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I. INTRODUCTION

The total Dumber of phenolic compounds which have been identified as
ftnstituents or metabolites of living organisms is very large. In an article
of this scope a comprehensive survey of these compounds would scarcely
be possible. Such a survey, indeed, would be of only partial interest to
the average reader whose studies tend to be confined either to the animal or
to the plant kingdom. The authors have, therefore, restricted their field
to methods of analysis of the simpler phenolic compounds which are in-
volved in the metabolic processes of the higher animals and which are ex-



oreted in urine. In most cases methods used for the detection and estima-
tion of phenols are not highly specific and are, in principle, applicable to
phenolic compounds in general; only the preliminary preparation of the
material in which they are contained requires modification. Only those
methods with which the authors have had personal experience have been
described in detail. The fact that these methods have been chosen must
not be taken as implying that methods not«so selected are necessarily
inferior. The methods described were originally chosen for their con-
venience for the authors’ purpose and have proved satisfactory in their
hands.

Phenols may be formed in the animal body either as a result of normal
metabolic processes or as a result of some abnormal treatment of the animal
which may cause either some quantitative interference in the normal metab-
olism of the animal or the appearance of some new phenolic metabolite.
The commonest abnormal treatment of the animal in this sense is by the
administration of drugs or foreign organic compounds. These compounds
are often modified in various ways in their passage through the body. Since
the formation of phenolic metabolites and their conjugation with glucu-
r(suc and sulfuric acids are common reactions which foreign compounds un-
dergo, the analysis of phenols In urine has, perforce, been extensively used
by workers in the field of what was formerly called “detoxication” but is
now more fittingly described as “the metabolism of foreign compounds™ or
“ccoijugation reactions.”

1. Phenols of Normal OccurreQce

The naturally occurring phenol which has most metabolic significance is
tyrosine, an amino acid widely distributed in proteins. Many of the sim-
pler phenols which are normally found in urine are believed to be derived
from absorption of phenols formed by the bacterial decomposition of tyro-
sine and other aromatic amino acids in unabsorbed protein in the intestine.
Between 1879 and 1886 Baumann (7,8) postulated the accompanying
scheme for the degradation tyrosine by intestinal bacteria. ~11 evi-
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dence for intermediate steps in this degradation was not provided at the
time but since then all these compounds have been identified by varicMis
workers a&products of the bacterial degradation of either tyrosine or phen-
ylalanine. The bulk of the p-cresol found in most urin” is believed to be
formed in the gut in this way from tyrosine or phenylalanine. Indoxyl is



believed to originatpC in a similar manner from tryptophan. Early workers
claimed that phenol, o- and p-cresols, catechol, p-hydroxybensoic acid, p-
hydroxyphenylacetic acid, p-hydroxyphenylpyruvic acid, and indoxyl were
constituents of the urines of various species, although not all these observa-
tions have been confirmed by later investigators. It is, for examine, very
doubtful whether phenol itself isexcreted by the normal animal. Oneearly
worker, Mooser (64), was os the opinion that p-cresol was the only phenol
presentinurines. Some phenolsotherthan those mentioned above are now
known to be presentin urine, e. g., m-hydroxyben*oic acid. As will be seen
later the presence of some phenols in urine depends upon the phenols or
phenol precursors which are presentin the diet. In the pathological condi-
tion alkaptonuria another phenol, homogentlsic (2,5-dihydroxyphenylace-
tic) acid, is excreted; this is believed to be the result of abnormal tyrosine
metabolism. Tyrosine itself is sometimes excreted in pathological condi-
tions, e. g., in acute yellow atrophy of the liver. Since the liveristhe organ
mainly concerned in reactions resulting in the formation of phenol and in
conjugation reactions, the excretion of phenols is liable to be abnormal in
conditions of liver disease.

In recent years interest in the phenols of tiie tissues and urine has been
revived wid our knowledge of them has been advanced by the development
of modem techniques. In 1941 to 1943 Lederer (56,57), extending earlier
work of Walbaum and Rosenthal (92), isolated from the scent glands of the
beaver m- and p-hydroxybensoic acids, gentiac (2,5-dihydroxybenzoic)
acid, and 2-hydroxy-5»methoxyben«oie acid, which were present unconju-
gated in the free form, and salicylic acid in the form of a conjugate; other
phenols found were p-ethylphenol, p-propylphenol, quincd, p-ethoxyphenol,
chavicol (p-allylphenol), 5-ethyl-2-hydroxyanisole, catechol, 4-methylcate-
chol, 4-ethylcatechol, betuligenol (I-(7>-hydroxyphenyl)butan-3-ol), 2,4'-di-
hydroxydiphenylmethane, 2',3*“dihydroxydiben«>2-pyroine, 4,47-dihy-
droxydiphenyl-2,2'-dicarboxylic acid dilactone, salicylaldehyde, and p-
hydroxyacetophenone. The presence of many of these phenols in the
scent glands could be attributed to phenols or closely related compounds in
the bark of trees and other items of the beaver’s diet; it is of interest that
in this secretion the phenols are mainly unconjugated whereas in urine
conjugated phenols predominate. In a later investigation Lederer and
Polonsky (57,58) isolated from the urine of a pregnant mare p-ethylphenol,
p-cresol, 0-, mr-, and p-hydroxybenzoic acids, vanillic acid, p-cumaric(p-
hydroxycinnamic) acid, dihydrcrferulic (4-hydroxy-3-methoxyphenylpro-
pionic) acid, and ferulic (4-hydroxy-3-metho3Qrcinnamic) acid. These in-
vestigations are the only extensive studies which have been reported up to
the presenttime. Grant (49) isolated the ethereal sulfate of p-ethylphenol
from goaturine. m-Hydroxybenioic acid was isolated by Bieligand Haya-



sida (9) from the urine of rabbita dosed with /*ionone and by Bray, Hybs,
James, and Thorpe (IS) from the urine of rabbits which had received
2,3,5,6-tetrachloronitrobenzene. la neither case could m-hydroxybenzoic
acid reasonably be regarded as a metabolite of the compound administered.
In 1953, Boyland, Manson, Solomon, and Wiltshire (10) isolated this acid
from the urine of normal rabbits as well as from that of rabbits injected
with naphthalene.

One of the most useful techniques for the investigation of phenolic con-
stituents of biol(“ical material is paper chromatography (sec Section 11,3)
which may be used for identification or estimation. A preliminary investi-
gation (21,26) of norma! rabbit urine showed the presence of m- and p-
hydroxybeneoic acids, p-hydroxyphenylacetic acid, catechol, 2,3-, 3,4-, and
2,5-dihydro:Qrbenzoic acids, vanillic acid, and ;>-cumaric acid as well as
several unidentified substances reacting like phenolic compounds, p-
Cresol and p-ethylphenol are phenols which cannot be easily detected by
paper chromatography.

