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Induction of Micronuclei in Human TK6 Lymphoblasts
by 2-Dodecylcyclobutanone,
a Unique Radiolytic Product of Palmitic Acid
C. H. Sommer, J. Food Sci., 71(5), 281-284, 2006

Table 1 = Induction of micronuclei in human TK6 lymphoblasts by 2-dodecylcyclobutanone

No S9 fraction 1% S9 fraction
Micronuclei Micronuclei

Conc. (uM) (per 1000 BN) CBPI Cytotoxicity (per 1000 BN) CBPI Cytotoxicity

0 16.7 + 3.18 232 + 0.04 0.00 + 0.00 220+ 265 1.70 £ 0.79 0.00 + 0.00

{ 133 gﬁﬁgﬂ b{12.7i2.67 117 +£0.10 122 + 434 223+ 285 153+071 129 +528
265 M= AN 13.7 +0.88 1.80 £ 0.10 30.7 £ 650 257 +1.88 1.43 + 067 209+ 113
153.0 447 + 203 1.64 £ 0.09 51.7+5.20 62.7 + 273 1.09 + 051 60.7 + 454
Pos. ochgel\ 95.0 + 6.07 1.86 + 0.10 258 +583 103.0 + 109 1.55 +0.09 553+ 541

Each experi mw independently 3 times. Standard errors (SEM) are shown in parenthesis.
*Statistically signi increasés-in.micronucleus formation were delem\(ned using Student’s ¢ test.
CBPI = the inesis-Block Proliferative.Index, is a measure of the effectiveness of the cycle block.

AN
KEORFE—T/(\—=H—/{F (125g) FKI6ugD2-dDCBZESL (£8)
= L 53.0uMIX. RE60kgD AR,
ZTORFE—DIN—H—)\FT%Z126,000@ (15.8r) BNIZEICIES
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Palmitic Acid vs. 2-dDCB

Micronucleus Assay

Palmitic Acid 2-dDCB
Conc. Micronuclei CBPI Cytotoxicity Micronuclei CBPI Cytotoxicity
(M) (per 1000 BN) (per 1000 BN)
0 8 [176+2.19 2.48 +0.08 0.00 +0.00 =7 [21.0 + 3.06 2.43 +0.08 0.00 £ 0.00
12.5 % 20.7+£2.03 224 +046 16.0 £ 4.98 % -21.3+204 2.22 +0.04 13.9+¢3.38
250 U |267+4.08 2.03+0.05 30.3+4.32 b _19.0 +2.60 1.77 +0.08 28.8 +5.80
50.0 .r47.7 +2.60* 1.60+0.03 56.4 +4.17 P41 1467 1.83 £0.06 46.5 £3.07

Each experiment was conducted independently 3 times.
Standard errors (SEM) are shown in parenthesis.

Statistically significant increases in micronucleus formation are denoted by an asterisk, and were
determined using a Students t Test.
CBPI, the Cytokinesis-Block Proliferative Index, is a measure of the effectiveness of the cycle block.
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In Vitro and In Vivo Metabolism of the Radiolytic

Compound 2-Dodecylcyclobutanone

Faraj Hijaz, Tej B. Shrestha, Stefan H. Bossman, Faris Hussain,
and J. Scott Smith, J. Food Sci., 75(4), T72-T80, 2010

2-KFVI) o075 /00 Sy ROERT2-RTFVIILY 2074
J—=LICRBESNEPICHEEE N, 2-RFVILY 207459/ —)LIC
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ENRoSNBN I EVWSIHRBREEEBZA. 2-7ILFILV D0
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KH5H "BHEREZE) WS, XKEBRREXERE (FDA) &
HRREEE (WHO) ORBEXF=ND,




Mutation Research 770 (2014) 95-104

Genotoxic potential and in vitro tumour-promoting potential of
2-dodecylcyclobutanone and 2-tetradecylcyclobutanone, two
radiolytic products of fatty acids

Kohji Yamakage®*, Hajime Sui?, Ryo Ohta?, Tomoyasu Toyoizumi?, Kumiko Kawakami?,

Hirotaka Matsumoto?, Toshitaka Takahashi?, Kiyoshi Sasaki?, Mayu Ikezumi?,
Saki Negishi?, Keisuke Izumi®, Setsuko Todoriki¢, Kondo Takashi9, Masakazu Furuta®

2-RTY NS IATEI U 2-FISTUINLIOT /L RS FMETIEE.

ABSTRACT

The DNA-damaging and tumour-promoting effects of two 2-alkylcyclobutanones (2-ACBs), which are
found in irradiated fat-containing foods, were investigated by use of the comet assay and in an
azoxymethane (AOM )-induced colon-carcinogenesis study in rats, respectively. We conducted geno-
toxicity tests of 2-dodecylcyclobutanone (2-dDCB) and 2-tetradecylcyclobutanone (2-tDCB) according to
the test guidelines for chemicals or drugs. In addition, a cell-transformation assay with Bhas 42 cells was
performed to investigate their promoting potential in vitro.

