Fundamental Toxicological Sciences (Fundam. Toxicol. Sci.)
Vol.6, No.9, 367-382, 2019

367

The Japanese

Fundamental Toxicological Sciences

URL : http://www.fundtoxicolsci.org/index_e.html

Society of
Toxicology

Original Article

Safety evaluation of chicken breast meat extract in
chromosomal aberration study, reverse mutation test,
and 90-day repeated dose study in rats

Yuasa Koki', Tadashi Imamura?, Yasue Sakaguchi? and Satoshi Kotoura®

!Central Research Institute, Marudai Food Co. Ltd., 21-3, Midoricho, Takatsuki Shi, Osaka Fu, 569-8577, Japan
2Ina research Inc, 2148-188 Nishiminowa, Ina-shi, Nagano-ken 399-4501, Japan

(Received October 9, 2019; Accepted October 24, 2019)

ABSTRACT — To evaluate the safety of chicken breast extract containing plasmalogen, the following
three tests were conducted: i) chromosome aberration study with mammalian cells; ii) bacterial reverse
mutation test; and iii) 90-day repeated oral dose study in rats. The chromosome aberration study showed
that there was no statistically significant increase in the structural aberration rate and the polyploidy aber-
ration rate between the group that was treated with chicken breast extract and the negative-control group.
Under the present test conditions, chicken breast extract did not induce chromosomal aberrations. Simi-
larly, in the reverse mutation test, there was no increase in the number of revertant colonies in all of the
bacterial strains that more than doubled the negative-control value related to the dose, regardless of the
presence or absence of metabolic activation. In other words, chicken breast extract did not exhibit a gene
mutation—inducing effect under the present test conditions. No effects were observed in the 90-day repeat-
ed oral dose study with the administration of chicken breast extract. Under the present test conditions, the
no-observed-adverse-effect level for both male and female rats was 1000 mg/kg/day.
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INTRODUCTION

Plasmalogen is the generic name of an ether-linked
phospholipid with a vinyl-ether bond. In the body, plas-
malogen is widely distributed in the brain, heart, and
skeletal muscle (Maeba, 2005). Previous studies have
reported reduced levels of plasmalogen in the serum of
elderly arteriosclerosis patients and in the brain of Alzhe-
imer dementia patients, and it has been suggested that
plasmalogen may play an important role in the mainte-
nance of homeostasis in the vascular and cerebral nerv-
ous systems (Guanm et al., 1999; Maeba et al., 2007).
An increase in the number of dementia patients in recent
years in Japan has become a social problem. The Ministry

of Health, Labour and Welfare estimates that the number
of elderly people with dementia will reach about 7 mil-
lion by 2025. At present, there is no fundamental thera-
peutic agent for dementia, and the emphasis has been on
medical approaches to prevent disease onset, such as life-
style and diet modification, as well as physical activity.
Against such a social background, we focused our
attention on the breast meat of egg-laying hens, which is
rich in plasmalogen, and began to conduct joint research
projects on its transformation to food material and asso-
ciation with cognitive function at university-affiliated
research institutions. As a result, a manufacturing proc-
ess to stably extract plasmalogen from chicken breast
meat was developed. Plasmalogen’s potential for improv-
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ing learning and memory skills in the brain, along with
its role in preventing dementia, were also discovered
(Kotoura et al., 2017; Kawamura et al., 2019; Hossain
et al., 2018). Based on this scientific evidence, we were
the first to successfully introduce a chicken breast extract
with plasmalogen as a new food material in the Japanese
domestic market.

Chicken breast meat has been consumed all over the
world since ancient times, and with its rich history of
dietary use, it is generally regarded as safe. However,
as there are limited data regarding the safety of chick-
en breast extract containing plasmalogen, in the present
study, we conducted the following tests: i) chromosome
aberration study using cultured mammalian cells; ii) bac-
terial reverse mutation test; and iii) a 90-day repeated oral
dose study in rats.

The chromosome aberration study with mamma-
lian cultured cells and the bacterial reverse muta-
tion test adhered to the “Ministerial ordinance concern-
ing the standards for the conduct of non-clinical studies
on the safety of drugs” (Ministry of Health and Welfare
ordinance No. 21, March 26, 1997), and the tests were
conducted based on the “Guidance on genotoxicity test-
ing and data interpretation for pharmaceuticals intend-
ed for human use” (Pharmaceutical and Food Safety
Bureau Notification No. 0920(2), September 20, 2012),
“Basic concept related to the appropriate manufacturing
of food items in forms such as tablets and soft capsules,”
and “Guidelines on voluntary inspections for raw materi-
al safety of food items such as tablets and soft capsules”
(Department of Food Safety Notification No. 0201003,
February 1, 2005).

The 90-day repeated oral dose study in rats adhered
to the “Ministerial ordinance concerning the stand-
ards for the conduct of non-clinical studies on the safe-
ty of drugs” (Ministry of Health and Welfare ordinance
No. 21, March 26, 1997), and the study was conducted
based on the “Partial revision of the guidelines for repeat-
ed dose toxicity studies” (Pharmaceutical Affairs Bureau
Notification No. 655, April 5, 1999), “Basic concept
related to the appropriate manufacturing of food items in
forms such as tablets and soft capsules,” and “Guidelines
on voluntary inspections for raw material safety of food
items such as tablets and soft capsules” (Department of
Food Safety Notification No. 0201003, February 1, 2005).
The tests were conducted according to the study protocol
reviewed by the Institutional Animal Care and Use Com-
mittee of the testing facility while adhering to the “Act
on welfare and management of animals” and “Guide-
lines for animal testing by Ina Research Inc.”. A testing
facility accredited by the Association for Assessment and
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Accreditation of Laboratory Animal Care International
(certificate no. 001107) was used.

