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ABSTRACT — Discarded scallop internal organs, especially the hepatopancreas, are rich in n-3 poly-
unsaturated fatty acids such as eicosapentaenoic acid and docosahexaenoic acid. However, they have not
been utilized because of their contamination with toxic substances, such as cadmium (Cd), and the occur-
rence of diarrheic shellfish toxins (DST). We have successfully prepared a high-quality scallop oil (SCO)
from the internal organs of the Japanese giant scallop (Patinopecten yessoensis), including the hepato-
pancreas without Cd and DST. These pollutants were removed by liquid-liquid partitioning followed by
adsorption to active carbon of fine particle size with high pore surface volume. In this study, we prepared
SCO from scallop internal organs obtained from two different processing areas (Mutsu and Uchiura bays,
Japan), and referred to them as SCO-M and SCO-U, respectively. Genotoxicity of SCO-M and SCO-U
was evaluated by the in vitro bacterial reverse mutation test (Ames test) and in vivo micronucleus test in
accordance with the Organisation for Economic Co-operation and Development guidelines. SCO-M and
SCO-U showed negative results in the Ames test in the presence or absence of metabolic activation with
S9 mix. In addition, no genotoxic effects of SCO-M and SCO-U were observed at all tested doses in the
micronucleus test. Based on the results of the present study, it can be concluded that SCO-M and SCO-U
are safe products in terms of genotoxicity under these experimental conditions.

Key words: n-3 Polyunsaturated fatty acids, Eicosapentaenoic acid, Docosahexaenoic acid,
Scallop internal organs, Genotoxicity

INTRODUCTION

The n-3 polyunsaturated fatty acids (PUFA), such as
eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA), are used as supplements and pharmaceutical
products. EPA and DHA have beneficial effects against
hyperlipidemia (Eslick et al., 2009), cardiovascular dis-
eases (Bowen et al., 2016), hypertension (Campbell et

al., 2013), and Alzheimer’s disease (Song ef al., 2016).
The European Food Safety Authority recommends the
intake of 250 mg/day EPA and DHA for the maintenance
of normal heart function, either 2 g/day DHA or 2 g/day
EPA and DHA for the maintenance of normal blood trig-
lyceride (TG) levels, and 3 g/day EPA and DHA for the
maintenance of normal blood pressure. In addition, the
American Heart Association also recommends the intake
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of 2-4 g/day EPA and DHA for patients with hypertriglyc-
eridemia (Kruzynski, 2004). Due to the growing demand
of n-3 PUFA as supplements and pharmaceutical products
worldwide, there are concerns about the exhaustion of n-3
PUFA supply sources.

Fishery by-products are rich in n-3 PUFA and they
are viable sources of n-3 PUFA. Japanese giant scallops
(Patinopecten yessoensis) are produced in quantities of
around 500,000 tons a year in Japan, but the edible part
(adductor muscle) is only about 15% (wt/wt). The out-
er shells and internal organs are wastes. Previous studies
reported that the scallop’s hepatopancreas has an extreme-
ly high n-3 PUFA content, especially EPA (Hayashi, 1986,
1988). However, the scallop’s internal organs, the hepat-
opancreas in particular, contains large amounts of cadmi-
um (Cd) and sometimes diarrheic shellfish poison (DST),
including dinophysis toxin and okadaic acid (Kruzynski,
2004; Matsushima et al., 2018). For this reason, the scal-
lop’s internal organs have not been used as n-3 PUFA
source. Recently, we successfully prepared a high-qual-
ity scallop oil (SCO) from its internal organs that satis-
fies the specifications for its use as a food, by removing
the toxic components, such as Cd and DST (Okuyama et
al., 2019). The SCO has a higher EPA content than oth-
er fish oils and contains TG as well as phospholipids (PL)
formed n-3 PUFA.

To the best of our knowledge, there is no publication
describing the safety of SCO from the view point of gen-
otoxicity studies. In this study, we prepared SCO from the
internal organs of P. yessoensis, obtained from two differ-
ent processing areas and referred to them as SCO-M (SCO
from Mutsu bay, Aomori, Japan) and SCO-U (SCO from
Uchiura bay, Hokkaido, Japan). In order to use SCO as a
food ingredient and supplement for n-3 PUFA, the present
study focused on the genotoxic potential of SCO-M and
SCO-U, using the in vitro (the bacterial reverse mutation
test) and in vivo genotoxicity tests (micronucleus test),
which are accepted by the Organisation for Economic
Co-operation and Development (OECD) guideline
(OECD, 1997, 2014).