The Salmonella typhimurium mutagenicity assay (Ames test), conducted with five tester strains,
revealed that neither 2-dDCB nor 2-tDCB possessed mutagenic activity. Moreover, both in the in vitro
chromosomal aberration test on CHL/IU cells and the in vivo bone-marrow micronucleus test where mice
were given 2-dDCB and 2-tDCB (orally, up to 2000 mg/kgbw/day), we did not detect any clastogenic
effects. Furthermore, DNA strand-breaks were not detected in the in vitro comet assay with CHL/IU cells,
and DNA adducts derived from 2-dDCB and 2-tDCB were not detected in the colon tissues of the mice
used for the micronucleus tests, in rats from a repeated dose 90-day oral toxicity test (0.03% 2-tDCB in
the diet), or in rats from the AOM-induced carcinogenesis study (0.025% 2-tDCB in the diet). An in vitro
tumour-promotion assay with Bhas 42 cells revealed that the number of transformed foci increased
significantly following treatment of cells in the stationary phase with 2-dDCB or 2-tDCB for 10 days.

Qurresultsindicate thatneither 2-dDCB nor 2-tDCB were genotoxic chemicals. However, they exhibited
promoting activity, at least in vitro, when Bhas 42 cells were continuously exposed to these chemicals at
toxic doses.




J Toxicol Pathol 2015; 28: 99—-107

Original Article

Modifications of azoxymethane-induced carcinogenesis and 90-day
oral toxicities of 2-tetradecylcyclobutanone as a radiolytic product
of stearic acid in F344 rats

Makoto Sato!, Setsuko Todoriki?, Tetsuyuki Takahashi!, Ezar Hafez!, Chie Takasu!,
Hisanori Uehara!, Kohji Yamakage®, Takashi Kondo®*, Kozo Matsumoto®, Masakazu Furuta®,
and Keisuke Izumi'"

FYMIERESLI2-TES T oaT7 2/ 3EHLERREERALRIGEM T
Abstract: A 90-day oral toxicity test in rats was performed to evaluate the toxicity of 2-tetradecylcyclobutanone (2-tDCB), a unique
radiolytic product of stearic acid. Six-week-old male and female F344 rats (n=15/group) were given 2-tDCB at concentrations of 0, 12,
60 and 300 ppm in a powder diet for 13 weeks. Slight dose-dependent increases in serum total protein and albumin in male rats were
found, but these changes were not considered to be a toxic effect. The fasting, but not non-fasting, blood glucose levels of the male rats
in the 300 ppm group and female rats in the 60 and 300 ppm groups were lower than those of the controls. Gas chromatography-mass
spectrometry analysis showed dose-dependent accumulation of 2-tDCB in adipose tissue, notably in males. Next, we performed an
azoxymethane (AOM)-induced two-stage carcinogenesis study. After injection of 6-week-old male F344 rats (n=30/group) once a week
for 3 weeks, the amimals received 2-tDCB at concentrations of 0, 10, 50 and 250 ppm in a powder diet for 25 weeks. The incidences of
colon tumors for the 2-tDCB dosages were 34%, 45%, 40% and 37%, respectively, and were not statistically significant. These data sug-
gest that 2-tDCB shows no toxic or tumor-modifying effects under the present conditions, and that the no-observed-adverse-effect level
for 2-tDCB 1s 300 ppm 1n both sexes, equivalent to 15.5 mg/kg b.w./day in males and 16.5 mg/kg b.w./day in females. (DOIL: 10.1293/
tox.28.2015-0002; I Toxicol Pathol 2015; 28: 99-107) NOAEL ( #‘% % :li % )

Key words: food irradiation, 2-tetradecylcyclobutanone, 90-day oral toxicity, colon carcinogenesis

ADI(1 B A EH=) = NOAEL x 1/100 = 16.5 mg/kg x 1/100 = 0.165 mg/kg
KEDEGE—J/\—H—/\T (6 ug/B) T AR EEkgZ-YEH2ISMBRS=ZHHY
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1 WTO/SPSt#E g &
- B3 (Codex#itg) I—Fv ¥ XA&HEES (FAO/WHO) TADLEds & RRE,

— AR - A—FT v I ABRNBRO—BRE
Codex General Standard for Irradiated Foods (CODEX STAN 106-1983, REV.1-2003)

KRAERE | BmOBERAEED 7z 6 O E RIS R

Recommended International Code of Practice for Radiation Processing of Food
(CAC/RCP 19-1979. Rev.1-2003).