MATERIALS AND METHODS

Test substance

Chicken breast extract (batch no. 170807) was used
in the experiment. The chicken breast extract was pre-
pared by alcohol extraction of freeze-dried chicken breast
meat, which was then vacuum concentrated and purified.
The extract was a yellowish-brown viscous oil containing
plasmalogen, a type of phospholipid (the product specifi-
cation value of plasmalogen was 12.5% or more, the actu-
al measured value of the batch used in the experiment
was 14.47%). In addition, the extract contained approxi-
mately 10% ethyl alcohol. The extract can be stored fro-
zen (—18°C or below) for 2 years.

Animal rearing

The rats used in the experiment were reared indoors
in a stainless-steel wire cage (29W x 22D x 21H cm)
under a 12-hr light-dark cycle (artificial lighting from
0700 to 1900) at a temperature of 21 to 25°C and humid-
ity of 40 to 70%, with a ventilation frequency of 15 to
17 times per hour. The rats were fed a commercial CRF-1
(pelleted feed) (Oriental Yeast Co., Ltd., Chiba, Japan) ad
libitum. On the last day of the treatment period, the feed
was removed from animals scheduled for necropsy the
next day, and the rats were fasted for longer than 16 hr
prior to necropsy. The rats were allowed to drink water ad
libitum from an automatic water dispenser connected to
the municipal water supply. However, during urine col-
lection, a glass water feeder with a built-in touch-drink
style tube was used.

Chromosome aberration study using mammalian
cells

The chromosome aberration study was carried out
according to the 6-hr direct method (—S9 treatment), the
metabolic activation method (+S9 treatment), and the
24-hr direct method. The test system for CHL/IU cells
(a fibroblast-like cell line derived from the lungs of new-
born female Chinese hamsters) was purchased from the
Laboratory Products Division of DS Pharma Biomedical
Co., Ltd., Japan. Cells were used after reaching the 35th
subculture generation in successive cultures. The chick-
en breast extract was serially diluted with water for injec-
tion (Otsuka Pharmaceutical Factory, Inc. Naruto-shi,
Tokushima-ken, Japan) before use for each test. In terms
of dose selection, the upper limit of the maximum con-
centration in genotoxicity tests of pharmaceuticals is
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recommended as either 1 mM or 0.5 mg/mL, whichev-
er is lowest. However, the test substance in the present
study was an extract prepared from a food material. The
Organization for Economic Cooperation and Develop-
ment guidelines no. 473 (OECD, 2016) state that for test
substances of unknown composition, the maximum con-
centration should be increased (5 mg/mL), as well as the
concentration of each ingredient. Based on these guide-
lines, 5 mg/mL (5000 pg/mL) was set as the maximum
dose; using a common ratio of two, a total of six doses
(156, 313, 625, 1250, 2500, and 5000 pg/mL) were used
in the 6-hr treatment direct method and the metabolic
activation method. For the 24-hr treatment direct meth-
od, a total of seven doses were used (78.1, 156, 313, 625,
1250, 2500, and 5000 pg/mL). Benzo [a] pyrene (B[a]P,
Tokyo Chemical Industry Co., Ltd., Tokyo, Japan) was
used as the positive-control substance, and based on the
recommended positive-control substance and concentra-
tion (Miyake, 2000), B[a]P 30 pg/mL was used for the
metabolic activation method. In addition to the above-
mentioned treatment group and positive-control group, a
group in which water was used for injection was intro-
duced as the negative-control group. The culture medi-
um was prepared by adding penicillin-streptomycin (Life
Technologies Corporation, Tokyo, Japan) to liquid Eagle’s
Minimum Essential Medium (Life Technologies Corpora-
tion, Tokyo, Japan) to a final concentration of 100 units/
mL and 100 pg/mL, and heat-inactivated fetal bovine
serum (Life Technologies Corporation, Tokyo, Japan) was
added to a final concentration of 10 vol%. Cell cultures
were prepared by seeding CHL/IU cells in tissue culture
flasks, 6-well plates, and 60-mm plastic petri dishes. Cells
were then maintained in a moist environment under static
culture in an incubator at 5% CO, and 37°C.

For metabolic activation in +S9 treatment, a mixture
of S9 (supernatant fraction of liver homogenate [9000
xg] of 7-week-old male Sprague-Dawley rats pre-treat-
ed with the commonly used drug-metabolizing enzyme-
inducing agents phenobarbital and 5,6-benzoflavone)
and cofactor-C (a coenzyme for the chromosome aber-
ration study), purchased from Oriental Yeast Co., Ltd.,
Tokyo, Japan), was used. In the 6-hr direct method, 4x104
cells/S mL were seeded in a 60-mm-diameter plastic petri
dish and incubated in a CO, incubator (Yamato Scientif-
ic Co., Ltd., Tokyo, Japan). The cell culture medium was
removed on day 3 after the start of the culture, and a solu-
tion containing either a negative-control substance (water
for injection) or test substance was added. After incu-
bation in a CO, incubator for 6 hr, the cell culture treat-
ment solution was removed, and the cells were washed
with phosphate-buffered saline without Ca2* and Mg2*

[PBS(—)] (Life Technologies Corporation, Tokyo, Japan).
Fresh cell culture medium was then added. After anoth-
er 18-hr incubation in the CO, incubator, a chromosome
specimen was prepared. CHL/IU cells were cultured for
the metabolic activation method in a manner similar to
the 6-hr treatment direct method. The cell culture medi-
um was removed on day 3 after the start of the culture,
and the S9 mix was added, followed by either the nega-
tive-control substance solution or test-substance solution.
After incubation in a CO, incubator for 6 hr, the cell cul-
ture treatment medium was removed, and the cells were
washed with PBS(—). Fresh cell culture medium was then
added. After another 18-hr incubation in the CO, incuba-
tor, a chromosome specimen was prepared. CHL/IU cells
were cultured for the 24-hr direct method in a manner
similar to the 6-hr treatment direct method. Similar to the
6-hr treatment direct method, either the negative-control
substance solution or the test-substance solution was then
added. After incubation for 24 hr in the CO, incubator, a
chromosome specimen was prepared.

