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intact cells'and extracts. The number of carbon
atems eising maximum acceleration is sixtosn in
the case of cells and fruin sixteen to eighteen in the
case of extracts.

2. A parallelism was observed between the ability
of cationic detergents to form micelles in aqueous
solution, attl their ability to accelerate the decar-
boxylation of glutamate and glutamine. Maximum
acceleration of the decarboxylase within the homo-
logous series approximately coincided with the
*critical point of micelle formation® as determined
by the colour change of indicators.
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In general. the metabol ismofbenzene Proceeds along
four paths, namely, (1) oxidation to phenols,
(2) elimination unchanged, (3) formation of phenyl-
mercapturic acid. and (4) ring fission to muconic
acid and other products, The first of these was
guantitatively studied by Porteous & Williams
(1948), who concluded that inthe rabbit an average
of 219, or, at most, about 30% of az oral dose of
benzene atthe lsvel of 500 mg./kg. was metabolized
tophenols. At least 70% of the administered ben-
zane must take other paths. The present work deals
with the second path, the elimination unchanged.
It ia found that a¢ s level of 500 mg./kg. about 409,
of orally administered benzens is eliminated un-
changed through the lungs. Thus the first two paths
esn account €or at least 809, or, taking the higher
values Of some experiments, up to 80-80% of the

dose.
»
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30. THE METABOLISM OF BENZENE. (a)TEE DETERMINATION OF BENZESE.
(b) THE ELDIINATION OF UNCHANGED BENZENE BY RABBITS

i1
EXHIBIT

20

3. Anionic surface-nctive agents inhibitayg ) . ~~gat elimination over
decarhoxviation of vluraoaee and sntamine., ¢ L e otitie 7 WS
ioni¢ surtace-sctive agents and -fuaity acids wery 1 ;’ mhale benzene.
without effect. H #or < ea pigs inhaling

. . .~ § ihe lungs N 3 min

The author wishes to expuess his thanks to Pro; 3 i fbﬂ gswas nos ki
Krebs, F.R.S., for help and criticism and to My [ - pired i onon
Willi for technical assistance. Acknowledge ;
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due to Dr S. Ellingsworth, Messrs Imperia{ Cheming °
Induscries (Pharmaceuticals) Ltd., for the compound, a - K-
Table 4 and for the ethanolamine esters and octadecy
amidine in Table 5. Thanks are alsc due to Mesars Glay, -
Laboratories Ltd., for the three amines in Table 3,
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That orally administered benzene might be ex.
creted unchanged through the lungs wes first
gested by Schultzen & Naunyn (1867), but Munk
(1876) doubted this possibility. In 1883, Nencld &
Sieber. after experiments on men, dogs and rabbits.
sxpressed the view that approximately one-third of
benzene weas excreted as phenol conjugates, one-
third as catecholand quinolandthe remaining third
must come out unchanged. The first quantitative
experiments ON the elimination of unchanged bea.
zene were carried out by Lehmann, Stohr,Kleiner &
Gundermsann (1910). Tracheotomized rabbits were
allowed t0 inhale benzene-air mixtures, and from aa
analysis of the inspired and expired air, the amount -_Sse¥ru
of benzene absorbed was ascertained. During 1 brs “E8hp
after benzene ceased to be inhaled, 25% of the
absorbed benzene was sxhaled unchanged. Whentbe -
period waa increased to 4 hr., then 34% was exhaled,




R ig ;{eummation over longer periods was not studied.
.. faman, 6% was exhaled during 135 min. after ceasing
sursesinhale benzene., Peronnet (1935) found that
4 Ve oa pigs inhaling benzene excreted 4 mg. through
s lungs in 3 min., but the amount of benzene
2 rnired was not known. There appears to be only
& = observation on the elimination of free benzene
S Sough the kidneys. Drummond & Finar {1938)
fLatated that free benzene can be detected in the urine
Raetrrabbits only when the dose exceeds 3 ml. _
ate 3 !rhus the only relevant determinations of the
¥ “mination of free benzene are those of Lehmann e
ol (1910), but unfortunately their longest experi-
& xments only lasted 4 hr. and were concluded whilst
pcretion was ab the appreciable rate of 39 of the
¥ “Lanfhr. Our experiments were carried out until only
sraces of benzene were found in the expired air and
_..[%;4he benzene was administered in a more controlled
" panner by the oral or parenteral routes.
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= EXPERDMENTAL
g A. The determination of benzene
% ’]_laeveral methods available for the determination
by 3 b benze ne the method of Schrenk, Pearce & Yant

