EHHIC L DR EI LI E T b b E
Z BTz, BT ~UAl LTz agaritine #2517 A
. RERZ ORBEHEMED TR, BhEOARE DNA
BIICERET D Z ENMESIN TS, 2D En
5. agaritine {TR 5%, M DNA (TG L. €
DIFTT V=T PN EERESE, fERARR Lz
OH 7 YA & 8-dG & DRUSIZ X Y 8-OHAG %4
BT 5bDEEZ LN,

KB Mgz AV o RS RORER, 7Y
7 AX ) aEEghn bR O E ENE %
SN ergosterol HERR SV, FREEE OGS
M%7~ L7 ergosterol FH b B H RAMEN V2 OFEER
W RDBMRBIT2VWE DB 2 bz,
BrEREPE FS O AMBEHT I T D~y
AP TOERPEIRE

agaritine 1%, 3544 20 43 CRKE 2D T DHA
BICTHR L, MMAP~DOBITEHERITRNEE XL
Nl Fl=, JRPTYH agaritine 1% 24 FRRILIPIIC
JH%& U7, agaritine LASMIHRY VEMTEM: & RO
IR OMBIRoTz,
BTEETOE M7V MoTRFEEM I &
% HAREE AT

Agaritine 2 &{et NI VU BB IEEM

LB TH DT, SREEMECE OB
95 & I 5 XBridge™ shield RP18 column %
BH L7z, 7=, HPLC Op#tko pH 27 v
VZ T2 Lizk» T & RV ALEHDS

RIERMFIREL 20T,

DMEQ—COCL {ZKMFET B & /3R S e
TV, BRI L2V Th, 7
a2 7L BCEZHOC—IBALN, L
L. INLOE—=2 3R ETHE FIUFHE
ROEIT O E—7 Lixhishiz, =
DRIBOHRZ L B v —2 & CPH—DMEQ D{%
INoZGHET D7D,
HPLCHEHED pH 36 L UM A V38 2 Et Lz,

BT D> 72728,

FOREE, 02M  TrisHCIAEEW (pH 8.0) &
MeOH (2 L2277 VU MEHNSEHIRE T
HY ., SIHTRHE 30 min TOHATELEDHESL S
7o,

HMPH-DMEQ-CO 1+ AGARITINE-DMEQ-
CO ERMURFRMICHRINEN, Sb
1-acetyl-2-phenylhydradine 03¢ 5~ LA L iAIL,
PH-DMEQ-CO & & U4RrIFRIC IR T S iz 2
Linb, BOETVERRIE. ETTT I FREAMS
TS, Wi,
EDBUS L, FIT R BT D LW S A

v F7 Y HEE DMEQ-COCI

THRIHZ LW ENT,

DMEQ—COCL X, 7 /&L ORISHEN, il
D7 ~SAFID FITC 330 NBC BRI L 0 HIE
HIZRWNZ ER b TS, 2 TAE,
DMEQ—COCI Z#)t7 ~AbEl& LTHW, &

RIDVipBEhor RV EET I FiEE
RS ETE TR Tol, ek, B R
TV BT TIRL REPIEENDT I
EEAT LAY EEIT LT B2 B
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Z BTz, T DT, pyridoxamine, allantoin,
guanine, aniline. arginine. histidine,
glutamic acid, poly arginine (Z-2&, FET X
MEBOEEITO, HPLCICAR Lizb 2 A, 71
v b 7T AR I D DEIET AR
Eniphrote, BRMHPTT X/ &R L o5E
ETHFELD A7 I/ BIE. ZOANEFIE
DTFEDT=8, REFFHILE B 7 D FEik i
REL ERDZENTHRSIL, ZDHE FTY
VB OSIOIREE 5N B LN
7o SHIZ, B FZ Y/ EE DMEQ-COC] D
JEOGE, BEHEASNS WSCRE') Vit
Fe Lipholz, BLEDZ Lind | AR THEL
LTzoshiEiL, & ROV BT 568k ks
BRI TE 2 5ETH D LE 2 DRI,

A EBH>5 agaritine 2T HEH MeOH %4

A5 Linh, #ET7~VHERISET D RO

MeOH JBEE DN W T T LTz, EOFER,

MeOH JRENUSIAIRD 20%LA T Tt 7~
IS DIRITIT & A EENT RGN0,
20%LA EIT72 % & BOET ~IALRIS DRI,
MeOH BED R & L BT 5 2 &0vbh
o7z, LIERST, 867 ~HBRIGDERIZIE,
MeOH JREE% 10%ATIC LT 2 & L,
T R OMEEIL, NMR & MSiZkY
Wl &7, PhotoSpray iETiE, H & OBt
DMENT TV CHE MrA A v, H & O RS

BV TEIMAHE A A o R ECBRI S

%, PH Tk M+& [M+HIF OB F B B sh iz 2
vk, H Eogiftdm neBExbni,
L35 CPH & 0 bEICRE VWEDE T~V
{bAEIX. & 512 PhotoSpray 5 TlidA( A bEh
W WbDEZEZ BN, Lied-> T, ESIEIC
BT PHDMEQ DA A i3 Sz <
W EMHALNE IR,

