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INTRODUCTION

Work has been done in this laboratory and
elsewhere (1, 2, unpublished data) showing that hydro-
quinone, when added in small quantities, will prevent
the oxidation of certain readily oxidizable foods. It
was found that certain foods could be stored for long
periods without undergoing oxidative change, if they
were first thoroughly mixed with a small quantity of
hydroquinone. It has also been shown that this chemical
will prevent the destructionr of vitamine A. The commercial
use of hydroquinone in this role as e preservative would
supplant at least in some cases the present bothersome and
expensive methods of preservation, such as vacuum pack-
ing. In view of this it was thought advisable to under-
take a study of the fate of hydroquinone in the animal
body.

No previous work on this subject has been re-
ported in the literature. There have, however, been
reports on several closely allied compounds, benzene
(3,4,5,6,7,8,9,), halogen derivatives of benzene (9,10,11),
phenol (10,11,12), benzoic acid (13), acetophenone (6),
and fatty aromatic compounds (14),.

The results of these researches may very well
have some bearing on the problem at hand. Thus, it has
been found that when henzene is fed or injected, hydro-

quinone and pyrocatechol may be eliminated in the urine



in amounts large enough to permit isolation and
identification (15). Preusse (16) found that paracresol
when fed to dogs is in part excreted as paracresol
(ester) and is in pert oxidized to parsoxybenzoic acid.

Jaffe (8) found th«t upon administering ben-
zene it was possible to isolate the straight chain
muconic acid from the urine, indicating that the benzene
nucleus had been split., He fed 60 grams of benzene in
lots of 3 grams per day and recovered approximately 3%
of this as muconic acid. He could isolate no muconic
acid when benzene was not fed. Upon injection of 8
grams of muconic acid a8 the sodium salt subcutaneously
in four doses in the course of 12 hours, only 1% was
recovered in the urine., He bhelieved this to show that
muconic acid itself was readily oxidized by the animal
body. Fuchs and v. Soos (4) also found that when

3 - 5 grams of benzene was administered daily to leukemia

patients, muconic acid could he isolated from the urine.
Mori (17) contrary to the results of Jaffé,
found that a large portion of the muconic and edipic
acids administered to dogs was exqreted unchanged in the
urine. When injected subcutaneously, from 71.4% to
74,1% of the muconic acid wes recovered in the urine.
When given hy way of the stomach, 43.6% was recovered.

Neumaerker (3) was also unable to duplicate the work of

Jaffe and Fuchs and v. Sobos. He injected benzene in



doses of not more than 3 grams per week and could
isolate no muconic ssid. Upon injestion of 4 grams
of muconie scid he reeovered from 55.14 to 674 of

it unchanged in the urine. He concluded in aceordance
with Mori and eoatrary to Jaffe, that muconic acid was
not easily oxidised in the dody.

Thierfelder and Klenk (&), however, correlated
the sbove results, showing that if suffisient denszene
were fed or injeoted and the adsorption into the dody
were rapid, musonioc ssid could be isolated in the urine.
They believed the differences in muconic asid oxidation
found dy Jaffe as against Neumserker and Mori to de due
to consentration of the solution injeoted, differences |
in the nighti of the experimental animals as well as
individual differences of the animals themselves.

 Underhill and Herris (5) reported that heasens
"aots not only on the dlood elements but exerts a catadolie
innnonco on the body tissues as s whole, as manifested
by & sharp rise in oreatinine and total anitrogen within
8 very short period after its sudecutaneous injection”.

Seversal investigators have found that sulphur
metabolism was disturbed dy administration of bensene
or its derivatives. Callow and Hele (9,18) found that
upon feeding mono- and di-chlorodensens they were
exsreted in part as chloro-phenylmercapturie scid and in

part as C l‘" cl nso;. They found that this caused an
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inocrease in the 8/N ratio of the urine. This they
explained by suggesting that the sulphur matabolisam was
hastened and the nitrogen of the cataboliszed protein was
excerted later. Toluene and o0~chloro toluene showed no
such effects.

Rhode (11) administered (<2 ge per kg.)
phenol simultaneously with cystine, taurine and nzso,.
The percentages excreted as ethereal sulfates were 834,
174 and 274 respectively. Inorganic sulfates and thio-
sulfates were without appareat effeot. When dromo-densens
and di-bromo-bhensene were fed they appeared in the urine
partly as ethereal sulfates, but wmhen ecystine was given
simul taneocusly they appeared as mercapturic asid.