)
3 2{1835) is very sensitive, and we directed our attention

;- Teltzer (1933) described colour reactions between
sdinitrc henzene and ketones in the presence of
R socentrated alkalis, and from these Pearce, Schrenk
4 ‘_‘J =& Yant (1936) developed a micromethod for the
& “determination of benzene in blood and urina. Tn
:this method benzene is blown in & st ream of air into
g -smixture of concentrated nitric and sulphuric acids,
&d the m-dinitrobenzene formed is then extracted
fom the neutralized mixture with methyl ethyl
. |§; ketone. A purple colour is then developed by adding
; us 409, (w/v) sodium hydroxide. Baernstein
17 3), Alekseeva (1940) and Bykhovskaya (1945)
Zeexribed modifications of the method.
8- gl. ‘he method of Schrenk et al. (1935) is sensitive to
ok ) :of benzene with an accuracy of 1094, However,
& g time (1-5 hr.) is necessary for development of
colour, which is produced in a two-phase system.
1ave now investigated the method in detail and
od aspects not appreciated by earlier investi-
An analytical procedure has resulted in
b maximum colour production is almost in.
aneous in a one-phase system without loss of
y or sensitivity. Our investigations have
’red the influence of the nature of the ketone and
e alkcali, the concentration of ethanol and of
Yer, and the presence of 0- and p-dinitrobenzene

)

2 the production of the calaur.

82 2 mechaniam of colour development. discussed

- aornatein (1941), is that, in the presence of
the acid forms of certain nitro compounds
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condense with the enol forms of ketones to form
coloured quinonoid structures.

(1) The choice of ketone. In order 10 extract m-dinitro.
benzene from the neutralized unittating mixture, whilst
avoiding such solvents =« ether. s ketone incompletely
miscible with water was o . With aliphatic kstones
it was foundthat the intensity of the colourdiminished with
inereasing number of C atoms, and we were immedjately
limited to methyl ethyl ketone and ¢yzlohezanons. Since
the colour developed in cyclohexanone was mdch more
sensitive to alkali concentration thanthat in methyl ethyl
ketone (Fig-1), the latter ketone beeame the obviouschoice.

10
— f ol L T,
& . ] 00057
ey TR o0075;
g T '
-5 o4 Pzl
= | X - e X000 o
o2} ToRe-001%
1 i | S 1 e l
0 10 20 30 40
/ Time (min.)

Fig. 1. The influencs of alkali concentration on the stability
of the colour formedoet ween m-dinitrobenzens and methyl
ethyl ketone or cyclohexanone. Ths data for this figure
was obtained by taking 2 mi. of ;-dinitrobenzens solution
(40 ug./ml.) in methyl ethyl ketone or ¢yekobexanone and
adding 0:1 mL of ethanolic NaOH (concentration0-4, 0-3,
0-75 and 19, (w/v}) and msking up to 10 mi. with the
ketone. Readings wers taken at intervals with the
Spekker absorptiometer. Final alkali conceatrations are
given on the figure. Precipitation oceurred in some of the
cyclohexanone solutions. Full ines, methyl ethyl ketone;
broken lines, ¢yclohexanone.

(2) The nature and concentration of the elkali. The strong
organia bases piperidine and benzylamine gave no colour
with m-dinitrobenzene in ray of the ketones tested. Na
ethoxide in dry ethanol gsvs am unstable violet solution
which rapidly turned brown owing to reaction between the
ketone and sthoxide. IN order to avoid obtaining a two-
phass system which results from the use of aqueous alkali
wo tried sthanolic NaQH and KOH. In general, it was
found that the colour was mors stable with NaOH than
with KOH. In methyl ethyl ketone the coloar is completely
deatroysd in less than 5 min. if the alkali concentration ir
greater than 0-5%. Betwsan 0-08 rad 0-5%, there may be
precipitation of alkali. Below 0-0029%, aikali the full colonr
is not davsloped. Some OF our results are shown in Fig. 2
whioh egain shows the difference b2t weea cyclohexanoneand
methyl ethyl kstons, The concentration of alkali finally
adopted was 00059, NaOH.

(3) The effect of ethanol. The stability of the colour is also
affected by ethanol, some of which had to be used because
the best alkali reagent fsund was ethanolic NaOH and soxe
ethanol waa y D maintain & homogeneous system.
The effeot ofethanol concentration is shown in Fig. 3. It was
found that if the ethanol concentration is much below 19




PR

PN

[RPTSN PN

.

o

[PV Ve L

i

e
i

e
.

Lt
.

PPy

»
M e Y

ST, THENT' G LAY KA s b T
ST g

s phMuicdbmn.

[l LHETL ]
R s rasnehibwiad sbut

238

precipitation of tine aikali vesurrel, whereas if it exceeis
2% the maximum development of colour & impaired.
Methanol can te. substituted for ethanol.