The excretion of phenols in urine, both qualitatively and quantitatively,
will depend to a large extent upon the nature of the diet. The amounts of
phenols derived from bacterial breakdown of aromatic amino acids in the
gut will be related to the amounts (A these amino acids in the food and the
extent to which they are absorbed. Phenols which are excreted by some
animals but not by others, or phenols the excretion of which appears to be
a species characteristic, may well be traceable to peculiarities of diet. It
is, therefore, important when comparing the findings of different workers
that differences in the diets of the subjects <Athe experiments should be
taken into consideration.

Little is known o! the nature of the phenols presentin the tissues. With
the exception of those derived from tyrosine, phenylalanine, and trypto-
phan, the phenols of animal tissiies are probably derived from aromatic
precursors present in items of the diet, especially those  plant origin (cf.
Lederer (57)), since the benzene ring does not appear to be synthesized by
the animal. Phenols in urine are either free or conjugated with sulfuric or
glucuronic acid. Since, in general, free phenols are not readily excreted,
while ethereal sulfates and glucuronides are (16,17), it is likely that there
will be more free than conjugated phenol present in the tissues but more
conjugated than free phen(” in urine. Various investigators in the past,
e.g., Pelkan and Whipple (67), have reported the rapid “fixing” of ingested
phenol by the dog, probably by binding to protein. It is possible that
some phenols may be present normally bound in tissues in this way.

From the foregoing it can be seen not only that there may be many dif-
ferent phenols in normal urine but also that these phenols may vary in
amount depending upon the nature of the diet. This is of considerable im-



portance, as will be seen, when the excretion of abnormal phenols is meas-
ured.

2. Phenols Arising from Administration of Foreign Aromatic Compounds

The administration of a foreign aromatic compound to an animal fre<
quently results in the excretion in the urine of phenolic metabolites of the
compound even if the administered compound is not lItself a phenol.
There are several ways in which a phenol may be formed from nonphenotic
precursors. Many aromatic compounds are oxidized in the body by the
introduction of one or more phenolic hydroxyl groups (hydroxylation); as
examples may be quoted the hydroxylation of benzene to phencl, catechol,
quinol, and hydroxyquinol (69) and the oxidation of salicylic acid to di-
hydroxybensoic acids (25,26). While the introduction of one hydroxyl
group may take place to a considerable extent, di> or trihydric phenols are
usually formed only in very small amounts. If the administered com-
pound is not of such a nature as to be rapidly excreted it is likely to be hy-
droxylated to some extent; phenolic compounds may be further hydroxyl-
ated, and even those aromatic acids which are readily excreted fnay be
hydroxylated to a small extent (see Thorpe (87), Smith (84), and Young
(94)). Hydroxylation is not, however, the only metabolic process by which
phenols can be formed; they may be formed by hydrolysis of precursors
such as esters, glycosides, and ethers. The first two can usually be readily
hydrolyzed (65,71) but the latter appear to be hydrolyzed to a significant
extent only when other substituents are present in the ring (19). The Kki-
netics of the formation of phenols from precursors has been studied by Bray,
Humpbhris, Thorpe, White, and Wood (15).

It will be appreciated that a phenol derived from an administered com-
pound may be the same as one which is normally excreted and that in such
a case it is important to have accurate knowledge of the extent of the nor-
mal excretion of the phenol by the animal on the given diet before the ex-
tent of the formation of the phenol from the administered compound can be

3. Fonn in Which Phenols Are Excreted

Before discussing the methods of analyds of phenolic compounds, it is
pertinent to consider the forms in which these compounds are actually ex-
creted. The proportion of a phenol excreted in the free state is usually
small since the healthy animal can readily conjugate phenols with glucu-
ronic fuid sulfuric acids.  (In cases of liver dysfunction the facility of conju-
gation may be impaired.) The relative amounts of the two conjugates
formed depend upon the nature of the phenol. The conditions governing



the formation of glucuronides and ethereal sulfates have been studied by
the authors and co-workers (16,17,28). PhenyJglucuronides are usually
somewhat resistant to hydrolysis whereas ethereal sulfates are rapidly hy-
drolyzed by low conoentratioijs of acid. The relative amounts of a phenol
conjugated with glucuronic and sulfuric acids can, in fact, be determined on
this basis (Section 111,1). In the quantitative analysis of phenols in urine
it is, therefore, necessary to make certain that the method is such as to en-
sure the complete hydrolysis of the conjugated phenols, and it is often of
value for assessment of the results to determine the free as well as the total
phenols (Section IV,1,A(1)), since this can be done with little additional
expenditure of time and labor.

It is often practicable, particularly where there is no specific method for
the phenol, to measure the excretion of conjugated phenol by determination
of the increase in excretion of the conjugating acids. Alternatively, the es«
timation of these conjugating acids may provide a useful check upon the
values obtained by determination of phenol liberated after hydrolysis. A
significant discrepancy between the results obtained by the two methods
may even reveal the existence of a hitherto unsuspected metabolite. To
take a hypothetical example, hydroxylation of an administered compound
might have produced two isomeric phenols, only one of which was detected
by isolation. 1/the identified phenol gave a relatively feeble color with the
reagent used for colorimetric estimation compared with that given by the
unidentified phenol, the value obtained by direct estimation of conju-
gated phenol would be much greater than that obtained by estimation of
the conjugating acids. Such a result would provide a strong reascm for a
more searching examination of the nature of the metabolites formed.

I1. QUALITATIVE EXAMINATION

1. Introduction

Before a reliable quantitative assessment of the excretion of phenols
formed as metabolites can be obtained, it is essential that the nature of
these phenols be discovered. This ultimately should involve the isolation
and characterization of the compounds or derivatives by the standard
methods of organic chemistry. The first step toward the detection and
identification of phenols in urine is the separation of the phenols from the
bulk of the accompanying material. Although some qualitative tests may
give apparently satisfactory results when applied directly to urine, it is
adWsable to extract the phenols from the urine if maximum sensitivity and
minimum interference are required. Since phenols are excreted mainly in
conjugated form it is usually necessary to hydrolyze these conjugates be-



fore proceeding to identify the phenols. It has already been mentioned
that some phenylglucuronides may be somewhat resistant to hydrolysis and
require heating with relatively concentrated acid to effect complete hydrol-
ysis. In such circumstances it may be necessary to ascertain whether the
hydrolytic process causes decomposition of any phenol, e. g., decarboxyla-
tion of a phenolic acid.

The most convenient way of separating phenols from the bulk of the ma-
terial excreted in urine is steam distillation. Comparatively few com.-
pounds, however, are volatile in steam and a more general method which can
be applied to almost all simple phenols is to extract the hydrolyzed urine
with ether in a continuous extractor for several hours. By adjusting the
pH of the urine, it may be possible to separate phenols from phenolic acids;
a pH of 7.8 usually serves to prevent extraction of the acids while it permits
extraction of other phenols. The phenolic acids can be subsequently ex-
tracted if the residual urine is adjusted to pH 1 (cf. Schmidt (80)). Tests
may then be applied to the residue left after evaporation of the ether. If
the phenols are liable to oxidation by atmospheric oxygen, e. g., aminophe-
nols, the ether should be removed in vacuo or in a stream of nitrogen. The
ether extract can be fractionated by conventional methods. Chromato-
graphic separation of an ether extract on columns of powdered cellulose of-
ten provides a convenient method for the separation of mixtures of phenolic
compounds (Section 11,4).

