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278 N; Solubility in Blood

tional to the nitrogen pressure.  These results agree with those of
Van Slyke, Dillon, and Margaria (1934) who found tha_t nitrogen
was dissolved in blood and hemoglobin solutions under nitrogen
pressures, varying from atmospheric downward, in accordance
with Henry's law.

: ’ SUMMARY

* The solubility coefficient of nitrogen in whole blood of normal
dogs, equilibrated at atmospheric pressure, was found to vary from
0.0138 to 0.0148, and in ox bloods from 0.0135 to 0.0140.

The amount of nitrogen dissolved by whole blood under nitrogen
pressures varying from 1 to 6 atmospheres (absolute) has been

.found directly proportional to the nitrogen pressure, according to

Hgnry’s law.
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THE DETERMINATION OF p-BROMOPHENYLMERCAP-
TURIC ACID IN THE URINE OF THE DOG

Br JAXOB A. STEEOL
(From the Department of Chemisiry, Fordham University, New York)

(Received for publication, November 12, 1933)

The extent of the synthesis of mercapturic acids in animals is
usually estimated by studying the partition of urinary sulfur or by
isolating mercapturic acids from the urine of animals which were
fed halogenated benzenes. The former procedure is based on the
assumption that the rise in the output of neutral sulfur in the urine
of animals on the day following the administration of benzene
derivatives is due entirely to the excreted mercapturic acids. This
assumption lacks experimental justification. The isolation of
mercapturic acid, when used as a sole criterion of its presence in
the urine, has led to contradictory interpretations of the results
obtained, since an isolation procedure such as that of Baumann
and Schmitz (1), most commonly used, is not only far from being
quantitative, but also fails to detect small amounts of mercapturic
acid in the urine (¢f. 2-5). The need for a quantitative method
for estimating mercapturic acids in the uring has been emphasized
on several occasions (6). An attempt to devise such a method was
made by Mc¢Guinn (7), but no quantitative procedure was worked
out. : -

We desired a comparatively simple, reasonably accurate metﬁod,
requiring small volumes of urine, in order that the determination
of urinary sulfur partitions, mercapturic acid, and isolation of the
mercapturic acid could be made on the same sample of urine. The
method presented here is believed to fulfil these requirements and
offer a means of comparison between the rise in the output of
neutral sulfur and the amount of mercapturic acid present in the
urine after the administration of bromobenzene.

Reagents

1. Jodine in potassium iodide (0.01 N). 1.2692 gm. of resub-
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r"} limed iodine and 2 gm. of potassium iodide in 1000 cc. of distilled W 1to 2 cc. of 5 per cent HgCl,. The precipitate, which
By water. 'The solution is standardized against 0.02 ¥ sodium thio- forms at once, is tmmedi Tough a weighed Gooch
b sulfate crucible, washed with water, 95 per cent alcohol, and finally with
’4 2. Sodium thiosulfate (0.02 n). Standardized by the use of ether, dl'iec_l in vacuo, and weighed.
e either potassium dichromate or potassium iodate. Calculalion—1 gm. of the mercury complex of p-bromophenyl-
i ’ 3. Sodium hydroxide (2.5 N) mercaptan is equivalent to 1.1 gm. of p-bromophenylmercapturic
. . ; . : ’

i i 3 : acid. If 25 cc. of the ZnSO, = NaOH filtrate of the urine, pre-
| : ‘g"llxllfcu;llflfrt:;d(g.;::'}éent). pared as described above, are used, the calculation is as follows:
8. Sodium hydroxide (0.5 N). ' a X (500/17.86) X 1.1 = p-bromop.henylmercapturic acid in gm.
7. Starch indicator (2 per cent solution of soluble starch in & per 2_4 hour sample of urine, where a is the weight of _Hg(SCsH:.Br)z
saturated solution of sodium chloride). obtained from 25 ce. of ZnSO;—NaQH filtrate,
8. Mercuric chloride (5 per cent).
. - @. Ethyl alcohol (83 per cent).
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Determination of Mercapturic Acid by Use of Todine