Shiple, Muldoon and Shexrwin (10) found that &
pig reduced to & condition of endogenous N egtadolimm
and maintained on & carbohydrate diet, exoreted about
;n‘. of etheresl sulfates per day. The animal was thea
fed C.H Br, C,H O and p - CgH,OH Cl. The output of
ethereal sulfates was very decidedly inereassd in eash
case, ovidencing the formation of ethereal sulfates from
endogenous sources. The feeding of inorganiec sulfates
along with eash of the toxic substanses resulted in no
inorease in the elimination of sulfates. Cystine, how-
over, together with each of the same aromatic poisons,
caused an inorease in the excretion of this form of

sulfur with cénbon. but a decrease with the other two.
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Moreover, with Oglly Br. the decrease was scocompanied by
& correspoanding rise in neutral sulfar. They concluded
that theres were two ways of detoxicating phenolie
substances; one, by combining the poison with a sulfate
radical, which is obtained by tissue destrustion; the
other by utilising exogenous eystine, forming eventually
& mercapturic asid. This mercapturiec asid may de
exsreted as sush, theredy adding to the neutral sulfur
fraction and lessening that of ethereal sulfates, or it
may be oxidised to a sulfate and incresse the output of
etheresl sulfates.

Polin and Denis (19) reported that the &is-
tridution of phencls between the free and eonjugated
forms is virtually the same in animals and man, the free
phencls representing from S0% to 90% of the total. They
also reported (20) that the nonni of phenel exsreted in
the feces 1is so small as to be negligidle. Dudin (21)
in repeating the work of Folin and Denis corroborated
these results. He also found phencls to de increased in
the urine and the ratie of comdined phenol to free phenol
t0 de increased following withdrawal of water, intestinal
obhstruction or pansreatie insufficiency. After feeding
1 gu. of Ph OR or p-eresol to dogs weighing adout 10
kilos. adout 65$ and 40%€ respectively were elinminated as
phenocls in the urine.

These reports on bensens and its derivatives,






although not 4ireatly applicable to the problem at
hand, gave aa idea a8 to what one might expect wpen
feeding hydroquinone. At the same time they indicated
the directios in whiech to proceed with this prodlem.

EXPERIMENTAL

A pig was selected as the experimental animal
with the idea in mind that the metadolimm of swine
approsches that of humans mere e¢lesely than does the
metadolism of ether animals. The animal selected was
& young pig of somewhat less than 100 pounds weight.

A cage was made for the metadolism work, eon-
sisting of two partp, the eage proper, and the feeding
cages. The cage proper was 4' x 4' 2 5' im dimensions.
The cage was completely sinc lined. One side of it
was hinged to permit easy access fer cleanimg. The top
6L the cage was covered with iron dars spased adbout 6"
apart. The cage was fleored with heavy iroa screea.

The cage was on eastors and was placed on 8 platform
adout a foot acd a half in height. The platfors was twice
the leagth of the cage, one half of the platform consist-
ing of a &rain deard covered with metal. This drain
slanted at the same angle from each side, and at the
centexr there was an opening under which a bottle was
plased for the collection of urine. The cage steed over






the 4drain except when being cleaned. It could thea de
run from over the drain and the draim could be washed
and scrubbed. The fheding cage was 1§' x 4' x 5' in
size. The sides of this ecage were also simc lined and
it was roofed with iron reds. The feeding trough,

sine 1ined, was plased at one end of the ecage. A small
door opesned immediately adove the trough to permit
mixing the food. The floor of the dask part of the
cages consisted of heavy metal sereen. Under this was &
sing-1ined drawer to receive any urine voided while the
animal was in the feeding cage. The twe sages were
conneeted By doors which could de raised or lowered at
wille The cages were securely fastened to eash other
by hooks.

‘The diet selested for the experimental animal
was & balaneed ration made up as follows: 78% cora
meal, 10% whole milk powder, 10% oil meal, 3% slfalfs
mesl, 1€ Na Cl and 14 bone ash. On this diet the daily
output ¢of phensls remained fairly sonstaat. The saimal
received 500 gas. of the ration per day. It was fed dy
mixing well with water in the trough. The hydroquinone
was given with the food by dissolving it in the water
added to the fo0d mixture.

Aninmal I was plased on the adove diet for two
weeks hefore hydroquinone was fed. Phenols were determined

daily en five econsecutive days of each week during the






experiment. The gquestion arose as to what method should
be used in the determination of phemols. The method of
Polin sad Denis (28,820,19,29, 80,351, 52,38,34¢,55) was
selected in spite of the fact that a nmmber of
investigators have found it to de non-specific (22,85,
24,25,26,27). A ocareful review of the literature fsiled
to zevesl another method which would adopt itself to
daily routine. A vexy good review of the literature of
phenol deterainations up to the year 1926 is givea bdY
6ibbs ia Chemical Reviews (856).

