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SUNMINARY

A liquid-liquid partition method i1s described for the separation” of phenolic
O-glucureonides from the corresponding phenolic sulphate esters and of the different
compounds within the two classes of conjugates. The method. which involves a
countercurrent technique with continuous flow of the solvents. i1s suitable for the
isolation of these metabolic conjugates from biological fluids (bile and urine).

INTRODUCTION

One of the steps mnvolved in the metabolic transformation of many foreign
compounds and endogenous substances in mammals is their conjugation with glu-
curonic acid (UDPGA) and/or sulphuric acid (PAPS). Interest in these conjugates
because of their metabolic and physiological significance. together with the dith-
culties encountered in their chemical svnthesis. has sumulated atiempts to set-up .
preparative methods suitable for their isolation from biological fluids!~". For this
purpose. we have studied the application of the liquid-liquid partition (counter-
current distribution) to the separation of phenolic O-glucuronides and phenolic
sulphate esters.

The advantages of this method compared with other available methods are
its selectivity. the chemical “inertia™ and its effectiveness for preparative purposes.

EXPERINENTAL

Marerials

6-Bromo-2-naphthyl-p-glucuronide (acid form) was obtained from Sigma
(St. Lows. Mo.. US.A)). and p-nitrophenyi-p-glucuronide (acid form). p-nitrophe-
nyl sulphate (potassium salt) and 6-bromo-2-naphthyl sulphate (sodium salt) were
purchased from Serva (Heidelberg. G.F.R.).

The solvents used were analvtical-grade reagents and all were distilled before
use. In particular. n-butanol was pre-treated with neutral alumina so as to eliminate
UV-absorbing impurities.

Appararuy
Instead of the conventional Craig machine. the countercurrent apparatus
developed by Hietala® was used. The apparatus including the glassware wuas manufac-
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tured by Kurpinnen Oy (Helsinki. Finland) and the mechanical parts by the Labora-
torv of Technology. Lepetit (Milan, Italy). The apparatus is a continuous flow coun-
tercurrent system with one stationary and one moving phase (upper or lower). The
phase ratio z=r_/r_(r, and r, are the volumes of the moving and stationary phases.
respectively) is chosen before each fractionation and can be decreased to 0.2-0.3,
depending on the solvent svstem employved.

The apparatus consists of 130 glass units (unit volume==13.5 ml) connected in
series of ten with PTFE tubing. Shaking is accomplished by the rotation of the
distribution train axle by +43°. A DLC peristaltic pump for organic solvents (E.A.
Hughes. Epsom. Greut Britain) and an LKB (Stockholm. Sweden) Model 7000
Ultrorac fraction collector are used as ancillary equipment.

Selection of the operating conditions

Because the separation is at a maximum in the Martin-Synge distribution?
when r /v =-0. the lowest phase ratio ought to be seclected in order to achieve a
high resolution. in our partition studies. the phase ratios were chosen between 0.42
and 0.28. A shaking frequency of 30 cvcles per minute. an amplitude of +£43 and
a tlow-rate of 1-2 mi/min were used in these experiments.

Fracrionarion

At the beginning of a fractionation. the conjugate mixture was dissolved in
the stationary phase and loaded into the first tubes (0. 1. 2 and 3) of the apparatus.
keeping the phase ratio the same as that to be used in the distribution train. Two
different methods were used for developing and analvsing the concentration pro-
files: in the first. the absorbuance of the upper or lower phase in the distribution
units was measured. while in the second. the effluent collected trom the apparatus
was analysed spectrophotometrically.

The calculations of the theoretical distribution curves and of the partition
coeflicients were made as reported by Ellifolk and Hynninen®. according to the theory
of Martin and Synge’.

A Uvichem Model H-1620 spectrophotometer wis used to measure single
absorbances. Before and after each fractionation experiment. the identities and
the purities of the separated compounds were controlled by measuring their UV
spectrit with a Beckman Model DB-GT instrument and their IR spectra with a
Perkin-Elmer 157 instrument. and evaluating their thin-laver chromatographic R
vitlues on Merck silica gel Fasj,.