- &

g 10. Ethyl ether 'Blank Titration—10 cc. of the ZnSO-NaOH filtrate are placed
! ! %H‘ R moval of Interfering Substances from Urine—The 24 hour sam- in a 250 cc. Erlenmeyer flask and cooled in an ice-salt bath;_ 10 cc.
1] ~ ple of dog or pup urine is filtered and made up to 500 ce. with L of 95 per cent alcohol are added, followed by 15 cc. of distilled
j m‘ listilled water. To 50 cc. of the diluted urine, 10 cc. of 10 per water a..nd I.B.cc. of 2.5-N H,S.0¢ and 10 drops of §tarch sol.utlon.
4k cent ZnSO; are added with continuous shaking, followed by 10 cc. The mixture is cooled in an ice-salt bath, then titrated directly
R MOH “added dropwise during shaking. The mixture is ' with a standard iodine solution added from a microburette until
5". i alm;l for a few minutes and then filtered througha dry the blue color persists for at least 30 seconds. If desired, a definite
‘*%." filter. : volume of iodine solution may be added and the excess iodine
MR Dm‘mtm of the Mercapturic Acid by Use of HgClb—25 c. titrated with standard thiosulfate solution. Either procedure was
f :% of the clear filtrate are transferred to a 250 cc. Erlenmeyer flask. found satisfactory, yielding identical values. If direct titration
v e ol 25 W NoOT nrendded the flask is covered with wsmall with iodine is preferred, the standard solution must be checked
i) g | wmm-plate = =2l Tor 25 to 30 from time to time by titration with standard thiosulfate and proper
R inutes. _Affer this time, the flask and its contents are thoroughly corrections applied, if necessary. As 0.02.~ thiosulfate solution
PR ﬁ'ﬁm der the t d then in an ice bath, and 10 cc. of 95 does not keep well, this solution was made up daily before use from
) coole t under the tap an enin 2 - 0.1 N thiosulfate b Tuti
it . pe iqui . To the mixture -FN mt;z 2" ate Yilaropezf di ll;h%n-so NeOH £ Iced
Ti? T itration—10 cc. of the ZnS0O,-Na trate are place
i 6 cc. of 2.5 N H.SO, are added, followed, after them ) v pla
i 5.6 cc. of 2 . ; ; - ir 8 250 cc. Erlenmeyer flask, 4 cc. of 2.5 ¥ NaOH and 15 cc. of
ff ‘s, * Highly pigmented “ﬁnﬁ?’ h"“l;e“ed. fm“} _dc':igizefedhrln;;?: :;:: l;;g; distilled water are added, and the flask is covered with a watch-
i - ﬂﬁil?:ﬁainﬁ::s::iearmggnt: oioéﬁtslg:-lga(‘)oﬁ ust;d for the remo,vu.l of glass and placed on a hot-plate, at “low” heat, for 23 to 30 minutes.
interfering substances. The proportions given here were used by us on our The flask is then thoroughly cocled under the tap and then in an
dogs. It is probable thst individual variations in dogs would demand 8o icesalt bath. 10 cc. of 95 per cent alcohol are now added, followed
increase in the amouats of ZnSO¢ and NaOH to remove mnséof tl;eb‘-;‘c:; by 5.6 cc. of 2.5 N H,SO, and 10 drops of starch solution. The
f,e,eri:i:::f;?ltlﬁ::'thztﬁﬁriiesn:;a;ot::l tzlrein‘::?:}l::\ist?li f;in ‘iot:;;nc blank contents are kept in an ice-salt bath throughout the manipulation.

before and after the alkaline hydrolysis of the filirates. In any casc, the
amount of 10 per cent ZuSO, added to the urine must be exactly the same a8
that of 0.5 ¥ NaOH. Of course, proper corrections for the increased dilu-
tions must also be applied in the final calculation. )

The mixture is then titrated by cither of the procedures described
in the blank determination. .
Calculation—1 ce. of 0.01 x iodine solution is equivalent to 3.18




-

-
i

B ot A At & b P LW AT e W R s b e i gk n ke M e s

‘
H
i
H
Ld
31
4
11
L]
'
h
i
i3
3
+
i
1]
.4
13
¥
1
]
I
i
¥
i

P W) I 57BN S Ty

v
- irweim e £
IR vl gt

e e e e

LI RN N NSRBI o A

syt %ty e
i T ASSEY
PPk finiscary iy Syl Sy vy

T

e g e S8 1 4 sty e il e Yt s b e e e

S e g bty Rt

DR

=7

282 p-Bromophenylmercapturic Acid

mg. of p-bromophenylmercapturic acid. If 10 cc. of the ZnSQ,-
NaOH filtrate, prepared as deseribed above, are used, the caleuls-
tion is as follows: (@ — b} X (500/7.14) X 3.18 = p-bromophenyl-
mercapturic acid in mg. per 24 hour sample of urine, where ¢
represents cc. of 0,01 N iodine used in the final titration and
is the cc. of 0.01 N iodine used in the blank titration.