Regarding preparation of the chromosome specimens,
approximately 2 hr prior to terminating the culture, Col-
cemid solution (Life Technologies Corporation, Tokyo,
Japan) was added to a final concentration of approximate-
ly 0.2 pg/mL to accumulate metaphase cells. After the
treatment period, the cell culture medium was transferred
into a centrifuge tube. After adding 0.25% trypsin solution
(Life Technologies Corporation, Tokyo, Japan), the exfo-
liated cells were transferred into a centrifuge tube, which
was then referred to as the cell suspension. After centrif-
ugation, 0.075 mol/L potassium chloride solution (Wako
Pure Chemical Industries, Ltd., Osaka, Japan) was added
for hypotonic treatment, and the cells were fixed using a
cooled fixing solution (methanol:acetic acid = 3:1, Wako
Pure Chemical Industries, Ltd., Osaka, Japan). Two slides
per petri dish were prepared. The slides were stained for
approximately 15 min with Giemsa solution (1 part undi-
luted Giemsa solution (Merck Ltd., Germany) mixed with
80 parts Sorensen’s buffer [1/15 M PBS, pH 6.8] (Wako
Pure Chemical Industries, Ltd., Osaka. Japan)), and the
chromosome specimens were then examined. The viable
cell count was determined, and using the formulas noted
below the population doubling (PD) and the relative pop-
ulation doubling (RPD) when the PD of the negative-con-
trol group is set to 100% were calculated.

PD = log(mean cell count at termination of treatment
with the test substance/mean cell count prior to
treatment)/log2; and

RPD% = (PD value of the treated group)/(PD value of

the negative-control group) x 100.
As there was no cytotoxicity in the treated group when
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the viable cell count was measured, 5000 pg/mL was
selected as the maximum dose in both treatment methods,
and a total of three doses (1250, 2500, and 5000 pg/mL)
were selected and used to observe the chromosome spec-
imens. The presence or absence of structural aberrations
was determined from 150 metaphase cells per petri dish
(300 cells in each group) observed under a microscope
(Olympus BHT, Olympus Corporation, Tokyo, Japan;
600x magnification, 1000x magnification when identi-
fication was not clear). The target of observation was a
cell with 25 + 2 chromosomes. Structural aberrations
were classified into the following six types: chroma-
tid and chromosome gap (gap; defined as the achromat-
ic section narrower than the chromatid width); chromatid
break (ctb), chromatid exchange (cte); chromosome break
(csb); chromosome exchange (cse); and other abnormal-
ities (oth). A total of 150 metaphase cells per petri dish
(300 cells in each group) were observed under a micro-
scope (400x magnification). Triploids or more (chromo-
some count of >38) were noted as numerical aberrations
of polyploid cells (polyploidy, poly). After excluding cell
counts that only exhibited a gap, Fisher’s direct probabil-
ity test was used to test for significant differences in the
total number of cells with structural aberrations (—gap)
and the number of cells with numerical aberrations (poly)
between the negative-control group and other groups. The
level of significance was set at 5% or 1% (one-sided).
SAS software (SAS Institute Inc., USA) was used for sta-
tistical analyses.

The test acceptance criteria were: i) the chromosom-
al aberration rate in the negative-control group (—gap%,
poly%) must be within the mean + 3 standard deviations
(S.D.) of the background data; ii) the structural aberration
rate in the positive-control group (—gap%) must be signif-
icantly higher than that of the negative-control group; and
iii) there must be three or more chromosomal analyses of
the treated group.

Results were evaluated for both structural aberrations
and numerical (polyploidy) aberrations. A test was con-
sidered positive when: i) the rate of occurrence of cells
with structural and numerical chromosomal aberrations in
the treated group was significantly higher than that of the
negative-control group, and ii) there was a dose-depend-
ent effect. The structural aberration rate did not include
+gap, and only —gap results were considered.

Bacterial reverse mutation test

The test bacterial strains included Salmonella typhimu-
rium TA98, TA100, TA1535, and TA1537, which were
purchased from the National Institute of Health Sciences
(Division of Genetics and Mutagenesis, Kawasaki-shi,
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Kanagawa-ken, Japan), and Escherichia coli strain WP2u-
vrA, which was purchased from the National Institute
of Technology and Evaluation (Tokyo, Japan). Chicken
breast extract was serially diluted with water for injec-
tion before use for each test. The positive-control sub-
stances were as follows: sodium azide (NaN,, Wako Pure
Chemical Industries, Ltd., Osaka, Japan); 2-(2-furyl)-3
-(5-nitro-2-furyl) acrylamide (AF-2, Wako Pure Chem-
ical Industries, Ltd., Osaka, Japan); 2-aminoanthracene
(2AA, Wako Pure Chemical Industries, Ltd.), and 9-ami-
noacridine hydrochloride (9AA, Tokyo Chemical Industry
Co., Ltd., Tokyo, Japan). The solvents used were as fol-
lows: water for injection (for NaN,) and dimethyl sulfox-
ide (Wako Pure Chemical Industries, Ltd., Osaka, Japan)
(for AF-2, 2AA, and 9AA). The maximum dose of 5000
ng/plate, as stated in the guidelines, was used as the dose
for the test substance, and a total of seven doses were set
as the common ratio of two (78.1, 156, 313, 625, 1250,
2500, and 5000 pg/plate). A negative-control group that
was administered water for injection was included in addi-
tion to the test-substance and positive-control substance
groups. Furthermore, nutrient broth no. 2 (2.5 w/v%;
Thermo Fisher Scientific Inc., Tokyo, Japan) was used as
the preculture medium for the test bacterial strains, and
Tesmedia AN (Oriental Yeast Co., Ltd., Tokyo, Japan) was
used as the minimal glucose agar plate medium (Oriental
Yeast Co., Ltd., Tokyo, Japan). As the top agar (Wako
Pure Chemical Industries, Ltd., Osaka, Japan), 0.6%
agar with 0.5 w/v% sodium chloride (Wako Pure Chemi-
cal Industries, Ltd., Osaka, Japan) was used. For the four
strains of S. typhimurium, a solution of 0.5 mmol/L histi-
dine (Wako Pure Chemical Industries, Ltd., Osaka, Japan)
and 0.5 mmol/L biotin (Wako Pure Chemical Industries,
Ltd., Osaka, Japan) was added at a 10:1 ratio. Similarly,
for E. coli WP2uvrA, a solution of 0.5 mmol/L tryptophan
(Wako Pure Chemical Industries, Ltd., Osaka, Japan) was
added at a 10:1 ratio.