In the course of the isolation of phenols from urine it is frequently helpful
to use certain qualitative tests as a guide to the progress of a separation.
Such tests as those described in Section I11,2,A to H are rarely specific and,
moreover, are often given by normal constituents of urine, so that the ap-
plication is usually of greater value as a guide in the later stages of a sep-
aration or in the final characterization of a phenol. These tests rarely yield
useful or reliable information when applied directly to urine.

Undoubtedly the most rewarding technique for the qualitative examina-
tion of phenols is that of paper chromatc”raphy (Section 11,3). It can be
carried out easily, quickly, and without elaborate apparatus and permits
identification of the phenols with some measure of certainty if the appro-
priate reference compounds are available; it can give an indication of the
total number of phenols present in a mixture and often a rough estimate of
the relative amounts present.

2. Color Reactions

The reactions commonly used for detection of phenols are not specific for
particular phenols or even for phenols in general but may serve as a guide
in n*rowing down the identification. W.ith color reactions shades of color



are difficult to describe precisely and, whenever possible, final interpreta-
tion should be by direcf comparison with a similar test performed upon an
appropriate amount of an authentic sample.

A. FERRIC CHLORIDE TEST

This test is not highly sensitive but ferric chloride has the advantage of
forming complexes of different colors, from violet with phenol itself, bluer
shades with rresols, deep blue with gentisic acid, and red with p-hydroxy-
benzoic acid, to green with catechols. The colors are discharged by acid.
The color with catechols is particularly dependent upon pH and yellow,
green, blue, purple, and red colors are given as the pH increases. The test
may not be given readily by phenolic compounds which are sparingly sol-
uble in water. For such compounds the addition of ethanol up to about
50% often dissolves sufficient phenol to give a positive reaction. Similar
colors are also given by certain )3-keto acids, €. g., acetoacetic acid.

Reagent. Ferric chloride, 0.5 N in water.

Test. A few drops of reagent are added to 1 ml. of the neutral test solution.
The color is usually destroyed on acidification. (Ferric hydroxide separates in
alkaline solution.)

B. millon's test

This test is given by a number of phenols. In general monohydric
phenols tend to give a red color but with di- and trihydric phenols the col-
ors tend to be yellow-orange or brown. Waith vanillin and vanillic acid a
characteristic purple color is obtained which appears to be specific for these
two compounds (88).

Reagent. Mercury (30 ml.) irdissolved in nitric acid, sp. gr. 1.42 (570 ml.)
and the resulting solution is diluted with two volumes of water.

Test. A drop of reagent is added to 1 ml. of test solution, which is then
boiled. The red color may not be seen if an excess of reagent is used, e. g., with
tyrosine an exc” of reagent gives a yellow color due to nitration. The test should
not be used in the presence of inorganic salts (e. g., in urine), which precipitate
mercury complexes.

C. FOLIN AND CIOCALTEU TEST

This is a very sensitive test given by a, large number of phenols. It
depends upon the reduction of compounds containing sexivalent tungsten
and molybdenum to colored compounds in which the metals have lower va-
lence. It isthus liable to give colors with nonphenolic reducing substances,
e. g., uric acid and thiophenols. Some phenols (e. g., 7-hydroxybenzoic
acid) only give feeble colors.



Reagents. As for quuntitative estimation (Section 1V,1A).

Test. About 1.0 ml. of reagent is added to 1 mi. of test solution. Sodium
carbonate solution (2.0 ml.) is then added. The. blue color may appear on
standing in the cold but comes up quickly on warming.

D. INDOPHENOL TEST WITH 2,6-DICHLOROQUINONE CHLOROIMIDE (10,48)

Many phenolic compounds which are unsubstituted in the para position
combine with 2,6-dibromo- or 2,6-dichloroquinone chloroimide to give a
blue indophenol dye. There are, however, a large number of pheiiols which
give only a very feeble or no color with this reagent. The test must be
carried out at or about pH 9-10. Oxidizing and reducmg substances inter-
fere and some amines may form indamine dyes with this reagent.

Reagents.

(a) The powdered imide or a 1% solution in aldehyde-free ethanol may be used.
(b) Powdered sodium bicarbonate or borate buffer, pH 9.6.

Test> After the addition of a trace of solid 2,6-dichloroquinone chloroimide
(or a few drops of the solution) to the test solution, an excess of powdered sodium
bicarbonate or an equal volume of Ix>rate buffer is added. A blue color usually

develops on standing. With nonacidic phenols, the color can usually be extracted
with n~bulanoi.

E. p-NITROANILINE TEST

This test depends on the coupling of the pheno! with a diazonium salt
formed from p-nitroaniline. Colors of various shades, usually red or or-
ange, are given by most phenols but it should be remembered that the dia-
zonium salt will also couple with bases. The test is usually very sensitive.

Reagents. The reagents for paper chromatography can be used (.Section
11.3,B(D).

Test. A few drops of the phenol solution are added to 1 ml. of the diazotized
p-nitroariiline solution. The sodium carbonate solution is then added. The cplor
usually develops quickly.

Diazotized sulfanilic add may be used in the same way. The colors are not
always the same as with diazotized p-nitroaniline.

F. AMMONIACAL SILVER NITRATE TEST

This reagent is reduced with the separation of metallic silver by.a number
of dihydric and aminophenols. The test is, of course, liable to be given by
anumber of reducing substances.

Reagent. Ammonia (2 N) is added to silver nitrate (0.1 N) until the pre-
cipitate first formed just redissolves.



Test. Phenol solution is added to the reagent. Metallic silver separates
either as a dark brown precipitate or  deposited on th& walls of the tube as a
nnirror. The test usually works on standing at room temperature.

G. INDOPHENOIMTI-:ST FOR AMINOPHENOLS

Phenols with an amiiio group in the para position usually form indophenol
dyes on treatment with phenol and sodium hypobronute. These dyes are
deep blue iu alkaline and red in acid aohition. The test is more specific
with hypobromite than with bleaching powder or calcium hypochlorite
(Thorpe, Williams, and Shelswoll (89)), which give a color with ammonia.

Reagents.

(a) Sodium hyi>obromite pre|)ared by adding bromine to 1 iV sodium carbonate
solution until the color is just yellow-.
(b) Phenol solution, 5% w/v in water.

Test. A few drops of 5% phenol solution are added to 1 ml. of neutral or
faintly acid test solution. On addition of sodium hypobromite a deep blue color
appears, becoming more intense on standing. Under these conditions ammonia
only gives a very feeble color.

H. BROMINE WATER TEST

Many phenols are readily brominated in aqueous solution by bromine to
give sparingly soluble polyhalogenophenols. Thus, phenol and o- and p-
bromophenol yield 2,4,6-tribromophenol, m. p. 94®, and 2,4-dichlorophenol
yields 6-bromo-2,4-dichlorophenol, m. p. 68°.

Reagent. AWater saturated with bromine.
Test. Bromine water is added to the phenol solution with frequent mixing
until no more bromine is taken up.

