a,⇑, Miki Tsutsui b, Tadashi Yoshida c, Toshiya Toda c, Takanori Tsuda d, Hitoshi Ashida a,b
a

Research Center for Food Safety and Security, Graduate School of Agricultural Science, Kobe University, 1-1 Rokkodai-cho, Nada-ku, Kobe, Hyogo 657-8501, Japan
Division of Applied Chemistry in Bioscience, Department of Agrobioscience, Graduate School of Agricultural Science, Kobe University, 1-1 Rokkodai-cho, Nada-ku,
Kobe, Hyogo 657-8501, Japan
c
Fujicco Company Limited, Research Development, Chuo-ku, Kobe, Hyogo 650-8558, Japan
d
College of Bioscience and Biotechnology, Chubu University, Matsumoto, Kasugai, Aichi 487-8501, Japan
b

a r t i c l e

i n f o

Article history:
Received 19 May 2011
Accepted 19 September 2011
Available online 29 September 2011
Keywords:
Black soybean
Glycine max
Acute
Chronic
Toxicity

a b s t r a c t
Black soybean (Glycine max) has been used for traditional medicine and food in Asian countries, but safety
of its hull has not been studied. We conducted acute and chronic oral toxicity studies. For the acute study,
an extract of black soybean hull (BE; 2.5 g/kg body weight) was administered singly by intragastric intubation to Sprague–Dawley rats and C57BL/6 mice. There was no death or signiﬁcant decrease in body
weight in rats and mice, and the oral LD50 of BE was >2.5 g/kg body weight. In the chronic study, BE
was administered at dietary levels of 0% (control), 2.0%, and 5.0% to male and female C57BL/6 mice for
26 weeks. No mortality or toxicologically signiﬁcant clinical changes were observed through the experimental period. Although body weights, as well as abdominal fat, blood levels of triglyceride and total
cholesterol in 5.0% males were signiﬁcantly lower than that in control and 2.0% groups, these changes
were considered not to be adverse. Hematology and histopathological observation revealed no toxicologically signiﬁcant changes. The no-observed adverse-effect-level of BE was estimated to be 5.0% in the diet
(5074.1 mg/kg body weight/day for males and 7617.9 mg/kg body weight/day for females).
Ó 2011 Elsevier Ltd. All rights reserved.

1. Introduction
Soybean (Glycine max) has been widely used as a traditional
medicine and food in Asian countries. It has been reported that
Asians consume 20–80 g of soy foods every day (Omoni and Aluko,
2005). Black soybean has been used as an herbal medicine to treat
jaundice and edema; it has also been used to treat enuresis by
affecting the functions of the kidney and spleen. The hull of the
black soybean has been used for the treatment of vertigo and headache, as well as for detoxiﬁcation and diuresis. Recently, the extract
of the black soybean hull (BE) has been used as a dietary ingredient
including nutraceuticals and pigments.

Abbreviations: ALB, albumin; ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate transaminase; BE, extract of black soybean hull; BW, body
weight; BUN, blood urea nitrogen; CRE, creatinine; GLU, glucose; TG, triglycerides;
CHL, total cholesterol; WBC, white blood cells; RBC, red blood cells; HGB,
hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume; MCH, mean
corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration;
PLT, platelets; NEUT, neutrophils; LYMPH, lymphocytes; MONO, monocytes; EO,
eosinophils; BASO, basocytes; NOAEL, no-observed adverse-effect-level.
⇑ Corresponding author. Tel./fax: +81 78 803 5873.
E-mail address: itsuko@silver.kobe-u.ac.jp (I. Fukuda).
0278-6915/$ - see front matter Ó 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.fct.2011.09.022