The results of these amalyses are givea in
Tadle I. It will de seen, taking the figures of the
first two weeks as & dasis, that a little more than three-
fifths of the hydrequinone was excreted. daily as fed.
This appeared in the urine bdoth as free and ecoajugated
phenol in adout normal proportions. During the sixth
week when 3 gms. of hydrequinone was fed daily the pro-~
portion of conjugated phencls was increased slightly.
This might indicate a special power of detoxication in
t_hc body in the presence of extreordinarily large
quantities of phmu.o substances. After dissontinuing
the feeding of Bydrogminons it will de noted that the
phenol content of the urine did not retura at esece te
normal. The phenol exsretion for 'tho first three weeks
after the administration of hydroquinons was stopped was
‘definitely higher than that of the two weeks control period






pnoonng the feeding of hylrodninom. There was &
gradual decrease towards the normal values, however.
Animal I aiffered from all the ensuing animals in this
respect.

These dats would seem to show that the greater
pertion of the hydroquinone was exsreted as fed.
Apparently, however, scme of the material was stored in
t.ho body and was exsreted after the feeding of hydre-
quineone was diseontinued. Usiag the coptrol period as
& basis, approximately 75% of the hydroquinone was exsreted
as free and conjugated "phencls®™. The animal showed no
spparent detrimental effests as the result of this
experiment.
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TABLE I
¥ree : faI pﬁonoi‘ % conJ.

per : ; phenol
Apr. 22 670.6 967.6 29,98
Apr. 28 £63.26 311.6 18.74 0o hydroe
Apr. 24 660.6 897.6 £7.560 quinone
Apre .28 38l.4 536.9 28.95

» ] » [ ] °
Apr. 28 191.3 840.9 43.87
Apr. £9 386.5 496.5 32.09 no hydro-
Apr. 30 £40.6 316.8 23.92 quinone
May 1 263.9 371.04 £8.22
May 2 267.8 341.7 £1.68

’ i ’ * i
May 6 518.4 818.9 87.80
May 7 886.8 1,8564.5 88.72 1 gm. hydro-
May 8 6556.6 1,111.08 40.98 quinone daily
May 9 808.6 8965.8 25.19
May 10 860.8 1l,264.6 51.92

3,170.4 1, .

May 12 659.5 1,081.5 39.004
May 12 530.2 980.7 43,02 1 gm. hydro-
May 14 742. 2 1,147.4 36.18 quinone daily
May 156 1,864.1 1,661.1 17.88
May 16 610.03 768. 7 19.85

IS ] » ° .
May 19 1,878.6 2,499,.8 46,05
May 20 401.3 619.5 36.21 2 gms. hydro-
May 21 704.4 1,263.5 44.22 gquinone daily
May 28 957.3 1,468.9 54.82
May 238 608, 8 £,160.0 £6.51

[ L 8’ °
May 27 915.6 1,774.9 48.41
May 28 1,246.8 2,625.08 62,6 & gms. hydro-
May £9 1,082.82 2,378.1 84.58 quinone daily
May &0 947.0 1,883.7 49.72
May 31 876.0 1,890.7 53,63

» [ ]
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PARLE I (Con't).

11

“¥ree phenol :Total phenol : % conjJ.

_per day per day :_phenol
June 3 1,5680.5 1,844.6 14.21
June 4 436.7 732.3 40,37 no hydro-
June § 666.6 1,069.6 88.71 quinone
June 6 541.2 868.7 37.70
June 7 593.4 1,140.4 47.96

z’ EUB.I B. 55505 zz.w
June 9 917.9 1,308.7 £9.62
June 10 401.2 566,08 £9.11
June 11 635.8 840.8 24.44
June 182 554.4 661.8 14.94
June 13 b24.3 640.8 18.17

» L} ‘. [ J [
June 116 601.2 778.7 22.30
June 17 562.4 744.6 24,47
June 19 525.00 692, 6 24,20
P . » . o

lst week 1,96556.9 2,703.9 £7.66) no hydro-
2nd week 1,3328.8 1,865.5 28.49) quinone
Srd week §&5,170.4 4,954.5 86.04) 1 gm.
4th week §,907.1 6,678.4 £9.68) daily
6th week §,045.5 8,011.8 87.02) 2 en. daily
6th week 65,067.0 10,542, 6 51.93) 8 gm. daily
7th week §,608.4 5,666.8 22.6 ) no hydroe
8th week 8,033.2 4,008.2 24.21) quinone
9th week 2,263.17 £2,922.8 £2.41)
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In the case of Animal ]I, the same experimental
procedure was followed as with Animal I, with the
exoeption that ocreatinine was also determined daily.