(4) Effectof water. Since, N the determinationof benzene,
the m-dinitrobenzene formed by nitration has to be ex-
tracted With methyl’ethyl ketone from an agueous solution,
the influence Of the concentration of water on the develop-
ment Of the colour had to be investigated. The results are

10

(2] od
[12:2
o7k

o6

Extinction (E)

o5t

o4t

- |
o0

i 1 I
00025 000 00075
Concentration of alkali (%)

Fig. 2. Effect of NaOH or XOR concentration on the
intensity ofthe colour from m-dinitrobenzene and methyl
ethyl ketone (brokenline) or cyclohexanons (full lines).
Solutions prepared as for Fig. 1 and read 5 min. after

mixing.
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10}~

Extinctlon (E)

1
’

02} g0

oL T2 T30 105060
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Fig. 3. Effect of ethanol concentration. The curves were
obtained by adding to 1ml of m-dinitrobenzeae in methyl
ethyl ketone (100 ug./ml), 0-1ml of 19, 02 ml of
0-5%, 0-5 ml, 070-2% and 1ml. of 0.19, ethanolic NaOH
respectively and then making up t0 10ml withthe ketone.
The colour was then read in the absorptiometer at in-
tervals. Ethanol concentrations are givea on the figure.
The alkali concentration was constant throughout.

summarized I Fig. 4. Water in o concentration np 00-5%,
has noinfluence onthe colour, ADOVE this concentration, the
colour in slower 10 develop and there ia ¢, loes Of intasity.
8inoe the solubility of water in methylethyl ketone is 109,
tho original ketone extract must be diluted at least 1:20
wiith ketone prior to colour development to ensnrs that the
concentration Of water is loss than 0-59.

(a) Theinfluence of o- and p-dinitrobenzene. In the present
work the nitratiop of benrene was carried oat at room
temperature (18-25%) with cono, H,SO, and fuming HNO,,

D. V. PARKE AND R. T. WILLIAMS

and sigaideans amonats of 9+ and peiinin
formed. From the work of Wyler (1931), it ap
about 93-94 9% of m-, +-53%, of 0- and 2:0-2:5% of p-dinitry,
benzene are produced under our conditions. We theses

investigated the colour produced by the latter 10 isomeg

pears

; s mphitcan b

SV o o likeiy tu be encounters: .

i isomer present in the nitr:

s colour equivalent to
e, The 29 of par~

with alkali in the presence of methyl ethyl ketone. Py gale sn equivalent of only 0-2°

samples of each were prepared (0-, m.p. 116-3% and p., mgy:
174°). Solutions of the three isomers were made upin Tiricag
concentrations in methyl ethyl ketone, by adding 0-5-5-0 s -

clear that the maxi:
ble as m-dinitrobenzene »
5%e. In direct nitration -
m recoveries of nearly 95°¢

=)
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3 of benzene were, the:
Sepation. of o- and p-dinitrobe:
Eaeg found by 100/95. It shoulu
2 ery of benzene by passage w

i by direct sddition. There

ene is 106t a8 a result of its -

0 a nitrating
Olthod 4. Benzene slowly

e ot 20°. The dinitrobenze.
mixture with mett

Percentage of water

Fig. 4. Effect of water concentration. Varying amounts ef
a 109, solution of water in methyl ethyl ketone wwe
added to 2 ml. of m-dinitrobenzene (40 ug./ml. in <4
ketore. The colour waa developed with 1 ml. of duge
ethanolic NaOH, volume made up 1 10 ml with e

ketone and readings taken after 5 min.

‘ colorimetriully aa descrit
e aerated from a 250 m:
mixture at 20° during
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Fig. 5. A comparison of the colour intensities produced ¥
the action of ethanolic NaOH on solutions of o-, ™

p-dinitrobenzene in methyl ethyl ketone.

of 2 50 pg./mL standard solution to 10 ml. flasks snf{ dilote
with the ketone. The colour was developed by sdding 1 -
of the 0-059%, ‘alkali reagent’ (sse below) and making P
read, after
veloping 5 min. in the dark, in & Spekker abearptio ’
using a yellow-green filter (Ilford 606) and tho heat £ "~
(no. H 503). A blank was made up by dilutiog 1 ml of
alkali reagent to 10 mi. with methyl ethyl ko
isomer gave a blue colour. The p-isomer also gave & ?
oolour which rapidly faded in 2-3 min. The relative %2

10 mlL with the ketons. The colours were

sities of the colours are shown in Fig. 5.