CPH. agaritine, PH, MPH O FIRIZ,
ZFHEh 64.2 pg (422 fmol), 12.1 pg (45.3 fmol),
1.79 pg (16.5 fmol). 16.9 pg (138 fmo) TH -7z,
Tz, IINEGRERFER S RIFCTh o7z, el
T ~IABIEDORAITIE. REOVHTIGAT S
BE. LC-MS JETIHMETH ST RERD T Lk
VEDBMEASETRE & 721 | D DRI S3HTHMT
2B ED ol BEABHISHT 254
agaritine O TFRIE 3.6 pglg dry weight T
o7z, Agaricus bisporus T/ bHEET Yo
J— PO agaritine 13 1,836 pglg THY . A
& D agaritine | trace Th o7z, ZTILE T,
SCEMETIE 166—475 mglkg (BEE)0K 200
mgkg (BHEB) L OWEN RSN TWD, F/ 2
BEEIVRSEEE. K 1000 1 OEEIC
7B EINDIRERITHET S & SEHEE
ISR COEOHEFTH 5 Z L AVRS T, 725,
S EHFTAEIL LC-MS THELNE (ot
FEOWE) LIFERETHok, UboZ &n
b, TV T LI EORBIRMERZ SLE L L

T ~UbIEE, ¥/ 3O agaritine B% (8
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BT T D ODHERRFETHD Z LIVR
Shiz,

product A H agaritine 4% 1,791 pglg dry
Tholz, ZTOBIT1 Bbi bg DEREHE
TLTNWAHZ LD, agaritine $EUT 1 Adb7
D, 8955 g LEHEANS,

- BEHER ONE - HEGBOON

MEEEREIZ Cd IBEDEWT A Y 7 AR RIS A
bi=Z b, ZhbOEds L ORIz

X AEEL CAIBED 7 A n—T v T &2iTo7z,
FORER, BIE B IZOWTHE CAEMEL 2o T
WBZ Linh, ALDDORIENREN TS LE
Z b, MEERSINIED ., LR
. Cd IRESEWERIITBIC IR S Eev G
FHETFIN TS LB b, — . W C
Tit. 4~5 A ORI TIIERD CAd IREDE F
HBHI R L TV, Z ORIz WL, Ik52
AT TDEMESINTIY, Fak 1843 AD
FRRTCIE, SRV BATE dol, Z0LD
(o, FBUHIC VL, FHEEORIEERY DRt
JEDIRENTND Z ERE T,

Cd 1T L 583MHE, FICEHERIC L 2EEE
DREREIZ 0D & STV 5, Adhiko Cd of
ROV, BE, RRREZBERIZT A
T EIE L CT0D & ZATH A, EER7R
JECFA 2 &% PTWIE EmZEEERENL 7
nglkgiweek & LTIV | 2003 0D JECFA ¢
HLEDEEGT 5 2 L BRHERESN TS, 20D

X, KEE 50kg & L, I 1 Bz v ICHiE
T5& 50 pug @ Cd —HEmRE D, —J, o
Eic ) 58— BEREFRAIC LD L. B
AD1BEHY O Cd EREIT TR 13 FEIT
29.3, 14 4E[1% 26.2, 15 4EEEIE 25.6 pg (ND=0
LG EOME) Tho ., PTWIL @ 50%LL L%
ER LD,

A TIEF -2 RN DIz » BET
HZENRBZOND, TDI=d, THY 7 AR
BP0 CdREE, MnGifisnz BRI

RS TER USRI, HADHEAN LD Cd

BEE HETEH, PTWI 2 T 5 2 L 3E L
EZLN, EDIZODFRNBE LD T EREFE
nod,

¥ T, THY 7 2AEO CAEEIR. 2.6
—7.5 mgkg (FoRHEE) Tholz, FizdhLT
—=FTIX0.7. 2mgke FREE) Thol
RNF—=H B ITBHBEDOF /) 2 Th D &5
BTz Z enn, HEPO Cd 2B iAA
YD LB R, Tp¥s, —MEEDIRIAAE DR,
B %/ a2d0 Cd ik 0.4—101 mglke GEEEE)
LHESNTRY ., HETPOERZIRY ALY
WEWS T aDWEEERLIZLDEEZ G
na,