Soy foods contain various biologically active compounds. These
include saponins, phytates, protease inhibitors, phenolic acids, lecithin, phytosterols, isoﬂavones, and omega-3 fatty acids (Omoni
and Aluko, 2005). In addition to these compounds, black soybean
has unique properties owing to its black hull (which is different
from yellow soybean and green soybean). The black hull contains
various polyphenols, such as anthocyanins, procyanidins, and catechins (Kanamoto et al., 2011). It was reported that dietary cyanidin 3-glucoside-rich purple corn color prevents high-fat dietinduced obesity in mice (Tsuda et al., 2003). It was also reported
that procyanidin from the chardonnay grape seed extract prevents
high-fat diet-induced obesity in hamsters (Décordé et al., 2009).
These reports suggest that BE rich in anthocyanins and procyanidins shows similar biological activities.
The toxicological effects of anthocyanins (Bentivegna and Whitney, 2002; Soulimani et al., 2001), procyanidins (Bentivegna and
Whitney, 2002; Hanamura and Aoki, 2008; Ray et al., 2001a,b;
Yamakoshi et al., 2002), and catechins (Chengelis et al., 2008; Fujii
et al., 2007; Isbrucker et al., 2006a,b; Lambert et al., 2010) have
been studied. However, the oral toxicological effects of BE have
not been studied.
In the present study, acute and chronic oral toxicity studies of
BE were conducted in rats and mice. The results of this study will
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provide an important reference of BE for usage as a food supplement for humans.

Science. Histopathological examinations of the duodenum and liver in the 2.0%
group of both sexes were also done because the changes caused by the test substance were observed in these organs in the 5.0% group of both sexes.

2. Materials and methods
2.5. Experimental procedure
2.1. Test substance
BE (Chorono Care™) is manufactured commercially by Fujicco Company, Limited (Kobe, Japan). It is produced as a dark red-purple powder. Brieﬂy, black soybean
hull was extracted with acidic water and ethanol, puriﬁed using absorbent resin,
and powdered by spray drying. The total amount of polyphenols contained in BE
was 67.0% (w/w). BE contained epicatechin (6.2%), cyanidin 3-glucoside (9.2%),
and procyanidin (39.7%).

Levels of GLU, TG, CHL, ALB, BUN, CRE, ALT, and AST were measured using commercial assay kits according to manufacturers’ instructions (Glucose CII-test, Triglyceride E-test, Cholesterol E-test, Albumin B-test, Urea nitrogen B-test,
Creatinine test, and Transaminase CII-test; Wako Pure Chemicals, Osaka, Japan).
ALP was measured using a commercial assay kit according to manufacturers’
instructions (Kainos Laboratories, Incorporated, Tokyo, Japan).

2.6. Statistical analyses
2.2. Animals
Animal experiments in the present study were approved by the Animal Care
and Use Committee of Kobe University (Kobe, Japan). The permission numbers were
19-5-06 for rats and 19-5-32 for mice, and the experiments were carried out
according to the Animal Experimentation Regulations of Kobe University.
Nine male and nine female Sprague–Dawley (SD) rats (age, 6 weeks) as well as
42 male and 44 female C57BL/6 mice (age, 6 weeks) were purchased from Japan SLC
(Shizuoka, Japan). They were acclimatized for 1 week before the start of experimentation. Animals were maintained at 22 ± 3 °C on a 12-h light/dark cycle and allowed
free access to puriﬁed water and a standard diet.

For data relating to body weight, organ weight, hematology and clinical chemistry, values are the mean with the standard error of the mean (SE); statistical signiﬁcance was determined using the Scheffe multiple comparison test with p < 0.05
considered signiﬁcant. For the prevalence of histopathological lesions, statistically
signiﬁcant differences were determined by the one-sided Fisher’s exact test. For
comparison of the degree of change, the two-sided Wilcoxon’s rank sum test was
employed. The levels of signiﬁcance were set at p < 0.05 and p < 0.01.

3. Results

2.3. Acute studies

3.1. Acute studies

In acute studies, male and female SD rats and C57BL/6 mice were fasted for
12 h. They were administered a single oral dose of BE (2.5 g/kg body weight;
n = 6) or puriﬁed water (5 mL/kg body weight, n = 3) by intragastric intubation. Rats
and mice were observed for 14 and 15 days, respectively, for signs of morbidity or
mortality, and body weights measured every day. On day 15 for rats and day 16 for
mice, animals were killed by heart exsanguination under anesthesia, and gross
pathological examination undertaken. Blood samples were collected in heparinized
tubes and plasma obtained by centrifugation at 860g for 10 min at 4 °C. Plasma was
subjected to clinical chemistry determinations: aspartate transaminase (AST), alanine transaminase (ALT), triglyceride (TG), glucose (GLU), total cholesterol (CHL),
creatinine (CRE), albumin (ALB), and alkaline phosphatase (ALP). Livers, spleens,
hearts, thymus glands, and kidneys were weighed.

