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a b s t r a c t

Bidens pilosa (BP) is an edible Asteraceae plant found worldwide that has traditionally been used as food
without noticeable side effects. BP has also been used as an herbal medicine to treat over 41 categories of
disease in humans and animals. However, to date no long-term toxicity study of BP has been conducted
in animals. In this study, 24-week oral toxicity of BP at doses of 0%, 0.5%, 2.5%, 5% and 10% of food was
investigated in mice. Mortality, body weight, organ weight, food intake, water consumption, hematology,
serum biochemistry, urinalysis, genotoxicity and organ histopathology of animals of both sexes were
analyzed. No significant difference in the above parameters was observed between control and BP-fed
mice except that body weight and food intake in those fed with 10% BP were significantly less than
controls. In addition, similar results were seen in chickens fed with BP for 28 days. Collectively, the data
demonstrate that BP has no adverse effects in mice and chickens at dose of 5% or less of food.
© 2019 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

B. pilosa (BP) is widely distributed across different regions of the
world. The Food and Agriculture Organization of the United Nations
has reported BP as a staple food and promoted its cultivation in
Africa since 1975.1 The Taiwan Ministry of Health and Welfare has
legalized the use of BP as an ingredient in food for human and
animal consumption.2 Whole plant or parts of BP, such as leaves,
flowers, seeds, stems, and/or the roots, are used as the components
of potherbs or medicinal herbs. In addition, dry powder, decoction,
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maceration and tincture are usual formulations for its internal as
well as external use.3 BP has been reported to be used as a herbal
medicine to treat over 41 categories of disease in humans and an-
imals.1 Most of the functionality studies for BP have been con-
ducted in cells and rodent models.4e6 More recently, one clinical
pilot test showed that BP was therapeutically effective against
diabetes in human patients.7

Systematic toxicology is crucial for the further development of
BP or its parts as nutraceuticals and botanicals for human or animal
use. So far, oral acute and 4-week toxicity of BP in rats and/or mice
have been partially assessed. For instance, the median lethal dose
(LD50) of the water and ethanol extracts of BP in oral acute toxicity
study in mice was 12.3 g/kg body weight (BW) and 6.2 g/kg BW,
respectively.8 Besides, oral delivery of the BP water extract at up to
1 g/kg BW/day, once a day, showed no obvious fatality or changes in
rats over 4 weeks, as evidenced by survival rate, body weight and
gross examination of organs.8,9 The overall data suggest that con-
sumption of the aqueous extract of BP at a daily dose of 1 g/kg BW is
tion and hosting by Elsevier Taiwan LLC. This is an open access article under the CC
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generally recognized as safe in rats. However, current information
about the toxicology studies of BP is fragmented and insufficient for
a complete safety assessment. Therefore, a comprehensive inves-
tigation of long-term toxicology of BP is absolutely required for its
clinical application for human or veterinary purposes.

In this study, the toxicity of the whole plant of BP was evaluated
in both sexes of mice and chickens. Survival, body weight, organ
weight, food intake, water consumption, hematology, serum
biochemistry, urinalysis, organ pathology, and genotoxicity were
investigated in all the animals.

2. Methods

2.1. Animals, diet and CO2 euthanasia

A total of 80 ICR mice, 40 mice of each sex, aged 5 weeks, were
purchased from BioLASCO (Taipei, Taiwan). And one-day-old dis-
ease free 15 male Lohmann chicks were purchased from a local
hatchery in Taichung, Taiwan. All the animals were health moni-
tored followed by previous method10 and maintained on a 12-h
light-dark cycle with controlled temperature (22± 2 �C) and hu-
midity (55± 10%) in a specific pathogen-free animal facility. They
were acclimatized on a free access to rodent standard diet (LabDiet
5010, St. Louis, MO) or andwater for oneweek before study.Whole-
plant powder of B. pilosa (BP) was produced in compliance with the
good manufacturing practices guidelines and purchased from Ta-
Fong Pharmaceutical Company (Taichung, Taiwan) as previously
described.11 The powder of B. pilosa was ground into the particles
and the size of these particles, ranging from 0.149 to 0.177mm (i.e.,
100 - 80 mesh), were collected for diet preparations. Rodent or
chicken standard diet (0% BP) or the diet containing BP at 0.5%, 2.5%,
5%, and/or 10% were formulated as a modification of a previous
publication4,12 and the gross energy in the diet supplemented with
B. pilosa is shown in Sup. Table S3. Mortality, appearance, body
weight, food and water intake were recorded weekly. In order to
avoid effects of handling-associated stress, all mice were eutha-
nized in their home cage and followed as previously report.13 The
mouse home cage (Type 22, Biozone, Ramsgate, UK) was placed in a
euthanasia chamber (44 cm� 24 cm� 21 cm) and covered with an
acrylic lid. Compressed CO2 gas was provided from CO2 cylinder
and controlled by a CO2-specific regulator (C.C. gaseous corpora-
tion, New Taipei City, Taiwan). Chamber air was replaced with CO2
at chamber replacement rates (CRR) of 50%e100%. Mice were
monitored continuously during the procedure and mice were
immobile. All procedures were approved by the Institutional Ani-
mal Care and Use Committee of Academia Sinica (approved pro-
tocols no. 12-12-478 and 103e34) and followed the guidance for
the Use of Laboratory Animals (National Academy Press, Wash-
ington, DC).