Choice of the solvenr sysrems

Phenolic O-glucuronides and phenolic sulphate esters are generally polar
compounds. particularly the former because of the high hyvdrophilicity of the glu-
curonic acid molecule: moreover. the phenolic O-glucuronides are weak acids (pk,
of giucuronic acid=38). while the corresponding sulphates are strongly acidic.
As a result of these properties. the salts of phenolic O-glucuronides and phenolic
sulphate esters show. at neutral pH. low partition coetlicients between organic
and aqueous phases even with good solvents such as n-butanol and isoamyl alcohol.
A better partition of the phenolic O-glucuronides is possible under moderately acidic
conditions (pH 5.0-4.0). whereas lower pH values (3.0-2.0) are required in order to



V]

CCD OF PHENOLIC GLUCURONIDES AND SULPHATE ESTERS 2

extract the phenolic sulphates from the aqueous. phase. As both phenolic O-glu-
curonides and phenolic sulphate esters show a higher partition coefficient as free
acids. the separation of these conjugites is more easily performed after further
transformation from the salt from into the acidic form. In the case of the sulphate
esters. the sali-acid conversion is easily accomplished using a strongly cationic ex-
changer such as Amberlite IR-120 (H). For the glucuronides. which are often labile.
a rapid acid extraction is preferable.

These considerations. and the physico-chemical properties of the phenolic
O-glucuronides and phenolic sulphate esters in the single solvent syvstems adopted
(solubility. reactivity. surface phenomena. etc.). were taken into account when
choosing partition sysiems suitable for their fractionation. )

In addition to the required partition properties. the solvent svstems selecied
satisty other requirements: they are intentionally neutral and virtually inert so as
to avoid any possible degradation of the compounds to be fractionated. have a high
dissolving capacity as the semi-preparative purposes require. permit UV analvsis at
wavelengths above 260 nm and. finally, they can be easily modified as necessary for
a particular problem.

RESULTS

Taking into account the special difficulties that arise when working with bio-
logical material. and in order to evaluate all possible cases. the following types of
separations were studied.

(1) Separation of phenolic O-glucuronides (salts) from  the corresponding
phenolic sulphate esters (salts).

(2) Separation. of phenolic O-glucuronides (acids) from the corresponding
phenolic sulphate esters (acids).

(3) Fractionation of a mixture of phenolic sulphate esters (salts).

) Fractionation of a mixture of phenolic sulphate esters (acids).

(3) Fractionation of a mixture of O-glucuronides (ucids).

As reference compounds. the phenolic O-glucuronides and the phenolic sulphates
of p-nitrophenol and 6-bromo-2-naphthol were used.

Separation of phenolic O-glucuronides (saltsy from the corresponding phenolic sul-
phare esters (salrs) )

Phenolic O-glucuronides and phenolic sulphate esters are excreted in the urine
as salts. Therefore. it is often useful to separate the two classes of conjugates already
in this form. For this separation. of the solvent syvstems studied. one of the most
satisfactory was the following:

Sadium phosphate butter. 0.01.4. pH 6.8 1.0 (v/v)

#-Butanol 1.0 (v/v) e
n-Propanol 1.0 (v/v) System |
Ethyl acetate 3.0 (viv)

