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F}g 1 . Efficiency of extractior _of mutagens from fish powder pyrolysis products by various
organic solvent. Number of revertants obtained by TA98 with $-9 Mix.
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W RIS E L ( homogenize ) Z % T LI » Nk =I 5]
A E R R o Rl R BILIEE ( HCL ) Fad% - i
ZLICH.CLA RN B B 57 18 - K@ B LIE ( NaOH
» NH\OH ) 7@ EpHIE & 128 » LICH.CLEZE I it
S8 YGRS 2 B EE i 53 8 43 51 L A fE Salmonella
BRI A i B g e SR AR R A E ( Table 1. )

Table 1. :
MUTAGENIC ACTIVITY OF ACID AND NEUTRAL FRACTIONS IN 5 SALMONELLA STRAINS
Fraction LE/plate 2 9%  Swtrain
TA1535 TA1537 TA15638 TA98 TA1D00
Contzal 0 - 16¢ 14 25 2 136
o + az 12 15 17 171
Acid 18 - 13 18 21 27 108
74 - 9 18 20 28 136
183 + 8 18 28 21 140
73 - 17 10 ] 18 154
Neutral 1 + 14 12 30 24 165
3 + 16 20 31 28 150
9 + 12 13 31 s 183
27 + - - 37 - -
3 - a7 10 11 17 158
2-Aminoanthracene (5 ue) - 272 436 2262 2623 1014

& Equivalent weight in g {resh wt. ground beef (gE).
® 59 protein. 2 meg/plate.
€ Mean number of histidine-revertant colonies per plate (each value is the average from 2 plates).

‘Table 2.
MUTAGENICITY OF BASIC FRACTIONS EXTRACTED BY ACETONE METHOD
FxpL. Plate TA1538 revertant colonies
Basic fraction of hamburger (gE) b 2AAC
5ug
0 3.2 8.0 16 32 1009
1 A 17 154 354 T 1285 4688 2344
B 16 186 a7s 160 1301 2446
2 A 20 287 513 117 2162 6890 2389
B 24 a1s 819 1132 2117 2329
3 A 16 127 474 860 1140 5299 2495
B 10 119 421 814 1208 2586
4 A 33 281 654 1170 1981 7138 2127
B 26 260 649 1155 1917 2647
s A 21 251 621 1149 1890 7346 3321
B a0 259 643 1235 2132 3443
Mean 6272
cv 19%
SE 532

2 Tested in the presence of 59, see Mathods far details,

® Gram equivalent (£E) of fresh wi. of ground beef (cooked § min per side at 200°C),

€ 2-aminoanthracene,

d These data were calculated by least squares regression of the linear portion (32 eE points were usually
reiected! of dose—~response curves generated [rom the means of two plates at each dose as seen in Fig. 2.

Table 3.

MUTAGENICITY OF THE BASIC FRACTIONS EXTRACTED FROM COOKED GROUND BEEF WITH
ACETONE OR ISOPROPANOL

Additions 59 metabolic TAL538 revertant

activation & colonies/108 cells ©
Control (no mutagen)
- + 3z
= - 13
Control (+ mutagen)
2-Amincanthracene 5 (ug) > 1912
3-Methylcholanthrene 50 (ug) + 143
Extracts
Acetone 8gE® 373
16 + 632
L] L 16
Isapropancl 8 + ass
16 - 620
8 el 12

4 2 mg protein/plate.
b Average of 2 plates.
€ Equivalent weight In g fresh wt. of ground beef (kE}.

(6) ©
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Fig 3

FRIED FISH

homogenize wich

d-1,0
adjusc to pil 2.3 adjust o pd 4.5 adjust to pH 6.8
“‘2504 H.‘AZSO‘,‘ HnZSO.,.
filcer {filcer filter
filtrace filtrace filrrate
excract with extract with extract with
(I}lZCl2 C'.Hzclz (:':Ile:l2
C[lzc.'l.2 aqueous C‘H..,Clz aqueous (ZI-".:l,Cl2 aqueous
(a) (") A"
adjust to pH 10 adjust to pH 10 adjust te pH 10
CH,Cl, CH,.CL, B
CH2C12 aqueous CH2C12 aqueous u&zclz aqueous
(®) (%) (")

