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SEPARATION OF PHENOLIC 0-GLUCURONIDES AND PHENOLLC 

SULPHXTE ESTERS BY MULTIPLE LIQUID-LIQUID PARTITION 

A liquid-liquid pxtition method is Jesxibed f-or the sqxtcttion~of plienolic 

0-glucuronides from the corresponding phenolic sulphate esters and of the diKerent 
compou~ids \vithin the t\vo classes of conjugates. The method. \vhich involves ;t 
countercurrent technique I\-ith continuous ilow of the solvents. is suitable for the 
isolation of these metabolic conjugates from biological fluids (bile and urine). 

One of the steps involved in the metabolic transformation of many foreign 
co~npm~~~tl~ md endoge~mus substmct’s in m:m~nals is their conjugation with g!u- 

curonic acid (UDPGA) and;‘or sulphuric acid (PAPS)_ Interest in these conjugates 
beetuse of their metabolic and physiological figniticrmce_ together \vith the difli- 
&ties encountered in their chemical synthesis. has stimulated attempts to set up 

pr~p:uxtiv~ methods suitabl e ror their isolation from biologkll kids’-“_ For thk 
purpose_ \ve have studied the application of the liquid-liquid partition (counter- 
current distribution) to the separation of phenolic O-glucuronides and phenolic 
sulphatc esters. 

The advtu1t:tge.s of this method compared with other :t\-ailable methods are 
its selrctivit>-. the chcniic;~l “inertia” and its etl-ectivsness for preparntivc put-poses. 

ESPERl\IEST_-IL 

6-13romo-2-napht~i~l-t~-~lttcttro~~i~~e (acid form) NXS obtained from Sigma 
(St_ Louis_ Xlo__ U.S.A.). and I’-nitropheIi~I-t~-EItlctlroIiide (acid form)_ I~-nitrophe- 
11x1 sulphatt’ (potassium salt) and 6-bromo-2-naphthyl sulphats (sodium salt) \vere 
purchased from Serva (Heidelberg. G.F.R.). 

The solvents used \vere ~ttl~~l:tical-~r~lde reagents and all lvere distilled before 
use_ In p:wticultlr_ wbutanol ~~1s pre-treated with neutral alumin:l so as to eliminate 
UV-absorbing impurities_ 

IW.t~Xt Of the conventional Craig machine_ the countercurrent apparatus 
developed by Hietala” \vas used. The appacttus including the glaswxe \v;ts manutk- 
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tured by Karpinnen Oy (Helsinki_ Finland) and the mechanical parts by the Labom- 

tore of Technology_ Leperit (Milan. Italy). The app:tratus is :t continuous flo\v COUII- 

tercurrent system with one stationary and one moving phase (upper or lower). The 
phase ratio z- rrnjr~ (rm rind 1, m-e the volumes of the moving and stationaq phases. 
respectiveI\-) is chosen before each fractionation and can be decreased to O-1-O-3. 
deprnding on the solvent system employed- 

The :tpptwatus cons&s of I50 $lss unirs (unit volume- 13.5 ml) connected in 

series of ten \vith PTFE tubing_ Shaking is accomplishect by the rotation of the 

distribution train axle by 245 ‘_ X DLC peristaltic pump for organic solvents !E_A_ 
Hughes_ Epsom_ Great Britain) and an LKB (Stockholm_ Sweden) Model 7000 
Ultrorac fraction collector are used as ancillary equipment. 

Becwse the separation is at a nxtsimum in the Martin-Syngr distribution 7 

when I- ir.=O_ the lowest phase ratio ought to be selected in order to achieve CL 
high rbclution_ in our partition studies_ the phase rarios \vcrc chosen bcr\yccn 0.42 
and 0.X A shaking frequency of 30 cyc!cs per minute_ an :miplitudc of 545 and 
:L flow-rate of 1-2 ml_.‘min Lvere used in these csperiments. 

At the beginning of a fractionation_ the conjugarc mkture \vas dissolwd in 

the stationary phase tmd loaded into the tirs;t tubes (O_ I. 2 and 3) of the apparatus_ 
keepins Ihe phtrsr ratio the same as that to be used in the distribution train. T\vo 
different methods \vcre used for developing and analysing the concentration pro- 
tiles: in the first_ the tlbsorbtmce of thr upper or lowr phase in the distribution 
units \V:LS measured_ while in the second. the cttluent collected from the apparatus 
\V:LS xxdysed spcctrophotometrically. 