The use of a buflered system 1s necessary in order to avoid dissociation of
-the phenolic O-glucuronide salts. while n-propanol improves the separation between
the two phases.
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The result of the fractionation. utilising a 70-tube distribution train. is shown
in Fig. I. It can be seen that phenolic sulphate esters are easily eluted from the
apparatus with experimental partition coefficients K;=4.25 (}7,=0.38 1) and
K>=1.16 (}V,,=:0.83 I). I, elution volume of the moving phase: on the other hand
the corresponding phenolic O-glucuronides show partition coeflicients less than 1
(K;==0.527 and K;=0.081). so that their elution from the apparatus wiil require cal-
culated volumes of moving phase of 1.569 and 8.995 L. respectively.
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Fig. 1. Separaiton of a mixture of phenolic O-glucuronides and phenolic sulphate esters in the
sitlt form using solvent system 1. Ky = 6-bromo-2-naphtin sulphate: A2 = p-nitrophenyl sulphate:
Kx=6-bromo-2-naphthyl-g-p-zglucuronide: A ;= p-nitrophenyvl-g-p-glucuronide. A 23-mg amount
of each compound was dissolved in 20 ml of the staiionary phase and the mixture was loaded into
the first four tubzs of the distribution apparatus. The number of tubes used in the process was 70,
Yee =32 ml: v.=103 ml: z=1,, v.=031: =1 1: low-rate=1 ml min. Experimental curves
obtiained by measuring the absorbance, A, of the moving phase in the eluate ar 275 nm.and of
the stationary phase in the distribution train at 275 € - - )y and 300 ¢~ - ~ -) nm.

The partition profile of the phenolic sulphate esters deviates considerably
from the theoretical profile. This can probably be auributed to the surtaciant prop-
erties of these compounds, which result in emulsions that atfect the phase ratio
of the solvent syvstem.

Separation of phenolic O-glucuronides (acids) from the corresponding phenolic sul-
phare esrers (acids)
The phenolic sulphite esters in their acid form can be eusily separated from
the corresponding phenolic O-glucuronides by using the tollowing partition syvstem:
Water 2.5 (viv),
Formamide 2.5 (viv)
Diisopropyvl ether 3.7 (viv)

J Svstem I
Benzene . 1.0 (v/v)
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Fig. 2. Separation of phenolic sulphate esters from the corresponding phenolic O-glucuronides

in the acid form using solvent system 1K = 6-bromo-2-naphthy! sulphate: Az =p-nitrophenyl

sulphate. A 253-mg amount of cach compound was dissolved in 10 ml of the stationary phase and
the mixture was loaded into the lirst four wubes of the distribution apparstus. v, =40 ml: ve=
9.5 mb: z=1y 1 =042; Fn=0.75 . The number of tubes used in the process was 50, .. Experi-
mental curve obtained by measuring the absorbance, A, of the moving phase at 2885 nm 1) and
308 nm (1) @. theoretical curve. '

In this way. the phenolic sulphate esters are rapidly eluted (Fig. 2). while the phenolic
O-glucuronides remain in the first tubes of the apparatus. In this case. the devia-
tion from theory of the distribution curve is negligible because in their acid form
the phenolic sulphate esters lose their surfactant properties.

Fractionation of a mixture of phenolic sulphare esters (salts)

The surfactant properties of the phenolic sulphate salts complicate their
fractionation by liquid-liquid. partition. As an example. the separation of- the
6-bromo-2-naphthyl sulphate from the p-nitrophenyl sulphate is shown in Fig. 3:
the solvent system used was as follows:

Sodium phosphate buffer. 0.014/. pH 7.0 4.0 {v/v)

n-Butanol 1.0 (v/v); Svstem 111

Ethy! acetate 3.0 (v/v)
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Figz. 3. Separation of phenolic sulphate esters salt mixture using solvent system 1. A'; = 6-bromo-
2-naphthyl sulphate: Ka=p-nitrophenyl sulphate. A 23-mg amount of cach compound was
dissolved in 10 ml of the lower phase and the mixture was loaded into the first two tukes of the
distribution apparatus. The number of tubes used in the process was 700 v, =32 ml: v.=10.3 mi:
Z=Vm/t:=0.36: Fm=1 I: flow-rate=1.5 mi’min. . Experimental curve obtained by measuring

the absorbance, A, of the moving phase at 275 nm and of the stationary phase at 290 nm: @,
theoretical curve.

The partition coeflicients of the two sulphates are ditferent (K, =0.983: K,=0.167).
resulting in a good resolution. and consequently the fractionation can even be accel-
crated by adding. for example. small amounts of s-propanol.

The expected deviation of the experimental curve results in large tails in

front of the peaks. indicating the appearance of the lower phase emulsified with the
upper phase.