MATERIALS AND METHODS

Chemicals and bacterial strains

The chemicals used as positive controls for the bacte-
rial reverse mutation test were 2-(2-furyl)-3-(5-nitro-2-
furyl) acrylamide (AF-2), 9-aminoacridinehydrochloride
hydrate (9-AA), sodium azide (SA), and 2-aminoan-
thracene (2-AA) and were purchased from FUJIFILM
Wako Pure Chemical Co. (Osaka, Japan) and Sigma-
Aldrich Co., LLC. (Missouri, USA). The cyclophospha-
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mide monohydrate (CPA), used as positive control, and
refined olive oil, used as negative control, in the micro-
nucleus test were purchased from Sigma-Aldrich Co.
LLC. and FUJIFILM Wako Pure Chemical Co., respec-
tively. The bacterial strains Salmonella typhimurium
(TA100, TA98, TA1535, and TA1537) and Escherichia
coli (WP2uvrA) were obtained from the National Institute
of Technology and Evaluation (Chiba, Japan). All other
chemicals were of reagent grade and were obtained from
Sigma-Aldrich Co. LLC. and NACALAI TESQUE, INC.
(Kyoto, Japan).

Preparation of oil from the Japanese giant
scallop’s internal organs

The internal organs of the Japanese giant scallop
(P. yessoensis) from Mutsu and Uchiura bays were provid-
ed by SATO CHIKURO Co. (Aomori, Japan) and Yakumo
fishery cooperative (Hokkaido, Japan), respectively. By-
produced giant scallop’s internal organs obtained from
Mutsu bay only consisted of the hepatopancreas and
were obtained from October to November 2017. In con-
trast, the giant scallop’s internal organs obtained from
Uchiura bay contained hepatopancreas, gonads, gills,
and mantles and were obtained from August to Sep-
tember 2017. In order to extract the crude oil from the
giant scallop’s internal organs, they were boiled first,
then minced, and treated with n-hexane/95% (w/w) eth-
anol (5:2, v/v) containing 1% (w/v) d-d-tocopherol and
1% (w/v) ascorbyl palmitate (MITSUBISHI-CHEMICAL
FOODS CO., Tokyo, Japan) for 30 min at room temper-
ature. Then, n-hexane layer (upper layer) was collected
using solid-liquid separator (BM-20, Matsumoto Machine
Manufacturing Co., Ltd., Osaka, Japan). Then, 5% active
carbon by weight was added to the n-hexane layer and
stirred for 30 min at room temperature. Filtration using
a diatomaceous earth pre-coated filter press, was carried
out to remove the active carbon. Cd, DST, and color were
adsorbed on the active carbon. Then the n-hexane layer
was evaporated. The resulting products were referred to
as SCO-M (prepared from giant scallop internal organs
by-produced in Mutsu bay area) and SCO-U (prepared
from giant scallop internal organs by-produced in Uchiu-
ra bay area). The prepared SCO-M and SCO-U were
stored in nitrogen headspace gas at -35°C until used. The
detailed method of SCO preparation was described previ-
ously (Okuyama et al., 2019).

Lipid compositions of the test substances

After methylation of fatty acids (FA) with boron trif-
luoride methanol, the FA compositions of the SCO-M
and SCO-U were determined using a gas chromatograph-
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ic (GC) system (GC-2014; Shimadzu Co., Kyoto, Japan)
equipped with Omegawax® capillary column (Merck
KGaA, Darmstadt, Germany) employing tridecanoic acid
(C13:0) as an internal standard as described previously
(Fukunaga et al., 2016). The PL content of SCO-M and
SCO-U was determined using phosphorus analyses as
described previously (Rouser et al., 1970). Peroxide val-
ues (PV) of SCO-M and SCO-U were determined using
the standard iodometric procedure (Japan Oil Chemists’
Society, 2013). The FA and PL contents of SCO-M and
SCO-U are shown in Table 1. We confirmed the contents of
Cd (< 0.4 mg/kg), arsenic (< 2 ppm), mercury (< 0.4 ppm),
dioxin (< 4 pg-TEQ/g), pesticide residues (< 0.01 ppm,
respectively), polychlorobiphenyl (< 3 ppm), and DST (<
0.16 mg okadaic acid eq/kg) in SCO-M and SCO-U, using
the official analytical methods performed by a commer-
cial service (Japan Food Research Laboratories, Tokyo,
Japan), and demonstrated that the specifications for their
use as food are satisfied.

