FIBESE (1990) 102, 113~127

22 g OE L
TRGHEAERS VT DR E S

LR FEFRAREEFHE (68 | BHELHT)

-

B ORE

(FRTEILA30 8 Z5)

Key words © ISt MEARE L o>, BORS, MILERRE, oz K3

]

AL IBEZNTIL A EABIGECS
WTEEIN, ARIERE L TERL SITEL
FRAINTO2EWETH Y, 7T TR
BIREEICII b L vic, T-BReEEEY
ERMMI 28020 F—ICRBE N HS
BEL, FoMERC L AELRRHSNRME S
> T3 P DBUEHE L TIIRmEME
AEE T PRI T BRI,
ERCRIITHEFEERINOYWEO—DT
HHY, LI NERNEEIC DWW TORER
BSEBAIIC L 2HEIX %<, Fabra 52, Carls-
son 63 DF|EHH L. £ LT, RPDERE
DBRE, O, FRP ALV BEORIZEL
NIy DEWFERT =7 ) > 7o 2 RER
BOMRL L ->Tv59 X, RPDEREDOHR
EIERBRFETFHRENEE o & N EH
BMERRM DB DU 5T B,

—7%, #HLY 2L -T, 1965EICKEHEE
THEI Nz EERARICE BB TBIEKF D
PLLHHEET LI EARHENL, R,
HBHLD 2 A BEMBBEXKPTRHELI-ACT,
TFXEON, BRORLN b -2 ARFRIE
P FoFERICRYORITEED. &
NNz esb, PrzrrABEL D AKC
BNiAFh eI EZ LN,

L& L %ss, Bl gOoksInszinzx
> DERNERIC OV T HOERIIFARIZITL S
nTwin, FEIAMIC L 2BEBRORE
L& —oThHab b rzricEBLT, £O

113

BEIN P A DECERIR L FDBOE
BAGHIZ OV TOHELITE 72, BlE, DD
Fe7 U HHEERZ I LI 2EO8EL T,
HRFICHEEI NG ey, o BRbD
Pz E 2 ORBORRICNT 2 IBE LT
worFrL—arary—TRHEL, bo
= DMCERIGEE, £EASHEIZ DOV THEN,
FDRBEIZ OVTRETL 72,

)

1. BEHHES L v oFg

AFNEE C THEH L 7218.5MBq (500 Ci/
mg) O MC-+} x> (Amersham #8) % |
Nz (RERER) THR 0.925MBq/ml (25
wCi/ml) ELLDEERE L THEW,
2. 27 A~DEEH

UC- MY R, RSP OSEBNE L »
DEFENIED TEN 5 7 4 > RIRILKED n
=~F 4T v C0.23MBg/ml (6,254 Ci/ml) T
AL, dd-FE=7 2 (25g) 1EH7201.18
KBq/g K& (0.032xCi/g tkE, +rx>1.11
mg/g KE) O MC-r Y Ee 2BV F
TROZEL 72, =72 380O0851%, 22776
KPR, K ENGHHRE A 7K Xy —
¥ (Fig. 1) {21 EoOANCEHEEL, »—
PIRBESERDEBLERELT KL 7T
#EHZ EICEY, WERICHREANS Pz
PEMRILZCBRICELTHEL ., BESS
IR v 20ml 2 AR, Z0BEES
DEMERLZLNERWE, X, WEPIH
EFBILKFCREL, 15FECTHRLZ.

&



114 : S

Fig. 1 Diagram of metabolism cage for mice
A Cage B Flow meter C: Activated charcoal D : Air pump
E  Toluene trap F :Ice G : Feces H: Urine
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Tissue(l g wet weight)

—added 2N NaOH EtOH solution(5ml)
—heated for 2 hours (507)

Dissolved
tissue
(0.5g) (0. 5g)
dded H20. (0.05ml) — added 2N NaOH solution(5ml)
Decolored and toluene(bg, Cg)
tissue — extracted with toluene
dded aquasol-2(New Toluene
Research Products) phase
(5ml) washed with 2N NaOH solution
LSC(Adpm) (5ml), 3 times
for assay of Water and EtOH Toluene
toluene and phase phase
metabolites
discarded weighed toluene (cg)
metabolites and
a little toluene added aquasol-2{New Research
Products) (5ml)
LSC (Bdpm)
Toluene(T)=BXC /¢ for assay
Metabolites=A—T of toluene