WEAE B DR A T BRI P REAIGE TAX e Z &2 7
POFERD DT B8 [TV TE,
AX b T FZ o He IBEIX 0.073 mgkg (&

BHE) LB E o, ¥/ 2T, A F—=
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HCTHeg BERENZ EBRMLNTNE, 20T
b, SEEEFT Y 7 AEBL OV —=
HoRHeg BLUOAFN Heg IBEE BRI LTz, £
DFER ANF—=HF A.B O#IKEUL 3.4 mglkg
(REE) bole, —H. THI 7 AHDRK
Heg lZmnF—=FZ MRV METH D L 0.1, 0.5
megkg (WHEER) Thot, B, WIhoXx
J alZBWVThH, AFVHe kg e AR SN
otz Emnb, ¥/ akN Lz AF L Hg i%
UM 132 b e B2 bhi,
GROBMERCEIET, £ DIFERHERE
WARTET D, TH Y 7 2ABRT WY 7 AR
DEBICOVWTRESGIT 21T o TofER. Cd 1
111 min (ZE—27 by TRHRLNTZHDD, 8—
13 min [ZJEMRARE e —r & UTRBIE S,
UV TH £ 8—13 min (Z K& 72—
7 BRRHENTZ, D Cd D — 7 IREXT Y
7 AE C OBFACRBREL TH Y 7 AMERRR
B & CTIECd D —7 EikZEDOEHZUT Th
277, Cd ITRELLEAMESELEHE LTS
EHEINE, Cu Tl —7r 2 3 ALbil, Z
DHH 2 KT In THOLNI 2AD Y~ LIRFF
RFRAN—B L7, 728, Cu & Zn DENENOY
— 7 BRI & HIE RN IR DO KRIFIELL BB BT 5
L. Cul Znixl >OE—2iZBWT1: 10Dk
THELTWAD Z LR ENTZ,
E. f5a

agaritine 1%, &5 20 TR E 2D F D

AEIZIER L, MAP~OBAT EERITRNE B 2
bz, Eio. RPTYH agaritine 1% 24 FERELIN
IZYHK LT, agaritine DASMTIR VEMIGIEE R
RO R DB M olz, agaritine Z&Tek K
Z U UHO—F RS LT, DMEQ-COCI %
FANTZHNE T~ VIR £ DR - BN - B
FETRYMT IR A RESL LT, o5, T OHFEITHFC
SBATAER A LB S LARWHIETH S, CPH,

agaritine, PH, MPH O FIRIZENEH 64.2
pg (422 fmol), 12.1 pg (45.3 fmol), 1.79 pg (16.5
fmol). 16.9 pg (138 fmo) TH -7z, Fi=. ¥
ENEBHER ORI ThoTe, ¥/ a7 0 7
ARFEERTOLE RZVVEOBITTER Lz
FESR. agaritine 1T 8.3-1836 pglg dry weight T
i ahiz, —F CPH, PH, MPH i3 s
Teiolz,

THY 7 AMEERERBLOT Y 7 2EEE
e afFIZ &, ICPREINIBIC LV EE -
VIBEBIRIE A 04T UTc, WEAREE Cd OfEA A
Sl 28R EEDIZT H Y 7 AEERRIZOWN
T, Cd BEOT7a—T v 72Tl bR, 2
Ui & BIRGEE IV TR EEREEE ) OXf
JoRE BNTWD EEZ b,

THY 7 AH 3 BiEF O Cd OfEIL. 3—8 ppm
Thote, ¥, THY 7 AEIT 54 He.
AF NV Hg BEZ, &HIUEWMETH 7,

GBOBIEREFIEL, £ DA ERE
(R T 270, CABEE ThH - Iz o,
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BRI AT o2 A, Cd IEmHT

do=x/d
F. EREfERER 3
HifE, BT

TREA LTV Ve,

WL, BEEDTH Y 7 AR

AlC D E . NN BMmEEEBRIT R R

HIZ T TH D,

T 2%

WEEEEEIZ Cd IREEDS )

o

MZOWTE, SFEFE 7 3 n—7 v 7 L=

FER. TRENEEEREERY OXIER R Eh

TWh EEZbhiZ, k.

(Bh) feRE - Seaehit

FRROHP 2% MERREM) DR - Ao

BRICIWTIE, TH U 7 AT AB®E LT, 4

BHEORVEARLNA, BE

RS R o TR bR TS L &

roshi Akiyama and Tamio Maitam, J. Chroma-
fography B, 834, 55-61 (20006).

Determination of genotoxic phenylhydrazine aga-
ritine in several mushrooms using liquid chroma-
tography-clectrospray ionization tandem mass
spectrometry. Kazunari Kondo, Asako Watanabe,
Yuko Iwanaga, Tkuro Abe, Hideya Tanaka, Me-
gumi Hamano Nagaoka, Hiroshi Akiyama and
Tamio Maitani Food Additives and Contaminants.
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1. Determination of cyanide and thiocyanate in Su- 1. H126 A EAEFS [ AX T HZ4rHDLT
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Kazunari Kondo, Yoshiko Sugita-Konishi, Tamio 2.

Maitani, J. Health Science, 52, 73-77 (2006).