3.1.1. Necropsy, body weights, and organ weights
No death or signiﬁcant decrease in body weight was observed
during the experimental period in rats and mice (data not shown).
The oral median lethal dose (LD50) of BE in SD rats and C57BL/6
mice was >2.5 g/kg body weight. Black feces due to BE pigments
were observed in rats and mice 2 days after oral administration
of BE (data not shown). Necropsy and organ weights at the end
of the experiment did not reveal gross pathological abnormalities
in rats and mice (data not shown).

2.4. Chronic studies
In chronic studies, 33 male and 35 female C57BL/6 mice were randomly divided
into three groups and fed an AIN-93M-based diet for 26 weeks. BE was added to the
diet at concentrations of 0% (control; n = 11 for males and females), 2.0% (n = 11 for
males, n = 12 for females), or 5.0% (n = 11 for males, n = 12 for females). Mice were
observed for signs of morbidity or mortality at least once a day during the experimental period, and individual body weights measured once a week. Replacement of
diets and measurement of the consumption of food and water per cage were carried
out three times a week. At week 26, abdominal fat was measured under anesthesia
using an X-ray CT (LaTheta™; Hitachi-Aloca, Tokyo, Japan) according to the manufacturer’s protocol.
At the end of week 26, mice were killed by heart exsanguination under anesthesia, and gross pathological examination conducted. Blood samples were collected in
ethylenediamine tetra-acetic acid (EDTA)-2K-treated and heparinized tubes, and
subjected to hematological examinations and clinical chemistry determinations
after the preparation of plasma, respectively. Hematological examinations were
carried out using an automatic analyzer XT-2000i (Sysmex; Kobe, Japan) at the
DIMS Institute of Medical Science (Aichi, Japan). The following parameters were
determined: white blood cell count (WBC), red blood cell count (RBC), hemoglobin
concentration (HGB), the hematocrit (HCT), mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration
(MCHC), platelet count (PLT), and differential white blood cell percentages (including neutrophils (NEUT), lymphocytes (LYMPH), monocytes (MONO), eosinophils
(EO), basocytes (BASO)). For clinical chemistry determinations, AST, ALT, TG, GLU,
CHL, CRE, and blood urea nitrogen (BUN) were measured. Gross pathological examinations were made at necropsy. Livers, spleens, hearts, brains, and kidneys were
weighed. The ratios of organ weight to body weight were determined. In addition
to these organs, lymph nodes (neck and mesentery), thyroid glands (including parathyroid gland), trachea, lung (including bronchus), tongue, esophagus, stomach,
duodenum, jejunum, ileum, cecum, colon, rectum, urinary bladder, testis, prostate,
seminal gland, epididymis, ovary (including the oviduct), uterus, vagina, and any
gross regions in the control and 5.0% groups of both sexes were ﬁxed in 10% buffered formalin. Fixed samples were trimmed for embedding in parafﬁn and sectioned. They were then stained with hematoxylin and eosin (H&E).
Histopathological examinations were undertaken at the DIMS Institute of Medical

Table 1
Clinical chemistry parameters of rats in the acute study.
Parameter

AST (IU/L)
ALT (IU/L)
TG (mg/dL)
GLU (mg/dL)
CHL (mg/dL)
CRE (mg/dL)
ALB (g/dL)
ALP (IU/L)

Male

Female

Control

BE

Control

BE

65 ± 7.4a
16 ± 0.9
178 ± 32
216 ± 8.0
48 ± 0.8
0.68 ± 0.02
6.8 ± 0.0
214 ± 33

47 ± 4.7b
16 ± 0.9
159 ± 13
200 ± 3.4
49 ± 3.9
0.65 ± 0.02
6.9 ± 0.1
392 ± 80

34 ± 5.6
16 ± 3.6
63 ± 6.7
177 ± 6.7
61 ± 4.4
0.68 ± 0.01
7.1 ± 0.0
180 ± 12

48 ± 9.2
24 ± 2.8
77 ± 4.1
187 ± 4.0
59 ± 3.9
0.66 ± 0.02
7.0 ± 0.1
195 ± 17.0

Values are mean ± SE. Values with different superscripts in each sex indicate a
signiﬁcant difference (p < 0.05).