The reverse mutation test was performed according
to the pre-incubation method without metabolic —activa-
tion (—S9 mix) and with metabolic —activation (+S9 mix).
S9 and cofactor-1 (a coenzyme for mutagenicity tests that
use microorganisms), purchased from Oriental Yeast Co.,
Ltd., Tokyo, Japan, were mixed and used as metabolic
activators in the +S9 mix. In a sterile test tube, 0.1 mL of
negative-control substance solution, test-substance solu-
tion, or positive-control substance solution was added.
For the —S9 mix, 0.5 mL of 0.1 mol/L sodium-phosphate
buffered saline (Na-PBS, pH 7.4, Wako Pure Chemical
Industries, Ltd., Osaka, Japan), and for the +S9 mix,
0.5 mL of S9 mix was added, and 0.1 mL of the test bac-
terial solution was added in both methods. Pre-incubation
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with shaking at 100 oscillations per minute for 20 min in
a shaking incubator (TIETECH Co., Ltd., Nagoya, Japan)
at 37°C was performed, and after adding and mixing
2 mL of top agar, the medium was quickly poured onto
a minimal glucose agar plate. The plate was incubated at
37°C for longer than 48 hr (approximately 48 to 52 hr)
and then observed.

With respect to observations and measurements, an
inverted microscope (Olympus Corporation, Tokyo,
Japan) was used to observe the presence/absence and
degree of bacterial growth inhibition caused by the test
substance on the test bacterial strains on each plate. The
presence/absence of precipitation of the test substance was
observed by visual inspection. Bacterial growth inhibi-
tion of the same bacterial strain and under the same treat-
ment conditions (presence/absence of metabolic activa-
tion) were compared with the negative (solvent) control.
Decreases in viable bacterial count were determined by
the change in the growth densities of background colony
(background lawn [BG lawn] where minute colonies can
be barely confirmed under a microscope over the entire
plate of amino acid auxotrophs and proliferation was
arrested). The observation was conducted at a 100x mag-
nification. Colonies formed by reverse mutation on each
plate were counted using a colony counter. The number
of revertant colonies on each plate and the mean number
of colonies for each concentration are shown. The pres-
ence/absence of precipitation of the test substance at the
times of adding the test substance and counting the rever-
tant colonies and the presence/absence of growth inhibi-
tion at the time of counting the revertant colonies were
noted. Results were considered positive when the number
of revertant colonies in the treated groups were twice or
more of the negative-control group with dose-relationship
was observed. In contrast, results were considered nega-
tive when the number of revertant colonies in the treat-
ed group was not more than double compared to the neg-
ative-control group.

90-day repeated oral dose study in rats

Both male and female rats were used in the exper-
iments, and specific pathogen—free Crl:CD SD rats at
5 weeks of age were purchased from Charles River Lab-
oratories Japan, Inc., Hino-shi, Japan and quarantined for
1 week. During the quarantine period, the general condi-
tion was monitored every day, and body weight was meas-
ured. Even after the quarantine period, the general condi-
tion was monitored once a day until the day before starting
the treatment. Using the Provantis system (Instem LSS
Limited, Stone, UK), rats that grew favorably in terms of
general condition and body weight were assigned to each

group based on the body weight measured on the group-
ing day. Eighteen male and 18 female rats with body
weights close to the mean body weight were assigned to
each group. The rats were 6 weeks old at the start of treat-
ment.

The dose of the test substance was considered based
on the “Guidance on nonclinical safety studies for the
conduct of human clinical trials and marketing author-
ization for pharmaceuticals” (Pharmaceutical and Food
Safety Bureau Notification No. 0219 [4], February 19,
2010). Based on the recommended dose limit, 1000 mg/
kg/day was set as the high dose and 500 mg/kg/day as the
low dose. The test-substance solution for administration
was prepared by suspending the test substance in Japa-
nese Pharmacopoeia (JP) water for injection. The high-
dose solution was prepared at 100 mg/mL, and the low-
dose solution was prepared at 50 mg/mL. An equivalent
amount of JP water for injection was used as the control
substance in the control group. Each group had six males
and six females. The method of administration was gav-
age using oral gavage tubes.