2.2. Toxicity study

Each gender of ICR mice was assigned to 5 groups (8 mice/sex/
group). The mice in groups 1 to 4 were given 0.5%, 2.5%, 5% or 10%
BP, once a day, for 24 weeks, respectively, and the control mice in
group 5 were fed with standard diet (0% BP). Survival rate, water
intake, food consumption, body weight and gross examination of
the mice were monitored on a daily basis. Similarly, 3 groups of 1-
day-old chickens (5 chickens/group) were given standard diet or
standard diet containing BP at 0.5% and 5% for 28 days. The same
parameters as those measured in mice were monitored. By the end
of the experiment, all the animals were sacrificed. Cardiac blood
samples were collected for blood smear, hematologic and clinical
chemistry analysis. In addition, the organs were removed, weighed
and selected for histological examination.
2.3. Urinalysis, hematological and biochemical analysis

In the last week of treatment, mice were placed in metabolic
cages (Shinano Manufacturing, Tokyo, Japan) for urine collection. A
urinalysis of each group was performed using an AE-4020 urine
analyzer (Arkray, Tokyo, Japan) according to the manufacturer's
protocols. Cardiac blood in the presence of EDTA was collected for
hematological parameters using a Cell-Dyn 3700 hematology
counter (Abbott, IL, USA). Similarly, blood samples of the animals
were collected in vacutainers without anticoagulant for biochem-
ical estimation. Their sera were analyzed using a Dri-Chem 4000i
analyzer (Fuji, Tokyo, Japan).
2.4. Histochemical and blood film staining

Tissues were collected at necropsy for histological examination:
liver, kidneys, lungs, spleen, skeletal muscle, heart, aorta, adrenal
glands, brain, pancreas, stomach, duodenum, jejunum, ileum,
cecum, colon, rectum, mesenteric lymph node, salivary glands,
mandibular lymph node, thymus, larynx/pharynx with tongue,
thyroid gland, parathyroid glands, trachea, esophagus, skin, mam-
mary glands (females only), urinary bladder, female and male
reproductive organs. All tissues were fixed in 10% neutral buffered
formalin, processed into paraffin-embedded blocks and then
sectioned. After staining with hematoxylin and eosin (H&E), the
histological changes where examined via light microscopy. The
mounted specimens were observed and were scored under light
microscopy. For a semi-quantitative comparison of the structural
changes, the abnormalities of tissue damage in the sections were
graded from 0 (normal structure) to 3 (severe pathological
changes).14 Blood films were made to analyze blood cells by
smearing a drop of mouse blood on the glass slide. The drop was
spread by using another slide, placing the spreader at a 45� angle
and backing into the drop of blood. The spreader catches the drop,
and it spreads by capillary action along its edge. The smear is air-
dried for 1min and stained with ASK Quick Blood Cell Stain kit
(Tonyar Biotech, Taoyuan, Taiwan), followed by microscopic
examination.
2.5. Genotoxicity study

Themouse peripheral blood micronucleus assay was carried out
for genotoxicity evaluation. The micronucleus assays using acridine
orang (AO) coated technique was described elsewhere.15 Briefly, AO
(125 mg/mL in pH 6.8 phosphate buffer) was spread on the slide by
moving a glass rod back and forth over the slide and then air-dried.
To detect micronucleus, 5e10 mL of peripheral blood was collected
from tail vein of the mice. The blood samples were placed on the
glass slides and covered with coverslips. All the slides were kept in
plastic bags in the dark at 4 �C. Using a fluorescence microscope,
PCE were identified by red fluorescing reticulum in the cytoplasm,
and MNPCE were identified by greenish yellow (Sup. Fig. S4). For
each animal, one thousand erythrocytes and PCE were examined
and MNPCE were scored in PCE.
2.6. Statistical analysis