Analysis of agaritine in mushrooms and in agari-
tine-administered mice using liquid chromatogra-
phy-tandem mass spectrometry Kazunari Kondo,
Asako Watanabe, Yuko Iwanaga, Ikuro Abe,

Hideya Tanaka, Megumi Hamano Nagaoka, Hi-
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zunart Kondo, Asako Watanabe, Ikuro Abe,
Hideya Tanaka, Hiroshi Akiyama and Tamio
Maitani. 51st International Conference on Ana-
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Canada (2005, 10)
Determination of Genotoxic Phenylhydrazine
Agaritine in Several Mushrooms using Liquid
Chromatography-Electrospray lonization Tandem
Mass Spectrometry, Kazunari Kondo, Asako Wa-
tanabe, Yuko Iwanaga, Ikuro Abe, Hideya Tanaka,
Megumi Hamano Nagaoka, Hiroshi Akiyama and
Tamio Maitani 2nd International Symposinum on
Recent Advances in Food Analysis in Prague,
Czech Republic (2005, 11)
HAERS X OYRA agaritine @ LC/MS/MS 2347,
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H) (2006, 3)
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and determination of hydrazines by HPLC with
fluorescence derivatization in Agaricus mushroom
and its products, M.H. Nagaoka, H. Nagaoka, K.
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in Chromatography and Hyphenated Chroma-

tographic Analyzers, (York, UK) (abstract, p131).
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M1 THIFUEZORBIMDEER

NHNH,
NHNHCOCHZCHZlCHCOOH
NH, COOH
CPH
4-hydrazonbenzoic acid
CH,OH
Agaritine NHNH,
B-N-fy-L-(+)glutamyl]-4-(hydroxy-
methyl)phenylhydrazine
CH,OH
HMPH

4-(hydroxymethyl)phenyl-

- hydrazine

NHNHCOCHZCH2|CHCOOH
NH,
COOH
GCPH

B-N-[y-L-(+)glutamyl]-4-(carboxy)-
phenylhydrazine

N=N

CH,OH

HMBD

4-(hydroxymethyl)benzene
diazonium ion

BM2 FHIVAEEZEURRODTHIVFUEHE

Bmi H & ZHE(ug/g dry)
WA 1 EES, B 1348
2 HRG BX 1437
3 8BS X/a% 2017
4 EhikERYy, Em N.D.
S BESRGRBEWIELSEM 013
HEB 6 EREBREESBRKSFM 408
7 BEESEREWMBALSEM 1.13
8 WEAREEWMIELSFM 1.28
9 WERS CRBEWMMALSEM 0.20
WEc 10 EAKEEY, B N.D.

(FHISEEEEFBHHNENEOMNETEEPOETENED

RUERITEERRRRLY
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BH 3 vuial—LRDOTHAVFUOERE CUERE)

Agaritine content

Type of product . . Reference

(mg/kg fresh weight)
Frozen mushrooms 330 Ross et al., 1982b
Mushrooms sautéed in olive oil at 300°C(7 min.) 300 Rosset al., 1982b

Sliced mushrooms and mushroom powder

used as ingredients for dehydrated soups 100-250% Stijve etal., 1986
Pasta sauce (n=4) 1.6-15.3 Andersson et al., 1999
Mushroom soup 0 Ross et al., 1982b
Mushroom soup <5 Sharman et al., 1990
Mushroom soup (n=3) 1.8-62.8 Andersson et al., 1999
Mushroom sauce 39 Andersson et al., 1999

* recalculated, assuming 90% water in mushroom Sharman and co-workers (1990)

Phenylhydrazines in the Cuttivated Mushroom {Agaricus bisporus)
- occurrence, biological properties, risk assessment and recommendations

B 4 HEESNTWSTHIFoOEYFEELIERE

Postulated bioactivation pathway

NHNHCOCH,CH,CHCOOH NHNH, - en
NH,
_# ﬁ
CH,OH CH,OH CH,OH
Agaritine HMPH HMBD
B-N-[y-L-(+)glutamyl]-4-(hydroxy- 4-(hydroxymethyl)phenyl- 4-(hydroxymethyl)benzene
methyl)phenylhydrazine hydrazine diazonium ion
No increase in tumours Tumours in lung and Gastric tumours
blood vessels
Dose:100 mg/kg body Single oral dose:400 mg/kg
weight/day in drinking Dose:200 mg/kg body body weight
water over lifetime weight/day in drinking T . f
water over lifetime umours at site o
application
Fd. Chem. Toxic. 33. 257-264 (1995) 26 weekly subcutaneous doses:
’ ‘ T 50 mg/kg body weight
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E¥S5 HMBD ODNAEEAN=X L

Purine base damage

0
N
+ HN
. X
N, H,N N T
NH,

CH,OH CH,OH NF N
Sealat
>

Cys CH;CH,OH N T

2-Mercaptoethanol

CH3(:)HOH Pyrimidjne base damage
Deoxyribose damage

Adduct CH,OH Strand breaking
Mechanism of 4-(hydroxymethyl) benzendiazonium ion (HMBD)-induced DNA damage.

Phenylhydrazines in the Cultivated Mushroom (Agaricus bisporus)
- occurrence, biological properties, risk assessment and recommendations

&H6 Agaricus bisporus® i ¥ Amesit ER

Table 13, Mutagenicity of exuracts of dgarrens
metabolising sy
s,

7 v in various of Satmoneila typhmurion i the absence or presence of o
stem (891 abtained irom the fiver of aroelor 12354-treated rats (G sot otherwise statedi.