During the treatment period, general conditions were
monitored twice a day, and body weight was measured 1
day prior to the start of treatment. During the treatment,
measurements were taken on days 1, 8, 15, 22, 29, 36,
43, 50, 57, 64, 71, 78, 85, and 91. Food consumption was
measured by calculating food consumption per day from
the difference between food on the weighing day and the
residual food consumption on the next weighing day, and
using the calculated food consumption as food consump-
tion on each weighing day. Urine tests were conducted
during the week 13 of treatment for the following param-
eters. Urine volume (Vol), color (Col), specific gravi-
ty (SG), pH, protein (Pro), glucose (Glu), ketone bodies
(Ket), bilirubin (Bil), occult blood (Occ), urobilinogen
(Uro), sediment, sodium (Na), potassium (K), and chlo-
ride (Cl) were measured using an automated urine analyz-
er (CLINITEK Advantus, Siemens Healthcare Diagnostics
K.K., Tokyo, Japan), a urine specific gravity refractome-
ter (URC-JE, Atago Co., Ltd., Tokyo, Japan), and a 7180
automatic analyzer (Hitachi 7180; Hitachi High-Tech-
nologies Corporation, Tokyo, Japan). A hematology test
was conducted at the end of the treatment period (during
the necropsy) under anesthesia with inhaled JP isoflurane
(Mylan Seiyaku Ltd., Tokyo, Japan) by collecting blood
samples from both the left and right jugular veins. Blood
samples for complete blood cell counts were collect-
ed from the jugular vein on one side using a polypropyl-
ene injection syringe and needle containing an anticoag-
ulant (1.5% ethylenediaminetetraacetate-2K, (DOJINDO
LABORATORIES, Kumamoto-ken, Japan)) solution.
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Blood samples for the coagulation test were collected
from the jugular vein on the opposite side using a poly-
propylene injection syringe and needle containing an
anticoagulant (3.2 w/v% sodium citrate (Wako Pure
Chemical Industries, Ltd., Osaka, Japan)) solution. The
following parameters were measured using an ADVIA
120 Hematology System (Siemens Healthcare Diagnos-
tics K.K., Tokyo, Japan): red blood cells (RBCs), hemo-
globin concentration (HGB), hematocrit level (HCT),
mean corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH), mean corpuscular hemoglobin con-
centration (MCHC), reticulocyte count (#Retic), reticu-
locyte ratio (%Retic), platelet count (PLT), white blood
cell count (WBC), neutrophil count (#Neut), neutrophil
ratio (%Neut), lymphocyte count (#Lymph), lymphocyte
ratio (%Lymph), monocyte count (#Mono), monocyte
ratio (%Mono), eosinophil count (#Eos), eosinophil ratio
(%Eos), basophil count (#Baso), basophil ratio (%Baso),
large unstained cells (#LUCs), and large unstained cell
ratio (%LUC). Prothrombin time (PT) and activated par-
tial thromboplastin time (APTT) were measured using-
Automated Blood Coagulation Analyzer CA-510 (Sys-
mex Corporation, Kobe, Japan). Upon completion of
blood sample collection for the hematology tests, the
abdominal cavity of the rats was opened under anesthe-
sia with inhaled isoflurane, and blood samples were col-
lected for biochemical tests from the posterior vena cava
using a polypropylene injection syringe and needle con-
taining heparin sodium (Wako Pure Chemical Industries,
Ltd., Osaka, Japan). A Hitachi 7180 analyzer was used to
measure aspartate aminotransferase (AST), alanine ami-
notransferase (ALT), alkaline phosphatase (ALP), lac-
tate dehydrogenase (LD), creatine kinase (CK), glucose
(GLU), total bilirubin (BIL), urea nitrogen (UN), creati-
nine (CRE), total cholesterol (CHO), triglycerides (TGs),
phospholipids (PLs), inorganic phosphorus (IP), calcium
(Ca), Na, K, Cl, total protein (TP), albumin (ALB), and
albumin-globulin ratio (A/G). The rats were exsanguin-
ated after blood sampling, and the presence or absence
of macroscopic abnormalities was determined for each
of the organs and tissues of all rats during necropsy. The
weight of the following organs was measured: heart, thy-
mus gland, spleen, bronchial tube, lungs, submandibu-
lar gland, major sublingual duct, liver, kidneys, pituitary
gland, thyroid gland, parathyroid gland, adrenal glands,
testis, epididymis, prostate, seminal vesicle, coagulat-
ing gland, ovaries, uterus, and brain. In addition to the
organs that were weighed, histopathologic examinations
were performed on the thoracic aorta, sternum, sternal
bone marrow, femur, knee joint, femural bone marrow,
submandibular lymph node, mesenteric lymph nodes, tra-
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chea, tongue, parotid gland, esophagus, stomach, duo-
denum, jejunum, ileum (with-, Peyer’s patches), cecum,
colon, rectum, pancreas, urinary bladder, vagina, spinal
cord (thoracic), sciatic nerve, eyes, optic nerve, Harderi-
an gland, skeletal muscle (thigh), skin (abdominal), and
mammary glands (females only). The above-mentioned
organs and tissues obtained during the necropsy were
fixed by immersion in 10 vol% neutral buffered forma-
lin solution (prior to fixing with 10 vol% neutral buffered
formalin solution (Wako Pure Chemical Industries, Ltd.,
Osaka, Japan), the testes were prefixed by immersion
in formalin-sucrose-acetic acid (Wako Pure Chemical
Industries, Ltd., Osaka, Japan), and the eyes and optic
nerves were prefixed by immersion in phosphate buffer
with 1% formaldehyde (Wako Pure Chemical Industries,
Ltd., Osaka, Japan) and 2.5% glutaraldehyde (Wako Pure
Chemical Industries, Ltd., Osaka, Japan) solution). The
above-mentioned fixed organs and tissues in the control
and high-dose groups as well as the organs and tissues
of all necropsied animals with abnormalities were exam-
ined microscopically after paraffin sections were prepared
using a conventional method and stained with hematoxy-
lin-eosin (Sakura Finetek Japan Co., Ltd., Tokyo, Japan).
The mean and standard deviations (SD) of body
weight, feed intake, urine, hematology, and blood bio-
chemistry test results as well as organ weights for each
group were calculated and analyzed using Bartlett’s test
for uniformity of variance (significance level at 5%). The
Dunnett test was used to compare the mean values of the
control group with those of the treated groups when uni-
formity of variance was confirmed. In contrast, when uni-
formity of variance was not observed, a natural logarith-
mic transformation was applied to the data, and using the
post-transformation data, the uniformity of variance was
once again tested using Bartlett’s test (significance lev-
el at 5%). When uniformity of variance was confirmed at
this stage, differences in mean values between the control
group and each of the treated groups were analyzed using
the Dunnett test with the post-transformation data. When
uniformity of variance could not be confirmed at this
point, Steel’s test was performed on the data to determine
the difference in mean rank between the control group
and each of the treated groups. For the weight of organs
measured separately between the left and right sides, sta-
tistical analysis was performed only on the total value for
both the left and right sides. All tests were two-sided, and
variability was determined to be significant when there
was a difference with the control group at the 5% signifi-
cance level. The table shows 5% and 1% differences sep-
arately. Data were analyzed using the Provantis program.
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RESULTS

Chromosome aberration study using mammalian
cells

The RPD value for i) 6-hr treatment direct meth-
od with a dose range between 156 and 5000 pg/mL was
100.0 to 130.8%; ii) 24-hr treatment direct method with
a dose range between 78.1 and 5000 pg/mL was 92.5 to
119.9%; and iii) metabolic activation method with a dose
range between 156 and 5000 pg/mL was 86.4 to 109.1%.
None of the above results showed dose-dependent inhibi-
tion of cell proliferation (Table 1).