The data are represented as mean± standard error of mean
(SEM), and all data were analyzed using a one-way ANOVA with
and Tukey's multiple comparison test. P values of less than 0.05
were considered to be statistically significant.
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3. Results

3.1. General conditions

In-feed supplementation with 0%, 0.5%, 2.5%, 5% or 10% BP was
evaluated for toxicity to comply with the guidance for the toxi-
cology assessment of new animal drugs in rodents (Center for
Veterinary Medicine, GFI#149 and VICH#33). In this study, the
mice, given a daily dose of 0%, 0.5%, 2.5%, 5% or 10% BP, over 24
weeks, appeared healthy. No tail lift, color change in skin or hair,
abnormal behavior, gait, or posture was observed in any mouse. In
addition, no noticeable abnormal behavior and appearance were
noticed in any BP-fed chicken.
3.2. BW, organ weight, and food/water consumption

All the animals fed with different doses of BP were monitored
daily for their BWand food/water consumption. We first found that
Fig. 1. Changes in body weight in ICR male and female mice fed with BP for 24 weeks.
All ICR mice, aged 5 weeks, were randomly assigned into 4 groups, 5 males/females a
group. Each group was given a standard diet and a standard diet containing 0.5% BP,
1.5% BP, 2.5% BP, 5% BP and 10% BP for 24 weeks. Body weight in each group of males (a)
and females (b) was monitored before and after 13-week treatment. The data from
each group are expressed as mean± SEM. ANOVA was used to compare the difference
between the control and treatment groups. P values of less than 0.05 (*) are considered
statistically significant.
all the mice fed with 0%e5% of BP steadily increased body weight
with time (Fig. 1). Besides, BW, weight gain, and food intake were
comparable in both sexes in the control (0% BP) and treatment
groups (0.5%, 2.5% and 5% BP) (Figs. 1 and 2). In contrast, mice of
both sexes fed with 10% BP decreased body weight (10% BP, Fig. 1)
and food intake (10% BP, Fig. 2). Of note, the body weight and food
intake in mice fed with 10% BP were significantly less than both in
mice of any the other groups after 24-week treatment (Figs. 1 and
2). However, water consumption (Fig. 3) was similar in all groups.
At the end of the 24-week treatment period, the mice were sacri-
ficed and main organ weights such as heart, liver, spleen, lung,
kidney, brain and sexual organs showed no significant differences
between the control and BP-fed groups in either sex (Table 1).
Similarly, chickens fed with 0%e5% of BP steadily increased body
weight with time (Sup. Fig. S1a). However, no difference in food
intake (Sup. Fig. S1b), water consumption (Sup. Fig. S1c) and main
organ weights (Sup. Table S1) between the control and BP-fed
chickens was seen.
3.3. Clinical biochemistry

Serum and urine samples of the animals fed with different doses
of BP for 24 weeks were collected for clinical biochemical
Fig. 2. Food consumption in ICR males and females fed with BP for 24 weeks. Food
intake in males (a) and females (b) from Fig. 1 was monitored before and after 24-week
treatment. The data from each group are expressed as mean ± SEM. ANOVA was used
to compare the difference between the control and treatment groups. P values of less
than 0.05 (*) are considered statistically significant.



Fig. 3. Water intake in ICR males and females fed with BP for 24 weeks. Water intake
in males (a) and females (b) from Fig. 1 was monitored before and after 24-week
treatment. The data from each group are expressed as mean± SEM. ANOVA was
used to compare the difference between the control and treatment groups.
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parameters. The data on the effect of BP onmouse serum chemistry
are summarized in Table 2. Glutamate oxaloacetate transaminase
(GOT), glutamate pyruvate transaminase (GPT), alkaline phospha-
tase (ALP), total protein (TP), albumin (Alb), blood urine nitrogen
(BUN), creatinine (CRE), lactate dehydrogenase (LDH), and creatine
phosphokinase (CPK) showed no statistically significant difference
between the control and BP-fed mice. The effect of BP on mouse
urine parameters is presented in Table 3. The results indicated that
specific gravity (SG), pH, urobilinogen (Uro), protein (Pro), glucose
(Glu), bilirubin (Bili), ketone (Ket), blood (Bld), leucocyte (Leu) and
nitrite were all within the normal physiological range in the control
Table 1
Organ weight of ICR mice in 24-week feed study of B. pilosa.