Table 1. Fatty acid content, phospholipid content,
and peroxide value of the oil prepared from

Japanese giant scallop’s (P. yessoensis) internal

organs.
SCO-M' SCO-U?
Fatty acid content (mg/g)
C14:0 37 29
Cl16:0 104 124
Cle:1 92 88
C18:0 4 20
C18:1n-9 16 45
C18:1n-7 33 45
C18:2n-6 40 19
C20:4n-6 (ARA) 73 10
C20:5n-3 (EPA) 297 216
C22:5n-3 3 7
C22:6n-3 (DHA) 58 103
Others 91 112
Phospholipid content (mg/g) 53.8 91.1
Peroxide value (meq/kg) 0.1 0

The contents of cadmium (< 0.4 mg/kg), arsenic (< 2 ppm),

mercury (< 0.4 ppm), dioxin (< 4 pg-TEQ/g), pesticide residues

(< 0.01 ppm, respectively), polychlorobiphenyl (< 3 ppm), and

diarrheic shellfish poison (< 0.16 mg okadaic acid eq/kg) in

SCO-M and SCO-U were determined using official analytical

methods. The results confirmed that the specifications for their

use as food, have been satisfied.

ARA, arachidonic acid; DHA, docosahexaenoic acid; EPA,

eicosapentaenoic acid; SCO, scallop oil.

1 Oil prepared from internal organs of P. yessoensis, by-produced
in Mutsu bay area (Aomori, Japan).

2 Oil prepared from internal organs of P. yessoensis, by-produced
in Uchiura bay area (Hokkaido, Japan).

Bacterial reverse mutation test (Ames test)

Two independent tests were performed, the dose-find-
ing toxicity test and the main Ames test. The dose-find-
ing toxicity test was performed to establish suitable expo-
sure levels for the main Ames test. Ten-fold dilutions of
SCO-M and SCO-U were prepared using acetone.

The Salmonella typhimurium strain TA100 was used
for the dose-finding toxicity test with different doses of
SCO-M and SCO-U (up to 5,000 pg/plate) in the pres-
ence and absence of metabolic activation with S9 mix (S9
mix for Ames test, [IEDA TRADING CO., Tokyo, Japan)
in accordance with the OECD test guideline 471 (OECD
TG 471, 1997), and the lower doses were set with a com-
mon ratio of approximately 3. In the dose-finding toxici-
ty test, we did not observe more than a 2-fold or a dose-
dependent increase in the number of revertant colonies
for SCO-M and SCO-U compared to those treated with
acetone, as a negative control. Furthermore, there was no
growth inhibition of the test strains (TA100) at concen-
trations up to 5,000 pg/plate in the presence and absence
of metabolic activation. Therefore, the highest doses were
set at 5,000 pg/plate of SCO-M and SCO-U for the main
Ames test, while the lower doses were set with a common
ratio of 2.

The main Ames test was performed using a pre-in-
cubation method with and without metabolic activa-
tion (Yahagi ef al., 1977). Each test strain was pre-incu-
bated in 2.5% (w/w) nutrient broth No.2 (Sigma-Aldrich
Co., LLC.) for 8 hr at 37°C, and then the resulting sus-
pensions were used as bacterial suspension. The top agar
for the culture of S. fyphimurium was mixed with 0.5 mM
L-histidine and agar solutions. In addition, the top agar
for the culture of E. coli was mixed with 0.5 mM L-tryp-
tophan and agar solutions. A test tube, containing 0.1 mL
of the bacterial suspension, 0.5 mL of either 0.1 M sodi-
um phosphate buffer (pH 7.4) or the S9 mix (for presence
and absence of metabolic activation, respectively), and
the test substances (SCO solutions or a positive and nega-
tive control solutions), was incubated at 37°C for 20 min.
Then, 2 mL of the top agar was added to the test tube,
and the mixture was overlaid onto a minimal glucose agar
plate. The plates were subsequently placed in an incuba-
tor at 37 °C for 48 hr, and then the revertant colonies were
counted. A response was determined as positive when the
test substances caused a more than 2-fold dose-depend-
ent increase in the mean number of revertant colonies per
plate compared to the negative control. Triplicate plates
were used for each dose to calculate the means and stand-
ard error of the means (SEM).
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Micronucleus test in mice