Great care must be taken over the interpretation of this test. In par-
ticular, the isolation of 2,4,6-tribromophenol must not be taken as proof oi
the presence of phenol. The importance of this is illustrated by the earlj
claim  Baumann and Herter (8a) that phenol was formed as a metabolite
of p-hydroxybenzoic acid by the dog because after distilling the acidifieti
urine with steam they obtained a distillate from which 2,4,6-tribromopheno
was isolated after addition of brcmine water. This is npt valid proof of th«
presence of phenol in the urine since when p-hydroxybenzoic acid is treatec
with bromine water decarboxylation occurs and *2,4,6-triboromop>henol «
formed. (Some other phenolic acids are also decarbo.vylated in this way.]
Subsequent work has, in fact, made it almost certain that the bulk, if noi
all, of Baumann and Herter’s tribromophenol arose from p-hydroxybenzoi(
acid or its conjugates.



3. Paper Chromatography

t cljiiujue was first developed by Consdeii, Gordon, and Martin (31)
lor tlie identification of amino acids and peptides in protein hydrolyzatea.
Since that time it has been extended, with various modifications, to virtu-
ally any compounds which can be made to give a color reaction or can
otherwise l)e detected on paper. The original method employed a “de-
scending” technique but the simpler “asc-ending” method, suggested by
Williams and Kirby (93), has much to recommend it and, as far as phenols
are concerned, is suitable for the separation of most of the mixtures en-
(?ountered. The follcwhig is a brief description of the ascending procedure
used in this laboratory (26) which can be carried out with very simple and
inexpensive apparatus.

Solvent Mixtures. A large number of solvent mixtures of varying com-
position have been used by different workers. Useful mixtures for the separa-
tion of phenols are varying proportions of benzene; acetic acid: water (e. g., 2:2:1 by
volume), chloroform:acetic acid:wilter (e. g., 2:1:1), or n-butanol:acetic acid:
water (e. g., 10:1:9), an increasing proportion of acid tending to increase the Rf.
Formic acid can replace acetic acid. Variations in the proportions of these mix-
tures causes changes in R/ values and so permits adjustment to suit the separation
of a particular mixture. Benzene saturated with 98% formic acid often gives good
separation. Light petroleum saturated with formic acid is of value for fast-moving
compounds and a mixture of n-butanol:pyridine;saturated aqueous sodium
chloriderammonia, sp. gr. 0.880 (4;8:5:3 by volume) gives good separation of o-,
m-, and p-hydroxybenzoic acids (cf. Evans, Parr, and Evans (37)).

Detecting Reagents. Although the reactions used are the same as those for
qualitative tests the colors obtained on paper are not always the same as those
obtained in the test tube.

(/) Diazotized p-Nitroaniline. p-Nitroaniline 0.3% in 8% (w/v) hydrochloric
acid (25 ml.) is mixed with 5% (w/v) sodium nitrite (1.5 ml.) mixed immediately
before spraying. The application is followed by one of sodium carbonate (20%
wiv).

(S) Diazotized Sulfanilic Add. Asabove, sulfanilic acid replacing p-nitroaniline.

(S) S,6"Dichloroquinone Chloroimide. A freshly prepared solution (0.1% wi/v
in ethanol) is sprayed, followed by veronal or phosphate buffer, pH 10.

(4) AmmoniacdL Silver Nitrate. Silver nitrate (25 ml. 0.1 N) and ammonia, sp.
gr. 0.880 (8 ml.), made up to 50 ml. with water.

(5) Ferric Chloride. 0.2% (w/v) in water.

(tf) PoUusium Carbonate. 20% (w/v) in water.

The diazo reagents have the most general application for phenolic compounds.
The quinone reagent tends to be hypersensitive. Ammoniacal silver nitrate is con-
venient for dihydric and aminophenols, since most monohydric phenols do not re-
duce this reagent. The ferric chloride reaction is not very sensitive. Potas.Vium
carbonate is useful for nitrophenols which give a yellow color with this reagent.



satisfactory for the sepai‘ation and identification of a number of phenolic
compounds. Exceptions are the fiwt-moving phenols such as phenol, p-etbyl-
phenol, the cresols, and chlorophenols which move with the solvent front in all
solvents examined. These can, however, be studied if they are first coupled with
diazotized p-n\traniline or sulfanilic acid and the azo dye formed is applied to the
paper as an aJkaline solution (see Hossfeld (51), and Johnson, Stein, and Weiss (53)).
A modification of this procedure which has been fbund useful for p-chlorophenol
consists in applying the solution of the a*o compound to paper which has previously
been soaked in 4% aqueous sodium carbonate and dried (51).

The information about solvents suitable for the chromatography of phenols and
their R/ values is too extensive to be given here in full, and in any case would not

be of great value since a worker wishing to use the methods would have to discover

for himself the exact conditions which apply to his particular investigation. Table
I records reference to a number of papers describing the paper chromatography of
phenols which should serve as a guide for finding appropriate solvent mixtures.

Quantitative Estimation. Paper chromatograms prepared as above may
be used for rough quantitative estimation of phenols by comparing the size and in-
tensity of spots with those obtained from suitably graded standards run on the same
paper, standard solutions of graded strength and the unknown being applied alter*
nately along the starting line. Measurement of the area of spots with a planimeter
(39,40) has also given satisfactory results.

4. Separation and Characterization of Phenols

The method by which a given phenol is separated and characterised must
obviously depend upon the properties of the particular phenol. Most
phenolic substances are sufficiently soluble in ether to permit their extrac-
tion in a continuous extractor (e. g., Kutscher~teudel type). Ether ex-
traction, therefore, usually provides an effective means of separating phe-
nolic material from many of the other constituents ofurine.  Sincethe phe-
nols are mainly present in the conjugated state the urine must first be hy-
drolyzed. The conditions will depend upon the stability of the phenylglu-

-curonide but usually hydrolysis can be achieved by boiling the urine under
reflux for 1 hour after addition of an equal volume of 10 N H*SO<. An al-
ternative to ether extraction which can be applied for a limited number of

Aphenols i&steam distillation. This gives a purer product than ether ex-
traction. The crude phenolic material obtained by either of these methods
can be fractionated or purified by conventional methods such as fractional
crystallization, differential extraction, or conversion into appropriate de-
rivatives. For mixtures difficult to separate in these ways chromato-
graphic separation on columns of paper powder, hydrocellulose, or Hyflo-
Supercel (cf. Hough, Jones, and Wadman (62)) can be used. The solvents
used are those found to give satisfactory results on paper strips. The re-
sulting fractions after identification can be grouped and the phenols thus
separated identified orestimated in conventional ways.



Apparttus. Cyiifiders of paper 33 cm. Jong are made from sheets of paper
33 X28 cm. by stapling so that the edges do not overlap. Whatman No. 4 paper is
suitable for most purposes. (Since results mtay vary somewhat with different
grades of paper, the grade used should always be specified when reporting results.)
Hie paper cylinder stands in a petri dish which is placed in a tall cylindrical jar
with a ground top or a filtrate jar. The jar is covered with a sheet of plate glass if
the top isground or with a glass food cover if a filtrate jar isused. The petri dish
contains the nonaqueous phase of the solvent mixture and the bottom of the jar is
covered by the aqueous phase.