The results, however, were somewhat differeat as may de
seen in Table II.

In this case there was a marked inorease ia the
conjugation ef urinary phenols as socon as the administration
of hydroquinone was starteds The perecent of conjugation
did not inorease further, however, whea the amount of
hydroquinone given was increased. With Animal II, using
the two week control period as a dasis for caloulation,
approximately 264 of the hydroquinons fed was exscreted
as free or conjugated "phenol™. As soon as the feeding
0f hydroquinone was stopped the urinary phenols returned
at once to normal values and the percent of conjugation
dropped to the valuss obtained before the administration
of hydroquinone.

The sreatinine exoretion remained fairly constant
throughout the experiment. The pig seemed to develop
normally and no deleterious effects of the experiment could
bes noticed, This animal was approximately the same sise
&8s the preceding one.
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PABLE II
¥res phenol ;Total phenol : & conju-:
per day por day s gation :Creatinine
Oot. 21 464.4 695.2 83.2 997.3
Ooct. 22 682.4 780. 6 12.5 1,086.0 no
Oct. 23 565.1 765.3 26.1 981.5 hydro-
Oot. 24 523, 9 667.8 £1.5 1,029.5 quinone
’!”EEE.E !.Hug.a zz‘z I.o’z.:
Oct. 27 440, 9 496.6 11.8 1,901.9
Oct. 28 768.6 829.8 7.6 1.050.85 1o
Oct. 29 619.2 é61.8 4.9 1.0‘107 h’m-
Ooct. 30 316.4 891.5 19.1 999.9 quinomw
Oct. 31 459.5 508.7 8.8 908.06
» ® [ [ ] [ ] » o
Nov. § 806.4 1,007.02 19.9 1,808.1
Nov. 4 58¢.7 855.1 8.4 1,166.7 1 gm.
Nov. & 575.85 92¢.1 57.7 1,617.8 daily
Nov. 6 561.6 969.6 48.1 1.00’08
Nov. 7 90.08 68l1. 4R. 7 841.08
' o » [ ) { J * [ )
Nov. 10 774.9 1,076.8 £7.9 1,589.1
Yov. 11 619.1 886.1 80.1 1,141.4 1 gm.
Nov. 12 485.08 761, 7 35.4 796.6 daily
;:;’ %: ggg.ga 718.2 17.8 1,168.1
. . . 28. 661.
%,089.8 S.gggol “-; l'.-m:ﬁ"
¥Nov. 17 580.1 8606.9 Y
Nov. 18 688, 895.3 e il 1 -
Nov. 19 644. 6 985.5 58.5 1,042.8 daily
:::. :g 43:3.: ) 989.08 5.1 1.115.6 v
. 55809 1068:9 6.008 11618:9
Nov. 24 616.3 1,431.1 42.8 1,038.9
Nov. 26 590.08 1.086.007  42.07 1,096.9 2 gms
Nov. 26 589.1 726. 2 46.19 "879.8 daily
Nov. 27 980. 6 1,340.7 0.5 1, 258.7 y
Nov. 28 527.7 801.1 34.06 ? e
’ B, S3E.1 . ~ B, HMY.5
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TABLE II (Com't)

14

¥ree phenocl :Total phenol : % conju~:
per day per day :__gation ;Creatinine
Dece 1 831.8 1,269.7 84.48 1,8508,8
Dec. 2 724.8 1,048.1 80.8 97¢.7 8 gnms.
Dec. 3 884.6 1,237.56 28.56 1,202.06 aAsaily
Dec. 4 798.? l,g}':.gg %.% 1 ggg.g
Dec. b 743. 3 . °
“JuL. % 71N . 5.595.5
Dec. 8 549.8 826.3 88.4 1,026.8
Dec. 9 1,081.0 1,621.5 83.33 ——- 2 gms.
Dec. 10 838l1.7 1,261.9 8¢.8 L Dl ly
Dec. 11 729.8 1,079.7 32.4 919.8
Dec. 18 694.7 957.4 £27.4 ——-
¥, 88G6.4 S 7406, 3L.8
D‘co 15 4’0.1 49005 105 hadd o
Dec. 16 549.8 as.7 18.% ——- no
Dece 17 S44.4 361.1 4.6 hyaro-
Deoc. 18 417.6 428.4 l.4 quinone
Dec. 19 870.5 8386.9 30.07
[] L4 » L4
no
1st week 2,256.8 2,908,.8 £8.35 4,09%3.1) hydro-
2nd week 8,601.4 2,878.9 10.8 5,901.86) quinone
3rd week 2,908.2 4,435,383 34.9 5,829.92)
4th week 3,089.8 3,5%91.1 27.7 §,296.8 ; 1l gn.
5th week 3,238.7 4,839.4 9.6 6,178.0 ) daily
5& '..k 3,&5‘07 5,“:01 3’0‘ 6’ “’0’ )
7th week 3,982.8 5,345.3 26.7 65,596.5 ) £ gns.
8th week §,6886.4 5,146.9 52.8 - daily
9th week 1,879.8 2,075.7 10.67 ——- 20
hydro=-