The intake of SCO-M and SCO-U at a dose of 2,000
mg/kg body weight (BW) /day, which is the upper lim-
it dose specified in the OECD Guideline for the Test-
ing of Chemicals No. 474 (OECD TG 474, 2014), did
not induce clinical signs or body weight changes in mice
and rats (Sugimoto K. et al., unpublished data). There-
fore, 2,000 mg/kg BW/day was set as the highest dose of
the SCO-M and SCO-U for the micronucleus test, while
the lower doses were 1,000 and 500 mg/kg BW/day. The
dilution of the SCO-M and SCO-U were done by adding
refined olive oil, which has no mutagenicity.

The experimental protocol was reviewed and approved
by the Animal Ethics Committee of Kansai University,
and followed the “Guide for the Care and Use of Exper-
imental Animals” issued by the Prime Minister’s Office
of Japan. Seven-weeks-old male ICR mice, obtained
from Japan SLC, Inc. (Shizuoka, Japan), were kept in
an air-conditioned room (temperature: 21-23°C; humid-
ity: 50-70%; illuminated from 08:00-20:00). Forty-eight
mice were divided into eight groups of six mice each.
Mice were administered once daily for 2 days doses of
500, 1,000 and 2,000 mg/kg BW of SCO-M and SCO-U
by gavage. The mice of the negative control group were
administrated 2,000 mg/kg BW/day refined olive oil in
the same manner as SCO-M and SCO-U administration.
The mice of the positive control group were adminis-
tered a single dose of 50 mg/kg BW/day CPA. Twenty-
four hr after the last administration, mice were euthanized
under isoflurane (Intervet K.K., Osaka, Japan) anesthesia,
and then peripheral blood was collected from the inferi-
or vena cava.

Peripheral blood samples were processed for flow
cytometric evaluation of micronucleated polychro-
matic erythrocytes (MNPCE) as described previously
(Balmus et al., 2015). Briefly, the obtained peripheral
blood was immediately mixed with heparin solution, and
then the heparin-blood mixture was transferred into cold
methanol and stored at -80°C until later analysis. Peripher-
al blood cells were incubated with FITC labeled anti-CD71
antibody (cat NO. 11-0711-82, Thermo Fisher Scientific,
Massachusetts, USA) and propidium iodide (PI) for 60
min at 4°C with gentle agitation. The numbers of posi-
tive cells were counted using flow cytometry (FACS Can-
to II, BD Biosciences, Mississauga, Canada) and ana-
lyzed by FlowJo software (TOMY DIGITAL BIOLOGY
CO. LTD., Tokyo, Japan). Normochromatic erythro-
cytes (NCE) and polychromatic erythocytes (PCE) were
enumerated concurrently during MNPCE analysis, and
PCE/(PCE+NCE) ratio was calculated as a measure of
bone marrow toxicity. For each peripheral blood sample,
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2,000 PCE were analyzed to determine the frequency of
MNPCE (MNPCE/PCE ratio).

Significance between the negative control group and
each of the SCO-M and SCO-U treated groups or the pos-
itive control group in the micronucleus test was evaluated
using one-way analysis of variance (ANOVA) and Dun-
net’s multiple comparison test. Significance was set at
p < 0.05. Analyses were performed using GraphPad
Prism7 software (GraphPad Software, California, USA).

RESULTS AND DISCUSSION

In the bacterial reverse mutation test, the dose range
for the dose-finding toxicity test was determined in the
presence or absence of metabolic activation with S9
mix. With SCO-M and SCO-U doses ranging from 62 to
5,000 pg per plate (with a common ratio of approximate-
ly 3), no increased numbers of bacterial revertant colonies
over those occurring spontaneously could be observed
in S. typhimurium strain TA100 (data not shown). Based
on the results of the dose-finding toxicity test, the main
Ames test was conducted using doses from 313 to
5,000 pg/plate with a common ratio of 2.