The calculations of the theoretical distribution curves and of the partition 
coetlicienrs were made as reported by Ellfolk and H?_nninen’_ - .iccordinf to rhc rheot-x 

of Martin and Svnge’. 
A tivichem Model H-1620 spectrophotometcr \v;ts used to mcawrc single 

absorbaxes_ Before and after each fractionation espcriment, the identities and 

rhe purities of the separtned compounds \vere controlled by measuring their UV 
spectra with ;I Beckman Model DB-GT instrument :d their 1R spccrra \virh a 
Perkin-Elmer 157 instrument_ and evaluatin g their Wn-lavcr clironlato~r;ipliic it,- 
ctiues on Merck silica gel FzS4_ 

Phenolic 0-glucuronides and phenolic sulphate esters are gcnsrally polar 

compounds_ particularly the former because of th e !ligh hydrophilicity af the giu- 

curonic acid molecule; moreover. the phcnolic 0-glucuronides are weak acids (pK_, 
of giucuronic acid=KS)_ whiIe the corresponding sulphates are stron$!y acidic. 
As :I result of these properties_ the salts of phenolic 0-glucuronides ;:nJ phsnolic 
sulphare cstcrs sho\v. at neutral pH. low partition coeilicients bet\\een organic 
and aqueous phases even with good solve~~rs such ~1s II-butanol ami isoam_vl alcohol. 
A better partition of the phenohc 0-glucuronides is possi5lc under moderxtel~- acidic 
conditions (pH 5.0-4-O)_ whereas lower pH values (3.0-2-O) are required in order to 
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estrttct the phenoiic sulphntes from the aqueous phase. As both phenolic 0-slu- 

curonides and pbenoiic sulphate esters show ;t hif!wr partition coerfficient as free 
acids- the separzttion of these conjugates is more easily performed after further 
transfer.ination from the salt from into the acidic form_ In the case of the sulphate 
esters. the salt-acid conversion is easily :tccomplished using a strongly cationic es- 
changer such :LS Amberlite IR-120 (Hi)_ For the glucuronides. which are often labile_ 
:L rapid acid estraction is preferable_ 

These considerations. and the physico-chemical properties of the phenolic 
0-glucuronides and phenolic sulphate esters in the single solvent systems adopted 

(s;olubilit!:_ re:lctivity_ surface phenomena_ etc.). \vere taken into xcount when 
choosing partition systems suitabls for their fractionation. 

In addition to the required partition properties_ the solvent systems selected 
wrist-v other requirements: they arc intentionally neutrril :Lnd virtually inert 50 3s 
to avoid XII_\- possible de~rrtdation of the compounds to be fractionated_ have :I hi& 
dissol\-ins CiLpiLCit~ ;Ls tilt semi-preparative purposes require_ permit UV anaiy5is at 

v.xvclcngth~ :tbove 160 nnl :Lnd_ tinall?_ the\: can hc tlasilv mociificd a5 nccessarv for 
:L par:icul:tr problem. 

RESLJLTS 

( 1) Separation of phenolic 0-glucuronides (salts;) from the corresponding 
phcnolic sulphatt esters (.s:ilts;). 

(2) Scpxntion of phenolic 0-ghtcuronidcl; (acids) from the corresponclin~ 
phenolic suiphate ester3 iacids). 

(3) Frwtionntkxi of il mixture of plirno:ic wlphatc eaers (:s;ilts). 
(4) Fractionation of :t mirture of phenolic sulphate esters (‘acids)). 
(5) Fractionation of ;L misturc of 0-giucuronidies (acids). 

As rekrence co~npou~~ds. the phrnolic O-glucuronidcs and the phenolic sulphates 
of- /J-nitrop!lcnol and 6-bromo-l-naphtilol \vere used. 

Phcnolic 0-~lucuronides illld phenolic sulphate es&5 are excreted in the urine 
as sttlts;. Therefore_ it is often useful to sep:trittc the t\yo ciasses of cotljug’_;~Lcs ah-ad> 
in this f&m_ For this separation_ of the solvent systems studied_ one of the most 
s:tti3’,tctor>- \v;Ls the followin~r 

Sodium phosp!wte butt’er. 0_01.11_ pH 6-S 4.0 (_\;:\‘) 
II-BLllailol 1.0 (V/V) 

JI-Pr~~p:~IlOl 1.0 (v:‘v) 

i 

SystcLll I 

Ethyl ;tctxtte 3-0 (\‘!v) . 

The LIW of :L butTerect system is necessary in order to avoid dissociation of 
the phcnolic 0-glucuronide salts. \vhile n-proprtnol improves the sep:trrltion between 
the t\\‘o p!xtses. 
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The result of the fractionation_ utilisin g a 70-tube distribution train_ is shown 
in Fig. 1. It can be seen that phenolic sulphate esters are easily eluted from the 
apparatus xvith experimental partition coefficients K, =4.35 (I~‘,-033 I) and 
KZ = 1 .IG ( I/,=:O.S-i 1). I;,,,-- elution volume of the moving phase: on the other hand 
the corresponding phenolic 0-$ucuronides show partition coellicients less than 1 
(ii,==O_527 and &=O.OSl)_ so that their elution from the tgq-xn-atus will require cal- 
cu!stcd volumes of maying phase of I.569 and S-995 1. respectiveIy_ 

AZWj f 

1 

! 
Sutphctes 

accre (i) “m Tube NC. 
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;(2= 2.74 

oso_p 

0 c 
IiO, 

Oh 0.2 0.6 
Eluate (I) 

0.7 Km 

Sodium phosphate buKtx_ 0.0 1 ill. pH 7.0 4.0 i v;‘v) 
mButano1 1.0 (v/v, I 1 System III 

EthFl acetate 3-o (vi’v) j 
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The partition coefiicients of the two sulphntes a-t‘ different (K, --0.943: S, :-0.167). 
resttIring in ;I good resolution_ and consequently the fractionation can even be accei- 
erated by adding_ for esample. small amounts of fz-propanol. 

