Biochemical Pharmacology, Vol. 17, pp. 187-194. Pergamon Press. 1968. Printed in Great Britain

SEPARATION AND IDENTIFICATION OF
URINARY METABOLITES OF
MC-p-rz-BUTOXYPHENYLACETHYDROXAMIC
ACID IN MAN*
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Abstract—The metabolic fate of 14C-p-n-butoxyphenylacethydroxamic acid {Droxaryl)@
is studied in Man after oral and rectal administration of the drug. The fractionation of
the urinary metabolites was undertaken by ion-exchange chromatography on DEAE-
Sephadex A-25 columns (0-01 M Tris-Cl buffer, pH 7-2, elution with a linear gradient of
NaCl). The identification of the degradation compounds shows that the main metabolic
Toutes seem to be the conjugation with glucuronic acid (about 70 %) and with sulfaric
acid {about 5-10%). Hybrid compounds cannot be excluded. Important degradation
reactions occur also in the functional group of Droxaryl. The main difference in the
metabolic behaviour of Droxaryl after oral or rectal administration in Man is the
higher amount of unchanged drug in the urine of rectally treated patients.

EARLIER studies on the metabolic behaviour of p-rn-butoxyphenylacethydroxamic acid
(code name: CP 1044 J3 or DROXARYL®}) carried out in animals orally treated
by the 14C.labelled compound, have shown that many metabolites can be expected
in urine.l

These assays were undertaken by thin layer chromatography (TLC). Unfortunately
this technique does not allow a good isolation and a good quantitation of these deriva-
tives in the total urine and consequently other methods of separation have to be used.

Drugs containing aromatic rings in their molecule are very often metabolically
converted into their hydroxylated derivatives; these appear in urine essentially as
glucuronic and sulfuric acid water soluble esters. This may be expected in the case of
Droxaryl and implies thus the choice of specific methods.

According to Weisburger® and Grantham® a good resolution of the urinary metabol-
ites of some drugs could be obtained by ion-exchange chromatographic procedures.
Grantham?® reviewing this problem recently suggests a new chromatographic system
which involves DEAE-cellulose as exchanger and formic acid-ammonjum formate as
buffer and gradient at pH 3-5. This system has the following main advantages:
(1) generally irreversible adsorptions do not take place, (2) water-insoluble derivatives
are practically not fixed on the exchanger, (3) buffer components can be easily removed
by sublimation. We adopted similar methods for the study of the metabollc fate of
DroxaryI in urine of Man.

* Part of a communication presented at the 4th Meeting of the F.E.B.S. Oslo, 3—-7 July (1967).
t Institut du Radium, Paris, France.
1 DROXARYL®: Continental Pharma, s.a. Brussels, Belgium,
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In this paper we shall discuss the separation and the identification of the major
classes of Droxaryl metabolites in Man. We will distinguish: unconjugated or free
metabolites and conjugated forms, that is to say, glucuronate and sulphate esters.

EXPERIMENTAL

Biological sampling is undertaken as follows?: specimens of urine for chromato-
graphic purposes were available from a male patient, 69-yr-old, with normal hepatic
and renal functions who received a single 750 mg dose of Droxaryl in capsules and a
week later the same dose in suppositoria. In both cases, each micturition was collected
and the urine pooled for a 48-hr-excretion period. Samples were kept in a freezer.
Chromatographic methods used are summarized in Table 1.

DEAE-Sephadex A-25 is prepared as advised by Pharmacia (Sweden). The
exchanger is suspended in the chosen buffer at its starting concentration and then
washed until the resistivity value of the washing is close to that of distilled water. The
glass column (2'5 x 45cm) is filled by a continuous flow of the gel. This flow is
stopped when the cake reaches a height of about 27 cm. A sample applicator is used to
load the column with the buffered urine, this device remains at the top of the column
until the end of the elution. The columns are developed by a sodium chloride or an
ammonium formate linear gradient at pH 7'2 or 3-6 respectively. These gradients are
obtained in a nine-chamber Varigrad (Buchler Instruments, New York), using only
4 of these chambers. The schedules are 0-01, 0-01, 05, 0-3, or 0:05, 0:05, 05, 0-5
M.1-1 of NaCl or Ammonium formate respectively. 400 Ml of the chosen buffer are
poured in each chamber. A predevelopment with 200 ml of distilled water is adopted
in every case. The elution flow-rates indicated in Table 1 are kept constant by means
of a micropump (Buchler Instruments, New York). 10 ml fractions are collected.