1
200
Dinitrobenzene (ug./10 ml.)

tone. The o=

250

Sans were prepared by di’
Szene. Thiophene-free t
= Ca(l, and distilled, ar

$alluli reagent, The stoc
ing 0-5 g. of NaO.
g and making up to 1¢
Teagent’ was freshly p
B¢ the stock solution (f
ethyl ketone, Thi
barning brown and th
irating mizture oons
) and foming H-
brated alkali, Forne
{w/v) aqueous solutic




950 .. K ;‘:4‘:
e 1} "_‘_mm this graph it can be calculated that, in the concen-
et " 008 likely to be encountered in this work, the 439, of
3 -§: gaortho isomer present in the nitrated benzene mixture will

aere, s ymtribute & colour &guivalent to approximately 195 of m-
w:m: < [ gatrobenzene. The 29 of para isomer present will con-

s Pue . gpate a equivalent of only 0-2% of m-dinitrobenzene. It
® '-jﬁhefore clear that the maximum amount of benzene
vari § pcoverablo as m-dinitrobenzene using this colour reaction
"§94-95%. In direct nitration experiments we obtained
A gaximum recoveries of neariy 959%, (Table 1). All values for
o of benzene were, therefore, corrected for the
) gmation of o- and p-dinitrobenzene by mulitiplying the
SRR nes found by 100/93. Itshould benoted from Table 1 that
woovery of benzene by passage with a stream of air is better
dun by direct addition. There is little doult that some
.peazene i3 Jost as a resnlt of its volatility when it is added
F*3retly to the nitrating mixture unless great care is taken.
“Tatle 1 The recovery of benzene added directly
by o a nitrating mixture

e
) %ﬁhod d. Benzene slowly added to 20 ml. of nitrating

'-5..' ;h

b

I

bl
-
h

™N . & gixtare at 20°, The dinitrobenzenes were extracted from the
] “ ¥ ‘f-"t;n.lued mixture with methyl ethyl ketone and esti-
H ‘asied colorimetrically as described in the text. Method B.
aeene aerated from a 250 ml. Dreschel bottle into the
slrsting mivture at 20° during 4 hr.)
unte of -
® vy B Benzene recovered
:. ;t' Corrected
'::‘ u; for o- and
p-dinitro-
. . benzene
- Gthod  (mg.) (mg.) % (%)
N %4&_ 485 435 935 984
B T4 455 415 91-3 96-1
P ¥ <A 328 308 939 98-¢
R 4 328 305 93-0 97¢
: LY 492 466 94-7 99
g B™ " 953 902 94-6 99-6
B 937 882 94-1 99-1
Cemstrucijon o the standard curve Jfor m-dinttroben-
3 Spents. Methyl ethyl ketone was dried over anhydre
~ ML and distilled, the fraction of b.p. 79-80° being used,™®
B Dinitrobenzene. A commercial sample, m.p. 75-78°, was
0 95 tecryatallized from ethanol. This material formed long
- . noedles, m.p. 88°. A stock 1% (wfv) solution in
= Wetlethyl ketone appeared to keep indefinitely. Standard
1ced WP bus were prepared by diluting this,

“Thiophene-freo benzene was dried over anhy-
Oau.' and distilled, and the fract on of b.p. 80-8¥’

2N

bali reagens. Tha stock alkali solution was prepared
gl olying 0-5 g. of NaOH (A.R.) in abeolute ethanol,
g up _!ndmtldngnpto 100 ml. with ethanol. The 0-059,
ber pryrongent’ was freehly prepared for each experiment by
omens g the stook solution (Giltered if necessary) with 9 vol.
s & ethyl ketone. This resgent deteriorates in a fow
.of B wrning brown and thus peoducing a high blank.
The ¢ i ira ting mizturdconsisted of equal volumes of conc.
sl A.R.) snd fuming HNO, (sp.gr. 1-5; A.R.).

S vated allali, For neutralizing the nitrating mixtun
(W, aqueous solution of NaOH (B.P.) was used.
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The standard curve (Fig, 6) for m-dinitrobenzene was con-
structed by adding to a series of 10 mL graduated flasks
1-8ml. of a 10 pg./ml solution of m-dinitrobenzene in
methyl ethyl ketone. These solutions were diluted to nearly
9 ml. with methyl ethyl ketone und then treated with 1 ml
of the 0-05%, ‘ alkali reagent’. After making upto 10 ml. with

09 =
o8 =
07 -
s 3 o
z
e
£ ol
5 o4
(128
o2
et .
1 1 1 i1 1 L
0 10 20 30 4 50 & 70 &
m-Dinitrobenzene (pg.
Fig. 6. Calibration curve for m-dinitrobenzene. Constructed
a8 described in the text, p. 230.