Fig. 2 Preparation of blood and solid organs for the determination of radioactivity by liquid scintilla-
tion counter (LSC)
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Table 1 Recovery 'C-toluene added to bloqd
and solid organs in two methods

Amount of “C.
Organ toluene added to Direct method” Extracted method?

organs (kBg®) (%) (%)
Blood 2.331 100.32+3.10 98.84+0.74
Liver 5.772 79.44+0.52* 96.84+1.02°
e

Kidneys 5.772 79.30+0.45° 96.44%+1.05°
Lungs 2.331 102.13+1.07 102.72+4.32
Cerebrum 2.331 100.22:+1.31 101.23::0.98
Adipose

Hissue 2.331 99.51+0.31 . 103.78+3.58
Digestive . .
organs 5.772 80.74+0.78 91.99+0.61
Carcass® 23.125 102.41£0.76 103.51+4.93

(n=6, mxSEM)
1} Direct method : radioactivity in dissclved organs were mea-
sured by liquid scintillation counter (LSC).
2} Extracted method : radioactivity in extract from dissolved
organs by toluene were measured by LSC.
3} One micro-curie{uCi) is equivalent to 37 kilo-becquerei(kBq).
4} Carcass . mice after removal of internal organs.
. Sigr;ificantly different from hypothesis{100%) at P<9.05 (t
test).
** Significantly different from direct and extracted method at P<
0.05 (t test).
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Table 2 Amounts of total toluene (toluene and its metabolites) contained in mouse solid organs, expired
air, urine and in feces after ingestion of “C-toluene as time lapse.

Time* 1 3 4 8
Organs Amounts of total toluene (mg)
Digestive organs 15.788+0.733 6.606+0.191 4.180£0.248 0.315%0.056
Liver 0.806-+0.036 0.465+0.004 0.313+0.022 0.10540.002
Kidneys 0.33910.004 0.22010.004 0.130x0.008 0.09010.002
Lungs 0.033+0.002 0.037+0.002 0.019£0.001 0.00910.001
Carcass** 10.211+0.175 14.31740.277 13.973:+0.878 13.036:+0.780
Expired air 1.57520.045 6.1531+0.356 8.297+0.187 9.091+0.054
Urine — 0.670+0.119 2.790£0.020 4.856+0.117
Feces — — — 0.038+0.019

* Time in hours after ingestion.

** Carcass . mice body after removal of internal organs.

(n=6, m+SEM)

Table 3 Percentage of radio-activity in the body absorbed from digestive tract, in urine and in expired

air to ingested C-toluene

Time? 1 3 4 8
Organs and excreta Percentage (%)
Digestive 52.15+2.44 20.22+1.34 13.47+0.81 1.08+0.19
organs
A 47.85+2.32 79.78+2.55 86.53+2.88 98.92+2.50
Absorbed from t. —) (t; —) (w. —) (w —)
digestive tract
B 43.11+2.35 71.54%4.05 79.50+5.20 92.09+5.30
Mice body? 37.91+2.66 49.55+3.21 43.78+3.08 44.30+3.63
Expired ai 5.20+0.21 19.83+1.62 26.74%0.85 31.15+0.26
xpirec air (10.86+1.64) (25.19+2.63) (30.90+1.28) (31.49+0.45)
Ui _ 2.160.54 8.99:+0.09 16.64:£0.57
rine (2.75+0.96) (10.38£0.25) (16.82+0.92)
F _ B _ 0.13+0.11
eces (0.13%0.33)
(n=6, m*SEM)

A : Administrated amount - digestive organs - feces

B : Mice body + expired air + urine

1) Time in hours after ingestion

2) Mice body except digestive organs
— : Difference in A and B was not significant at P<0.05 (t test, w . welch test)

Percentage of radio activity in expired air, urine and feces to B(radio-activity of toluene absorbed from

digestive tract) were described parentheses.
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T —Dig=Abs. Body (Rem. Body+Exh. air+
Exc. uri)
-------- 1) #5#%8/MHZET
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Fig. 3 Variation of amounts of radioactive
toluene absorbed from digestive tract to
mice body after ingestion of *C-toluene
as time lapse. (n=6, m=SEM)
Absorbed toluene was calculated from
the next equations
A:T — Dig — Exc. f
B : Rem. body + Exh. air + Exc. uri
where T . Ingested toluene Dig .
residued in digestive organs Rem.
body ; Remained in body except diges-
tive organs Exh. air . exhaled in

. air Exc. uri. excreted in urine
Exc. fec ; excreted in feces
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Table 4 The concentration of toluene and its
metabolites in the blood and solid
organs of mice after ingestion of
“C-toluene as time lapse.