Fractionation of a mixture of phenolic sulphare esiers (acids)

In their acid form. the phenolic sulphate esters are easily extracted from the
aqueous phase. and a moving phase with low polarity cian be used for the partition.
For example. solvent system IV ¢

gave a good fractionation of the sulphates studied. in
agreement with the theoretical result (Fig. 4).

Water 3.0 (viv),
Formamide 2.0 (viv) ) ,
Diisopropyl ether 3.0 (v/v) System I¥
Benzene

1.4 (v/v)’
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Figz. 4. Separation of phenolic sulphate ester mixture (acid form) using sohvent system 1V
K1 =6-bromo-2-naphthy! sulphate: A:=p-nitrcpkenyl sulphate. A 23-mg anicunt ¢l ciach com
pound was dissolved in 10 m! of the stationary phase and the mixture was loaded into the firs
two tubes of the distribution apparatus. The number of tukes used in the process was 70. v =4.0

miz v:=935 ml; x= v,/ 1. =042 V=1 I; flow-rate=1.5 mlI/min. 2. Experimental curve obtained
by measuring the absorbance, -, of the moving phase at 280 and 308 nm; @. theoretical curve.

This solvent system can be further improved by iowering the partition coethicients

of the components being fractionated by decreasing the water:formamide ratio
or the diisopropyl ether:benzene ratio.. '

Fractionarion of a mixture of phenolic O-glucuronides (acidy)

Of the solvent syvstems considered. the following was the most satisfuctoryv:

Water 3.7 (\'/v)\
N.N-dimethviformamide 1.2 (v/v)

n-Butanol 0.7 (viv) } Syvstem V
Diisopropyl ether

7 1.0 (viv)
Ethyl acetate

2.3 (v/v)

This system shows a high resolution capacity, which can be increased by decreasing
the water:N.N-dimethylformamide ratio or the ethyl. acetate:diisopropyl ether
ratio. The deviation of the experimental curve from the theoretical curve (Fig. 5)
is attributed only to the low value of the phase ratio. which changes little during
the partition.
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Fig. 5. Separation of a phenolic O-glucuronide mixture (acid forms) using solvent system V.
K = 6-bromo-2-naphthyl-g-p-glucuronide: Ka= p-nitrophenyl-fi-p-glucuronide. A 25-mg amount
of cach compound was dissolved in 10 ml of the stationary phase and the misture was loaded into
the first two tubes of the apparatus. The number of tubes used in the process was 70, vy, =3.0 ml:
va= 103 ml: 2=1 s =0.286: iy =1.3 I; flow-rate =1 mli/min. . Experimental curve obmined
by measuring the absorbance. 4. of the moving phase at 290 nm: @. theoretical curve.

DISCUSSION

The results obtained demonstrated the possibility of separating by multiple
liquid-liquid partition phenolic O-glucuronides from the corresponding phenolic
sulphate esters and the different compounds within the two classes of conjugates.

Obviously. the isolation of these compounds from biological fluids (urine
and bile) requires pre-purification of the crude material® before the countercurrent
fractionation: in fact. of the various impurities present in urine or bile. salts inter-
fere with the partition svstems. affecting the ratio between the two phases. and
the other comtaminants may affect the analvtical measurements. The choice of the
analvtical method to be used to follow the partition profiles is particularly difficult
when the compounds to be isolated have low molar extinciion coeflicients at wave-
lengths above 280 nm. because in the far UV region interferences by impurities and
by the solvent systems used are very high.

These difficuities can be prevented by the use of labelled compounds. Both
from our carlier experience and the results of the present work. we suggest the fol-
lowing scheme for isolating phenolic O-glucuronides and phenolic sulphate esters
from biological fluids.
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Pre-puritied material containing:

Phenolic O-glucuronides (salt form)-=-phenolic sulphate esters (salt form)
!

Solvent system |

' |

Sulphates Glucuronides
1 4
IR-120 (H™) Acid extraction (or ion-exchange
L chromatography)
Sulphates (acid form) Glucuronides (acid form)
Solvent system IV Solvent system -V
Purified sulphates Purified glucuronides
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