Chromosome specimens for three doses in all treat-
ment methods (the highest dose of 5000 pg/mL and two
doses [2500 and 1250 pg/mL]) as well as the negative
and positive controls for each of the treated groups were
observed (Table 2). Precipitation of the test substance was
observed at the time of adding the test substance at 1250
to 5000 pg/mL and at the termination of treatment with
the test substance at 78.1 to 5000 pg/mL.

The structural aberration rate (—gap%) and polyploidy
rate (poly%) in the 6-hr treatment direct method with a
dose range of 1250 to 5000 pg/mL were 0.33% and 0.00
to 1.00%, respectively. Compared to the negative-control
group (0.33 and 1.00%), there was no statistically signif-
icant increase.

The structural aberration rate (—gap%) and the poly-
ploidy rate (poly%) in the 24-hr treatment direct method
with a dose range of 1250 to 5000 pg/mL were 0.00 or
0.33% and 0.00 to 1.00%, respectively. Compared to the
negative-control group (both 0.00%), there was no statis-
tically significant increase.

The structural aberration rate (—gap%) and the poly-
ploidy rate (poly%) in the metabolic activation method
with a dose range of 1250 to 5000 pg/mL were 0.00 or
0.33% and 0.00 or 1.00%, respectively. Compared to the
negative-control group (0.67 and 0.00%), there was no
statistically significant increase.

According to the metabolic activation method, the
structural aberration rate (—gap%) of the positive-con-
trol group (B[a]P) was 51.67%, and a statistically signif-
icant increase was shown compared to the negative-con-
trol group. The structural aberration rate (—gap%) and
the polyploidy rate (poly%) in the negative-control group
were within the mean + 3SD of the test facility’s back-
ground data.

Bacterial reverse mutation test

Regardless of the presence/absence of metabolic acti-
vation, none of the tested bacterial strains exhibited a
dose-related increases in the number of revertant colo-

nies twice or more of compared with the negative-control
group. There was also no growth inhibitory effect against
the bacterial strains (Table 3). Precipitation of the test
substance was observed in the following dose ranges: in
the —S9 mix, 156 to 5000 pg/plate at the time of adding
the test substance and 1250 to 5000 pg/plate during plate
observation; in the +S9 mix, 313 to 5000 pg/plate at the
time of adding the test substance and 1250 to 5000 pg/
plate during plate observation.

90-day repeated oral dose study

Throughout the observation period, there were no
abnormalities in general conditions or deaths noted in any
of the treated groups. Crust formation (behind the neck)
was observed in one male rat in the 1000 mg/kg/day
group, which started on day 89 and continued until the
day of necropsy. However, this change was only observed
in one case and not in the other rats of the same group. As
this was a change also observed in the testing facility’s
background values, we assumed that there was no asso-
ciation with the administration of the test substance. The
results of body weight and feed intake measurements are
shown in Figs. 1 and 2. There were no variations in body
weight or feed intake that were attributed to the adminis-
tration of the test substance. Furthermore, there were no
significant variations compared to the control group.

According to the urine test results in Table 4, signifi-
cantly higher urine volume was observed in male rats in
the 500 mg/kg/day group compared to the control group;
however, there was no association with dose. Positive
urine protein (+++) was detected in one male rat in the
1000 mg/kg/day group; however, the blood biochemistry
test, urine test, and histopathologic examination results,
which will be described in a subsequent section, exhibit-
ed no changes that suggested an effect on the kidneys and
urinary tract.

The results of the hematology and blood biochemis-
try tests are shown in Tables 5 and 6. While PT in the
hematology test was significantly higher in male rats in
the 1000 mg/kg/day group compared to the control group,
there were no variations in APTT or PLT, and no bleed-
ing tendencies were observed. The values were within
the range of the test facility’s background values. In the
blood biochemistry test, there was a significant decrease
in BIL in male rats in the 500 and 1000 mg/kg/day groups
compared to the control group. However, this may have
been a coincidental significant difference due to high lev-
els in the control group, as there was one case in the con-
trol group that demonstrated high levels exceeding the
test facility’s background value. AST levels were also sig-
nificantly higher among female rats in the 500 and 1000
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Table 1-1. Chromosome aberration study of chicken extract using mammalian cultured cells-viable cell counting-

Direct method
6 hr
. . Mean
Dose Viable ce}l Volume Viable cell viable cell PD RPD
(ug/mL) concjentratlon (mL) . count count (%)
x10°cells/mL x10°cells/volume (x10cells)
(x10°cells/mL) (x10°cells/vol
Data prior to 12 1.0 1.2
treatment 12 1.0 12 12
o 2.7 1.0 2.7
2.4 1.0 2.4 2.6 1.1 100.0
156+ 2.8 1.0 2.8
2.3 1.0 2.3 2.6 1.1 100.0
2.8 1.0 2.8
313
T 3.0 1.0 3.0 2.9 1.3 114.1
625+ 34 1.0 34
3.1 1.0 3.1 33 1.5 130.8
2.8 1.0 2.8
1250
Tt 34 1.0 34 3.1 1.4 122.7
25001+ 3.1 1.0 3.1
2.7 1.0 2.7 2.9 1.3 114.1
2.6 1.0 2.6
So0ott 2.9 1.0 2.9 2.8 1.2 109.6

Table 1-2. Chromosome aberration study of chicken extract using mammalian cultured cells-viable cell counting-