quinone



R



The experiment was repeated a third time,
using the same experimentsl animal as in the preceding
case. The results of this third trial, as givea in
Table III, parallel those of the second to & fair degrees.
Upon feeding hydroquinone there was am inmediate increase
in the excretion of doth free and eonjugated phenocls.
The percent of conjugation was alsc substantially ian-
creased. As in the preceding trial there was no further
inorease in the perceant of eonjugation upon increasiag
the amount of hydroquinone administered. Whea 1 gnm.
was fed daily sbout 56§ of the hydrequinons wes exereted
as free or conjugated "phenol®™, and when 2 gas. were
fed 4aily sbeut 26% was exoreted. Upon the cessation of
administering hydroquinene the free phenol, total phenol
and percent of eonjugation immediately Adropped to
approximately the same values as defore the experiment.
In contrast to the preceding experiment, however, there
seemed in this case to de & definite gradusl incresse in
the oreatinine exsretion upoa feeding hydroquimone,

This reached & peak aduring the fifth nci and from thea
on gradually returned toc a normal value.

156
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Jane.
Jan.
Jan.
Jan.

Jan.
Jane.
Jan.
Jane
Jane.

Jan.
Jan.
Jan.
Jan.
Jan.

Pod.
Podo
Ped.
Peod.
Fode

Ped,
Peod.
Peodb.
Ped,
Peb.

Fed.
Pod.
Fed,
Pob.
Peod.

14
16

17

~BRE

=31 3o

X X 1 X

TANLE IIT
o6 phenol : encl : ¥ conjus:
: gstion :Creatinine:
625.00 727.9 14.4 1,088.08 no
582, 28 794.0 26.6 1,897.6 hydre-
406.8 547.5 25.8 1,124.56 quinome
446.9 694.6 £4.8 1,260.7
$21.2 404.6 £0. 6 1,206.4
mb‘ 5’6580 ' !ZOUE E. E;I"E
489.2 593.9 17.68 1,544.9 ne
400.1 480.6 16.78 1,115.9 hydro-
866.5 413.06 11,24 1,127.8 gquinone
:g:.g ;gg.g :{.%1 %,ozo.s
. . .14 ,269.8
» o » [ ] m () [
868.6 578.7 $8.06 1,081.89
676.7 959.9 29.47 1,8684.61 1l gm.
566.9 920. 6 $6.35 1,616.8  daily
gg.g :;:.:‘_ zs.g: %,su.w
. 2.7 879,
T, 3558 T, 0861 G — s
459,9 789.8 Q.22 1, 268.9
456.2 696. 3 81.97 1,290.08 1l gm.
692,0 1,197.9 42,24 1,966.4  daily
£23.0 Lione  Sedl  1osee
. . 6.1 1,088,6
 GI%, LY 0.y VITd
666,58 1,056.4 56.94 1,407.8
678.7 1,118.8 89,06 1,884.6 1 gm.
635.5 $72.06 8¢.88 1,518.6  dajly
I
. . .97 1,554,0
689.6 1, 206,08 42.81 1,480.2
580.1 1.068.09 45. 69 1,095.6 2 gme
601.2 1,087,856 44.8 1,869.2 aaf:y
650, 6 1,108.00 41.27 1,08¢.8
769.8 1.173.40 85. 28 1,076.