Organ (g) Males

0% BP 0.5% BP 2.5% BP 5% BP 10% BP

Heart 0.222± 0.023 0.217± 0.015 0.209± 0.024 0.235± 0.021 0.227± 0.0
Liver 2.237± 0.254 2.114± 0.314 2.406± 0.223 2.223± 0.155 2.233± 0.2
Spleen 0.122± 0.013 0.123± 0.016 0.118± 0.023 0.131± 0.025 0.127± 0.0
Lung 0.255± 0.034 0.258± 0.022 0.265± 0.037 0.238± 0.045 0.247± 0.0
Kidney 0.644± 0.062 0.634± 0.059 0.665± 0.044 0.678± 0.062 0.657± 0.0
Brain 0.501± 0.036 0.511± 0.032 0.541± 0.056 0.512± 0.029 0.527± 0.0
Testis 0.295± 0.021 0.301± 0.037 0.287± 0.054 0.303± 0.027 0.291± 0.0
Ovary e e e e e
and BP-fed mice. Likewise, no difference in clinical biochemistry
between the control and BP-fed chickens was observed (Sup.
Table S2). Taken together, these results suggest that BP at the
indicated doses did not compromise the function of the liver, kid-
ney, heart, and muscle in animals.

3.4. Hematological parameters

Blood samples of the mice fed with different doses of BP for 24
weeks were collected for hematological analysis. The data on the
effect of BP on hematological values are summarized in Table 4. The
number of white blood cells (WBC), red blood cells (RBC), hemo-
globin (HGB), hematocrit (HCT), mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH), platelets, lymphocytes,
monocytes, eosinophils and neutrophils in the blood of the control
and BP-fed mice showed no statistically significant difference.
Those hematological parameters revealed that the BP at the indi-
cated doses did not cause any hematologic toxicity in animals.

3.5. Histology in organs

We also examined the histopathology of the organs from the
control and BP-fed animals in an attempt to investigate toxicity of
BP. After 24-weeks of treatment, the vital organs of the sacrificed
mice, including heart, liver, lung, kidney, brain and sexual organs,
were fixed with formalin and embedded in paraffin. Sections from
these organs were stained with hematoxylin and eosin. Represen-
tative images of the organs were photographed under low-power
microscopes (Fig. 4). The gross examination data showed no dif-
ference in the organs of animals between the control and BP-fed
groups as characterized by tissue damage, inflammation, lesions,
hemorrhage, hyperplasia and cell death. Further, blood films were
used to analyze the peripheral blood samples from both sexes of
mice fed with standard diet (0% BP) and BP-supplemented diets.
The blood film data indicated that no difference in the number and
shape of red blood cells, platelets and white blood cells from con-
trol and BP-fed mice was observed (Fig. 4). Similarly, no difference
in histology between control and BP-fed chickens was seen (Sup.
Fig. S2). The histological examination scores also showed no
pathological changes (pathological score¼ 0) in the organs of ani-
mals between all groups (Sup. Fig S2 and S3). Taken together, the
histological data showed that BP had no obvious toxicity in the
main vital organs of the animals fed with the indicated doses.

3.6. Survival rate and genotoxicity study

All the mice of each group, given a daily dose of 0%e10% BP, had
100% survival rate by the end of the 24-week treatment period. No
tumors were developed in all mice of each group. The genotoxic
effect of BP was evaluated using mouse peripheral blood micronu-
cleus assays on erythocytes. Micronucleus assay data indicated that
the average number of micronucleated polychromatic erythrocytes
Females

0% BP 0.5% BP 2.5% BP 5% BP 10% BP

33 0.155± 0.011 0.165± 0.014 0.154± 0.011 0.162± 0.023 0.149± 0.025
21 1.698± 0.165 1.887± 0.215 1.797± 0.311 1.788± 0.254 1.777± 0.183
28 0.128± 0.029 0.132± 0.024 0.124± 0.042 0.124± 0.012 0.123± 0.013
36 0.275± 0.035 0.229± 0.034 0.242± 0.043 0.247± 0.036 0.253± 0.037
38 0.427± 0.071 0.417± 0.053 0.439± 0.066 0.426± 0.065 0.414± 0.039
47 0.530± 0.033 0.497± 0.054 0.511± 0.046 0.502± 0.076 0.524± 0.023
16 e e e e e

0.029± 0.006 0.025± 0.004 0.028± 0.004 0.026± 0.007 0.028± 0.005



Table 2
Biochemical parameters for ICR mice in 24-week feed study of B. pilosa.