Table 2
Clinical chemistry parameters of mice in the acute study.
Parameter

AST (IU/L)
ALT (IU/L)
TG (mg/dL)
GLU(mg/dL)
CHL (mg/dL)
CRE (mg/dL)
ALB (g/dL)
ALP (IU/L)

Male

Female

Control

BE

Control

BE

48 ± 7.3
18 ± 0.2
83 ± 17a
268 ± 22
71 ± 5.7
0.58 ± 0.05
6.4 ± 0.23
479 ± 8.6

39 ± 3.3
19 ± 1.7
141 ± 13b
232 ± 7.1
70 ± 3.5
0.55 ± 0.06
6.0 ± 0.14
497 ± 20

53 ± 5.1
23 ± 3.6
29 ± 5.8
223 ± 10
37 ± 5.0
0.62 ± 0.03
6.5 ± 0.1
704 ± 44

75 ± 7.1
22 ± 2.3
46 ± 2.5
199 ± 11
40 ± 5.2
0.60 ± 0.05
6.5 ± 0.2
700 ± 52

Values are mean ± SE. Values with different superscripts in each sex indicate a
signiﬁcant difference (p < 0.05).
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Fig. 1. Body-weight curves of mice fed a diet containing BE for 26 weeks. Asterisks, daggers, and double daggers indicate signiﬁcant differences between the control and 2.0%,
the control and 5.0%, and 2.0% and 5.0% groups, respectively (p < 0.05).

Table 3
Abdominal fat of mice fed a diet containing BE for 26 weeks.
Male

Female

Dose level (%)

0

2.0

5.0

0

2.0

5.0

Number of mice
Abdominal fat (%)

11
36.6 ± 2.3a

11
36.8 ± 1.7a

11
14.5 ± 1.4b

11
15.6 ± 3.1

12
14.0 ± 0.7

12
12.9 ± 0.8

Values are mean ± SE. Values with different superscripts in each sex indicate a signiﬁcant difference (p < 0.05).

Table 4
Food consumption of mice fed a diet containing BE for 26 weeks.
Male

Female

Dose level (%)

0

2.0

5.0

0

2.0

5.0

Number of mice
Mean consumption of food (g/animal/day)
Mean intake of BE (mg/kg/day)

11
2.30
0

11
2.24
1468.9

11
2.74
5074.1

11
2.97
0

12
2.87
2621.0

12
3.23
7617.9

3.1.2. Clinical chemistry
Signiﬁcant decreases in the levels of AST in BE male rats (Table 1) and increase in TG levels in BE male mice (Table 2) were observed. However, these changes were considered not to be
treatment-related signiﬁcant adverse effects. No statistically signiﬁcant changes were observed in the levels of ALT, ALP, TG, ALB,
GLU, and CRE.

3.2. Chronic studies
3.2.1. Clinical observations and body weights
Death or abnormal physiological signs were not observed during the experimental period in mice. However, a signiﬁcant reduction in the body weights of 5.0% males from week 4 and week 16
compared with 2.0% males and control males, respectively, to the
end of the experiment was observed (Fig. 1). The body weights of
5.0% females were also reduced, but these changes were not continuous. At week 26, abdominal fat was measured using an X-ray
CT (Table 3): the abdominal fat of 5.0% males was 40% lower than
that of controls. There was no change in the abdominal fat of females. These results indicated that reduction in the body weights
of 5.0% males was not due to the adverse effects of BE, but that
BE suppressed accumulation of abdominal fat. Black feces and
red-purple urine due to BE pigments were observed in 5.0% males
and 5.0% females.

3.2.2. Consumption of food and water
The consumption of food and water of mice fed a diet containing BE was similar to that of controls throughout the experimental
period (Table 4). Despite the decrease in body weights, 5.0% males
consumed a similar amount of food compared with the controls.
Similarly, the food consumption of females was similar to that of
males even though the body weights of females were lower than
those of males. There was no treatment-related signiﬁcant adverse
effect of BE on the consumption of food and water. The mean intake of BE for males and females was 1468.9 and 2621.0 mg/kg
body weight/day, respectively, in the 2.0% group, and 5074.1 and
7617.9 mg/kg body weight/day, respectively, in the 5.0% group.
3.2.3. Hematology and clinical chemistry
The hematological parameters for mice are summarized in Table 5. The WBC in 5.0% males and RBC, HGB, and the HCT in 5.0%
females were signiﬁcantly increased as compared with controls.
The MCH was decreased in 5.0% females. With respect to blood
chemistry, levels of TG and CHL in 5.0% males were signiﬁcantly
decreased (Table 6). In females, TG levels and BUN were decreased
in the 5.0% group. No statistically signiﬁcant change was observed
in the other parameters examined.
3.2.4. Organ weights
The ﬁnal body weight of 5.0% males was signiﬁcantly lower
than that of controls and 2.0% males (Table 7). Relative weights
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Table 5
Hematological parameters of mice fed a diet containing BE for 26 weeks.
Male