Direct method
24 hr
Viable cell Viable cell _Mean
Dose concentration Volume count viable cell PD RPD
0,
(ng/mL) (x10°cells/mL) (mL) (x10°cells/volume) x fgs‘i?”s) (%)
Data prior to 12 1.0 1.2
treatment 1.2 1.0 1.2 1.2
2.5 1.0 2.5
Oa)
3.4 1.0 34 3.0 1.3 100.0
3.7 1.0 3.7
78.11
2.6 1.0 2.6 32 1.4 107.0
4.1 1.0 4.1
156+
3.1 1.0 3.1 3.6 1.6 119.9
2.9 1.0 29
313t
2.6 1.0 2.6 2.8 1.2 92.5
34 1.0 34
625t 29 1.0 2.9 3.2 1.4 107.0
2.9 1.0 29
12501+
2.8 1.0 2.8 2.9 1.3 96.3
34 1.0 34
23001t 29 1.0 2.9 32 1.4 107.0
3.7 1.0 3.7
50001+
2.8 1.0 2.8 33 1.5 110.4
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Table 1-3. Chromosome aberration study of chicken extract using mammalian cultured cells-viable cell counting-
Metabolic activation method

+S9 treatment

. . Mean
Dose Viable cell Volume Viable cell viable cell PD RPD
(ug/mL) concsentratlon (mL) : count count (%)
(x10°cells/mL) (x10°cells/volume) (x10°cells)
Data prior to 1.2 1.0 1.2
treatment 1.2 1.0 1.2 1.2
o 32 1.0 32
3.1 1.0 3.1 3.2 1.4 100.0
156+ 3.6 1.0 3.6
33 1.0 33 3.5 1.5 109.1
2.8 1.0 2.8
313t
2.7 1.0 2.7 2.8 1.2 86.4
625+ 3.1 1.0 3.1
2.8 1.0 2.8 3.0 1.3 93.4
2.8 1.0 2.8
1250t
2.8 1.0 2.8 2.8 1.2 86.4
25001t 33 1.0 33
2.6 1.0 2.6 3.0 1.3 93.4
3.1 1.0 3.1
5000t
32 1.0 32 3.2 1.4 100.0
a): Nagative control, Water for injection T: Precipitation (at the start of treatment)

11: Pricipitation (at the start and end of treatment)
PD (Population doubling)=log(mean viable cell count at termination of treatment/mean viable cell count pior to treatment)/log2
RPD (Relative population doubling)=PD value in the treated group/PD value in the negative control groupx100

Table 2. Chromosome aberration study of chicken extract using mammalian cultured cells-chromosome aberration test-
Direct method

Eﬁ:ﬂ&i‘;t (u@?r;i) l};)])) I;hfncrgﬁesr Number of cells with structural aberrations® polylgl‘f)%bceél‘l’sf %)
gap ctb cte csb cse oth +gap(%) -gap(%)
09 100.0 300 0 1 0 0 0 0 1(0.33) 1(0.33) 3(1.00)
18 12501t 122.7 300 0 1 0 0 0 0 1(0.33) 1(0.33) 2(0.67)
25001t 114.1 300 2 1 0 0 0 0 3(1.00) 1(0.33) 0(0.00)
50001t 109.6 300 0 1 0 0 0 0 1(0.33) 1(0.33) 3(1.00)
09 100.0 300 0 0 0 0 0 0 0(0.00) 0(0.00) 0(0.00)
240 125011 96.3 300 0 0 0 0 0 0 0(0.00) 0(0.00) 1(0.33)
25001t 107.0 300 0 1 0 0 0 0 1(0.33) 1(0.33) 0(0.00)
50001t 110.4 300 2 0 0 0 0 0 2(0.67) 0(0.00) 3(1.00)
Metabolic activation method
;li";el:})(n;ler];t (u]z;);i ) %‘F/)u])) Ti?:;?lesr Number of cells with structural aberrations” polyI;\)Ill:) Iilzlbgﬁ)sf %)
ctb cte csb cse oth +gap(%) -gap(%)
09 100.0 300 1 1 1 1 0 0 3(1.00) 2(0.67) 0(0.00)
125011 86.4 300 0 0 0 1 0 0 1(0.33) 1(0.33) 0(0.00)
6-18 250011 93.4 300 0 0 0 0 0 0 0(0.00) 0(0.00) 0(0.00)
5000t 100.0 300 0 0 1 0 0 0 1(0.33) 1(0.33) 3(1.00)
B[a]P30" - 300 0 14 144 5 0 0 155(51.67) 155(51.67)** 1(0.33)

a): Treatment time-Recovery time

b): gap; Chromatid and chromosome gap, ctb; Chromatid break, cte; Chromatid exchange, csb; Chromosome break, cse; Chromosome exchange, oth;
Multiple aberrant cells, fragmentation, etc.

¢): Nagative control, Water for injection

d): Positive control, benzo[a]pyrene

RPD: Relative population doubling

11: Precipitation (at the start and end of treatment)

* % 1 P<0.01, significantly different from the negative control (Fisher's exact test).
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Table 3. Reverse mutation test results.
Number of revertant colonies/plate (Mean)
S9 mix (ulg)/gifte) Base-pair subsitiution type Frameshift type
TA100 TA1535 WP2uvrd TA98 TA1537
0 127 9 27 21 17
78.1 130 7 20 23 17
1561 127 10 27 15 17
3131 123 7 25 19 17
) 6251 132 9 19 15 15
1250t 131 9 24 22 12
25001t 120 5 28 32 17
50001t 124 9 24 25 21
0 146 14 31 32 19
78.1 157 9 27 30 19
156 149 11 24 28 19
N 3131 149 9 25 37 18
625t 151 11 28 26 18
12501t 156 10 29 31 19
25001t 153 15 33 33 19
50001t 152 13 26 33 18
Substance AF-2% NaN,? AF-2 AF-2 9AAY
- Dose (pg/plate) 0.01 0.5 0.01 0.1 80
Positive 865 514 142 403 259
control Substance 2AA9 2AA 2AA 2AA 2AA
+ Dose (pg/plate) 1 2 10 0.5 2
1080 231 834 286 78

a): Negative control, Water of injection

¢): Sodium azide

e): 2-Aminoanthracene

11: Pricipitation (at the start and end of treatment)

mg/kg/day groups; however, the degree of difference
was minimal, and other measurement parameters did not
show an effect on the liver. There were also no histolog-
ic changes in the liver according to the histopathologic
examination.