Group General parameter Cardiac function parameter Renal function parameter

Glucose (mg/dL) p value LDH (U/L) p value CPK (U/L) p value BUN (mg/dL) p value CRE (mg/dL) p value

Male (N¼ 5)
0% BP 179.6± 32.8 e 286.8± 38.7 e 54.3± 11.3 e 27.3± 7.6 e 0.31± 0.05 e

0.5% BP 147.5± 42.8 0.588 303.9± 51.6 0.501 52.6± 19.2 0.907 21.1± 2.3 0.410 0.29± 0.03 0.511
2.5% BP 181.4± 28.6 0.887 271.4± 41.3 0.657 57.1± 15.8 0.879 28.8± 5.6 0.702 0.33± 0.08 0.624
5% BP 161.2± 29.2 0.791 294.6± 35.7 0.589 58.8± 23.4 0.803 26.9± 9.1 0.803 0.24± 0.07 0.352
10% BP 151.2± 33.7 0.543 308.5± 43.2 0.486 48.7± 26.1 0.713 27.5± 4.3 0.867 0.29± 0.06 0.543
Female (N¼ 5)
0% BP 157.3± 41.3 e 297.8± 54.5 e 49.7± 10.8 e 24.5± 7.5 e 0.35± 0.06 e

0.5% BP 166.5± 33.9 0.437 285.0± 44.7 0.719 58.4± 16.3 0.643 20.6± 5.8 0.506 0.31± 0.07 0.582
2.5% BP 151.6± 38.1 0.898 281.2± 40.5 0.701 52.5± 9.60 0.715 24.1± 8.7 0.881 0.29± 0.04 0.407
5% BP 154.8± 27.6 0.913 274.3± 65.8 0.572 50.1± 12.1 0.812 21.3± 6.3 0.568 0.25± 0.08 0.322
10% BP 148.7± 41.5 0.477 292.7± 55.8 0.811 50.4± 17.2 0.887 25.9± 5.8 0.783 0.24± 0.09 0.286

Group Hepatic function parameter
GOT (U/L) p value GPT (U/L) p value ALP (U/L) p value TP (g/dL) p value Alb (g/dL) p value

Male (N¼ 5)
0% BP 40.8± 7.9 e 28.5± 5.7 e 125.8± 26.7 e 6.32± 0.56 e 4.14± 0.47 e

0.5% BP 48.1± 9.3 0.469 24.3± 6.3 0.349 133.4± 51.9 0.407 5.86± 0.73 0.269 4.61± 0.39 0.258
2.5% BP 39.8± 7.7 0.601 24.1± 9.2 0.316 115.2± 47.8 0.243 6.13± 0.68 0.574 4.25± 0.65 0.614
5% BP 42.6± 8.2 0.553 29.7± 8.6 0.679 129.6± 32.4 0.685 6.07± 0.82 0.423 3.98± 0.73 0.683
10% BP 41.2± 5.8 0.723 23.2± 6.1 0.277 122.5± 54.8 0.746 6.45± 0.31 0.618 4.38± 0.51 0.437
Female (N¼ 5)
0% BP 43.0± 7.8 e 26.1± 7.4 e 139.8± 35.6 e 6.61± 0.44 e 3.81± 0.72 e

0.5% BP 41.9± 4.9 0.446 28.7± 8.7 0.458 128.5± 38.2 0.476 6.42± 0.37 0.665 4.03± 0.45 0.415
2.5% BP 40.5± 8.7 0.312 22.3± 6.4 0.415 123.4± 41.6 0.363 6.18± 0.85 0.392 4.32± 0.82 0.376
5% BP 40.1± 6.4 0.323 20.8± 7.5 0.347 132.7± 23.6 0.691 6.24± 0.36 0.491 3.75± 0.61 0.676
10% BP 42.6± 8.4 0.682 25.6± 8.2 0.532 126.9± 37.2 0.403 6.47± 0.29 0.652 3.98± 0.85 0.631

Table 3
Urinalysis of ICR mice in 24-week feed study of B. pilosa.