Procedure. Spots of the required solution containing 1 to 5 Y of phenol
are placed on the starting line about 2.5 cm. from the bottom of the paper
cylinder and 3 cm. apart, and are dried. Reference compounds should always be
run alongside the unknown on each paper. The cylinder is placed in the petri dish
and the jar is covered. A run of 3-5 hours is usually sufficient, alUiough with some
slow-moving compounds 15 hours may be necessary, when evaporation at the
solvent front takes place. After the run the sheet is unfolded and dried in a con-
venient drier at about 50** and the positions occupied by the compounds are re*
vealed by spraying with the selected detecting reagent.

Provided that the jars are covered and protected from drafts, there is unaally
Uttle difficulty in attaining a level solvent frontduring a run. Temperature changes
and changes in composition of the solvent mixtures on exposure in the jars may
cause slight changes in Rf values but if reference compounds are run on e paper
alongside the unknowns these differences are of little account.

The procedure outlined above with slight modifications of solvents has proved

TABLE |
Examples of Application of Paper Chromatography for Identification of Phenols
Type of phenol R«feikneea
Acyl amidOphEOOIS........ccccvrveiiiiiiierecse e 13
Adrenaling derivatiVves.........c.o.coveereeiereinneieseseeces e 32
Aminobydroxybenzoic acids...........c.ouevrrinrievnneeeiineens 29
AMINohydroXypYridines........c.cccvveeverenerninee s 24
AMINOPNENOD......c.uiiiieiiiiecie e 13,78
ANtNOCYANINS. ..o 46
Cateching 0F t€a......cccveeeiiece e 11,76,76
Coumarin deriVatiVesS.........cccveveviienenieeeenee e 85
Flavonoid COmMPOUNGS.........cccoieiriiinenincnense e 5,46
Hydroxy-4,6-dimethy]pyrimiding8...........c...ccovveveivrennnn. 20
Hydroxyphenyl ethers...........ccovirenicinnnieeee s 19
Hydroxysulfanilic acids and amides..........c.c.ccovevvereriennnn. 20
Lignin derivatiVes..........cooceenereee e 3
Phenolic adds........ccocviveiiiiiiece e 21,26,29,38,85
Phenols of pine WoOd........ ...coviinenniec e 61
Phenols, run as azo dYeS..........covervensiensiiniinsesesieseenens 151,53
Phraols, various mono and dihydric, acids and amides....... 5,6,21,26,36,37,74

NItrOPhENOIS. .....cviiiiciec e 7



There are a large number of reagents whiclj form (ierivatives with plio-
nols which can be readily crystallized and separated. Tlicwc fommonly
used include p-nitrobenzyl bromide, chloroa(®etic acid, p-toluenesii!fonyl
chloride, phenyl isocyanate, and benzoyl chloride. An extensive list of the
melting points of these and other derivatives siiitable for the characteriza-
tion of phenols is given by Johnson, Shennati, and Reed (54) w'ho also de-
scribe the methods of preparation of the compounds.

1. QUANTITATIVE EXAMINATION

1. Introduction

As may be seen from the experimental section different phenols give dif-
ferent responses to the various reagents. Consequently, unless the nature
of the phenols being estimated is known, the experimental values obtained
by the quantitative application of color reactions cannot be correctly in-
terpreted, since it will be uncertain whether a reliable standard /or colorim-
etry has been selected. Similar conditions apply in metabolic studies in
which changes in concentrations of phenols are followed; in such cases it
must be ascertained whether or not the nature and proportions of the phe-
nols present change during the experiment. Here again, paper chromatog-
raphy is a most useful tool since rough quantitative estimates can usually
be readily made.

Quantitative methods for the estimation of conjugated phenols depend
upon the estimation either of phenols themselves or of the conjugating
moieties. In methods in which phenol is estimated, “free” or unconju-
gated phenol may be estimated directly and “total*’ (i. e., free + conju-
gated) phenol after hydrolysis. In actual practice it is usually advanta-
geous to extract phenols from the material under examination in order to
minimize interference by other substances. Extraction (usually with
ether) from solutions at various pH values (cf. Schmidt (80)) gives an op-
portunity for the fractionation of phenols into type groups, e. g., phenols
and phenolic acids. Fractionation of conjugated phenols into those conju-
gated with sulfuric acid and those ccmjugated with gJucuronic acid can also
be achieved by using two degrees of hydrolysis, e. g., mild (in 1 N hydro-
chloric acid for 15 minutes at 100°) for liberating phenols from ethereal sul-
fates, and strong (in 5.0 N sulfuric acid for 1 hour at 100°) for hydrolyzing
ether glucur<Hiides (cf. Garton, Robinson, and Williams (47)). It cannot
be too strongly emphasized that ether glucuronides are not readily hydro-
lyzed and for the estimation of total phenols vigorous hydrolysis is neces-
sary. In some methods described in the literature, especially those like
that of Vc terra (90), in which acidified material such as urine is simulta-



neously hydrolyzed and distilled, the conditions are often not adequate for
complete hydrolysis of'tnany glucuronides and low results may be obtained.
It is advisable whenever possible to confirm that the conditions of hydroly-
sis are adequate by control experiments with the pure glucuronide. Failing
this it should be ascertained that no further glucuronic acid can be liberated
by applying more drastic conditions for the hydrolysis.

2. Direct Estimation of Phenols

The most useful colorimetric method for the estimation of phenols is, in
our experience, that based on the Folin and Denis method (45) using the re-
agent of Folin and Ciocalteu (44). It is very sensitive and widely appli-
cable provided nonphenoiic reducing substances are absent. (The Gibbs
method (48,68) using 2,6-dibromoquinone chloroimide can also be used for
many phenols but is more troublesome to apply.) A deep blue color is not
given with the Folin and Ciocalteu reagent by all phenols, notable excep-
tions being nitrophenols. Other phenols, e. g., p-hydroxybenzoic acid, give
relatively feeble colors. It is thus important that the standard for com-
parison should be made up from the same phenol as that being estimated.
Where phenols cannot be estimated by the Folin and Ciocalteu method, a
procedure based on coupling of the phenol with diazotized p-nitraniline (86)
can often be used. Again it should be emphasized that the colors given by
this reagent with different phenols differ greatly and, therefore, the stand-
ard for comparison must be appropriate. Furthermore, it should be re-
meml)ered that bases as well as phenols can couple with diazotized amines
and may have to be removed or allowed for after separate estimation.

Methods which are applicable to relatively few phenols, include the
bromine method (82) for phenol, the indophenol method (77) for p-amino-
phenol, the phlorpglucinol method (68) for quinol, and the cobalt method for
catechols (2).