Procedures used to investigate the effect of the pH of protein precipitation on the extraction of mutagens from fried fish.
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BRI XAD-2 resinZR 4y Bt RIS 4 PN BR 2R o 1 B 28
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LUR&7 (CHOH : CH.CL: H:O+45:45: 10+ V,/V
SV ) HEERL KBTI B L XAD-2FEZ —4p o

HHPLCEEZ BT B R &R EE ( Ames, Sal
monella test ) Zf55 » BIAI B XAD-2 resini[& 8 8] 4
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Table 4. Comparison of Mutagenic Activities in Organic Extrac
Protein Precipitation

ts of Fried Sole Using Three Different pHs for

no. of ne. of no. of

pH of revertant pH of revertant pHof  revertant

symbol?® partition colonies? symbol partition colonies symbol partition colonies
A 2.5 78 A’ 4.5 62=86 A" 6.8 62+ 7
B 10 421+ 33 B 10 143 19 B 10 282+ 5
A+B 428 = 34 A"+ B¢ 206+ 20 - A"+ B¢ 90 =9

¢ Symbols refer to different organic extracts in Figure 1. Each extract is equivalent to 10 g of fried fish. bs
tyohirurium strain 1538 with 80 uL of S9/plate. Spontanecus revertarts (24) have been subtracted from these numbers,

“Thnetotals A+ B, A"+ B'.and A" + B’ are significantly diffe

rent at the p = 0.01 level.
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Fish
prec

pH 2.5, pH 6.8, pH 2.5,
extract extract extract
l i’ I
(0 + &) (k4 + 13) (0 +5)
SH 10, PH 10, PH 10,
extract extract extract
Il 10 v
(200 + 7) (25 + 4) (220 + 10)
TUTALS {200 + 8} [69 + 14] [220 + 11)

Fig 4. Schematic diagram of the procedure used to reextract fish proteins originally precipitated at pH 2.5, 4.5, and 6.8. The
aumbers of revertant colonies produced by the various organic fractions (shown in parentheses below each Roman numeral) are for
the extract from 10 g of fried sole and have been calculated by using the regression coefficients of linear dose—response curves for each
extract, Total revertants obtained by each procedure are shown in brackets at the bottom. S. typhimurium strain 15385 with 80 pL

proteins, eriginally
ipitated at pH 2.5

rehomogenize,
divide

Fish proteins, originally
precipicated ar pH 4.5
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ex Etlc‘l

v
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pH 10,
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VI

(310 + 35)

(320 + 3]

of 59 was used for testing of the extracts. The spontaneous revertants (24) are not included.

rehomogenize,
divide

pH 6.8,
extract

Vl’
(66 + 12)

sl 10,
extract
Vi’
(26 +5)

(92 + 13]

ACID-XAD E

XTRACTION SCHEME

Cooked beef
exterior layer

Repeat 3X

{1) Homogenize (Beef: HZD. 2.5:1)
(2) Adjust pH to 2.0

(3) Centrifuge 8,000 xg

Coml

supernatants

bined

Pellet |——Discard

Discard Anupoit

"1 (1) Adjust pH 10 7.0

(2) Pass through XAD-2

elutant

(3} Elute with acetone

acetone

Active

fraction

Fig 5. Acid-XAD.2 extraction scheme.

S03Na

sozmr«-@ SC2CH,CH,0—Celtulose

Fig 7. Structure of cotton-bound niginent.

et al. 1983a ) (9)
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BIE A blue-cottonFE U L Hph — @ H B H EFES
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FRri2ng s S « {E{NIE Ll acetone i 25 XY i f& 5 Hi &
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Table 5.
TAIS3E SALMONELLA ASSAY OF EXTRACTS FROM 4 DIFFERENT FRACTIONATION
METHODS*
Mehod Number of revertants per gE* Coefficient of variation
Dilute acid-(NH.)150. 10-114 =
Accione’ » =15%
Mixed sotvent’ L] = 46%
XAD-2 resin s =34%

*For the ) methods in which bases were separated {dilute acid—({NH.);50.. sceione, and mixed solvent),
only the basic fractions are shown, sisce the acid and acviral (ractions had no mutagenic sctiviry,
“Humber of revertanis per gram fresh wright of wncooked meat (3E) is caleulated from the slopes of
regrenion fines in the linear region of the background-corrected dose—response data.