Parameter (units) Male Female

0% BP 0.5% BP 2.5% BP 5% BP 10% BP 0% BP 0.5% BP 2.5% BP 5% BP 10% BP

SGa 1.010± 0.005 1.012± 0.005 1.014± 0.003 1.011± 0.003 1.011± 0.005 1.015± 0.004 1.010± 0.006 1.014± 0.004 1.013± 0.004 1.011± 0.005
pHa 6.44± 0.37 6.52± 0.23 6.39± 0.54 6.50± 0.41 6.51± 0.36 6.51± 0.28 6.42± 0.49 6.51± 0.47 6.41± 0.63 6.47± 0.35
Uro (mg/dL)b Normal Normal Normal Normal Normal Normal Normal Normal Normal Normal
Pro (mg/dL)c Normal Normal Normal Normal Normal Normal Normal Normal Normal Normal
Glu (mg/dL)d Negative Negative Negative Negative Negative Negative Negative Negative Negative Negative
Bili (mg/dL)d Negative Negative Negative Negative Negative Negative Negative Negative Negative Negative
Ket (mg/dL)d Negative Negative Negative Negative Negative Negative Negative Negative Negative Negative
Bld (mmol/L)d Negative Negative Negative Negative Negative Negative Negative Negative Negative Negative
Leu (cells/mL)d Negative Negative Negative Negative Negative Negative Negative Negative Negative Negative
Nitrited Negative Negative Negative Negative Negative Negative Negative Negative Negative Negative

Urine samples of both sexes of mice from Fig. 1 were analyzed after 24-week treatment. Abbreviations: SG, specific gravity; Uro, urobilinogen; Pro, protein; Glu, glucose; Bili,
bilirubin; Ket, ketone; Bld, blood; and Leu, leucocyte.

a Each value represents mean± SEM.
b Normal means that all values are less than or equal to 0.1mg/dL.
c Normal means that all values are less than 50mg/dL.
d Negative connotes that these analytes are within the physiological level in the urine samples.
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(MNPCE) in 1000 polychromatic erythrocytes (PCE) from animals of
each group ranged from 0.9 to 1.8 (Table 5). Further, representative
florescent photomicrographs of MNPCE and PCE in the animals of
every group are shown in Sup. Fig. S4. That data suggests no signif-
icant difference in genotoxicity in mice fed with 10% BP or less.
Likewise, survival rate of control and BP-fed chickens was 100%.

Overall, this work suggests no toxicity in mice and chickens fed
with a daily dose of 5% BP or less for one month or longer.

3.7. HPLC and mass spectrometry analyses of phytochemicals in BP
extracts

Apparently, BP toxicity depends on the property of phyto-
chemicals in its different extracts. Lipid-soluble phytochemicals in
BP ethanol extract could show higher toxicity than water-soluble
ones in its water extract.1 Over 200 compounds, comprising
aliphatics, flavonoids, terpenoids, phenylpropanoids, aromatics,
porphyrins, polyynes, and other compounds, have been identified
from BP as reported previously.1 Since the active phytochemicals of
BP against chicken coccidiosis are yet identified, we failed to
directly correlate BP toxicity with the content of its active com-
pounds. Instead, we performed high performance liquid chroma-
tography andmass spectrometry to characterize the phytochemical
profile of BP (Sup. Fig. S5). Three polyynes, 2-b-D-glucopyr-
anosyloxy-1-hydroxy-5(E)-tridecene-7 (CPD 1), 9,11-triyne, 2-b-D-
glucopyranosyloxy-1-hydroxytrideca-5,7,9,11-tetrayne (CPD 2) and
3-b-D-glucopyranosyloxy-1-hydroxy-6(E)-tridecene-8,10,12-triyne
(CPD 3), were identified. Using these polyynes as phenolic com-
pounds, we were able to correlate the BP toxicity with the content
of these polyynes (Sup. Fig. S5). BP at 10%, containing 2.5mg/kg CPD
1, 1mg/kg CPD 2 and 1.3mg/kg CPD 3, correlated with a reduction
of body weight and food consumption in mice.
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Table 4
Hematological values for ICR mice in 24-week feed study of B. pilosa.