The main Ames test was performed on five differ-
ent bacterial strains with either vehicle or five different
doses of SCO-M and SCO-U (up to 5,000 pg per plate).
The results of SCO-M and SCO-U are summarized in
Table 2 (in absence of metabolic activation by S9 mix)
and Table 3 (in presence of metabolic activation by S9
mix). No bacterial toxicity was observed at any of SCO-M
and SCO-U doses. The positive controls were simultane-
ously evaluated under the Ames test conditions during all
the experiments and showed marked positive responses,
which validated the test results. SCO-M and SCO-U pre-
cipitated at doses over 2,500 pg/plate with and without
metabolic activation. SCO-M and SCO-U did not cause
a higher than two-fold increase in the number of colo-
nies per plate, compared to the negative control in both
the dose-finding toxicity test and main Ames tests. The
results suggested that SCO-M and SCO-U have no geno-
toxic effect under the conditions of the present study.

The results of flow cytometric analysis of MNPCE and
PCE frequencies in the micronucleus test to determine the
genotoxic effects of SCO-M and SCO-U in mice are pre-
sented in Table 4. There were no significant differenc-
es in the PCE/(PCE+NCE) ratio and MNPCE/PCE ratio
of the SCO-M and SCO-U groups compared with those
of the negative control group. The positive control group
(50 mg/kg BW CPA) significantly increased the MNPCE/
PCE ratio and decreased the PCE/(PCE+NCE) ratio com-
pared to the other groups. Additionally, there was no sta-
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Table 2. Bacterial reverse mutation test (Ames test) without S9 mix of oil prepared from Japanese giant scallop’s
(P, yessoensis) internal organs.

Number of revertant colonies/plate

Groups Dose Base-pair substitution mutations Frameshift mutations
(ng/plate) TA100 TA1535 WP2uvrA TA98 TA1537
Negative control' - 54+£11 9+2 19+1 65+5 27+2
SCO-M? 312.5 73+2 13+£2 22+2 85+ 11 16+3
625 69 £8 12+4 28 +£3 63+ 14 25+3
1250 78 £ 6 15+£3 29+3 95+ 10 23+3
2500 81 £6 15+£2 21+£2 61 +£26 16 £7
5000 72+ 10 8+4 20+ 1 44 + 13 17+4
SCO-U? 312.5 76 £ 11 12+£2 21 £4 90+ 8 19+2
625 T2+6 101 20+ 1 91 £ 16 21+4
1250 72 £ 10 101 23+1 71 +£20 26+ 7
2500 69 £ 10 12+1 22+2 46 + 1 17+4
5000 88 +5 7T+2 23+1 39+4 14+1
Positive controls
AF-2 1 551 £25
SA 2 126 £+ 30
AF-2 10 633 +£24
AF-2 0.5 617 £ 36
9-AA 2 179 £ 11

Data show means + SEM (n = 3).

! Acetone was used as a negative control.

2 Oil prepared from internal organs of P. yessoensis, by-produced in Mutsu bay area (Aomori, Japan).

3 Oil prepared from internal organs of P. yessoensis, by-produced in Uchiura bay area (Hokkaido, Japan).

AF-2, 2-(2-furyl)-3-(5-nitro-2-furyl) acrylamide; 9AA, 9-aminoacridinehydrochloride hydrate; SA, sodium azide; SCO, scallop oil;
2AA, 2-aminoanthracene.

Table 3. Bacterial reverse mutation test (Ames test) with S9 mix of oil prepared from Japanese giant scallop’s
(P, yessoensis) internal organs.