“Method of Commoner et al, (1978).

“Range of 2 Expus.

"™ethod of Fehon « al. {1981},

'CH,0H;CH:ClytH O (35:45:10, viv/v).

Table T Comparison of Methods 10 Concentrate Mungens from Difeo Beel Exiract®

Hu* reveranu/plawc

TA S TA 1538
0.05gE 0l gE 0.05gE 0l gE
Bluc-cotion extract 1070 3143 1803 3733
Solvent-cxtracted basic fraction 1418 p=il] 2048 3136

'] surmnuom-az) was procesed cither by bluecomma 1 give the “cycle 17 macrial (sec
“Maicrials and Methods™), or by Commoner’s solvent-cxraction method® o give the basic fction.

Table 8.  Puification of Beck Mutagess by ive-cotion Adsorpion

Blue-cotion of ¥i Towml sumber of i e

P weaument ﬂ:‘-l’ m-;" [¢4] h“'::l'.l'!
Cyele 1 15.6 150,500 (100)* 9,640
Cyr.]:: 5 0.3 118,200 (78) 394,000
Cyeie 3 0.1 101,800 (68) 1,018,000

a) Calcuiatens based on the activicy of 0.1 gE samplas.

Table 9. c

of Methods 10 C Mutagens from Cooked Ground Becf o)
‘ i " ici
LEN- lﬂn Mt m—q-uuq(mfng)
A B Bld Average (ratis)
Blue-cotton. 077 308 11a2
o: %2 £ 958/(1-5)
XAD-2 resin’ 123 333 m
11 347 a2 e
Acztooe-soluble 084 127 151 130
basic fraction. 016 17 108 m
4) Reulu cbuined in mm‘qﬂdﬂ:whnd:-“mmnd.Asqhun’hd
cooked beel was wsed for all the P was observed
For every umple.

Table 6.
ADSORPTION AND RECOVERY OF COPOUNDS BY USE OF TOTTON BEARING TRISULFD-
COPPER-PHTHALOCYANINE (‘blue cotton’)*
Compound Concentration in o 'Adscrbed  Overall Assay
saline (x 107° M) 10 ‘blue recovery  method
cotton' (plain % (plain
control) cotton
control)
Afuragens
J-Amino-1 4-dimethyl-5H-
pyrido[4,3-blindole (Trp-P-1) 20 98 (40) 98 (40) a
’H}3-Amino-1-methyl-5H-
pyridol4,3-blindole (Trp-P-2) 0.2 (10* dpm/ml) 93 (33) 93 (28) r
2.Amino-6-methyldipyridof1,2-a:
3',2’-d]imidazole (Glu-B-1) 40 85 (10) 79 @) a
2-Amino-dipyrido(1,2,-a:37,2"-d]-
imidazole (Glu-P-2) B0 65 (7) 54 (3) a
2-Amino-9/-pyrido[2,3-blindole 100 89 (29) 79 (24) “
2.Amino-3-methyl-9H-pyrido-
[2,3-blindole 100 88 (45) a8 (a1 a
2-Amino-3-methylimidazo-
[4.5-Nquincline {1Q) 20 85 9 n a
2-Amino-3,8-dimethylimidazo-
[4,5-/quinoxaline (MelQx) 4 92 (6) 89 (4) a
3-Acetylamino-1,4-dimethyl-
5 H-pyrido[4,3-blindole s
(Acetyl Trp-P-1) 20 93 (M 88 (M a
I-Nitropyrene 2 - 717 m
2-Aminoanthracene 2 - 75(17) m
Denzola)pyrene 0.2 97 (61) 60 I
9-Aminoacridine 50 96 (15) %) a
Daunomycin 100 99 65 a
[*C]2-Acetylaminofluorene 0.8 (10 dom/ml) 99 96 r
2-Aminofluorenc 1 - 5 © m
Ethidinm bromide 50 97 (25) 95° (200 @
Quinacrine dihydrochloride 100 (pH 5) 98 (8) 98 a
8-Methoxypsoralen 100 60 (5) 59 a
Furylfuramide 50 26 (3) - a
Carbadox 0 36 (3) = a
Quinoxaline-1,4-dioxide 50 4 (4 B a
4-Nitroquinoline-1-oxide 50 11 (0 = a
["C)Nitrosodimethylamine 0.1 (10° dpm/ml) o - r
Nonmutagens
Norharman 50 90 (14) 8 (9 =
Chlorpromazine 40 BO (15) 78 (12} a
Adenine 50 9 (1 &= a
r-Nutrophenol Na 50 5 () - @
4-Nitro-o-phenylenediamine 50 19 @ = o
Tryptophan 160 3 (1) - a
("Hihistidine 19 (10 dpm/ml) - 0.6 r
1000 (10" dpm/mi) - 0.7 ¥
Qleic acid Na 10 (pH 9) T - £
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XAD-2 column & Blue cotton extractionZ s :