g, 280. 5 5, S4k.9
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TAELE III (Coa't)
Free phencl :Total phenol : ¥ eomJju-:
_per day 3 per day : gation : crutinm
Peod. 24 628.7 1,104.6 43.62 1,167.8
Fed. 25 709.7 1,289.3 48.78 1,867.08 £ gms.
Pod. 26 56l1.1 959.7 41.54 1,268.6 dally
Peb. 27 485.7 869%.2 88.79 1,565.5
Pob. 28 708.4 1,069.8 54. 61 1,219.8
) !,W.z 8. n!o ' 8’0! ‘.!’B.I
Mar. 3 491.82 945.88 47.86 1,06%.8
Har. 4 668. 68 1,048,332 86.21 1,298,6 2 gms.
Mar. § 617.94 1,048.78 40.80 1,166.0 dally
Mare 6 460,04 828.12 44.44 1,104.1
Mar. 7 664.07 1, 224.5 4b. 76 186.04
2,9 _02.5——_"6?7——'13"51—_—%"'51‘[‘5—5. 0. . ,BIIL.
Mar. 10 : 3 558.08 18.56 1,090.6
Mar. 11 580.9 $18.09 22. 48 974.6 @m0
Nax, 12 458. 6 871,02 835.01 1,818.6 Dhyéro-
Mar. 18 364.3 489.5 25.57 1,106.4 quinone
Mar. 14 479.1 679.1 29.56 1,149.3
[ ] » ] ® ') o
Mar. 17 474.8 56l.4 15.28 839.5
Mar. 18 454.4 688.5 87.11 1,169.07 ae
Mar. 19 506.6 705,82 88,32 1,221.40 hydro-
mo :10 SzgoO :gg.g lgog% 1.,121.4 quinone
o . . 86, 096,09
» hd ’ 4 . m
lst week 2,882.4 3,068.7 £2L.06 5,947.2) no hydro-
M'.Qk 1,876.1 8,2b63.2 16.7 5,6877.3) quinone
8rd week 2,285.8 4,026,1 86.6 6,628.8) 1 gm,
4th week 2,613.9 4,833.9 40.9 7,176.4) Adaily
Sth week 3,287.8 6, 207,.9 86.8 7,445.2)
6th week §,6280.8 5, 642.9 4.9 6,099,1
7th week 3,060.4 5,822, 7 89.2 6,378.1 £ gm.
8th week 2,9082.,5 6,090,6 43.01 5,611.5) daily
9th week 2,179.0 £2,887.0 24.3 5,447.4) 1o hyadroe
10th week £,179.0 2.887.0 £4.3 5,447.4) quigao
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In repeating the experiment & fourth time a new
experimental animal was obtained. It was impossidble to
obtain an animal as large as the two preceding ones had
been. Animal III, weighed about 40 pounds at the be-
ginning of the experiment. As well as repeating the
previous work, inorganic sulfates, total sulfates and
total nitrogen were determined.

The pig was growing rapidly during the course
of the experiment. This would bring about a normal
inocrease in all the substances determined which must de
taken into eonsideration in analyszing the data. The
data obtained in this fourth experiment (Table IV)
differs quite radicelly from those of the three preceding
onese. Upon feeding hydroquinone there was an insrease in
urinary phenols, bdut the increase was almost sntirely
free phenocl, The data show that sonjugation was almost
negligible during all except the last two weeks of the
period in which hydroquinone was fed. Between the period
in which 1 gme 0f hydroquinone was fed daily and that in
whioch £ gms. were fed daily no hydroquinons was given for
& wWeek, During this week urinary phenol fell dack

imnediately to normal values, although there was absolutely

no conjugation. The only explanation that can be offered
for this sbsensce of conjugation is that the capacity of a
young rapidly growing animal for conjugation is prodadly

very limited and needs to be developed.

18






The first week of the period in whiech two grams
of hydroininonc were administered dally shows an ad-
normally large inorease in phenol excretion. Using the
preceding week, in which no hydroquinone was given, as a
basis, there was practically complete elimination of
the hydroquinone during this first week on two grams
daily. The second and third weeks of this period, or
the eighth and aninth weeks of the experiment, show
values for phenol excretion more nearly parallel to
those earlier in the experiment.

} During the eighth and ninth weeks there de-
gan to be some conjugation of the phenols. This con-
Jugation steadily increased to the end of the experiment,
no daqrouo being shown when the administration of
hydroquinone stopped. This might substantiate the idea
that lack of conjugation earlier in the experiment was
in some way connected with the age of the asnimal. Now
that the animal had grown older, conjugation of phenols
inocreased.

Dhring the period when one gram of hydro-
qninono was fed daily approximately 804 of the hydro-
quinone fed was exoreted as free phenol. During the
period when two grams were admihistered daily,
approximately 66% was exereted. This was slso almost
eatirely free phenocl.

19
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As was to be expected there was a gradual
inorease in creatinine output during the course of the
experiment. Apparently, however, when hydroquinone
was first fed there was an sbnormal inorease in
oreatinine output. From this time en, the increase was
again very gradual uati]l the feeding of hydroquinone
was stopped, when there was a slight decrease. 1@.
hydroquinone apparently had a definitely stimulating
effect on oreatinine slimination in Animal III.