3. Estimation of Ethereal Sulfate

The methods for estimation of ethereal sulfate are based upon hydrolysis
of the ester and precipitation of the resultant inorganic sulfate either as
barium or benzidine sulfate. Many modifications of these methods are
described in the literature. Other methods, e. g., the rhodizonic acid (73)
method, are usually unsuitable owing to interference by urinary constit-
uents. In all methods it is necessary to distinguish between inoi*anic and
ethereal sulfate, the usual procedure being to estimate inorganic sulfate
before and after hydrolysis, it being assumed that the difference is all due
to ethereal sulfate.

Precipitated barium sulfate may be estimated either gravimetrically or



turbidimetiically. The pioneer method for the gravimetric estimation of sul-
fate in urine is that of Folin (43), a method the reliability of which remains
unchallenged to the present day. The gravimetric method is the most ac-
curate method available for ethereal sulfate estimations but in using it with
urine, i. e., in the presence of inorganic sulfate, it becomes unreliable if the
I'oncentration of ethereal sulfate is less than about 2 mg. (SOs) per 100 milli-
liters. The small amount of sulfate in blood makes it difHcult to estimate
unless large samples of blood are used. To obviate this Denis (34) and
Denis and Reed (35) developed a method in which the barium sulfate was
suspended in the blood filtrate and measured nephelometrically. This led
to the development of turbidimetric methods and Sperber (83) avoided the
disadvantage of the “difference” method for urine by first removing the in-
organic sulfate and then estimating the ethereal sulfate turbidimetrically
after hydrolysis of the filtrate. Turbidimetric methods have the advan-
tage that they can be carried out much more rapidly than gravimetric
methods, and are thus laore convenient when a large number of samples
have to be analyzed in a limited time.

Benzidine methods make use of the very low soluliility of benzidine sul-
fate which can be isolated and titrated as an acid as in the method of Ros*
enheim and Drummond (79), or determined by means of a color reaction
such as that with hydfc”en peroxide and ferric chloride (91), or sodium /S
naphthoquinone-4-sulfonate(59), orbydiazotizationandcoupling(33,55,72).
The colorimetric methods are claimed to be very sensitive. The ben-
zidine method provides a rapid method for estimating ethereal sulfate
but since, like the Folin (43) method, it isa “difference” method it becomes
less reliable as the inorganic;ethereal sulfate ratio increases. The precip-
itation of benzidine sulfate by the original method, especially from hydro-
lyzed urines, may occasionally be capricious, even to the extent that less
benzidine sulfate is precipitated from hydrolyzed urine than from unhydro-
tvzed urine. This difficulty can be largely overcome by preliminary re-
moval of phosphates and precipitation under conditions recommended by
Fiske (42). Under experimental conditions dietary control may serve to
onsure that the excretion of phosphate is so low as not to interfere with
precipitation of benzidine sulfate (e. g.. Maw (63)).

4, Estimation of Glucurooic Acid

Most of the methods in use for the estimation of glucuronides are based
on the reaction of hexuronic acids with naphthoresorcinol to form a colored
complex (Tollens reaction). Several procedures have been described, e. g.,
Maughan, Evelyn, and Bro\vne (62), Hanson, Mills, and Williams (50),
and Fishman, Smith, Thompson, Bonner, lvasdon, and Homberger (41).



The authors (15) have modified the method of Haiisoii, Mills, and Williams
so as to avoid separation of the colored complex in a'separate phase. This
is more convenient when a large number of samples have to be handled.

Analysis by a naphthoresorcinol method gives the total hexuronic acids.
Glucuronic acid is the most common hexuronic acid found in nature and
appearb to be the only one found in animal material. Thus, results ob-
tained from urines by the naphthoresorcinol method may be reasonably
assumed to refer to glucuronic acid. It is desirable, however, to confirm
the identity of the acid, using paper chromatography (66), or by the isola-
tion and preparation of a derivative, e. g., ljevvy (60).

Glucuronic acid derivatives other than phenylglucuronides may be pres-
ent in urine, the chief of these being ester glucuronides (conjugates of car-
boxylic acids). When both types of conjugate are present it may be neces-
sary to differentiate between the two. This can often be done by deter-
mining reducing values. Ester glucuronides reduce alkaline cupric re-
agents directly, while ether glucuronides, being true glycosides, must first be
hydrolyzed before cupric reagents can be reduced (70). Thus, by deter-
mining the reducing power of the material in question before and after hy-
drolysis, an estimate of the relative amounts of glucuronic acid combined
with carboxylic acids and with phenols (or alcohols) may be obtained pro-
vided that the glucuronide can be completely hydrolyzed without loss of
glucuronic acid (see Section 1V3,B(2)). This procedure is not applicable
without correction factors when other glycosides are present or when non-
carbohydrate reducing material is liberated on hydrolysis. Glucuronides
can also be formed from aliphatic alcohols. Ether glucuronides of this
type cannot be distinguished from phenylglucuronides by copper reduction
methods. The formation of diglucuronides is possible although only one
has been identified (see Bray (12)). These could be of several types; for
example, the diglucuronide of a phenol could theoretically be formed by
attachment to two phenolic hydroxyl groups, one phenolic and one car-
box3ic group, or one alcoholic and one phenolic group. The formation of
such dighicuronides would obviously complicate the interpretation of glu-
curonic acid estimation. The naphthoresorcinol and reducing methods
may be applied directly to urine without further purification. In special
cases other methods may be used. Although most phenylglucuronid”
cannot be extracted from aqueous solutions by ether, some are soluble in
ether, e. g., the six xylylglucuronides (Bray, Humphris, and Thorpe (14)),
Such glucuronides may be extracted from urine by means of ether and de-
termined in the extract: (a) by a naphthoresorcinol method; (6) by titra®
tion—if no other abnormal ether-soluble acids are present (or if these can
be estimated independently); or (c) after hydrolysis, by estimation of
reducing power.



5. Normal Excretion of Phenolic Compounds

If the excretion of phenols after the administration of drugs or foreign
(compounds is being studied quantitatively, it is essential to determine the
normal excretion of phenolic metabolites since the excretion of the metabo-
lites of the administered compound will be superimposed upon these.
The normal "base-line * excretion is usually reasonably steady provided
that the animal is kept on a constant diet for a considerable period before
dosage, and maintained on this diet until the excretion of phenols has re-
turned to the base-line value. Ideally, determinations should be made for
several days before and after dosage (e. g., see Maw (63)), but, with animals
whose excretion characteristics have been determined in previous experi-
ments, the predose period may often be reduced to two days. The period
required after dosage depends upon the rate of excretion of the metabolites
of the substance administered. Many substances are completely excreted
in 24 hours but some may be slosvly excreted over three or four days.