Inamasu, T., et al. ( 1988 ) ((DFIFHXAD-2 column
EEBlue cottonZEHUAMAEIQRE E A HY) - mEH T
LIHPLCS T H B i i 8 e 58 CRERE SE BE o e [B1 e 28 B
FEREBM 2R - Fig.8. ~ Fig. 9. EHPLCA A
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Table.11. ) » Tiiblue cottonfll#9W% #23% B9 k&1 ( R
Table.12. ) o FfE Ty & Ha iR & FUEH b A S500R0 B e
AR HEIE R L&Y - (ERERENARE R B ik
R » HIEXAD-2E Hfliblue cottonfy W iy B g &R =)
2455 % P e R AR T 7 A o D SR B e iy o
B R B EERER] -

Becher, G. et al. (1988 ) (DZEHERT AAEANA crea-
tineff B & A 2 SE MRS » IREUCAIR R BN A XN
B Llacetone P LI E (L » HLICH.CLAZEE » Mi{H
BESANENEEEEE ( RFig.10. ) » HEEDEHER
Bjeldanes, L. F. et al. ( 1982 ) (S)FAESEE K i H By Ze s
Prig o BNSEETEILEE (Fig.5. ) » o] BB Z fEEbB ol gk
iR —B0 4 Z B sy i (R AR i 2L P B P o 5 Y
% Z L G E M N B SR - Th BE R AR IS
HARFSIRETRENSR - RE R ES BRE
Yo o DIBCEINEGEEE  MEENR T Knize, M. G. et
al. (1988 ) (IJWIRTAATFFTHh » FF IR LIPS WA By 2 HL HH 3k 0
B n 2 J8 4 4k [ S B DI Bk B 3R B WY R 48 + ZEHPLCHY 53
W 8 _b R AR R AL » DRI AR B B se e 3 Ik 2
AR R FE5 YY) o 3275 7L T oIS A S 2 W
AR ERECT 20T - THERIA: ~ B BN =
HAET ( BFig.11. ) » EHRHESEXAD-2ERE 2%
' SEANHPLCHIMEAL - [P {ER—IREYR G M — B 6
YIIFEEN S H 0 7F Llmethylene chloride®E HY 1% 09 % J§ B
Llbutanol26ZEHY » 2 H . methylene chlorideEE BB %Y
oo JATable. 13. thA] RN B H AR A ERIDNAE
BAZEER AT - A E—EREREZEEE (#5915% ) B
SRIETE R A EY IR RAGE 30X Bz EL - AR
e ] E S R T ER THE B 8 MR PIREEe 2 -
LI Se B e — 840 B se ) o

El
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L4
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@ = 8 i
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=
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@ %) il
a a
= < d
N i
F g ki N i
it T 0
0.254 (C)
L4 la
0.251 0.1254 :
115 2
| &
Ly
; 4 :\
ok ) P —
:0 6.0 Tﬂ E',J 50 60 70 80
elentioe ime/(min} Retantion time (min)
Fig. 8 HPLC chromarograms of the XAD-1 Fig. 8. HPLC chr ommo; rams of the urine frac-
column eluates foliowing treatment of urine for tions treated with blue a) L ne samplc
extraction of IQ metabolites. 2) Aqueous efluent. after treatment witl th. :on \m that the blue
Note the presence of the polar conjugated metabo- coton absorb ry little o “h polar fraction and

lites, b) Methanol eluate, Note that this fraction failed to absorb some of the nonpolar metabolites.