Selveat for Strgin [Strain  {Strain |Strain |Strain |Strain | Strain Strain  |Strain {Strain  |Reference
extract TAY7 TA9 TAIO0 |TAL02 |TAl4 [TALIS3S |TA1537 TA2637 |TAIS30 |TM&77
8O £50 |59 +89 -89 +89 |89 489 |89 -89 |89 +89 |89 +59 [-59+89 [-$9 489 [-89 +§y .89 45y

walee (&) (5] {1} t) Sieruer ef o), 1982

water (3. b, ¢) - - i £yl - - - - - von Wright et al., 1982
water (1, d) (SN RGN I L] Murales ¢t al., 1990a

avater (@, ) - - - - Morales et al.. 19900

water () - - + -+ Toth vt al., 1992

water {f, ) . . 4 4

wilter - e IS0 RICT R IEC N (%S Andersson et al., 1998
water (a1, h) - - Kellman and Berstein, 1978
othunaol {s) - -

acetone {a) - - -
vther {b) - - -

DMSO (a, by - - (+) + ¥

methano] (a) - - Ne Flora et al., 1979

cthanal ) U I Je iy [en [dDE I3} Pool-Zobel et 51, 199

ethanol (a) (SR ESD I SO SO N TS0 IS0 TN IO £ G0 I N I I U0 N I I R ) |¢h Papaparaskeva et al.,] 991

cthanod {u, 1) [EAN IR ) {9

ethanof (. j, k) + ]

cthanol () ) {1 {t} (&S] + {t) - - Papaparaskeva-Petrides et
al., 1993

ethanal (a, 1) - - - ~ Uciima et al., 1986

cthanol {1 () | - | Liriiter et al., 1991

ethanol (m) + |k (i) | - | Walton et al., 1997

ethanal (&, ¢, m) + + ()| - | Walton ceal., 1998

ethanol (. n.

e At 200

uarh et werie po

preparcil feom fives {nh exirois
FONE

flom freesa-dried iy

Phenylhydrazines in the Cuttivated Mushroom (Agaricus bisporus)
- occurrence, biological properties, risk assessment and recommendations
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&7 Agaritine&Z D FEEAD Amesit ER

Table 15 Comparative mutagenicity of the hydrazine derivatives accurring in dgaricus bisporus in various strains of Scmonelle (vphinrium in
the ahsence or presence of a metabolising system {893 obtained from the liver of aroclor 1254-treated rats,
‘Tested hydrazine derivatives were 3-N-(y-L(t)glutamy-1-hydroxymethylphenylbydrazine (agaritine), 4-{carboxy )phenythydrazine
(CPH). 4-(hydroxymethylphenylhvdrazine (HMPH), N-acetyl-d-(hydroxymethy phenylhydrazine (AFIMPH) and 4-
(hydronymethyhbhenzenediazonium ion (HMBD),

Compound tested | Strain Strain Sirain Strain Sirnin Strain Strain Strsin Strnis Type of ussay Reference
TA97 TAY8 TAUO  {TAl02 | TAIO4 | TALSIS TAISIS | TA2637

9460 {5045y [-S9 450 |50 =5n |59 48y |8y 450 -50 489 |59 480

Agaritine {a) - - (AN 14D spottest De Flora et al., 1979
Agaritine ia) Y gy [ preincubation Rogan ¢t al., 1982
Agaritine {a) 1§38 - - ¢y e - " - plate incorporation ¢ vides et al.,
Auaritine (b} - - - - (+} | - plate ncarpoeration
Agaritine {c) (Ey Lery ety fey peeincebation b
Agaritine {d) + - - - - (4} - tion - Y86
Agaritine {i) 45 rpation | Walton et al.. 1997%
Aguritine (d) - - + i - + - ]t preincibation Eriederich ez ul., 1984
GT
CPH - - preincubation Maleu-Mor and Stash, 1982
CPH -+ - - - - - - i Friederich ev nl.. 19840
CPI i IS S 160 I S I plate ncorposstion | Audersson o al.. 1998
CPit (KAl plate incorparation | Walton et al., 19497h
FEMPY (c) - {1 + |+ s Fricderich o al., 1986
AMMPH (R - - + - Rogan of al., 1982
AHMPH () i) Wallon vt al., 1997b
HMBD () {-h)+ 1 Rowvan et sl., 1982
HMBD (1) -t + - t - 3 4 uein Trivduich eval |, 1986
1IMBD + phate incorposation | Lawson et al,. 1995
TIMBD (i) t phate incorporation | Walon et al.. 1997h

= o mutagenic activiee; Oy = harderline mutagen :

vin) agaritine synthesised
<) gift from Hoechst; (1)
: synthesised by Waltorn and

by Foth and coll 4 W
AHMPH st % mre): (23 HMBD synthesised by Toth and coll 5 (0298 ¥ pure); thy syh,
colfeagues (91 % 2% (i) ALIMPILE synthesised by Wakon and colleagies (97 % pure): * pronounced cytetosicity