Female

Dose level (%)

0

2.0

5.0

0

2.0

5.0

Number of mice
WBC (102/lL)
RBC (104/lL)
HGB (g/dL)
HCT (%)
MCV (fL)
MCH (pg)
MCHC (g/dL)
PLT (104/lL)

11
22.97 ± 2.72a
894.5 ± 20.4
13.18 ± 0.24a,b
41.81 ± 0.85
46.83 ± 0.76
14.76 ± 0.22
31.55 ± 0.31
188.45 ± 24.10

11
39.50 ± 4.96a,b
937.5 ± 15.7
13.54 ± 0.20a
42.90 ± 0.82
45.78 ± 0.39
14.44 ± 0.06
31.59 ± 0.32
230.67 ± 28.32

11
44.18 ± 5.84b
877.0 ± 32.4
12.21 ± 0.45b
40.57 ± 1.45
46.35 ± 0.55
13.94 ± 0.17
30.08 ± 0.41
246.00 ± 46.22

11
16.03 ± 2.78
925.3 ± 20.3a
13.82 ± 0.24a
44.63 ± 0.55a
48.41 ± 0.92
14.95 ± 0.11a
30.95 ± 0.45
160.85 ± 28.43

12
27.90 ± 5.58
966.0 ± 13.6a,b
14.34 ± 0.15a,b
45.88 ± 0.81a
47.51 ± 0.66
14.86 ± 0.17a,b
31.33 ± 0.47
156.39 ± 29.21

12
27.48 ± 2.42
1010.7 ± 11.7b
14.53 ± 0.15b
46.43 ± 0.90b
45.91 ± 0.53
14.39 ± 0.12b
31.39 ± 0.43
145.80 ± 15.27

19.45 ± 3.07
73.66 ± 3.38
5.27 ± 0.60
1.48 ± 0.28
0.14 ± 0.05

21.58 ± 2.13
69.43 ± 3.95
3.67 ± 0.51
5.15 ± 3.20
0.16 ± 0.07

14.52 ± 3.07
76.60 ± 3.69
5.85 ± 1.81
2.55 ± 1.42
0.48 ± 0.23

16.85 ± 1.41
74.83 ± 2.34
5.94 ± 1.50
2.21 ± 0.88
0.18 ± 0.09

18.18 ± 1.68
73.17 ± 2.78
5.07 ± 1.21
3.25 ± 1.27
0.33 ± 0.17

Differential count of WBC (%)
NEUT
21.65 ± 3.15
LYMPH
68.84 ± 4.00
MONO
4.83 ± 0.88
EO
3.41 ± 0.90
BASO
1.27 ± 1.02

Values are mean ± SE. Values with different superscripts in each sex indicate a signiﬁcant difference (p < 0.05).

Table 6
Clinical chemistry parameters of mice fed a diet containing BE for 26 weeks.
Male

Female

Dose level (%)

0

2.0

5.0

0

2.0

5.0

Number of mice
AST (IU/L)
ALT (IU/L)
TG (mg/dL)
GLU (mg/dL)
CHL (mg/dL)
CRE (mg/dL)
BUN (mg/dL)

11
71.4 ± 12.2
24.0 ± 9.4
46.5 ± 2.7a
173.2 ± 11.5
137.7 ± 14.3a
0.63 ± 0.09
19.1 ± 0.4

11
54.1 ± 10.6
15.0 ± 1.6
41.2 ± 2.6a
194.4 ± 8.0
119.9 ± 6.9a
0.87 ± 0.05
16.5 ± 0.7

11
85.2 ± 27.4
7.5 ± 1.5
32.8 ± 1.0b
187.3 ± 8.3
79.5 ± 6.7b
1.00 ± 0.17
21.4 ± 3.2

11
225.7 ± 47.5
21.7 ± 3.9
38.0 ± 4.4a
216.8 ± 15.4
78.4 ± 5.0
1.02 ± 0.06
29.1 ± 1.6a

12
122.6 ± 38.9
19.6 ± 3.0
28.2 ± 2.0a,b
210.7 ± 17.2
76.7 ± 6.8
0.89 ± 0.03
27.3 ± 2.4a,b

12
145.8 ± 28.9
12.0 ± 1.5
24.9 ± 1.9b
176.3 ± 7.1
77.2 ± 4.2
0.88 ± 0.05
22.2 ± 1.0b

Values are mean ± SE. Values with different superscripts in each sex indicate a signiﬁcant difference (p < 0.05).