contained polar conjugates and also nonpolar com.-
pounds. ¢)-Acidic methanol eluate. Note that this
eluate contained exclusively the nonpolar fraction

h:uu ed for washing the biue cotton
n urine. ¢} Eluate obtained Er m ammoni-
mn.i me l'm ol m:(mem aof the blue
e. Note that this method le:.ds
tmn ol' very little of h polar met ut
appears to absorb the nonpolar metabolites, includ-

ing 1Q isell.
Fig 8. Fig 9.
Table 10. 1ulation and Purificiiion of Mutagenic Componens from Cooked Ground Beel

- Total reverans Speci ity

porsti I Yied (mg) wdrd g

Crde 1 132 94,570 (180) 720

Cyde 2 0t 51,720 (174) 6,500

Cyde 3 03 50,570 (168) 17,000

fi >~ EE AR e (HPLC )
Kasai, H. (1979) WWF|HHPLCAH ZERATZ
BroRs s - DIZESRZR S M b ch N A T B A B S s s
S KRR ERFRINMBER Z RSO E - HEREES
RBZEEY) 2 Vs o BIOITEE R LB ZE ) o
EW— M FEHPLCST i B ik B 095 75 3 S 4400
(ultraviolet ) (UV ) ~ B {k & ( electro-chemical )




FRIED MEAT EHULSION

(2) CENTRIFUGE

PELLET SUPERNATAHT

(1) HOMDGENIZE IN
ACETONE
{2) CENTRIFUGE

B

FLOCK

1) ROTAVAP ACZTONE
(2] ADD DILUTE ACIiD (PH 2)
(3) EXTRACT WITH CH,CL,

WATER

o, L,
DISCARD

(1) NEUTRALIZE
(2) XAD-2 ADSORPTION
(3) ACETONE ELUTION

WATER

A 640.000

8 10.£30.000

fortifizd sample (B).

Cooked Meat Patties

Acid Extraction
Trim outer 1/3 of each side, discard center

Homogenize in acidic
water (pH 2)
Centrifuge-repeat

Pellet
Acetone Extraction ¢

(2X)
. Adjust 1o pH 7
XAD-2 Column

Discard¢——

Homogenize with organic phase

acetone

Elute with acetone & methanol

Discard (Ames’ Test)

Pellet Centrifuge-repeat (2X)

Discard g¢——

Evaporate, dissolve in Evaporate, dissolve la water

HPLC

Fig.}] Exiracuon scheme for pattics and pan residues from both fried chicken and beef.

(1) HOMOGENIZE IN OILUTE ACID (PH 21. 2 X
(1) NEUTRALIZE

(2} XAD-2 ADSORPTION
(3) RINSE. ELUTE

A. 1.000.000 A. B3SB.000
B. §.700.000 B. 7.910.000

(1) ACIDIFY (PH 2)
t2) EXTRACT WITH CH,CL,

CH, L,
DISCARD

Fig.10. Extrsction and purification scheme. Mutagenic activities are given ia TAL538 reveranisikg fresh wi of the rzgular sampie (A) and for the creating

=

Pan Residue Extraclion

Dissolve in acidic
water (pH 2)

Extract with methylene
chloride

Basify aqueous
phase (pH 12)

Extract with butanol

aqueous phase | py.norate, dissolve i
water (pH T7) (pH 2 water (pH 7) a4
L Extract with methylene chloride L 4
A
XAD-2 Column Adjust to pH 7 XAD-2 Column
l PR L XAD-2 Column l Eiute with acelone
| and methanol (Ames Test) ‘ & methanol (Ames Tesf)
v Y
HPLC HPLC

Fig 10.

Fig 11.