Phenylhydrazines in the Cultivated Mushroom (Agaricus bisporus)
- occurrence, biological properties, risk assessment and recommendations

&E¥$18-1. Agaricus bisporusDIE =45 E&

Effect of treatment
Route - "
Compound of ) Dose | Exposure treated animals control animals Reference
tested adm!nl- males females males females
stration
(50/group) (50/group) {100/group) | {100/group)
31 (62%)* 20 (40%) lung 17 (38%) 13 (26%)
18 9 adenomas 8 6
13 11 adenoccarcinomas 9 7
6 (12%) 4 (8%) liver 1 (2%) 0 (0%)
Agaricus 3 days 6 4 benigh hepatomas 1 0 Toth and
bisporus p.o. per lifelong 14 (28%)* | 19 (38%)*** | forestomach 2 (4%) 0 (0%) Erickson,
uncooked week 11 16 squarmous cell papillpmas 2 0 1986
3 3 squamous cell carcinomas 0 0
8 (16%)** 8 (16%)** | bone 0 (0%) 0 (0%)
5 6 osteomas 0 0
3 2 osleosarcomas 0 0
8 (16%)**~ 10 {20%)** | forestormach 0 (0%) 0 (0%)
7 9 squarmous cell papillomas 0 0
1 o} leiomyocarcomas o} [0}
0 1 squamous cell carcinomas o 7]
10 (20%)*** 6 (12%)* glandular stormach 0 (0%) 0 (0%)
Z\fs::;izss p.o. : s:rys lifelong 0 L polypold adenomas 0 ° Toth et al,
dry-baked week 10 5 adenocarcinomas 0 0 1997a
2 (4%) 7 (14%)* duodenum 0 (0%) 0 (0%)
2 7 adenocarcinomas o} 0
6(12%)" ovaries 1 (2%)
5 adenomas 0
1 adenocarcinomas 1

Table 17A4. Tumourigenicity of the caltivated mushroom (Agaricus bisporus) in randomly bred Swiss albino mice.
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BHl8-2. Agaricus bisporus® 1214 4 5 ER

Effect of treatment

cotT:tZ:;nd ;E;:i- Dose | Exposure treated animals control animals Reference
stration males females males females
{50/group) | (50/group} {100igroup) | (100/group)
30 (60%)” 13 (26%) | lung 19 (38%) 14 (28%)
20 12 adenomas 11 9
10 1 adenocarcinomas 8 5
3 (6%) 0 (0%} forestomach 0 (0%) 0 (0%)
2 0 squamous cell papilipmas 0 0
p.o. 1?;/;‘;f lifelong 1 4] squamous cell carcinomas 0 0
1 (2%} 1 (2%) glandular stomach 0 (0%) 0 (0%)
1 1 adenocarcinomas 0 0
11 (22%)** | ovaries 1 (2%)
3 adenomas 0
ﬁg;’;fﬁ; 8 adenocarcinomas 1 Toth et al.,
Iyophilized 25 (50%)* 19 (38%) | lung 19 (38%) 14 (28%) 1998
21 13 adenomas 1 9
4 6 adenocarcinomas 8 5
2 (4%) 1(2%) forestomach 0 (0%) 0 (0%)
2 1 squamous cell carcinomas 0 4]
po. 5f;/°egf fifelong 3 (6%) 6 (12%)" | glandular stomach 0 0
1 1 adenomas 0 (0%) 0 (0%)
2 5 adenocarcinomas 0 0
4 (8%) ovaries 1 (2%)
2 adenomas 0
2 adenocarcinomas 1
Table 174 cont. Tumourigenicity of the caltivated mushroom (Agaricus bisporus) in randomly bred Swiss albino mice.
&$8-3. Agaricus bisporusD g1 =1t K ER
. > | LHEF Lol
Effect of treatment
co{:ftz:"d ;t:(‘,:;i:- Dose | Exposure treated animals confrol animais Reference
stration males females males females
{50/group) | {50/group) {100/group) | (100/group})
23 (46%)* 17 (34%) | lung 19 (38%) 14 (28%)
16 12 adenomas 11 9
7 5 adenocarcinomas 8 5
5 (10%)" 5 (10%)* | forestomach 0 {0%) 0 (0%)
2]9522‘;3; po. 2.5% lfelong 3 5 squamous cell papillpmas 0 0 Toth et al.,
Iyophilized in feed 2 0 squamous cell carcinomas 0 0 1998
2 (4%) 3 (6%) glandular stomach 0 (0%) 0 (0%)
2 3 adenocarcinomas 0 0
1 (2%) ovaries 1 (2%)
1 adenocarcinomas 1
26 (52%) 17 (34%) | lung 19 (38%) 14 (28%)
17 8 adenomas 11 9
9 9 adenocarcinomas 8 5
12h 4 (8%) 12 (24%) | blood vessels 3 (6%) 7 (14%)
Agaricus aday 2 3 hemangiomas 2 5
bisporus p.o. for lifelong 2 12 hemangiosarcomas 1 2 To}ggs L
dry-baked 5 SZZ s 9 (18%) 6 (12%) | cecum 4 (8%) 4 (8%)
week 9 6 polypoid adenomas ? ?
3 (6%) 1 (2%) colon 0 (0%) 0 (0%)
2 1 polypoid adenomas 0 0
1 0 adenocarcinomas 0 0