The espected deviation of the esperimcntal curve results in large tails in 
front of rhe peaks. indicatin g the appemxnce of rhe Ioxver phase emulsiticd \vith the 

upper phase. 

Fruc~ionurio~r c!f u misrnrc q f J~Jwmiic .vrrJJ~J~urc~ c’.vi(*r.v (u-ids) 
In their acid form_ the phenolic sulphate esters are easily estrxted from the 

aqueous phase_ and a moving phase with low polarity can be used for the partition. 
For example_ solvent r;\-stem IV gave a good fractionation of the sulphats~ studied_ in 
agreement \\-ith the theoreticat result (Fig 4). 

Water 
Formamide 
Diisopropyl ether System IV 

Benzene 
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Fis. 4. Sr‘pamtion of phcnolic wlphatz r‘swr mixturc (acid l%rni) ttskg sohmt y%cm IV 
K1= 6-bronco-l-naphthyl sulphate: K~=p-nitrcl2sr;? I sulphatr. A 25-n:g 311’.CliIlt uf t‘acll coni 
pound W;S dissoivrd in 10 ml of the stationary phase and the mixturr \\as loaded into the firs 
t\vo tubes of the distribution appttrtttus. The number of tubes used in the process \v;ts 70. lill =-I.0 
nil: I-,=?I.5 ni1: I= ~~,,~1-,=0_11: I:,,= 1 I; fiow-rate= 1.5 n1l.:nlin. C _ Esprrinwntal curVL’ obtained 
by rnrrtsuring the absorbance, -4. of the moving phase at 30 rind 30s nmy 0. theoreticA cur\e_ 

This solve11I sxstcm c;t11 be fttrthcr improvcci b_v io\vcrin, *x the partition coctiicicnrs 
of the components being fractionated by decreasing the \\utcr:formamidc ratio 

or the diisopropyl cthcr:bcnzcnc ratio. 

Frcrcriotrcrrion of u ~~ri_urrr-~w oj‘phodic- O-~[ll~~rsoni~fL~~~ (rcids 1 
Of the solvent systems considered_ the following 0 \v:ls the most s:ltisfxtory: 

Water 3-7 (VjfV) 

N.N-dimcth_vlformamide 1.2 (v/v) 1 

iz-Butanol 0.7 (v/k) System v 

Diisopropyi ether I.0 ( v/v) 
Ethyi acetate 2-3 (v/v;, i 

This system shows a high resolution capacity. which can be increased by decreasing 

the \vatcr:N_N-dimeth~lformamide ratio or the ethyl ncctatc:diisopropyl ether 
ratio. The deviation of the cspcrimental curve from the theoretical curve [Fig. 5) 
is attributed only to the 101~ wlue of the phase ratio_ lvhich changes little during 
the partition. 
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The results obtained demonstrated the possibilit?- of separating by multiple 
Iiquid-Iiquid partition phenok 0-$ucuroaides from the corresponding pIlrnolic 

sulphtrtc esters and the di!Terent compounds Lvithin the two cl:~es of conjugates_ 
Obviously. the isolation of these compounds from biological fluids (urine 

and bile) rcquira pre-purification of the crude material” be!&-e the coimtercut-rent 
fractionation: in fact_ of the various impurities present in urine or bile_ s:tIts inwr- 
fcrc with the partition systems_ ttffecting the ratio between the t\vo phases. and 
the other contaminants may affect the tmtdyticttl measurements. The choice of the 
analytical method to be used to follow the partition profiles is particularly dillicult 
when rhe compounds to be isolated h:tve low molar extinction coeiticitnts at \v:~ve- 
Icngths above X0 nm_ because in the far UV region interferences by impurities and 
by the solvent systems used are very high. 

These diRicultics can be prevented by the use of IabeIled compounds_ Both 
from our earlier experience and the results of the present work_ we suggest the fol- 
lowins scheme for isolating phenolic 0-$ucuronidcs and phenolic sulphttte esters 
from bioIogica1 kids_ 
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Pre-purified materkd containing: 

Phenolic O-glucuronides (salt form) fphenolic sulphote esters (salt form) 
.!, 

Solvent system 1 

i-- -. 

Sulphates 
.I 

IR-II0 (H+) 
.i. 

Sulphates (acid form) 
.I. 

Sol\-em systcnl IV 

.’ 

Purified sulphates 

-. 
! 

Glucuronides 
.i, 

Acid estraction (or ion-eschange 
.I chromatography) 

Glucuronides (acid form) _ 
.I 

Solvent system 1’ 
_i. 

Purilied glucuronides . 
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