FUN __ DIBCUSSION

The determination of p-bromophenylmercapturic acid by the
use of HgCl; is based on the following reactions:

H, H
| NaOH

BrCHS—C—C—COOH  —— BrGHSH + NH, + CH,COOH

R H:0 + CH,COCOOH 0
NE—CO—CH,
o 'sr’—c.Hmr
' 2BrCHSH + HgCl, ——— Hg +2HCI @)
S—C.HBr

Reaction 1 was first described by Baumann (8). Reaction 2 was
investigated in the following experiment performed on several
occasions, yielding almost identical results. 0.10 gm. of p-bromo-
phenylmercapturic acid, prepared from dog urine, was dissolved
in 100 ce. of distilled water and 16 cc. of 2.5 ¥ NaOH, and heated

.on a hot-plate at “low’ heat for 25 to 30 minutes. The solutien

was then cooled in an ice-salt bath, and 40 cc. of 95 per cent alcohol
were added, followed by 22.4 cc. of 2.5 N HySO.. The flask was

- whirled, and 3 cc. of 5 per cent HgCl; were added. The precipi-

tate was centrifuged off, washed successively with water, 95 per
cent alcohol, and ether, and finally dried in vacue. The yield was

. 0.110 gm., or 100 per cent of the theoretical (calculated on the

basis of Reactions 1 and 2). Analysis of the compound gave 35
per cent Hg and 11.3 per cent 8. Calculated for Hg(S—CsHBr):,
34.7 per cent Hg and 11.15 per cent S. The substance was
analyzed for Hg by dissolving the mercury compound in fuming
nitric acid under a reflux with gentle heat, evaporating the solution

nearly to dryness on a water hath, followed by the addition of

R&S 036845
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water, and precipitation of the Hg as iodate as described by
Spacu and Spacu (9). The mercury complex obtained by the
pmcipitation of p-bromophenylmercaptan {synthesized according
to Hiibner and Alsberg (10}) with HgCl; from acidified alcoholic
solution gave nearly identical analytical results; 7.e., 34.3 per cent
Hg and 11.15 per cent S. Thus it seems that the Reaction 2 is
essentially correct.

Titration of the p-bromophenylmercaptan by iodine was sug-
gested to us by the work of Klason and Carlson (11), who success-
fully determined p-thiocresol and p-thionaphthol by iodine titra-
tion of alcoholic sclutions of these mercaptans, on the basis of
Reaction 3. :

2R—8H + I — R—S—S—R - 2HI @

When precipitation with HgCl; and iodine titration were
applied to dog urine, it was found that the urines gave small but

" consistent precipitates with HgCl, in acid medium and iodine

absorption by normal urines was also rather high. The absorp-
tion of iodine by normal urines was previously observed by Fiirth
(12) and Lewis (13) and their coworkers. The use of charcoal for

“the removal of the interfering reducing substances, as suggested

by Virtue and Lewis (13}, was found to be unsuitable, since
p-bromophenylmercapturic acid, similar to other mercapturic acids
(14), is adsorbed by charcoal. Since HgCl; reacts with creatinine,
uric acid, pyruvic acid, SH— compounds, etc., by combining with
them or by being reduced, the use of ZnSQ,-NaOH, as used by
Somogyi (15) for the removal of interfering reducing substances
for glucose determinations in blood, seemed promising. The use

.of ZnSO-NaOH proved to be satisfactory for our purpose. HgCls

produced no precipitate with the acidified ZnSO,-NaOH filtrate
of normal dog urine within the time allowed to carry out the filtra-
tion and washing of the mercury precipitate, as described in the
foregoing procedure. Faint turbidity, however, appears on pro-
longed standing, even in ZnSQ,-NaOH filtrates, when HgCl, is
added as directed in the procedure. The interference with the
determination by this extrancous matter which appears on pro-
longed standing is, however, improbable, since the determination
i3 usualty completed before any turbidity due to interfering matter
can possibly develop. It scems unlikely that the turbidity which
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284 p-Bromophenyhmereapturic Acid

develops on prolonged standing can be due to a slower secondary
reaction between p-bromophenylmercaptan and HgCl..
Absorption of iodine by the acidified ZnSO-NaOH filtrate i5
reduced to one-third or less of the value obtained with norma]
acidified urines. We were unable to climinate completely all the
reducing substances which titrate with iodine. This necessitated
making a blank determination on each ZnSONaOH filtrate
before subjecting it to alkaline hydrolysis, and subtracting the
value found from the titer obtained after the alkaline hydrolysis.
Blanks on ZnSO,-NaOH filtrates of normal urines containing no
mercapturic acid were found to be the same before or after alkaline

_ hydrolysis.!

As has been pointed out by Lucas and King (16) and Virtue and
Lewis (13), in the iodine titration of cysteine, it is important to
keep the temperature of the reacting mixture low and to use a
rather high concentration of acid. They suggest an approximately
2 per cent acid concentration. In our method, the concentration
of the acid is about 1.0 per cent. Lucas and King (16) have
pointed out that in the case of aromatic mercaptans, such as
thiophenol or thiocresol, the icdine absorption was constant
between pH 0 and 7. We have also found that exact control of
the acidity is not essential for the accuracy of the methed, using
either procedure. Although Lucas and King (16) have found that
aromatic mercaptans can be safely titrated at room temperature,
we preferred to carry out all determinations at 0°.