Table 174 cont. Tumourigenicity of the caltivated mushroom (Agaricus bisporus) in randomly bred Swiss albino mice.
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B Oo-1. AgaritineD 2 HHHER (BOKE)

Effect of treatment
Route
Compound of. . Dose Expo- treated animals control animals Reference
tested :3::2: sure males females males females
{50/group) | (50/group) {100/group) | (100/group)
6 (12%) 13 (26%) | lung 19 (19%) 29 (29%)
4 9 adenomas 10 15
2 4 adenocarcinomas 9 14
p.o. 0.0625 % | lifelong 2 (4%) 2 (4%) blood vessels 5 (5%} 7 (7%)
20 0] angiomas 2 4
2 2 angiosarcomas 3 2
" 1 (2%) 6 (12%) Malignant ly mphomas 10 (10%) 15 (15%) Toth et al.
Agaritine ,
8 (16%) lung 19 (19%) 1981a
7 adenomas 10
0.03125 % 1 adenocarcinomas 9
p.o. (males lifelong 5 (10%) blood vessels 5 (5%)
oniy) 2 angiomas 2
3 angiosarcomas 3
1 (2%) Malignant ly mphomas 10 (10%)

Table 17B. Tumourigenicity of the phenylhydrazines and related compounds occurring in the mushroom in randomly bred Swiss albino mice.

EH9-2. AgaritineDEH MR (S.C)EFERDEMEHER

Effect of freatment
Route treated animals trol animals
- n
cct,:;,tzgnd ad,?nf- ) Dose Es):,':: reated anima control anima Reference
ini- males females males females
stration
(50/group) | {50/group) (100/group} } {100/group)
12 (24%) 13 (26%) | lung 18 (19%) 29 (29%)
7 8 adenomas 10 15
5 5 adenocarcinomas 9 14
5 0 0, 0 O
s.C. 100 mg/kg weekly 3 (6%) 9 (18%) blood vessels 5 (5%} 7 (1%)
1 7 angiomas 2 4
2 2 angiosarcomas 3 2
N 3(6%) 10 (29%) | Malignant lymphomas 10 (10%) 15 (15%) Tothand
Agaritine Somson,
9 (18%) 12 (24%) | lung 19 (19%) 29 (29%) 1984
4 k<] adenomas 10 15
100 mg/kg 5 3 adenocarcinomas 9 14
to females, . o o o, o,
s.C. 50 mg/kg single 1 (2%) 5 (10%) blood vessels 5 (6%) 7 (7%)
to males 1 3 angiomas 2 4
0 2 angiosarcomas 3 2
3 (6%) 14 (28%) Malignant lymphomas 10 (10%) 15 (15%)
24 (48%)*** | 17 (34%)** | lung 22 (22%) 15 (15%)
16 10 adenomas ? ?
. - Toth et al
' 4. 8 7 adernocarcinomas ? ? -
N-acetyl-4 po. | 0.0625% | fifelong 1978
(h};]dfxr):- 15 (39%)*** | 16 (32%)** | blood vessels 5 (5%) 8 (8%)
methyl)phen "
yhydrazine 7 9 angiomas ? ?
[N-acetyl 8 7 angiosarcomas ? ?
HMPH] 2 (4%) 0 (0%) soft tissue tumours 2 (4%) 0 (0%) Toth and
s.C. 500 mg/kg 28 1 0 fibrosarcomas 2 [4] Nagel,
weekly 1981
1 0 angiosarcomas 0 0

Table 17B cont. Tumourigenicity of the phenylhydrazines and related compounds occurring in the mushroom in randomly bred Swiss albino mice.
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BEH#9-3. AgaritineiF B R DIE SR ER

Effect of treatment
Route treated animal trol animal
. reated animals control animals
Compound °f. . Dose Expo Reference
tested admini- sure
stration males females males femnales
{50/group} | (50/group) {100/group) | (100/group)
16 (32%)*™* | 15 (30%)*** | glandular stomach 0 (0%) 0 (0%)
p.o. 400 mg/kg | single 9 3 polypoid adenomas 4] 0 Tot‘lhgeatzal.,
7 12 adenocarcinomas 0 0
4-(hydroxy- 9 (18%)™ | 11 (22%)* | subcutaneous tissue 3 (6%) 3 (6%)
methyl)ben-
zenediazo- ] 0 fibroma 1 0
nium tetra- 5 10 fibrosarcomas 2 3
borat
fluoroborate 26 2 0 rhabdomyosarcomas 0 0
[HMBD] s.C. 50 mg/kg - Toth, 1987
weekly 2 1 angiosarcomas 0 0
3 (6%) 9 (18%)** | skin 0 (0%) 0 (0%)
2 4 squamous cell parpilfomas 0 0
1 5 squamous cell carcinomas 0 0
20 (40%(*** | 16 (32%)*™ | subcutaneous tissue 2 (4%} 0 (0%)
19 13 fibrosarcomas 2 0
4-(hydroxy- o 2 b o o
. rhabdomyosarcomas
methyl)ben 50 mg/kg 26 . y
zenediazo- s.c. " 1 1 angjosarcomas 0 0 Toth, 1987
nium sulfate weexly D o - " "
[HMED) 2 (4%) 7 (14%) skin 0 (0%) 1(2%)
0 2 squamous cell parpillomas 0 1
2 5 squamous cell carcinomas 0 0