BRALE : O—F7v o ABRRRROKRIE
General methods for the detection of irradiated Foods (CODEX STAN 231-2001,2003)

- {EYRE (IPPC : EFMEYEERK) EHE (FAO) TMEYIDAdr & &R

EYREEEICRET B EREX | International Standards for Phytosanitary Measures (ISPM)

BRAEO—RIESH : EYREEE L U TORSHRBH O H DI (ISPM No18)
Guidelines for the use of irradiation as a phytosanitary measure (ISPM No18, 2003)

B NIBEYE | RHEZEEY O s OEYRELE(SPM #28)(HEBE1~14
Phytosanitary treatments for regulated past (ISPM No28, Annex 1-14, 2009, 2011)

1 ISOBEE

- TC34 (Bf) 1SO 14470 (2012)
BREARIC L S RMAETIEORAE., R E HENHEORKEIR
- TC85 (RFH) BRBRMERICH I 2RENETREL L SBOME. (FERBIBRRICER



J—0w /X% (CEN standards)

EN 1784 (1996#IE,72003245]) — Codex 'I%(pe [l (2001 FEH4R)
HROOV ST S 7(CELBRILKRFRE/BA - BKA - A (BRBERER : 0.5 kGy) .
PRAKR -2vT - )07 (0.3) . AeuR—=)LF—Z (0.5)

EN 1785 (1996#|E,” 200385151) - Codex 'I);)ipe [l (2001 FEH4R)
GC/MSICKZ2-PILFIL00TH /) VEOHL/®/A (0.5) . BA - &ES0 -
HIIR=ILF=X - 347 (1)

EN 1786 (1996#I%E) — Codex Type Il (20015##R)

BOESREIE /A - BIZA - 8 - hITILO/M (0.5)

EN 1787 (1996#l7E /20002%5]) — Codex Type Il (2001 5F#4R)
LILO-RDESRAZE /KT HHER (B) . FyVYOR (2) . 41F3 (1.5)

EN 1788 (1996#lE,/20002%5]) — Codex Type Il (2001 FH4R)
EBISEEMOTUNE /I\—7 - RINAM 58 (6) . TERUAEHSEI - 9 (1) |
8% (0.5) . 128X - ZIEEY 8) . HiHE (0.05)

EN 13708 (2001#l&F) — Codex Type Il (20034F##4R)

M5B DESRAIE /§212/ VK1 7 - %é?‘/j - RAFIO - FLEE (3)

EN 13751 (2002%%E) — Codex Type Il (20034 %1R)
¥mhE)L=2zvtR (PSL) BIE/I\N—=T - R)IS1 % (10) . B% (0.5)

EN 13783 (RO U——>7 2001%J7E) — Codex Type Ill (20035 iR)
BEDJ1ILY—ENEE - TL—REICEKDMEDRE/I\—T - R)I\1 % (5)
EN 13784 (ROVU—=V7, 2001#lFE) — Codex Type Il (20035F1FiR)
Xy c7Pyvta /BA - BA - 18pEsF (1)

EN 14569 (ROVU—=>7, 2004#E) Codex RIFiR
DAJLRT R - TS ABREBEEE (LAL/GNB) [C&23MEMAE/BA (2.5)



EFREYRGESK (IPPC)

International Plant Protection Convention (https://www.ippc.int/)
(%) http://www.maff.go.jp/j/syouan/syokubo/keneki/ippc.html

HEW EYICEERRELEDREA - TALEZES 0. INBEEBDOIEY
REEEDRNZX S,
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B EYREEEICET 2EEFEEXE (ISPM)DERE. it DERE.
RERICET 2 BHIMRE
Q@EAENICIE, WERDY RV AITICET 2HEP. mWERZES
IBDAEICDODVWTDEBFEEEDEKRERG E

EYREEEICET SEFEEE (MHREBHNER)
International Standards for Phytosanitary Measures (ISPM) No.18

(2003)
Guidelines for the use of irradiation as a phytosanitary measure
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IPPCIC & T3 B HDRERE

(ISPM28 Annex1-14)
REER PE (14) R RERREE  uReE

Anastrepha ludens (XF>1X/\I) FMERE1E 70 Gy 2TCORY. BX
Anastrepha obliqua (=¥ 4 >~ RKIZ/XI) P{ERHIE 70 Gy ETORY. BE. vV
Anastrepha serpentina (7 X2 OX/\I) PR IE 100 Gy 2TORY. BX
Bactrocera jarvisi (F1&7& 0L : S/NIRD—1&E) PMERE1E 100 Gy 2TCORY. BX
Bactrocera tryoni (V4 > 2XZ> RZ/LI) P{EBA L= 100 Gy ETCORY. Bx
Cydia pomonella (AKY > H) P{ERHIE 200Gy 2TORY. BX
fr((JiEt /f/\/ﬁﬁé %/5 family Tephritidae(generic) LB I 150 Gy LTOEY. B%
Rhagoletis pomonella (U > 3J3/XT) SRR LE 60 Gy ETORY. BH
Conotrachelus nenuphar (RAEEY ILY) BB ARE1E 92 Gy 2TCORY. BX
Grapholita molesta (> EX> > A1) P{ERHLE 232 Gy 2TCORY. BX
Grapholita molesta under hypoxi e 2320y acomm. B
Cylas formicarius elegantulus (7 VERFY I LY) REKBEOBKRRLE 165 Gy 2TORY. BX
Euscepes postfasciatus (A EYV I L) R B DR LI 150 Gy ETORY. BX

Ceratitis capitata (FFa17o543/\I) P{ERH1E 100 Gy 2TCORY. BX