the ketone and mixing, the colour was read, after 5 min.
standing, in the Spekker absorptiometer using the colour
filter 1Hfordno. 605 and heat filter no. E503 and a1 em. cell.
A standard blank was prepared by mixing 1 ml ‘alkali
reagent’ with 9 mL methyl ethyl ketone. The curveobtained
i linear from O to 40 pg./10 ml and approximately, linear
up to 80 ug./10 ml. ) ’

Recovery d m-dinitrobenzene from the nitrating

mizture

Varions amounts Of pure m-dinitrobenzene were added
10 20 mL of the nitrating mixture and left for 2 . The
mirture was diluted with an equal volume OF water and

Table 2. Recovery of added m-dinitrobenzene

from a nitrating mixture
m-Dinitrobenzene
"
‘Added 1 20 ml of Recovered
nitrating mixtun P -

(mg.) (mg.) (%)

20 19-8 99

20 20-0 100
50 50-1 100-2
50 499 99-8
100 100-2 100-2
500 502-0 100-4

neutralized w th the 409 aqueous NaOH, the temperature
being kept below 30° under thetap. A fow dropsof thealksli
were then added inexcees. The mixturs, which had a volume
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2 £ lu ml. of mechyl ethyl ketone and the extract made up
1 to 50 ml. Suitable portions were then taken and the colours
) developed with the ‘alkali reagent’ as above. The recovery
of m-dinitrobenzene in the range 20500 mg. was accurate
to 19, (Table 2),
”

§ 3 B. Ezperiments on the elimination of unchanged
. benzene
4
B Animals. Chinchilla rabbits, 2-3 kg. inweight, wese used.
The animal chamber (Fig. 7) consisted of a Perspex tank
of dimensiona 60-5 x 33-3 x 22-5 em. with aa internal volume
{ ofa56 L The lid of the tank was removablleand was secured

by twelve wing-puts to the tank walls with a rubber
diaphragmin between to ensure airtightness. Thisdiaphragm

The three bottles were connected by a glass Y. ~Tiece
wash-bottle containing 209/, (w/v) aqueous NaOH :,,
acid vapours and thence to the pump. To precer.
benzene through connexions, the latter were Made
‘Portex’ polyvinyl plastic tubing, which also resistmi oy
by nitrous fumes. All ground joints were lubricated ot 8
silicone high vacuum grcase which is not permu&. s
benzene. -

During prolonged aeration, the nitrating mixture b“
depleted of the oxides of nitrogen and may bermne -
wealkened as to produce only mononitrobenzene, a o3
experiments, therefore, the Dreschel bottles were
every 2 hr. by fresh ones containing a new charze of 5_‘.
and nitrating mixture,

The recovery of benzene from the tank. Known .. -
benzene in a weighing bottle (attached to a threa.:

.y Tabl-

Dose
(mg./kg.)

‘ To I;hOI;l wash Alr inlet inside the tank) were introduced into the tank .md -.j. s
. ‘; boctle Iﬂ\P"“‘P / secured and connected to the absorption train. The beu: :
. L in the bottle was scattered inside the tank by puiling w4
e o\ attached thread, the end of which protruded thre-:23 o
] the orifices in the lid. The tank was now aerateti at 1he reae

Fig.7. Diagram of repiration tank and abeorption train (see

. text, p. 240 for description). A4, Band C, Dreschel bottles

containing nitrating mixture. C is the control bottle

which shows pxesenoe or absence of benzene in the
atmosphere.

was painted with collodion s0 that no rubber surfaces were
exposed to benzene. The lid was also equipped with three
glasa tubes fitted with ground glasa stoppers lubricated with
silicone high vacuum grease which is inert to benzene, and
two copper air tubes, all these being affixed to the lid in
rubber cushions whose exposed -surfaces were painted with
collodion. The tank also had a removable, perforated
aluminium floor, enatling the animals to sit out of contact
. with any urine excreted during the experiment. To increase
tHe "draught at the air Inlet and produce a current of air
across the tank, air was admittedthrough a3 mm. glass tube
fitted into the gloss tube diagonally opposite the copper
outlettube. The other copper air tube was sealed.

The absorption train (Fig. 7). Thin consisted Of two 50 ml.
Dreschel gas bottles in series With ground glass heads each
containing20 mal. of 2 mm. glass beads and 20 ml of nitrating
mixture. A third bottle, similarly filled, was connected in
parallel and was used to ‘check the in-going air for benzene.

BOTORDT T RITIGT V T e i
[a)

seadia.

.