Parameter Unit Males Females References25 range of 20e24
week ICR mice

0% BP 0.5% BP 2.5% BP 5% BP 10% BP 0% BP 0.5% BP 2.5% BP 5% BP 10% BP Male Female

RBC 1012/L 9.52± 0.61 9.68± 0.65 9.33± 0.61 9.52± 0.39 9.85± 0.79 9.71± 0.39 9.88± 0.73 9.98± 0.31 9.65± 0.44 9.98± 0.93 9.02e10.42 9.74e10.32
WBC 109/L 9.88± 1.18 10.15± 2.32 9.71± 0.66 9.26± 0.83 9.53± 1.06 9.12± 1.74 9.25± 1.16 9.22± 0.62 9.55± 0.73 9.72± 1.14 9.13e14.71 8.87e14.69
HGB g/dL 13.5± 1.6 14.3± 0.8 14.9± 1.4 16.1± 1.1 14.5± 0.6 14.8± 0.3 14.9± 0.2 14.5± 0.7 14.2± 1.2 15.0± 0.8 13.5e17.2 14.4e15.8
HCT % 51.2± 2.1 53.0± 1.4 49.8± 3.0 52.9± 1.3 51.7± 2.5 52.1± 1.8 52.2± 0.9 51.1± 1.7 50.0± 1.7 51.8± 1.6 49.4e55.6 49.0e56.9
MCV fL 55.5± 2.5 56.4± 3.2 55.5± 1.5 56.0± 2.7 56.1± 2.7 54.3± 0.8 55.8± 2.9 56.4± 2.9 54.7± 1.6 55.2± 2.4 49.9e56.5 49.0e57.9
MCH pg 15.6± 0.6 15.7± 0.9 15.6± 0.4 16.2± 1.3 16.2± 1.7 16.5± 0.7 15.5± 0.6 15.8± 0.8 16.1± 0.8 16.3± 0.9 14.5e16.9 14.7e16.5
Plates 1010/L 129.9± 16.1 104.6± 4.3 102.6± 14.8 119.8± 15.1 118.2± 16.1 109.2± 11.9 108.1± 6.9 111.0± 11.7 115.2± 4.3 112.1± 13.7 99.38e144.3 109.9e148.7
Lymphocytes % 80.0± 4.1 76.6± 9.3 75.3± 5.7 70.2± 8.7 77.9± 5.8 78.2± 4.9 77.9± 5.3 74.4± 4.9 73.5± 8.9 75.3± 4.7 63.9e90.2 74.8e82.8
Monocytes % 3.7± 0.8 4.1± 1.1 5.2± 1.2 4.5± 1.7 4.9± 1.3 4.1± 0.9 3.5± 0.8 6.4± 1.8 4.3± 0.8 4.9± 1.1 3.2e6.4 2.1e7.1
Eosinophils % 1.2± 0.3 1.3± 0.2 1.3± 0.7 0.8± 1.3 1.8± 1.3 0.7± 0.1 1.0± 0.4 1.2± 0.6 1.9± 0.7 1.7± 1.3 0.8e3.1 0.1e5.1
Neutrophils % 16.3± 4.4 13.3± 3.1 16.7± 5.2 18.1± 6.4 16.5± 5.4 13.7± 1.1 15.7± 2.6 15.3± 5.5 19.3± 5.8 14.7± 2.8 2.1e27.3 9.1e19.3

Blood samples of both sexes of mice from Fig. 1 were analyzed after 24-week treatment. The data are expressed as mean± SEM of hematological values. Statistical comparisons of control mice (0% BP) and BP-fed mice were
performed by one-way ANOVA plus the Tukeymultiple range test and no statistical difference between treatment and control groupswas observed. Abbreviations:WBC, white blood count; RBC, red blood cell; HGB, hemoglobin;
MCV, mean corpuscular volume; and MCH, mean corpuscular hemoglobin.
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acute and/or sub-chronic toxicities have been evaluated in rats and
mice. Oral acute and 28-day toxicities of water and/or ethanol ex-
tracts of BP were evaluated in rodents.8,9 The data suggest the
toxicity of different extracts of BP is distinct since the LD50 of the
water and ethanol extracts of BP in mice was 12.3 g/kg BW and
6.2 g/kg BW, respectively.8 The BP water extract at a daily dose of
1 g/kg BW/day showed no noticeable sub-chronic toxicity in rats
over 28 days.8 The data are consistent with the observations in our
publications.4e6 The objective of this study was to provide oral sub-
chronic toxicity of the whole ground mass of BP in experimental
animals (mice), which is required by the regulation of the investi-
gational animal drug application in Taiwan and other countries.
From scientific and practical aspects, this study provided, for the
first time, the 24-week toxicity of the whole-plant powder of BP in
mice compared to 4-week toxicity study of BP in chickens. BP at 5%
or less, equal to 15 g BP/kg BW/day or less, once a day, over 24
weeks, showed no obvious toxicity in mice, which was related to
the presence of its phytochemicals. Compared with the water and
ethanol extracts of BP, thewhole groundmass of BP seemed to have
higher safety. In contrast with the previous toxicity studies in the
water or ethanol extract of BP, this workwas a long-term evaluation
of the whole plant of BP. We also discovered that 10% BP (32.4 g/kg
BW/day) slightly decreased body weight and food intake in mice.
Such study could validate and benefit the use of BP as herbal
medicine for animals and, eventually, humans. These data provided
good information for further application of BP. Despite modest
novelty, this work has high impact on food safety, agriculture and
bio-industry and is not just a prolongation of the experimental time
period. Particularly, phytogenics are emerging as an alternative
approach to maintain health and/or treat diseases in animals.