Table 178 cont. Tumourigenicity of the phenylhydrazines and related compounds occurring in the mushroom in randomly bred Swiss albino mice.

BEFO9-4. AgaritineFFEA D IS S E R ER

Effect of treatment
Route treated animal trol animal
- reated animals control animals
Cempound Of. . Dose Expo Reference
tested admini- sure
stration males females males fernales
{50/group} {50/group) {100/group) | {(100/group)
4-(carboxy)- 21 (42%)** 7 (14%)* aorta and large arteries 2 (4%) 0 (0%)
phenyl- ) i McManus
hydrazine p.o. 0.125% lifelong 6 3 leiomyorma 0 0 etal, 1987
[CPH] 15 4 leiomynosarcomas 2 0
N2-[y-L(+)- 13 (26%)*** 1(2%) subcutaneous tissue 0 (0%) 3 (6%)
glutamyl}-4-
carboxy)- | e | s 0 0 fibroma 0 ! Toth,
Ihsgfanzyi;we weekly 13 0 fibrosarcomas 0 2 19862
[GCPH] 0 1 myxosarcomas 0 0

Table 17B cont. Tumourigenicity of the phenylhydrazines and related compounds occurring in the mushroom in randomly bred Swiss albino mice.
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E%$410. Swiss miceFEDHFMHEHEERDELN

Parameter Material or compound tested in the cancer study (reference)
Fresh raw Dry-baked | Freeze-dried CPH GCPH HMBD
mushroom mushroom mushroom
(Toth and (Toth et al., (Toth et al., (McManus et (Toth, 1986a) (Toth et al.,
Ericson, 1986) | 1997a) 1998) al., 1987) 1982)
Daily exposure 479 557 g 1.25¢g" 1250 mg/l 1400 mg/kg Single dose
per mouse drinking body weight | 400 mg/kg
water for life | /l day weekly { body weight
for 52 weeks
Fraction of 38% 20% 22% 38% 26% 32%
tumour-be‘aring (forestomach | (forestomach | (lungin (aorta and (subcutaneo | (glandular
a_mmals‘wrth the | in males) in females, males) large arteries | us tissue in stomach in
highest increase glandular in males) males) males)
of a specific stomach in
tumour males)

(type of tumour)

Table 18. Fraction of treated animals with the most pronounced increase of a specific tumour.

Phenylhydrazines in the Cultivated Mushroom (Agaricus bisporus)
- occurrence, biological properties, risk assessment and recommendations

E¥11. Tyl all—LRUVEESEMED) R OEE

Parameter Material or compound tested in the cancer study (reference)
Fresh raw Dry-baked | Freeze-dried CPH GCPH HMBD
mushroom mushroom mushroom
(Toth and (Toth et al., (Toth et al., (McManus et (Toth, 1986a) (Toth et al.,
Ericson, 1986) | 1997a) 1998) al.,, 1987) 1982)
Daily exposure 4749 557 g 1.25¢g" 1250 mg/l 1400 mg/kg Single dose
per mouse (males) drinking body weight | 400 mg/kg
water for life | /I day weekly | body weight
for 52 weeks
Daily exposure 189 ¢ 229 ¢ 50¢g 204 g 149 g 0.82 mg
per kg body
weight (mouse)
Daily human 01g¢g 01g 0.1g 01g 01g 019
intake of (0.025 g) (0.025 g) (0.025 g) (0.025 g) (0.025 g) (0.025 g)
mushroom per (containin -~ o
! g (containing (containing
kg body weight 10-11mg | 16-42mg 0.6-4 mg
CPH/kg) GCPH/kg) HMBD/kg)
Human cancer 193 x 106 86 x 106 211 x 10°% 1.8-2.0x 106 | 2.7-7.0 x 10 | 23-150 x 10-®
risk due to (52x10-5) (23x105) (56x109) (0.5x10°%) (0.7-1.9x10%) | (6-40x10%)
lifelong
exposure

* 1.25 g freeze-dried mushroom approximately corresponds to 12.5 g raw mushroom

Table 19. Estimated life-time human cancer risk from the intake of Agaricus bisporus in the Nordic countries (average of intakes in Danmark,
Iceland, Norway and Sweden). (Finnish figures withun brackets.)

Phenylhydrazines in the Cultivated Mushroom (Agaricus bisporus)
- occurrence, biological properties, risk assessment and recommendations
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