S cer as

of 20 L/br. (measured with & flowmeter) until the hersas
concentration reached a negligible value. TLis recoweg
approx. 12 hr. Since the capacity of the tank is vbout e8¢
aeration at 20 Lfhr. removes 409%, of the original atmoqpewe
in 1 br. and 99-1009; in about 12 hr. ;
The contents of the Dreschel bottles were wnrked -3 ¢ $
follows. After disconnecting they were sllowed to -tz Lo _
1 br. The countents were then poured into a beaker and d
nitrating mixture decanted from the beads into a4 conmed
flask. The Dreschel bottle and head were repeateily roed =33
with water, the washings being added to the beads = thers
beaker to rinse them as well. The washings were nox sided
to the nitrating mixture, the temperature beinz -2 ‘i~
30°. The bottle and beads were finally rinsel w1 =od
volumes of 409}, (w/v) aqueous NaOH which were uided 4o
the nitrating mixture with cooling. The mixture was weer
neutralized with 409, (wiv) NaOH and a few Ir ;~ { 2»
latter were added in excess. The final volume of the xismm
was about 100 ml. This was extracted (at 25-30° 10 prrvvut
precipitation of salts) with 2 x 15 ml. and 2« 19l =t
ethyl ketone and the extract made up to 0 ml. Scmase
portions were then taken and the colour derelopal a8 sbosm,
Table 3 shows that 1 or 0-1 g. can be recovered aimmd
quantitatively by aeration from the tank. The last igue:
this table was obteined by adding benzene to the tank «
it contained the warm intact body of a freshly killed rabblts
This experiment was carried out because it was possibles
a considerable part of the exhaled benzene might be abeac

far of the aninal and Te.:
zsrev, Brusilovskaya & |

{his erpenment that, altho:
Wi {be dead animal was prese
mpall one,

183 — 2S5+ 4}

Table 3. Recovery of benzenefrom the respiration chamber
(Temperature of nitrating mixture, 20-25°.)

14 6 8 1012 14 1
A Time (n

_____ elimination in the unc
E ) Benzene xlacovemd od benzene by rabbitr
- Benzene in Rats of Duration of ‘ Corrected for o~ ’ d“’m“_ iminated (uacorrec
% S chamber saration aeration and p- isomers ‘ gainst g o.
- - L e (L/br.) (br.) (2) (%) % G orally; x—x, 025,
I ¥ 14 0-967 94:5 99-5 - injected.
f e 0-989 20 14 0-936 94.6 998
i 0-958 30 10 0913 953 100:3 tunk was always negligil
l} il g(l’gg; :i;g 10 0-0965 04.2 gg'g hr. aeration. Benzeno s
I 18 0-0905 939 - orato xperi
o 0-0178 20 10 00152 856 89-9 by .'Z.d;;'.‘:: p‘:h:hed s
- 0-94d+ " 20 14 0-857 20-6 95-3

Cdmde b AR

s

® With & freebly killed rabbitin the chamber (see text, above).

of
em. 1950, 46

ad on this ococasion the bla.
benzane,
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Table 4 The elimination o unchanged benzene inthe expired air
of rabbits receiving benzene orally

“ g

e d Percentage of .

tak C dose recovered Benzene catabolized
_— Durationof  (corrected for {by difference)

i Dos. experiment o- and p- Averagn - - A —

{(mg./kg., (hr.) dinitrobenzene) LA (%) (mg.;kg.)

Otmes ' 8 250 16 276

e - 10 250 18 45'8, 373 627 137

b a 2 250 20 385

newd 1 500 30 38-7

veads 8 500 26, 22 317, 404{ « -

9 500 28 1 i .

. 10 500 a3 359 391 60-9 305
T 11 300 30 73

i 500 24, 22 39-1, 2¢-3

bl 8 500* 30 336) 600 at5
ey 2 500* 30 23-2f 30 - 3
s 1000 23 56:1

e rate. 1000 53 ;5.1 [ 643 357 357

i 1000 17

yaared ® Injected.

T S0

Mev Brusilovskaya & Lavrov, 1831). It is clear
¥  Su this experiment that, although recovery is a little less
ﬂu dead animal was present, the error introduced is

» elimination in the nncha.nged state of ingested
cted benzene by rabbitno. 12. Theactual amount
ne eliminnted (ancorrected) in each 2 hr. period is
ed againat time. @——@, 1 g./kg. orally; ©O—0Q,
g on.l.ly, x,025g.[kg. orally; @---- @,

rmme v cew

%IZhr. seration. Benrzene and tolmene were not used
boratory during an experiment. On one occasion a
by was beingipolished with a mixture containing
Indon this occasion the blank reached the equivalent

*

Tl e Y msmgn ol

blank was always negligibly low, being less than

Elimination of ingested and injected benzene by rabbits

The experiments were carried out at three dosa levels, 0-25,
0-5 and 1-0 g./kg. The rabbits were kept on a constant diet
of 200 g. each of bran and cabbage a day prior to the experi-
menta. For oral administration. the benzene was given
suspended N 50 mlL water by a stomach tube made of
‘Pcrtex’ polyvinyl plastic which does not absorb benzene

1g./kg.

g

v
(=]

3

[~
(=]

B

-
=3

1 1 i 1.1 1 1 ] 11 [
10 12 14 16 18 20 22 24 26 28 30
Time (hr.)
Fig. 9. The elimination in the unchanged state of orally
administered benzens by rabbit no. 12. Total elimination,
as percentage of dose (corrected), plotted against time.