More recently, we reported that thewhole plant powder of BP at
0.5%e5% significantly suppressed chicken coccidiosis in a dose-
dependent manner.7,16 In addition, BP had little or no drug resis-
tance.16 Further, large-scale field trials of BP at 0.025% and 0.05%
confirmed the superior action against coccidiosis.11 Toxicology
study and safety of residues of veterinary drugs in rodents and
target animals need to be assessed prior to filing an investigational
new animal drug. In this work, BP at 5% and less had no oral toxicity
in mice over a period of 24 weeks as evidenced by survival rate,
body weight (Fig. 1), organ weight (Table 1), food intake (Fig. 2),
water consumption (Fig. 3), serum biochemistry (Table 2), urinal-
ysis (Table 3), hematology (Table 4), organ histopathology (Fig. 4),
and genotoxicity (Table 5). In contrast, mice given a daily dose of
10% BP had the same toxicological parameters as those of any other
group except that body weight and food intake in mice were
slightly reduced. Since current commercial broilers can achieve a 2-
kg market weight in 4e5 weeks,17,18 toxicity study of BP at 5% and
0.5% in chickens was conducted over a similar period of time (28
days). Similar to the data on BP toxicity in mice, body weight, food
consumption, water intake and organweight showed no significant
difference between control and BP fed groups in chickens (Sup.
Fig. S1-S2 and Sup. Tables S1-S2). Values of serum biochemistry
(Sup. Table S2) between the control and BP fed chickens were
within physiological range of refernces.19e23 Therefore, application
of BP in food animals such as chickens should be feasible with
noticeable toxicity.

Since two polyynes (CPD1 and 3) present in BP (Sup. Fig. S5)
showed anoxic effect in diabetic mice,24 the body weight loss in
mice fedwith 10% BP could partially be attributed to decreased food
intake. However, this loss had nothing to do with the type of diets
because standard diet and BP-supplemented diets had similar gross
energy (Sup. Table S3). The macroscopic and microscopic exami-
nation of the vital organs also implies that BP has no carcinogenic
property. The dose of BP at 5% used in experimental mice and
chickens is 200 times higher than its therapeutic dose (0.025% BP)
used in chickens. The overall data on the toxicity study of BP in
experimental animals (mice) and target animals (chickens) sug-
gests its high safety for veterinary purpose.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jtcme.2019.04.002.

Major organs of male and female mice from Fig. 1 were selected
and weighed after 24-week treatment. The data are expressed as
mean± SEM. Statistical comparisons of control mice (0% BP) and
BP-fed mice were performed by one-way ANOVA with the Tukey
multiple range test and no statistical difference between treatment
and control groups was observed.

Blood samples of male and female mice from Fig. 1 were
analyzed after 24-week treatment. The data are expressed as
mean± SEM. Statistical comparisons of control mice (0% BP) and
BP-fed mice were performed by one-way ANOVA by the Tukey
multiple range test. P values are calculated in relation to the control.
Abbreviations: GOT, glutamic oxaloacetic transaminase; GPT, glu-
tamic pyruvic transaminase; LDH, lactate dehydrogenase; CPK,
creatine phosphokinase; ALP, alkaline phosphatase; BUN, blood
urea nitrogen; CRE, creatinine; TP, total protein; and Alb, albumin.
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