Time* 1 3 4 8
Organs Concentration (ug/g wet weight)
Blood 187+ 7 115+ 6 117+ 3 55t 4
Liver 574t 50 296+ 7 228+ 26 65t 6
Kidneys 755+ 13 460 11 436:+ 59 202+ 4
Cerebrum 151+ 6 9+ 1 70+ 10 25+ 3
Lungs 181+ 18 165+ 12 122+ 16 38+ 1
Adi
Adipose g+ 80 15574168 1368+ 91 G6l+1l
Digestive
organs 5031+363 2892+312 1423+200 119437
Carcass®* 407+ 12 558+ 24 545+ 64 557+62

(n=6, m+SEM)
* Time in hours after ingestion
** Carcass : mice body after removal of internal organs
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(T—Dig—Exc. fec)/T= (Abs. Body)/T
#51% 8 BERY
(REBRTR)
HILE BRI (3), RO AL TR 7= 1 (1K
HERER+IFR+R) Tk, 1, 3, 4, 8
M H TZ N F 843,11, 71.54, 79.50, 92.09
%E, BRTRKHRE 5Ly 34
ILEA—EP) Tld, FN¥FN47.85, 79.78,
86.53, 98.92% & %t~ 7z (Table 4).
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B TR 5 BN EFNFN2.16,8.99, 16.64%,

M‘\“‘f\’\g
\BI

“8 1t 2 3 4 5 6 T 8
time after ingestion(hours)

concentration of toluene (mg/g # ®)
H
»* * pa
It
i
-O..
(% & 3 /udp) A31AT70R-0TpRI D1J108ds

Fig. 4 Variation of concentration of toluene
and its metabolites in blood and sclid
organs after ingestion of “C-toluene as

time lapse.

Ca ; carcass At ; adipose tissue
Ki ; kidneys Ce ; cerebrum

Lu . lungs Li . liver Bl | blood

Do.: digestive organs
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Table 5 Half-lives of toluene and its
metabolites in blood and solid organs
of mice after ingestion of *C-toluene

Hours* 1-3**  3-4**  4-8**

Organs Half-life (hours)
Blood (1-3) - - 2.21
Liver(1) 1.92 3.42 2.24
Kidneys(1) 2.80 — 3.58
Cerebrum(1) 3.28 1.99 2.80
Lungs(1) - 2.20 2.32
Adipose _

tissue (3) 5.38 3.81
Digestive 1.73 149 111
organs(1)

Carcass(3) - 9.12 —

* Time in hours after ingestion.

** Calculated from concentration at two sam-
pling times.

*** Carcass - mice after removal of internal
organs,

Calculation was based on the average of con-

centration at samping time.

Time attained maximum concentration was

written in parentheses.
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Fig. 5 The concentration of toluene and its
metabolites in mice as a function of time
after ingestion of “C-toluene(n=6, m+
SEM)

(@ ; toluene in blood, O ; metablites in
blood, A ; toluene in expired air)

Table 6 Toluene exhaled from mice after in-
gestion of "C-toluene

" Time* Exhaled rate of toluene
(minutes) (xeg/min.)
0- 15 8.00+ 1.48
15- 30 24.22+ 1.87
30- 45 44.39+11.19
45- 60 46.77+12.97
60- 75 54.62+14.32
75- 90 40.73+ 9.93
90-105 40.52+11.26
105-120 24.20+ 5.54
120-135 26.93+ 7.34
135-150 19.20% 4.60
150-165 19.55+ 3.99
165-180 16.10+ 3.86
180-195 15.77% 3.07
195-210 11.31%+ 1.60
210-225 12.16+ 1.13
225-240 9.79+ 0.78
(n=6, m+SEM)

* Time in hours.after injection
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Table 7 The amounts of toluene and those of its
metabolites in the blood and solid
organs of mice after in ingestion of
14C-toluene.