Radioassays are performed on 0-2 mi aliquots of each fraction. These aliquots are
poured into 10 ml of counting medium containing 100 g of naphtalene, 7 g P.P.O.,
0-3 g P.O.P.O.P. for 1 | of 1,4-dioxane. The same mixture is used for every other kind
of sample counted. Quenching corrections are made by the external standardization
system included in the Packard Tri-Carb liquid Spectrometer, model 3375, which is
used for the counting.

In order to separate the main classes of the above mentioned metabolites, the
aqueous phase, corresponding to each peak, determined by MC, is submitted to the
following procedure {Fig. 1): free metabolites are obtained by ether extraction (2 vol.,
5 times) at pH 6. Glucuronates are split by the g-glucuronidase action and the cor-
responding radioactive material is extracted by ether as above. Sulphates are hydro-
lyzed by HCI and the liberated free compounds are extracted in the same way. We
observe that the split material is less water-soluble than the corresponding conjugated
form and becomes easily ether-extractable at pH 6. The determination of the hydrox-
amic function present in the native drug is performed by the colorimetric method
described by Bergmann and Segal.’ The determination of the glucuronic acid is
undertaken using the Tollens reaction.® The determination of sulphate ions is carried
out with the Merck’s “Thorine” reagent.

Assays for glucuronic and sulfuric acid are performed on aliquots of the aqueous
phase after HCl-hydrolysis.
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Aqueous Phase buflered at pH 6

P~ Ether Extraction FREE METABOLITES
Hydrolysis with §-glucuronidase Ether Extraction _ | GLUCURONATES
{pH 6, 4000 Fishman units/ml 377, 48 hr) atpH 6 ESTERS
Hydrolysis with HCI Ether Extraction___ | suLpHATES
{02 N refluxing for 20 min) atpH 6 ESTERS

Remaining Aqueous phasc

Fi6. 1. Procedure used for the separation of the main classes of metabolites in the chromatographic
fractions.

RESULTS AND DISCUSSION

The elution curves are reported in a semilogarthmic system. The dotted line shows
the evolution of the gradient. The elution curve at pH 7 for human urine after oral
administration of Droxaryl is shown in Fig. 2.
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Fic. 2. Chromatographic pattern at pH 7-2 of human urine after oral administration of Droxaryl.

Five fractions are distinctly resolved. It must also be noted that these fractions are
roughly distributed in 3 zones. The first zone includes metabolites which are eluted at
very low NaCl concentrations. The second one contains metabolites eluted between
about 0-15 and 0-30 M. 1 of NaCl. In the last zone metabolites leave the column
between 0-32 and 0-45 M. 1-1 of NaCl. The amount of urinary-14C is indicated above
each peak.

After rectal administration of the drug the chromatographic pattern (Fig. 3) is
almost the same as that reported for capsules.

Comparing the results obtained after the two routes of administration, one may
note that fraction II is definitely higher in the case of rectal administration, the other
fractions being lower or almost equal,
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F16. 3. Chromatographic pattern at pH 7:2 of human urine after rectal administration of Droxyaryl

The comparison of the amounts found in each peack is shown in the first column of
Table 2.

The unchanged hydroxamic function is determined in all the fractions and the
results are reported as percent of the total radioactivity in the second column of
Table 2. Significant amounts are found only in the first three fractions in both cases

TaBrLe 2. HUMAN URINE. IDENTIFICATION OF THE MAIN CLASSES OF METABOLITES ON
THE ELUTION CURVES

Repartition of *Percentage of tEstimation of {Estimation of
urinacy-14C unchanged Droxaryl Glucuronic acid S04
Peak
capsules suppositoria capsules suppositoria capsules suppositoria capsules suppositoria

I 1- o 02 04 C+ + — —

1I 1-6 32 0-4 27 4= + — —

I 89-7 881 12 17 ++++ ++4++ “++ ++

v 32 43 0 0 ++ +-+ ++++ ++4+

v 1-5 0-8 0 0 — — — +
Total 974 97-3 18 4-8 — — — —

* Results obtained by the Bergman and Segal’s colorimetric method converted into U“C-unchanged-
Droxaryl.

1 Glucuronic acid determined by the Tollens reaction after HCl-hydrolysis.
{ Sulphate ions determined by the “Thorine™ reagent (Merck, Darmstadt),

and it clearly appears that the rate of unchanged hydroxamic acid excreted is fairly
higher after rectal administration. Columns 3 and 4 of the Table 2 show the location
of glucuronic and sulfuric acids on the elution curve. On the basis of these results it
seems reasonable to think that glucuronic esters are essentially located in the third
fraction while sulphate esters in the fourth.