Tables 7, 8, and 9 show the necropsy, organ weight,
and pathologic examination results. After termination of
the treatment, crust formation was observed, reflecting the
general condition in one male rat in the 1000 mg/kg/day
group. One male rat in the control group had a soft testis
(unilateral). In the pathologic examination of these spec-
imens, histologically, there was crust formation on the
skin and diffuse atrophy of the seminiferous tubule in the
testis. Regarding organ weight measurements, while there
was a significantly higher organ-to-body weight ratio for
the spleen among male rats in the 1000 mg/kg/day group
compared to the control group, there was no difference in
actual weight. There were no histologic changes suggest-
ing variability in weight, and there was no effect on the
hematopoietic system according to the hematology test
results described above. Significantly higher actual weight
and organ-to-body weight ratio of the thymus gland were

Vol. 6 No. 9

b): 2-(2-Furyl)-3-(5-nitro-2-furyl)acrylamide
d): 9-Aminoacridine hydrochloride
1: Precipitation (at the start of treatment)

observed among the female rats in the 500 mg/kg/day
group, however, there were no associations with dose.

DISCUSSION

To evaluate the safety of chicken breast extract con-
taining plasmalogen, the following three tests were con-
ducted: 1) chromosome aberration study using mammali-
an cells; ii) bacterial reverse mutation test; and iii) 90-day
repeated oral dose study in rats.

The chromosome aberration study was conducted
using CHL/IU cells according to the metabolic activation
method (6-hr treatment) and the direct method (6- and
24-hr treatments). The examination of chromosome spec-
imens showed that there was no statistically significant
increase in the structural aberration rate or the numerical
aberration rate in the treated groups in all treatment meth-
ods compared to the respective negative-control groups.
Chromosome analyses in all treated groups were con-
ducted at three doses, and there was a statistically sig-
nificant increase in the structural aberration rate of the
positive-control group compared to the negative-control
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Fig. 2. Change in feed intake of rats in the 90-day repeated oral dose study.

group. Both the structural aberration rate and numerical
aberration rate in the negative control group were with-
in the range of the test facility’s background data. In other
words, chicken breast extract did not induce chromosom-

al aberrations in CHL/IU cells.

In the bacterial reverse mutation test, there was no
dose-related increase in the number of revertant colonies
(i.e., twice or more of the negative control) for any of the
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Safety evaluation of chicken breast extract

Table 9. Histopathologic examination results of the 90-day repeated oral dose study.
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Sex Males Females
Test substance Water for  Chicken breast Water for ~ Chicken breast
o . injection extract injection extract
Organ - organization Views Dose
(mg/kg/day) 0 500 1000 0 500 1000
No. of rats 6 6 6 6 6 6
Heart infiltrate,mononuclear cell + 1 NA 2 0 NA 0
Spleen extramedullary hematopoiesis + 3 NA 3 2 NA 1
Lung (Including Bronchus)  alveolar macrophage aggregation + 1 NA 1 0 NA 0
metaplasia osseous P 1 NA 1 0 NA 1
Submandibular Gland infiltrate, mononuclear cells + 0 NA 1 0 NA 0
Pancreas atrophy, aciner cells, focal + 1 NA 0 0 NA 0
infiltrate, mononuclear cells + 0 NA 1 0 NA 0
Liver microgranuloma + 5 NA 5 5 NA 4
+ 1 NA 1 0 NA 0
Kidney cast, hyaline P 0 NA 0 1 NA 1
infiltrate, inflammatory cells + 0 NA 1 0 NA 0
infiltrate, mononuclear cells + 1 NA 2 1 NA 0
cyst P 0 NA 1 0 NA 0
basophilia, tubular + 3 NA 2 0 NA 0
Thyroid ectopic tissue, thymus P 0 NA 0 0 NA 1
ultimobranchial cyst P 1 NA 2 1 NA 1
Testis atrophy, tubular, diffuse +++ 1 NA 0 NA NA NA
Prostate (Ventral) infiltrate, mononuclear cells + 2 NA 5 NA NA NA
Uterus cyst, squamous P NA NA NA 1 NA 0
Eye dysplasia, retina P 0 NA 0 1 NA 1
Harderian Gland infiltrate, mononuclear cells + 1 NA 0 0 NA 0
Skin (Abdominal) infiltrate, mononuclear cells + 0 NA 0 0 NA 1
Skin crust fomation + NA NA 1 NA NA NA

Test results were: no change (-), very minor change (+), minor change (+), moderate change (++), notable change (+++), appearance (P)

bacterial strains examined, regardless of the presence or
absence of metabolic activation. The number of rever-
tant colonies in the negative-control group was within the
range of the test facility’s background value. There were
four or more doses that did not exhibit growth inhibition
and five or more levels of analyzable doses in the treated
groups, whereas positive outcomes for all of the bacterial
strains were observed in the positive-control groups. The
above findings demonstrated that under the present test
conditions, chicken breast extract did not induce genetic
mutations.

In the 90-day repeated oral dose study in rats, no
changes attributable to the test substance were observed
in general conditions, body weight, feed intake, urine test,
hematology, blood biochemistry, necropsy, organ weights,
or pathologic examination. Therefore, the NOAEL under
the conditions of this study was considered to be 1000 mg
per kg/day in both males and females.

These findings indicate that chicken breast extract does
not exhibit mutagenicity or sub-chronic toxicity. Chicken
breast extract is rich in plasmalogen, a substance that has

the potential to contribute to improving brain learning and
memory and preventing dementia. We believe that chick-
en breast extract with guaranteed safety can be expected
as a health food material that has the potential to contrib-
ute to improving learning memory and preventing demen-
tia.
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