The procedure with HgCly yields slightly higher results than
those given by the.iodine titration method. The consistency of
the two procedures, however, in spite of these differences, serves
as a satisfactory check on the procedure for the determination of
mercapturic acid as a whole. As will be discussed in greater detail
in our next report, under certain dietary conditions the rise in the
output of neutral sulfur of the urine after feeding bromobenzen®
corresponds almost exactly to the output of mercapturic acid a2
determined by either of the procedures outlined above. Such a
relationship, however, was not always found to hold true, espt-
cially in those cases where l-cystine, cysteine, dl-methionine, a.n-i
taurine were administered with the bromobcenzene over & peric]
of several days. It was found that the rise in the output of neutr:!
sulfur of the urine, under these conditions, was invariably con-

R&S 036846
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Recovery of p-Bromophenylmercapturic Acid from Water and Urine

Mercapturic
scid found
by me

0.01 » I abeorbed
Mercapluric
acid added

Blank) Final |, _y) L |EeCH

co. ce. ce. . myg.

NRDe
g8xggegg I¥

3

10.0t

10,03 | . . .

10.0% . . 9. .2| 102

10.0* . .71] 3.08 .

J 10.0f }o. 7 3.1 ‘ 99
- 10.0¢ . . 3.17 . 101-

10.0§ . .60, 3.08 . 98

The recoveries were made on 25 cc. of water and ZnS0,-NaOH fltrate
of urine with the HgCl, procedure, and on 10 cc. of water and ZnSO.-NaOH
fitrate of urine with the I; procedure. The mercspturic acid was dis-
wlved in urine before the addition of ZnSO-NaCH.

* Urine collected after repeatedly feeding I-cystine {1.0 gm. per day).

_ 1 Urine collected after repeatedly feeding cysteine hydrochloride (1.54
Em. per day).
(ht)Urine collected after repeatedly feeding di-methionine (1.26 gm. per

Y.

§ Urine collected after repeatecily feeding taurine (1.08 gm. per day).

L)
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1 | TasLe [—Concluded e :
FHE H for the urines of dogs and pups only. Inasmuch as other halogen-
i ;!_ i} 061 » T aboorbod Moccapturic mercapturic acids and {-a-naphthalenemercapturic acid are
ARt | N ¥ I abeor HSCaH B By mtod Re. essentially similar to p-bromophenylmercapturic acid, in so far as

j gl _ scid added ——— covery they all yield aromatic mercaptans on alkaline hydrolysis, it
EREL B @ | (@ |teh b [HaC seems probable that the method as outlined here is also applicable
I 1 , 1 . . | . | co . mo. | me. - for the determination of' these mercapturic acids in dog urine.

] 1 . : cent However, further work is necessary in order to check such a
1171H Pup urine...] 10.0° 8.2 10.1} 101 g a1s

R R u I pOSSlblllty-

1 ...| 10.0t 9.1 10.0} 100 ; ) ) .

1 ) “ u 10.0¢ 9.4 10.3] 103 We realize that the reactions on which our method is based are

e gtf_% u o« 10.0§ 9.6 10.6| 106 not specific in nature and therefore limit the value of the method.
1 “oow 10.0* | 0.73| 3.81] 3.08 9.80 28 However, under the conditions under which the extent of the
AL DAL ig'gl g'g(l} gg gig }g'?g ig‘“ synthesis of mercapturic acid in dogs is generally studied, the
A Y w a 10:05 o.70| 375 305 970 - g.:, method outlined seems more reliable in its nature than quantita-
’ ?15:{:‘ o a 1 [39.00{224.2 |185.2 540 580  |504 tive interpretation of the fluctuation of the neutral sulfur in the

3 o w0 40.00/216.1 (176.1 510 560 1561 urine after feeding bromobenzene under varying dietary condi-

14 Dog “ ... | [36.00[259.9 (223.9 [ 724 712 {797 : tions.

! o woow i }36.60[269.3 232.7 | 706 740 [TT7

ISR _ SUMMARY _

1134 Urine collected after a single feeding of 1.0 gm. of bromobenzene. L. ]
s ‘t f‘i Thlsenr:sults ,_;; expressed per 2g4 hour sa;ple of uf?;e_ A methad t:or the determination ?f p-bromophenylmercapturic
L r;}; e : acid in dog urine by two procedures is presented.

<4 ',a’ ' . . . . -
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