There may be considerable variation in the excretion of normal metabo-
lites even in animals of the same species and strain, and reliable results for
administered compounds ctui only be obtained if normal excretions are de-
termined for each individual animal used. Table Il gives some typical

TABLE 11

Typical Values for Normal Excretion
of Phenolic Metabolites in 24 Hours by Rabbits on Diet No. 18

StftDdkrd used Av. individual
tod results expressed variation
Value determined as iq(. of Range (3b%) Ref.
Phenol
p-Creaol 6-24 20 27
40-87 15
Xylenol 12-18 18 It
' 90-99 7
?>-Methoxyphenol 1'35-173 15 iJ
Conjugated.......cccoevveene. 31-83 14
Phenol
Free e p-Hydroxyphenyl 224-279 7 19
phenyl ether
Conjugated............c...... 116-196 24
Ethereal sulfate................ SOi 28-55 9 19
Glucuronic acid
(naphthoresorcinol
method).....ccocvvvienennne Glucuronic acid 130-301 8 19
Reducing value..... * “ 175-210 10 13
After hydrolysis * “ 305-480 10 13




values for the normal excretion of phenolic metabolites by rabbits; these
values were obtained in the authors' laboratory on animals which had be-
come accustomed to the standard laboratory diet (Diet No. 18 of Bruce
and Parkes (30)). The extent of the variation in individual animals is
expressed as the average percentage by which individual daily values dif-
fered from the corresponding weekly averages. It will be appreciated that
the amount excreted corresponding to this percentage is very small in com-
parison with the amount of the increased excretion resulting from the ad-
ministration of a dose of a foreign compound of the magnitude usually
given. The values for phenols given in Table Il show clearly the impor-
[*nce of the selection of an appropriate standard for the determination.
Tables giving values for normal and pathological human urines are given
by Volterra(90).

IV. METHODS

1.Phenols

>. USING FOLIN AND CIOCALTBU REAGENT

Phenols can be estimated directly on urine if interfering reducing sub-
stances such as uric acid are first removed (44, 45). The authors find if.
more convenient to separate the phenols by ether extraction or by steam
distillation and then to apply the Folin-Ciocalteu reagent (27).

Reagents.

Foliri-CiocaUeu Reagent. A mixture of 100 g. of sodium tungstate (NajWwO*.-
2HiO), 25¢. of sodium molybdate (NaiMo04.2H*0), 700 ml, of water, 50 ml. of 85%
phosphoric acid, and 100 ml. of concentrated hydrochloric acid is boiled under re-

I flux for 10 hours. Then 1504. of lithium sulfate, 50 ml. of water, and a few drops of

bromine are added. The mixture is boiled for 15 minutes without a condenser to
mnH B excess of bromine, cooled, diluted to 1 liter, and filtered. The reagent
should have no greenish tint, and should be kept in a stoppered bottle. Before
temovint? the sto[)per it should be carefully cleaned since organic material in dust is
INiable to cause reduction of the reagent.

Sodium Carbmale Solulion. 20% w/v, NajCOi in water.

Phenol Standard. A solution of the selected phenol (50 mg./IOO ml.) is appro-
priately diluted before use, e. g.. for p-cresol so as to give 2 mg./IOO ml.

Procedure.

(/) Free Phenol. Urine (20 ml.), at pH 7.8-S.0, is continuously extracted with
ether for 6 hours. After the addition of 10 ml. of water, the extract is carefully
heated (particular care is necessary with steam-volatile phenols) to remove the
ether and the aqueous residue is diluted to 25 ml. A suitable portion of this, de-



pending on the phenol content, is transferred to a boiling lube and made up to H
ml. Folin-Ciocalteu reagent (1 ml.) and sodium carbonate solution (2 ml.) an
added. The tube is heated in the boiling water bath for 1 minute and is thei
cooled in water. The blue solution is diluted to 25 ml. and compared with *
standard prepared by using 1 ml. of standard solution in place of the portion o
urine extract. If a photoelectric absorptiomcter is used, a Chance OR2 orang<
filter is suitable.

(S) Total Phenol. The above estimation is repeated with urine which has beei
hydrolyzed by being boiled under reflux for 1 hour with an equal volume of 10 A
sulfuric acid and then adjusted to pH 7.8-8.0.

The method described is suitable for the estimation of nonacidic phenols. Foi
phenolic acids which give a suitable reaction with the reagent the pH of the urini
would have to be adjusted, e.g., by the addition of 2 ml. of 2 N sulfuric acid be
fore ether extraction.

B. USING p-NITROANILINE

This method (16) is suitable for some phenols which give only a feebh
color with the Folin-Ciocalteu reagQnt, e. g., p-hydroxybenzoic acid. Th(
procedure for the estimation of this acid in the unconjugated state will bx
described.

Reagents.

p-Nitroaniline. 3 g./l. in0.8 N hj'drochloric acid.

Sodium Nitrite. 5% w/v in water.

Ethanol. 96%.

Sodium Carbonate. 5% NajCOj (w/v) in water.

Diazoiized p-Niiroaniline. 25 ml. of p-nitroanilino and 1.5 ml. of sodium nitrit<
mixed immediately before use.

Procedure. Urine (20 ml.) acidified with 2 N sulfuric acid (2 ml.) is con
tinuously extracted with ether. The extract, after removal of the ether, v
neutralized with 0.02 N sodium hydroxide using phenol red as the indicator and |
diluted so that concentration of p-hydroxybenzoic acid is between 0.2 and 2 mg./IW
ml.  This solution (5 ml.) is mixed with ethanol (5 ml.) and diazotized p-nitro
aniline (L ml.). After 2 minutes sodium carbonate (3 ml.) isadded and the solutioi
is made up to 25 ml. with water. The absorption is measured immediately on i
photoelectric absorptiometor using a Chance OBI blue filter. The calibratioi
curve ia constructed using solutions containing O.0lI to 0.10 mg. of p-hydroxy
benzoic acid in 5 ml.

For estimation to include conjugated acid, urine must be hydrolyzed as de
scribed under method A(2).



2. Ethereal Sulfate

A. folin's gravimetric method (43)

Reagents.

Barium Cfdoride. 5% w/v in water.
Diluie Hydrochloric Acid. Concentrated hydrochloric acid diluted with 3 vol-
umes of watei’.

Procedure.

Inorganic Sulfate. Urine (26 ml.), filtered if necessary, dilute hydrochloric acid
(10 ml.), and water (100 ml.) are mixed in a conical beaker and barium chloride (10
ml.) is added slowly drop by drop from a special dropper which delivers 10 ml. in
approximately five minutes. The mixture must not be stirred during the addition
and is left undisturbed for 1 hour afterward. The precipitate is then collected by
filtration through a prepared Gooch crucible having an asbestos pad and is washed
well with water (200 ml.). The crucible is dried at 100® and placed inside a silica
crucible to which the flame of a Meker burner is applied at first gently but finally
with full force for 1 hour or until constant weight is attained.

Total Sunale. Urine (25 ml.) is treated with dilute hydrochloric acid (20 mi.)
in a conical beaker, covered with a clock glass, and boiled gently for 30 minutes.
After the solution has cooled, water (100 ml.) is added and barium sulfate is pre-
cipitated and weighed as described above.

B. TURBIDIMETRIC METHOD

The authors (15) have found that the following methods are reliable and
convenient when a rapid method for a large number of samples is required.
The barium sulfate susi>ension is not stabilized with gelatin and absorption
readings should be taken within ten minutes.

Reagents.

Hydrochloric Acid. About 7.1 N.

Sodium Hydroxide-Potassium Sul/ale Solution. Sodium hydroxide (2.5 N) con-
taining 0.12S g./I. of potassium sulfate. The sulfate is added to ensure that the
calibration curve for absorption is linear over the required range.