Number of revertant colonies/plate

Dose

Groups Base-pair substitution mutations Frameshift mutations
(ng/plate) TA100 TA1535 WP2uvrA TA98 TA1537
Negative control' - 74+3 12+1 202 43+£2 12+1
SCO-M? 3125 97+7 16+2 25+ 1 45+2 16+2
625 105+2 15+2 26 +4 41 +£2 16 £2
1250 89 +4 8+1 19+3 42 +4 9+1
2500 84 + 12 11+2 26+2 41 +£3 15+1
5000 95+7 11+2 24 +4 51+2 15+2
SCO-U? 312.5 80+ 11 11+1 24 +£2 53+£2 17+2
625 93+ 8 10+2 29+1 47 +£2 17+4
1250 95+5 12+1 23+ 1 46 + 5 12+3
2500 101 £5 10+ 1 27+4 46 £2 15+3
5000 99 +5 12+£2 25+1 45+ 4 12+3
Positive control
2-AA 1 448 +£ 29
2-AA 2 144 £ 16 125+ 10
2-AA 10 647 + 101
2-AA 0.5 494 + 78

Data show means + SEM (n = 3).
I Acetone was used as a negative control.
2 Oil prepared from internal organs of P. yessoensis, by-produced in Mutsu bay area (Aomori, Japan).

3 Oil prepared from internal organs of P. yessoensis, by-produced in Uchiura bay area (Hokkaido, Japan).
SCO, scallop oil; 2AA, 2-aminoanthracene.
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Table 4. Micronucleus test results in mice administered with oil prepared from Japanese giant scallop’s

(P, yessoensis) internal organs.

Groups Dose PCE/(PCE+NCE) MNPCE/PCE
(mg/kg/day) (%) (%)
Negative control' 2000 1.86 £0.11* 1.54 +£0.08°
SCO-M? 500 1.58+£0.12*° 1.76 £ 0.06°
1000 1.78 £0.16* 1.87+£0.12°
2000 1.77£0.05*° 1.70£0.11°
SCO-U? 500 1.59£0.09* 1.96+0.11°
1000 1.72£0.09 * 1.88+£0.10°
2000 1.79+0.11° 1.83+£0.13°
Positive control* 50 1.12+0.18"° 4.11+£0.58°

Data show means = SEM (n = 6). Values in the same column not sharing a common superscript are significantly different at p < 0.05

using Dunnet’s multiple comparison test.
! Refined olive oil was used as a negative control.

2 Oil prepared from internal organs of P. yessoensis, by-produced in Mutsu bay area (Aomori, Japan).
3 Oil prepared from internal organs of P. yessoensis, by-produced in Uchiura bay area (Hokkaido, Japan).

4 Cyclophosphamide monohydrate was used as a positive control.

MNPCE, micronucleated polychromatic erythrocytes; NCE, normochromatic erythrocytes; PCE, polychromatic erythrocytes; SCO,

scallop oil.

tistically significant difference in the body weights of ani-
mals among the SCO-treated groups and negative control
group. No mortality and abnormal clinical signs were
observed among the SCO-treated and negative control
group (data not shown). Therefore, SCO-M and SCO-U
did not show genotoxicity or bone marrow toxicity in
mice under the experimental conditions of the present
study.

Lipid components, such as TG, PL, or n-3 PUFA, have
been consumed as food and supplements. It has been
proven that the intake of TG and PL does not induce any
genotoxicity based on the safety assessments (Johnson,
2001; Robertson et al., 2014). In addition, TG contain-
ing n-3 PUFA showed negative results in Ames assay at
concentrations of 5-5,000 pg TG containing n-3 PUFA/
plate (Belcher et al., 2011; Blum et al., 2007). On the oth-
er hand, FA hydroperoxide and its secondary autoxida-
tion products showed a mutagenic response in TA97 and
TA100 strains in the Ames test with metabolic activation
(Hageman et al., 1989; Yamaguchi and Yamashita, 1979).
In the present study, the PV, an initial oxidation index, of
SCO-M and SCO-U were 0.1 and 0, respectively (Table 1).
Therefore, SCO-M and SCO-U are considered not to con-
tain any FA hydroperoxide.

The results of the present study indicated that SCO-M
and SCO-U did not induce any genotoxic effects, as no
genotoxicity were observed in the main Ames test and in
the in vivo micronucleus test, respectively. In both tests,
the highest doses used were the maximum levels recom-
mended by their respective OECD guidelines. Further-
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more, the negative and positive controls used in each test
exhibited the expected responses, validating the method-
ologies. The results revealed that SCO-M and SCO-U are
a safe source of n-3 PUFA in terms of genotoxicity under
the present experimental conditions. SCO-M and SCO-U
are rich in PL containing EPA and DHA recommended
for long term consumption. The toxicological potential of
SCO in a chronic long-term study must be the studied in
the future.
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