( EC) F#85 ( fluorescence ) {HHllSF » EREREHRA

Rz RN » ENE LA o Grivas, S.FNyhammar,
T. (1985 ) (9IS A AL R B L B EAIEETFLILE - &
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‘Table. 14. o E] BL BB {t 5 (v i #6 /& #fr (8118 ( LCEC ) 1R A 8R

i b 2k AL (I B A B8 ( LCEC @ 0.56~1.5 pmoles,
LCUV : 2.5 pmoles ) {EEEA e {ERIERRR (2.5 pmoles)
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1B/ EEEBIE A B AR E iy Rk R ER ( over-
lapping ) * BRI (B EE (L ER (21 25 » HIRFA ETER
e R A AL REREHEQLAM L H -
UK E BRI > B LR R SRR R R S s
Bl MEEEGER LS FEREBM ISR ER
HIERTE - Bl BT —#E B AIRS 57 Tk
Sk » MEK L » BEHECTLIRGIERBAAEER - it
FERTPMERIMEEE AL S T AR MAEE B LBEL
R LIRS DL SE SO BB A SRR A5 - Bl - BALE{ERIRY
I Ty EEREN (SRR T A S0 8K - ABHEER
BRERERENESSER TEmARRER -

S - wiEEST (LC) EaFIE M ( MS ) RS & i
— 34347 + Yamaizumi, Z. et al. ( 1986 ) (16) 2L 5314
( Me—'H: ) EEER E#EYMA % » SE7EHPLCHERE R
EEAVEREE (K )REEKSRHEET—EH (LC
SMS)  SETALS T T B R0 e i By O L
Hil 2 TS B TR R B e ) o HBBR R Fig.12.
Hon AR S B A NABHE R Z SRR TR I E
FEEZ % ~ blue cottonZEELZ Fij » MLC,MS4r#r B 7
Fig.13~ 14 o @7 Juresky, R. J. et al. (1988) (NthLI
EAXEREER DT E AR EESY - HPRRE
Fig.15. » AR EEE R RS B NFRER 2D
PR 7E AR N 0 IEA B Fig. 12 M8 LB - THELC/
MSZ 4 HT R Fig.16. » anitb RV e E HEZEEEY) o

M Gross, G. A. (1990) (18 - IRHEEMEY
hERRZETERKENES T > HEUMERESTZ
BRI E NS AR E M B B RIS & I
o H—#ACopper phthalocyanine ( CPC) #E# W » T
#:& diatomaceous earthE ¥ K CPCH14:Sephasorb HP »

Table 11. Percent Recovery “C-1Q from Unne
with “C-IQ Mertaboiites at Different Stages of
XAD-2 Resin Extraction

Recovered "“C radioactivity

Fugian (% of loaded “C on XAD-2)
Aqueous 2ffluent” 32350
Methanol eluate” 45%5%

Acidic methanoi” 203

Totai 98413

a) Components in this fraction are onginally not ad-
sarbed on XAD-2 resin.
b), ¢) Components in these fractions are originaily ad-
sorbed on XAD-2 resin.
&) Mean 5D was obtained from triplicate experiments.

Table 12. Percent Recovery of “C from Urine
Containing “C-1Q Meztabolites at Different Stages
of the Blue Cotton Adsorption Technique

Recovered “C
dioactivit
Stage ks y
g (% of loaded “C
on blue cotton)
Urine sample after treatment kel
with blue cotton®
Wash water of blue cotton 13£2
soaked in urine”
Ammoniacal methanol extract 233
' from blue cotten?
Total 99=7

a), b) Components in these fractions are originally not
adsorbed on blue cotton.

¢) Components in this fraction are originally adsorbed
on blue cotton.

d) Mean=SD was obtained from tnplicate experiments.

Table 13.

Distribution of mutagenic activity and effect of creatine for cooked chicken and beef

Endogenous creatine’ Added creatine® Ratio of added creatine:endogenous creatine

Chicken

Acid extracuon 4% (69F 58% (718) 2.6(2.8)

Acelone exuraction 17% (M 13% (3) 1.5 (1.1

Pan residue 39% 24) 29% (19) 14 2.0

Total TA1538 reverunts 120 000 (250 000) 230 000 (600 000) 20024
Beef

Acid extraction 61% (7 57% (71) 2.7 3.9

Acetone exiracrion 16% (O 16% (7) 2.9 (3.6)