Table 7
Absolute and relative organ weights of mice fed a diet containing BE for 26 weeks.
Male

Female

Dose level (%)

0

2.0

5.0

0

2.0

5.0

Number of mice
Final body weight (g)

11
35.4 ± 1.3a

11
35.6 ± 0.7a

11
29.4 ± 0.4b

11
23.7 ± 0.6

12
23.5 ± 0.3

12
22.8 ± 0.3

Absolute organ weights (g)
Heart
Liver
Spleen
Brain
Kidneys

0.14 ± 0.005
1.15 ± 0.08a
0.12 ± 0.012
0.44 ± 0.006
0.32 ± 0.013

0.14 ± 0.005
1.28 ± 0.04a
0.11 ± 0.003
0.44 ± 0.007
0.30 ± 0.009

0.14 ± 0.005
0.89 ± 0.04b
0.15 ± 0.020
0.43 ± 0.010
0.30 ± 0.015

0.14 ± 0.006a
0.91 ± 0.036a,b
0.08 ± 0.003a
0.46 ± 0.004
0.30 ± 0.006a

0.14 ± 0.003a,b
0.94 ± 0.036a
0.11 ± 0.006b
0.46 ± 0.005
0.30 ± 0.006a

0.12 ± 0.003b
0.83 ± 0.014b
0.11 ± 0.003b
0.45 ± 0.003
0.27 ± 0.005b

Relative organ weights (%)
Heart
Liver
Spleen
Brain
Kidneys

0.41 ± 0.02a,b
3.21 ± 0.15a,b
0.33 ± 0.03a
1.26 ± 0.06a
0.92 ± 0.05a,b

0.38 ± 0.01a
3.61 ± 0.07a
0.30 ± 0.01a
1.23 ± 0.02a
0.83 ± 0.03a

0.47 ± 0.02b
3.04 ± 0.11b
0.52 ± 0.07b
1.48 ± 0.04b
1.03 ± 0.05b

0.62 ± 0.04
3.85 ± 0.16
0.35 ± 0.02a
1.94 ± 0.06
1.26 ± 0.04

0.59 ± 0.01
4.03 ± 0.16
0.48 ± 0.02b
1.97 ± 0.02
1.27 ± 0.02

0.55 ± 0.01
3.66 ± 0.06
0.50 ± 0.01b
1.99 ± 0.03
1.19 ± 0.02

Values are mean ± SE. Values with different superscripts in each sex indicate a signiﬁcant difference (p < 0.05).

of the spleen, brain, and kidney were increased in 5.0% males,
whereas absolute weights of the liver were decreased in 5.0%
males. In females, there was no signiﬁcant change in ﬁnal body
weights, but relative weights of the spleen in the 5.0% group were
increased. Absolute weights of heart, liver, and kidney were decreased, but that of spleen was increased in 5.0% females.
3.2.5. Necropsy/histopathology
Histopathological ﬁndings in each group are summarized in
Table 8. In the duodenum, slight pigment accumulation in

histiocytes of the lamina propria was found in all 2.0% and 5.0%
males and females, and the change was statistically signiﬁcant
(Fig. 2 and Table 8). In livers, slight accumulation of pigment in
Kupffer cells was found in all 5.0% males and females, and minimal
accumulation of pigment in all 2.0% males and females was seen,
and both were statistically signiﬁcant (Fig. 3 and Table 8). Minimal
or slight hepatocellular vacuolation was found in several 5.0%
males, whereas minimal to marked hepatocellular vacuolation
was found in control males, and the grade of lesion was
signiﬁcantly decreased by BE treatment. The prevalence of other
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Table 8
Histopathological investigations in mice fed a diet containing BE for 26 weeks.

a
⁄
⁄⁄

Numbers in parenthesis indicate lesion grade: (1) minimal, (2) slight, (3) moderate, (4) marked, (5) severe.
Asterisk indicates a signiﬁcant difference from the control group at p < 0.05.
Asterisk indicates a signiﬁcant difference from the control group at p < 0.01.

macroscopic and microscopic changes in the 5.0% groups was similar to that in the control groups, and was not related to treatment.