The data odbtained from the determination of
inorganic and total sulfates are rather inconsistent.
There was a gradual increase in doth during the eourse
of the experiment, This inorease did not seem to bde
affected by the administration of hydroquinone and was
probadly due to the normal growth of the animal. Although
the values odtained for percent of conjugation of sulfates were
inconsistent, & definite inocrease in ethereal sulfates dur-
ing the feeding of hydroquinone is indicated.

The data on total nitrogen are also socmewhat
difficult to determine. There was a definite inoresse in
total nitrogen elimination when hydroquinone was first
tpd. During the three weeks in which 1 gm. of hydro-
quinone was given daily, the total nitrogen values re-
turned to approximately normal, howevere When the feeding
of hydroquinone was discoantinued for a week, total aitro-

gen exoretion decreased snormously to s value about half



2l

that of the normsl. When the feeding of hydroquinone was
resuned and £ gms. were fed daily there was a great in-
orease in total nitrogean ocutput to a value about four
times that of the preceding week. The total aitrogen
values thea continued to be high as compared with the

two weeks control periocd, but they decreased gradually
during the three weeks that 2 gms. were givea daily.
After stopping the feeding of hydroquinone, however, in-
stead of &ropping as in the sixth week, the total aitre-
gen values increased substantially.

These data seem to show that the total nitro-
gen was definitely increased in snimal IIXI upon feeding
hydroquinone, dut that some sort of adjustment was made
upoa soantinuation of administration of hydroquinone
Which permitted the values to return to normaley.

The figures for oreatinime and total aitrogen
both seem to indicate that hydroquinone caused a certain
amount of tissue destruction in animal III.
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Por the fifth experiment another animal was
obtained., This animal weighed adbout &0 pounds, at the
deginning of the experiment. The dats are shown in
Table V for free and total phencls, total sulfate and
total nitrogen. It will be seen that these data are
very similar to those of the preceding experiments.

Upon administering hydrequinmone there was an inerease

of doth free and conjugated phencls, but little change
in the percent of conjugstion. About 49% of the hydro-
quinone was excreted as urinary “"phenol®™. The total
sulfate cutput was lowered slightly by the feeding of
hydroquinone, the daily value of total snlfate averaging
«38 gms. less than during the control pericde This
decrease in total sulfur elimination was more pronounced
in the succeeding experiment (Tatle VI) dut is also
suggested by the data of experiment IV.
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Apre
Apre.
Apre.
Apr.
ApTe
ApT.
APpTre
Apre.

APre

ApT.
APTe
APTe
Apre

ApTre

10
11
12
18
14

17
18
19
g2

24

TAELE V

ee Phemol :;Total :% oconju-:Total:Total

Fhenol : gatiom ;: 8Sul ;Nitrogea:
487.9 5567.2 12.44 2.22 4£.834
318.1 449.2 29.19 1.92 5.69
522.8 569.2 8.24 1.81 4.88 no hyaro-
5686.5 693.02 15.56 © 219 8.71 quinone
423.7 494¢.1 14027 £2.58 6.858
879.%2 409.05 7.28 1.48 S.48
665.8 741.56 10.21 S.91 6.567

51%-08 82%.6 3%.19 £. 21 4.48
'Y ) ') [ [ [ ] [ ]

1,
1,
1,
1,
1,

»

6£l.6
708.8
041.6
134.0
06s.2
076.8
089.9
764.9

[ J

847.4 26.6
940.6 £4.65
1,071.6 83.38
1,193.9  5.08
1,137.4 4.74
1,867.8 14.47
1,237.9 16.00
964.1 18.58

’ . 4

£.48
£2.38
2.26
8.54
1.91
L.4

£2.00
1.96

*

5¢60

B.44

5.11 1 gm.
6.2b6 hydro-
5.04 gquinone
5.88

b5.22

7.08
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The administration of hydroquinone seeming to
have no serious effects on the experimental animals
used, the author undertook a similar experimeat using
himself as the subject. 1In this experiment inorganic
sulfate, total sulfate and total aitrogen determinations
were determined, as given in Table VI. JNo attempt
was nade t0 eontrol the diet during this experimeant
and this must de dorne im mind in eomparing the dates
yith the previous experiments. Upon takiang hydro-
quinone there was a very definite increase in coanju-
gstion of sulfates, about a 35% inerease. The total
sulfates showed a decrease which averaged sbout 1 gm.
per day, while hydroquinone was being takea. Since the
diet was not controlled the true significance of these
values cannot be determined. There was an immediate
dpﬂnito inorease in total nitrogen upon taking hydre-
quinone, the values soon returned to normal, however.
The phenol deteminations slso were similar to those of
of previous experiments, there being an inoresse in
both free and conjugated phencls dut no change in the
perceat of eonjugation. About 65% of the hydroquinone
sppeared as urinary “phenol™.
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Isolation of Urinary Compounds
Attempts were mede to isolate hydroquinone
and muconic ecid from the urine of animals receiving
hydroquinene. For the isolation of hydroquinone the
method of Baumann and Preusse (15) was used. The urine