Adipose

Organs Liver Kidneys Cerebrum °;
tissue

Blood

Conc. of  116.73 136.63  67.62 1560.43 66.41
toluene  +13.59 +6.10 +4.18 +210.42 *+3.96
Conc. of 179.13 321.01  34.42 74.07

metabolites +30.19 +13.55 +5.57 NP 4604

(ug/g wet weight, n=6, m+SEM)
Conc. : concentration
Specimens were taken 3 hours after ingestion

PR LI REWESEEL T, TN
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Fig. 6 Schema of thin-layer chromatograms of
benzoic acid and hippuric acid in authen-
tic samples(A) and extract in blood(B),
liver (C) and kidneys(D) after ingestion
of “C-toluene (BA : benzoic acid, HA :
hippuric acid)
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Table 8 Comparison of biological half-lives expressed as the order of aromatic and chilorinated hydro-
carbons in blood and solid organs of mice

Half-life ~ Measured Organs )
C d . : . . b)
ompoun Cone phase  time(hour) Liver Kidneys Blood Lungs Cerebrum® A?ifs?ie

Toluene l.llr:nl;;]g ww first max—~3 1 4 2+ 3 5 g
. 1, 1-Tri "
' c;loroet?xane exposed first 2 1 2 3 3 6 5
(Takahara') 1016ppm  second 1 2 3 § 5 !
. ctll‘lof;gt?lane exposed first ) 1 4 2 3 5 6
(Takahara'*) 1005ppm second 1 6 3 2 4 5
Mg:::;::n:re exposed first 2 1 4 2 6 3 5
(Shimada'®) 500ppm second 4 3 9 1 5 6
Tre:tckk:;?ge exposed first 2 5 3 1 2 [ 4
(Atornura et al'™} 500ppm second 3 1 2 5 6 4

exposed first 2 5 4 3 1 6
?ié};;x et al'®) 500ppm second 2 6 1 2 4 3 5
Mean - First - 1.8 3.3 2.3 3.3 4.3 5.3

a) brain except toluene
* 4—8 hours
Max ; Time attained maximum concentration

b) intraperitoneal fat except toluene and monochlorcbenzene

Numbers in the table show the order of biological half-life in the ascending order, 1, 2, 3, 4, 5 and 6
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Table 9 Comparison of distribution of toluene
and its metabolites expressed as (conc.
in solid organs/conc. in blocd) ratio in
solid organs, and {conc. of metabolites/
conc. of toluene) ratio in blood and
organs, 3 hours after oral and intraper-
itoneal administration of **C-toluene.

Organs Liver Kidney Cerebrum A(_ilpose Blood
tissue
Toluene® 3 2 4 1 -
Toluene - —
Oral -metabolites* 1 3
Met./Tol. 3 1 4 —
Intraper- ’1,;_01"6“8 3 2 4 1 -
ioneal oluel}e . 1 3 - -
(Kamiya™) -metabolites 1 ) _ 5
Met./Tol.

* (conc. in solid organs/ conc. in blood) ratio

Tol. : Toluene  Met. | Metabolites

Numbers in the table show the order of ration in the descending
order, 1, 2, 3 and 4.
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The fate of toluene and its metabolites in mice organs
after ingestion of 14C-toluene
Kuniyasu Fujisawa
Department of Public Health,
Okayama University Medical School,
Okayama 700, Japan
(Director : Pref. M. Ogata)

Mice ingested 14C-toluene orally, and the radioactivities of toluene and its metabolites in the
blood, organs, urine, feces and exhaled air were determinated using ligid scintillation counter.
Toluene absorbed from the digestive traet after 8 hours was caluculated by the ratio of
subtracted amounts in digestive organs and feces from ingested toluene to ingested toluene
was 98.929¢ and the ratio of amounts in mice excepting digestive organs, expired air and urine
to ingested toluene was 92.09%. The ratio of toluene in expired air o ingested toluene after
8 hours was 31.15%, and of toluene as urinary metabolites was 16.64%. The concentration of
toluene in the blood attained its maximum 60 minutes after ingestion and decreased with a
half-life of 95 minutes. Concentration of toluene metabolites in the blood attained its maxi-
mum 120 minutes after ingestion and decreased with a half-life of 155 minutes. Amount of
toluene in the exhaled air attained its maximum 60-75 minutes after ingestion and decreased
with a 48 minute half-life. The concentration of toluene in blood and organs 180 minutes after
ingestion was, in decreasing order, adipose tissue, kidneys, liver, cerebrum, and blood and
concentration of toluene metabolites was, in decreasing order, kidneys, liver, blood, cerebrum
and adipose tissue. Metabolites in blood and kidneys were identified as benzoic acid and

hippuric acid, respectively. The metabolites in the liver was solely benzoic acid.