4. Discussion
BE has recently become commercially available as a dietary
ingredient, but a safety assessment of BE has not been completed.
In acute studies, there was no change in body weights, organ
weights, and gross pathological abnormalities in both rats and
mice. However, AST levels were lower in BE male rats, and TG
was higher in BE male mice than that in the controls. There was
no chemical parameter-related pathological change, so these
changes were not considered to be toxicologically signiﬁcant. From
acute studies, the oral LD50 of BE in SD rats and C57BL/6 mice was
>2.5 g/kg body weight.
In chronic studies, body weights in 5.0% males decreased significantly as compared with control and 2.0% groups. In addition to
the decrease in body weights, abdominal fat, and blood levels of
TG and CHL in 5.0% groups were signiﬁcantly lower than those in
the control and 2.0% groups. It was demonstrated that dietary
cyanidin 3-glucoside-rich purple corn color prevents high-fat
diet-induced obesity in mice (Tsuda et al., 2003). Procyanidin from
the chardonnay grape seed extract was reported to prevent

high-fat diet-induced obesity in hamsters (Décordé et al., 2009).
BE used in the present study contained polyphenols, including
cyanidin 3-glucoside and procyanidin. The above-mentioned reports suggest that the polyphenols contained in BE prevent spontaneous obesity, but not show adverse effects (including growth
arrest) in male mice. Indeed, the abdominal fat in 5.0% males
was identical to that in females, which showed a moderate increase in body weights.
With respect to hematological parameters, RBC, HGB, and the
HCT increased signiﬁcantly in 5.0% females, but MCHC (which is
commonly used for the diagnosis of erythron disease) was not altered by BE treatment. The WBC in 5.0% males was twice as high
as that in controls, but this change was not considered to be abnormal. The relative weights of hearts, livers, and spleens in 5.0%
males and the relative weights of hearts and spleens in 5.0% females were signiﬁcantly altered as compared with control groups.
However, histopathological ﬁndings in these organs did not
change, and clinical parameters including AST and ALT, which related to liver injury, did not change.
We found slight accumulation of pigments in histiocytes of the
lamina propria in the duodenum and minimal accumulation of
pigments in Kupffer cells in livers in all 2.0% and 5.0% males and
females. The contents of the duodenum were tinged with black
in 2.0% and 5.0% groups: this change was considered to be a
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Fig. 2. Representative histopathological ﬁndings in the duodenum. (A) ‘‘Normal’’ found in control males. (B) ‘‘Pigment accumulation in histiocytes, lamina propria (arrows),
slight’’ found in 2.0% males. (C) ‘‘Pigment accumulation in histiocytes, lamina propria (arrows), slight’’ found in 5.0% males. H&E stain.

Fig. 3. Representative histopathological ﬁndings in the liver. (A) ‘‘Vacuolation, cytoplasmic, minimal’’ found in control males. (B) ‘‘Vacuolation, cytoplasmic, minimal’’ and
‘‘pigment accumulation in Kupffer cells (arrows), minimal’’ found in 2.0% males. (C) ‘‘Pigment accumulation in Kupffer cells (arrows), slight’’ found in 5.0% males. H&E stain.

treatment-related effect. It has been suggested that histiocytes
‘‘englobe’’ pigments as xenobiotics, and then the pigments accumulate in histiocytes. Such pigment accumulation in histiocytes
was not observed in stomachs, esophagus’ or large intestines, indicating that BE pigments were absorbed mainly through the duodenum. Xenobiotics that contain pigments are metabolized in the
liver. Similar to pigment accumulation in histiocytes, the pigments
were englobed and accumulated in Kupffer cells in the liver. The
prevalence of hepatic vacuolation in 5.0% males was signiﬁcantly
lower than that in controls, but the same phenomenon seen in
males was not observed in females. This result indicated that the
effects of BE on hepatic vacuolation differ in males and females.

In the present study, we performed the chronic study using mice
for 26 weeks, but rats are usually more sensitive than mice.
Therefore, sub-chronic study using rats might be needed in the
future.
In conclusion, the no-observed adverse-effect-level (NOAEL) of
BE was found to be 5074.1 mg/kg body weight/day for males and
7617.9 mg/kg body weight/day for females in mice.
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