Total benzene eliminated as percentage of dose

(-]

as does rubber tubing. In theinjection cxperiments only one
doee level (0-5 g./kg.) was used and the benzene was injected
intraperitoneally. Immediately after administration of
benzene the rabbits were placed in the tank which was sealed
and connected with the absorption train. The irst absorption
bottle was removed every 2 hr. and the contenta analysed
for m-dinitrobenzene, until only 0-1% of the dose was found
during a 2 hr. period. Most experiments lasted 20-30 br.,
and at the end the contents of the second absorption bottle

18
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Wem analysed for dnitrobenzene. The ssacond bottle rarely
contained more than 0-29% of the dose of benzene. The
results ore summarized in Table 4 and in Figs. 3 and 9, the
results for rabbit no. ISare expressed graphically. Itis to
be noted that the elimination of unchanged benzene takes
Jonge¥ when it is injected than when fed by mouth.

Excretion of unchanged benzene in the urine

First we required to kmow whether benzeneadded to urine
could be recoversd by aeration. Accordingly, 185 mg. of
benzene were added to 100 mbL fr=shly voided rabbit urine
in a Dreschel bottle and thoroughly mired. A current of air
=as then passed for 6 hr, at 20 1./hr. through the urine into
the absorption circuitand the m -dinitrotenzene estimated as
before. The benzene recovered was 147 mg. or 94 (cor-
rected value).

It was noticed on some occasions that whea a rabbit in
the tank voided urine there was a jump in the benzene
elimination. This suggested that some unchaoged benzene
appears iNthe urine. Rabbits were therefore given 300 mg./
kp. of benzene orally; placed in metabolism cages and the
urine collectedin Dreschel bottles placed beneath the funnels

supporting the cage. As soon asurine was passad itsbenzene
content was estimatsd by seration. It was found that at this
dess level no unchanged benzene appeared in the urine.

DISCUSSION

Theeliminationof unchanged benzene by the rabbit
at a dose level of 500 mg./kg. appears to be entirely
via the lungs, no detectable benzene appearing inthe
urine. The elimination at different dose levels is
summarized inTable 4. Since the animals were kept
in an enclosed chamber it is possible that our
estimates of the unchanged benzene are slightly i,
because the animal will rebreathe and absorb some
of the benzene it has eshaled. At the dose level of
500 mg./kg. the average concentratiou of benzene in
the chamber is about < mg./1. at the period of
maximumn excretion. However, basing our caleu-
lations oR the experimental findings of Lehmann e:
al. (1910), we have assessed the amount of benzene
reabsorbed during an experiment as being not more
than 5-10 mg., despits the fact that during maximum
excretion the total amount of benzene breathed in
would be 120—140 mg./he. QUr resulta on this basis
would not be more than 0:59%, low.

The sstriking feature of Table 4 is that at the high
dose level of 1g./kg. a much greater percentage of
the dose is eliminsted unchanged than at the lower

. levels. This indicates that there is a limit to the
amount of benzenewhich the rabbit can metabolize.
This shows more clearly in the last column of

" - Table 4. The rabbit therefore deals with benzene
by eliminating it unchanged and by catabolizingit,
i.e. by oxidation. The second way is, however,
quantitatively limited,and it appears from Table 4
that it does not exceed about 300-350 mg. benzene/
kg.pfrabbitinabout 24 hr. Thus up to 500 mg./kg.
about two-fiftha of the benzene administered comes
out unchanged and three-fifths is catabolized. At

D. V. PARKE AXD R. T. WTLLIAMS

the higher dose level of -1 g.. kg. the
catabolizes benzene at about 350 mz. %z,
two-thirds js elininated unchangeri iz 1 ,p,
catabolized. Thus, on average fizures, 1y.
benzene at 300 mg./kg. is oxidized and e
glucuronides, 9:5%, as ethereal sulphaves | Pop
& Williams, 1949) and 39-19 is elim;

yish to express on
s Pryde of Chive

respiration

changed. On these figures some 607 of the begs y 3L V. (1840).
administered can be accounted for. It is foiy g in, B D. (}943
glucuronides, ethereal sulphates and uncomms y.,,u.s (9
benzene account for most of the benzeng faf J.C.&. Fir
rabbits, and, if all the estimations of thess meg or, N. V., Brusilos
bolites could be carried out simultanzonalv g § jA. Oy, Berl., 106
same animals, we have littie doabt 1.2 CoT o p, K. B., Stei.