Barium Chloride. Analar grade powdered BaClj.2H?20.

Potassium Sulfale. Analar grade K&S04, 0.44 g./1.

Procedure.

(") Inorganic and Total Sulfale. To achieve uniformity of conditions both'
estimations are carried out simultaneously. Urine is diluted if necessary so as to
contain 0.1 to 1.0 mg. of SOj. For inorganic sulfate, sodium hydroxide-i>otassium



sulfate solution (5 ml.) and hydrochloric acid (2 ml.) are mixed in a 16 x 150 nim.
test tube and cooled. Urine (5 ml.) isthen added. For total sulfate, urine (5 ml.)
is heated with hydrochloric acid (2 ml.) in a 16 x 150 mm. test tube for 1 hour in a
bolting water bath, using a "*cold iingei” condenser in the top of the tube. Tube
and contents are cooled and sodium hydroxide-potassium sulfate solution (5 ml.) is
added. The tubes for both inorganic and total sulfate are prepared in duplicate,
one of each being required for blanks. To one of each, powdered barium chloride
(200 mg.) is added and the tubes are vigorously shaken for 30 seconds. The
absorption values are then determined between 7 and 10 minutes after mixing using
a photoelectric absorptioineter with a Chance neutral filter H 508. (The barium
sulfate suspension is stable for up to 20 minutes.) The calibration curve made by
using appropriate dilutions of potassium sulfate solution is linear from 0to 1mg. of
SO) per tube.

This method is reliable if the ratio of iao”™anic -.ethereal sulfate does not exceed 5.
Sulfite does not interfere with the determination. If the inorganic :ethereal sulfate
ratio exceeds 5, inoi™anic sulfate can be determined by this method and ethereal
sulfate as described below.

{B) Ethereal Sulfate When Only SmaU AmounU Are Present (cf. Sperber, 83).

Reagents.

Bariurti Chlondi-Hydrochloric AcW. 1% BaClj.2H” w/v in 0.2 N hy<Irochloric
acid.

Sodium Carbonate. 10% w/v in water.

Procedure. Unfiltered urine is diluted five times. Diluted urine (20 ml.)
is mixed with barium chloride-hydrochloric acid (3 ml.). After the addition
of 2 ml. of sodium carbonate the solution is well mixed and filtered through What*
roan No. 1 paper (or centrifuged) until clear. (This usually requires only one pas-
sage through the paper.) PorUons (5 ml.) of the filtrate (or supernatant) are
hydrolyzed with 7.1 N hydrochloric acid (2 ml.) as described in method B(l), and
from then the same procedure is followed. There appears to be a constant loss of
about 0.01 mg. of 80} per sample, probably due to absorption on the precipitate of
barium salts.

3. Glucuronic Acid

,A. NAPHTHOREBORCINOL METHOD (15)

In most of the naphthoresorcinol methods (41,50,62) the colored com>
plex formed by boiling the reagent with glucuronic acid is extracted with an
organic solvent and the color intensity of that phase is measured. If n-
butanol is used in place of the amyl alcohol used by Hanson, Mills, and
Williams (50), a monophasic system is obtained which obviates the separa-
tion of the two pha”s.



Reagents.

Naphlhoresorcinol Solution. 0.375% w/v in water; it is “aged” by being kept
Jit 0* for 1 week before use. The "aged” solution can be kept for another week.

Hydrochloric Add. Concentrated technical grade. If pure hydrochloric acid is
used the blue color may not develop.

n-BxUctnol.

V-Gliicurone. A solution (0.1 n~./m1.) in water is stable for one week if kept at
0“.

Procedure. Urine is diluted so as to contain not more than 0.04 mg./ml. of
glucuronic acid. Diluted urine (2 ml.), hydrochloric acid (4 ml.)> and naphtho-
resorcinol (2 m1) in a test tube (13 x 150 mm.) are heated in boiling water for 2
hours. Evaporation is reduced by a "cold finger” condenser placed in the top of
the tube. The tube and contents are then cooled in cold water. n'Butaool (5m].)
is added, the tube is corked, and is shaken well and left to stand for 3 minutes for
air hubbies to disperee. The absorption value is then read within 5 minutes in a
photoelectric absorptiometer using an Ilford Spectrum Orange 607 filter. The
calibration curve can be constructed using 0.2 to 2 ml. of glucurone solution made
up to 2 ml. with water.

s. COPPER REDUCTION METHOD

Of the numerous copper reduction methods for the estimation of sugar in
urine that of Shaffer and Hartmann (81) is particularly satisfactory when
adapted for the estimation of glucuronic acid (22,23). The method cannot
be satisfactorily used if sugar is present and must be used with caution for
ether glucuronides (see end of section).

Reagents.

Alkaline Copper lodide Reagent. In 600 ml. of warm water are dissolved 81 g. of
potasaum citrate (KiCuH&O/.HtO), 70 g. of potassium bicarbonate, and 92 g. of
fx>tas8ium oxalate (KjCjO™.HjO), A solution of 25 g. of copper sulfate (CuSO<.-
5HtO) is run into the bottom of the main solution with constant stirring. To the
mixture a solution of 3.57 g. of potassium iodate and 50 g. of potassium iodide in 200
ml. of water is added. The whole is cooled and made up to 1 liter.

SuifuTXC Acid. Approximately 5 iV (140 ml. of concentrated sulfuric acid
diluted to 1 liter).

Sodium Thio*u™ate. 0.1 N.

Starch Indicator. Soluble starch (1 g.) is dissolved in water and made up to 100
ml.

Procedure.

(i) Ester Glueuroride, Urine (10 ml.) and reagent (10 ml.) in a boiling tube are
heated in a boiling water bath for 15 minutes. The mixture is then cooled and
.icidified with 5  sulfuricacid (5ml.), and the iodine liberated istitrated with 0.1 N
sodium thiosulfate. A blank determination using 10 ml. of water in place of urine



is carried out simultaneously' "I'he difference between the blank and urine titra-
tions represents the Klucuronic acid, which should correspond to 3.154 mg. for each
milliliter of socliiim thiosulfate. It is, however, advisable to calibrate the reagent
with pure glucuronic acid or a pure ester glucuronide, e. g., veratroyl glucuronide.

(S)  Total Ghicuronide. Urine is hydrolyzed by adding one-tenth volume of
concentrated hydrochloric acid and heating in a boiling water bath for 90 minutes.
The mixture is then cooled, neutralized with solid sodium carbonate, and made
up to known volume, and the glucuronic acid is estimated as in (1). The difference
between the values obtained in (2) and (1) gives the ether glucuronide.

It »Badvisable to confirm that the hydrolysis conditions are sufficient to give
maximal reducing values. The use of an unnecessarily high concentration of acid
should be avoided since glucuronic acid is liable to be decomposed. If the glucuro-
nides are very resistant to hydrolysis it may not be possible to achieve complete
hydrolysis without loss of glucuronic acid. In such cases total glucuronide would
have to be determined by the naphthoresorcinol method.
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