was heated after being made distinctly acid with HC1l. It

was then thoroughly extracted with ether, The ether ex-
tract was evaporated to dryness and the residue dissolved
in water and neutralized with barium cerbonate. This
solution wes then again extracted with ether until the
water solution would no longer reduce Tollen's reegent in
the cold. The ether extract was evaporated nearly to dry-
ness and crystala of hydroquinone appeered. They were
purified to some extent by récrystallization from toluene.
However, the author was unable to entirely free the
crystals from the pigment extracted with them,

In this manner crystals were obtained melting
at 138° - 140°. The crystals sublimed without decompo-
sition when heated with ferric chloride; dissolved in
ammonia yielding a brownish liquid; sublimed, when heated
rapidly in an open test tube, giving an indigo blue
color, all of these properties corresponding to those
of hydroquinone. Becaure the crystals could not be
completely freed from pigment, their weight could not be

accurately determined., Colorimetric enelysis, however,

29






showed the ether extrast of a two day urine sammple of
an animal receiving 1 gm. of hydroquinone daily to
contaia ,0285 gms. of phenolic subatance.

Several attempts were made to isolate muesonic
s8cid using the method of Nemmasrker (3). The urine
sample was niporuto& t0 a syrup and extracted for
twelve hours with ethyl asetate. The ethyl asetate
was extracted dy shaking with saturated sodium cardonate
uatil no more cardon dioxide was evolved, The sodium
carbonate solution was heated until the odor of ethyl
acetate could no longer be detected. The solution was
then neutralised with H Cl to ocongo bdlue. Musonie
acid, if present, should have presipitated at this
point, However, no muaoanic acid was found in four
attempts.

The hydroquinone that was not excreted as a
phenol, if oxidised, was probably carried beyond the
stage of muconie acid.






Although there are many variations in the
six experiments, due prodably to differences in
experimental animals, several facts stand out conceran-
ing the fate of hydroquinone in the animal bdody. 1In
esch case upon administering hydrequinone there was
an immediate inorease in doth free and conjugated
phenols in the urine., The perceat of conjugation was
qha.ngod. but 1ittle, however, unless the amount of hydro-
quinone given was increased to at least 2 gms. daily.
The peroeant of conjugation was then incrsased, the
amount of the inorease varying with individuals. The
perceant of the hydroquinone exoreted as fed varied fram
25% to 804. At least a part of the hydroquinone was
exoreted in either the free or conjugated form without
hsviné been changed dy passage through the dody. The
portion of hydroquinone unsceounted for dy the urinary
phenols may have bdeen oxidised past the stage of muconio
acid, presmmadly to cardon dioxide and water.

The total sulfate excretion was lowered by the
feeding of hydroquinone. 7The decrease was most promineant
in the last case (see table VI). The exsact significanse
of this is open to discussion. It may de suggested,
however, that 8Shiple, Muldooa and Sherwin (10) found
total sulfates to bde lowered when cystine was fed with
0635 Br, due to the excretion of Cells Br. as a



mercapturic aecid., The percentage of conjugation of
sulfates was inoreased substantislly in each case.

The excretion of total nitrogea and creatinine
were both definitely stimulated upon administering hydro-
quinone. The values for both of these substances tend-
ed to regulate themselves toward the normal, however.
This would suggest that hydroquinone causes an inorease
in the catadolism of body tissues, dut that the animal
body has a tendensy to adjust itself to eliminate this
extra tissue destruction.

These conclusions may be summarised briefly
as follows:

The feeding of hydroquinone brings about,

l. Immediate increase in urinary phenols,

£+ Little or no inorease in the perceant of
eonjugation of urinary phenols,

3. A slight decrease in total sulfate values,

4. A definite inorease in ethereal sulfates,

6. A definite stimulation of ereatinine and
total nitrogen exoretion, doth of whieh
tha to retura to normsley, however.

Hydroquinone, dut no musonic acid, can de

isolated from the urine of animals resceiving 1 gm. of
hydroquinone 4dsily.
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