'$.0.(1910}. Arch. &
1 (1876). Pflig.
S ML & Sisber, X

account for 30-909, of the benzene u.iqm,
The problem of getting & balance sheet fur the
bolistn of benzene is. however, one of =i iiteadeg 2
owing to the scatter of rhe results: t1.- «virwne ane
average values obtained so far are as fciiows;

(%)
As glucuronides 4207
As ethereal sulphates 5-9-16-3
As phenol 8-3-1%-19
Unchanged benzene 26-0-56-0
Other aspects of the metabolism of benzenn, THE I
as the formation of muconic acid and ph CYAN
mercapturic acid, are being actively pursued. OF
SCAMDARY
L Depua
1. The mkthod for the determinari =«
based on nitration to m-dinitrobenzene and
ment of a colour by the interaction cf the « ot N )
benzene and e ketone in the presence of i i monosubsti
been carefully investigated. The influence of ortha-parc
ethanol, water, nature of the ketone and » o Cl,0H)are [
p-dinitrobenzene on colour development faa contains conju

studied, and a rapid and improved method s}
developed. -
2. The elimination of unchanged benmoa
rabbits receivingbenzene by mouth and by injes
hes been investigated. By placing rabbits
receiving benzene, in & respiration chamb
smount of unchanged benzene elimin
estimated by seration into & nitrating mixnme]
subsequently determiningthe m-dinitrobenzess,
duced. -
3. The benzene was eliminated during 13-
about 409, being recovered unchanged a% the.
levels of 0-25 aud 0.6 g./kg. and 64% at 1 &4
4. The resulta have been discussed in rolstio®t
earlier studies on benzene and it has been show®
the ability of the rabbit to catabolize bes
limited to roughly 300-400 mg./kg./day.
5. The benzene eliminated unchanged plua®
oxidized and excreted ssoxygen-conjugates 800t
for at least 809, of the administered benzent 25

s-substituted
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CYANOBENZENE (BENZONITRILE) AND THE PROBLEM OF THE
ORIENTATION OF HYDROXYL GROUPS FORMED IN VIVO
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Department d Biochemisty ,St Mary's Hospital Medical School, London, . 2
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dhen monosubstituted benzenes ecarrying the

ortho-para-directing groups (s.g. NH,,
SHie, C1; OH) are fed to animals, it isfoundthatthe

iith & Williams ,1948), aniline (Smith& Williams,
, phenol ((iarton & Williams, 1949)and chloro-
e (Spencer & Williams, unpublished ~beer-

was). Little cefinite information, however, is
RESle about the position of biological hydroxy-
'of monosubstituted benzsnss carrying the
u e.g. NO, CN,

;'; (gs%é) agma.ll amounts

, enol occur in the urine of rabbits re-
nitrobenzene, but this was not unequivocally
~ Baumann (1863) isolated small amounts of

¥

e of dogs dosed with cyanobenzene. Evans,
vans (1949) have suggested that p-hydroxy-
aaid may be tha first product of tha o xidation
bic acid by certain bacteria (see also Parr,
& Evans, 1949). The information available
that monosuBstituted benzenes, if oxidized
la in vivo, give rise to ortho- Or para-sub.

stituted phenols. or both, irrespestive ofthe nature
of the substituent,

Now Smith& Williams (1948) pointed out that the
orientation of hydroxylation of acefanilide and
aniline inthe rabbit was similar to that found during
nitration, i.e. para in acetanilide and mainly ortho
and para in aniline. This suggested to Us that one
possibleinterpretation of the orientation of biological
hydroxyiation could be dong the lines used to
explain aromatic SUostitudn in pure organic
chemistry, i.e. that substitution is either ionic or
free-radical N nature (fordéwuaaion of free-radical
substitutionme Hey & WEKaQ, 1937,1948; Waters,
1948; Dewar, 1949). Whilst other iaterprstations of
the orientation Of biological oxidation are also
possible, we studied the fate Of cyanobenzene sud
benzoic acid with the purely chemical theory of
aromatio substitution in Mind Working on these
assumptions we thought,thas if the orientation of
hydroxylation in wwo were known for both orthes,
para- and meta-directing group, then we could
decide whether biological hydroxylation had the
characteristics O jonic substitution or of free-radical
substitution, assuming, Of courss, that the hydroxy-
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