Further evidence for this interpretation is given by the elution pattern of human
urine at pH 3-6 (Figs. 4 and 5). In these condition sulphates (peaks 4 and 3) have to
emerge earlier from the column. Indeed, at this pH the ionization of these compounds
must be less important,

Fig. 4 shows the elution curve of human urine after oral administration of Droxaryl
using formic acid-ammonium formate buffer at pH 3-6. As expected the above-
mentioned peaks 4 and 5 are now shifted to the left. The same thing occurs in the
case of urine collected after rectal administration (Fig. 5).
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Another way of understanding this shift is that there is hydroxyl hydrogen binding
or some such chelating process which would render the molecules eluted with peaks
4 and 5 more neutral at low pH. Perhaps these two phenomena {decrease in ionization
and chelating process) are involved simultaneously.
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FiG. 4. Chromatographic pattern at pH 3-6 of human urine after oral administration of Droxaryl.
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Fig. 5. Chromatographic pattern at pH 3-6 of human urine after rectal administration of Droxaryl.

Using the technique described in Fig. 2, the amount of unconjugated and conjugated
compounds is determined in each fraction resolved after DEAE-Sephadex chromato-
graphy at pH 7. Results are reported in Table 3.

TabBLE 3. HUMAN URINE. DETERMINATION OF THE MAIN CLASSES OF METABOLITES IN
EACH H¥C-FRACTION AFTER DEAE-SEPHADEX SEPARATION

Unconjugated
Class (free compounds) %

Glucuronates
(]

Sulphates

o

Total

Peak  capsules suppositoria capsules suppositoria capsules suppositoria capsules suppositoria
I 02 02 1-1 0-7 01 0 14 0-9
I 05 2-4 0-6 0-3 03 0-1 14 2-8
111 2:4 27 64-2 68-2 7-6 33 74-2 742
IV 01 02 05 16 07 1-2 1-7 30
\4 Q-1 01 02 0 1-0 04 1-3 0-5
Total 33 56 67-0 70-8 9-7 5-0 —_ —

In the first column one can see the amount of free compounds. After administration
by oral or rectal route about the same percentage is found in each peak except for the
second fraction where the figures are clearly higher in the case of suppositoria. This
agrees with the mentioned results for the rate of unchanged drug (Table 2). It appeared
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thus that in the second peak, at least in the case of suppositoria, the radioactivity is
practically due to the native compound only. The amounts of glucuronate esters are
reported in the second column. It appears immediately that the third fractions present
the highest percentage of these kind of esters. Nevertheless, a significant amount of
sulphates is also detected in these peaks as one can see in the third column of the table.
This fact leads us to suppose that hybrid metabolites are involved in the metabolic
fate of Droxaryl. One can also observe that the occurrence of this kind of metabolites
seems to be less important in the case of suppositoria.

The low percentage of the hydroxyamic function recovered in the third peak and
the fact that this function does not appear even after enzymatic or acid-hydrolysis
lead us to suppose that the hydroxamic group is largely degradated in vivo. Anyway,
it seems probable that many different metabolites having various functions and
conjugated with the glucuronic acid can be expected. The poor chromatographic
separation of these kind of compounds on DEAE-Sephadex may be due to the small
differences in the value of their pK. No significant differences can be noted between
capsules and suppositoria in the sulphate contents of the fourth fraction. The nature
of the compounds located in the first and the fifth peak is still unknown.

CONCLUSIONS
The idea we have up to now about the metabolism of Droxaryl, is summarized in
Fig. 6.

DEALKYLATION 7

HYDROLYSIS

HYDROXYLATION

ortho- or meta- o-glucuronides
or
ortho- or meta- o-sulphates

FiG. 6. Proposed main metabolic pathways of p-n-butoxyphenylacethydroxamic acid.

In Man, the main metabolic routes seem to be the conjugation with glucuronic
{about 70 %) and sulfuric acid (about 5-10%,). Hybrid compounds cannot be excluded.
Finally, compounds containing the native hydroxamic function account for 3-5 per
cent only in urine. This means that important degradation reactions occur in the
functional group leading perhaps to the formation of the corresponding amide and
carboxylic acid,

B.P—N
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If we compare the metabolic fate of Droxaryl after oral or rectal administration in
Man, the main difference is obviously the higher amount of unchanged drug in the
urine of rectally treated patients.
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