Pan residue 23% (21 27% () 34 (3.5

Towal TA1538 reverants 150 000 (260 000) 440 000 (890 000) 29 3.9

“Natural creatine level = 0.4-0.5%; chicken 0.50% (3.8 umolg); beef 0.41% (3.1 pmol/g).
24% creatine by fresh weight added to paty before frying.
‘Replicaie experiment in parentheses.
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) BT 467.8 —D : MelQx % fF 9 £ #& = ( internal
standard ) ZE(GHIFIA] > H— e L FEH4 8D 094 5
FRATAT B AT o T £ B R H e Bl 3R 4G /1 12 46% F183 %

Figz: 15:
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Minutes

Fig. 13. LC/MS analysis of purified extract of salmon flesh
without isotopically Jabeled internal standards. Conditions in
experimental seczion. Profiles are for MH ™ ions monitored
simullaneously in a single analysis. Arrows show expected elu-
iion positions for reference compounds. (A) iQ, (B) [FH3]1Q,
(C) MelQ, (D) [*H;]MelQ.

Fig 14.
no. l
Wl A J\ Q m/t 195
B W2S B
- ! {2u3]10 mre 262
E ke
g™ g | Meto mre 213
£ = ;
= ) A‘JV\“"/‘\“J\ e
o 5 :\ | [2Hg)vele mre2is
bl [l
0 H ° =
Minutes

Fig.W. LC/MS analysis of purified extract of salmon flesh in-
cluding stable isotope- internal standards, [AMe-"H,]1Q and
{Me-"H;)MelQ. Conditions in experimental section. Desails
same as in Fig.13.

Fig 12.

broiled fish or mear
L

CH;OH extraction
i

acid-base partirion
Salmonella mutagenicity test

divide sample in half

=~ = = [*H,3]IQ and [*H\]MelQ
internal standards

Cellulose/trisulfo-Cu-phthalocyanine extraction
-
acid-base partition
i
normal-phase HPLC
1

reverse-phase LC/MS

Fig ure 12 Scheme for extraction of mutagsns for analysis by-
LC/MS.

Table 14.

COMPARISON OF DETECTION LIMITS (pmoles)

Compound LCUV LCEC
1Q 2.5 1.1
MelQ 25 1.5
MelQx 2.5 0.7
4,3-DiMelQx 2.5 0.8
Table 15.
Extraction parameters
Preparation
I i m
Extrelut column
Sample quantity (g) 0.5~1 40 3.0
Amount ] N NaOH (ml) 2 10 5.5
Extrelut rype 3 20- -2
Exiraction volume (ml DCM) 15 <0 40
CPC method
CPC Sephasorb gel volume (mi) 1.3 26 2.6
Dezorption volume (ml 15% MeOHJ'NH,.’DCM) 7 15 15
Sephasord gel volume (mi) 1 2 2
Wash siep (ml 25% MeOH/H,0) 5 10 0
Desorpuon volums (m! MeOH/NH;) 10 15
PRS method
Sorbent guantity (mg) 100 500 500
NP—RP coaversion (ml 0.01 N HCY) 3 6 6
Wash step (ml MeQH/0.1 N HCI 60:40) 4 20 20
Desorption voiume (mi MeOH/NH, 9:1) 3 0 -
Transier solution (ml 0.5 N NH,Ac) - - 20

*Extrelut-20 r=fill units.
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Fig 15.

Cooked ceer

Ceulerium - labelled inlernal
standards 10, MelQx ond DikielQ,

Merhanol extrection

Y
XAD-2 adserption

Acid-bose portition cgalnst
ethyl acetcte

Cellulose trisulpho = copper — phtholocyaning
adsorption (blue cotten)

LC=-MS

Fig. 15.Purification scheme for heterocyclic amines found in cooked beel products.

Fig 16. e to) 1m mats
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Elurion time {min)

?ﬁ;n& LC-MS analysis of purified bacterial-grade beel extract (a) without or (b} with isotopically-labelled
internal standards. Profiles are for MH* ions with arrows marking the expected elutior: posiions for 1Q,
['H,)1Q, MelQ,, [H,IMelQ,, DiMelQ, and 'H,|DiMelQ, isomers. [(H,]IQ and [*H,1MeiQ, were added
lo beel extract 21 levels of 50 ng/g. and ['H,]DiMcIQ, isomers were added at iGngrg. Analysis was
performed with a C-18 reverse-phase column as described in the Matenals and Methods section.
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