
High-performaxtce iiquid chramatagmphy of gtucuronide and SE&&~ corn- 

jug&es using iaep2ir cftram2tagr2phy 

Few methods are avaiJable for qualitative and quantitative analysis of sulfate 
and glucuronide conjugates of drugs and chemicals meta*bolizd by the body. The 
wide range of polarities of a parent molecule, a biological metabolite and of highly 
polar conjugates makes the use of a single cbrom,atogxapbic separation diEcult_ Some 
methods presently employed to separate conjugates use ion-exchange chromato- 
graphy’, ion-exclusion-pastition chromatographyE, seversexI-pk&se chromatography, 
cormter~nt liquid4quid partition’, and gas chromatography after chemicril 
derivatization5. Ion-pair reversed-phase high-performance liquid chromatogcapby 
(HPLC) traS been -zied on some steroid conjugates and some organic sulfates and 
carboxylic acid&‘_ 

For the purpose of developing a single separation of all species found a&x 
metabolism, ion-pair reversed-phase HPLC has been examined_ The system was 
tested for its abiity to separate the normal mixture found afker metabolism. This 
consists of a separation of gbxuronide and stiate conjugates of the same subsace 
from each other and from the unconjugated mate&4 (precursor). The sys&m was also 
examined for its ability to separate glucuronide (or stiate) conjugates of different 
SUbsbnces_ 

Chemicals 
pNitropheny1 glucuronide, pnitrophenyl suEate, a-sxaphthyl gkurotide, 

a-naphthyl sulfate, phenolphthafein glucuronide, pacetylphenyl sulfate, and p-titro- 
catecbol sulfate were used as supplied by Sigma (St. Louis, MO, U.S.A.). Tetrabutyl- 
ammonimn bromide and pnitrophenoi were obtained Corn Ea.stman-Kodak (Ro- 
chester, NY, U.S.A.), and a-naphtha1 was purchased from Matheson, Colenan & 
Bell (Norwood, OH, U.S.A.). Harm01 glucuronide and ban1101 sulfate were obtained 
as a generous gift from Dr_ Klaus Brendel (Pbannacology Department, UniveGty of 
Arizona), The solvents used were Gkred &rough a 5.0-pm MiIlipore f&r (Millipore, 
Bedford, MA, U.S.A.) and de-gassed before use. Sampks for anaiysis were prepared 
as a 0.02*~ solution in water adjusted to pH 6-S and the ion-pairing reagent, t&a- 
batylammonium bromide, was prepared as a 0.01 M solution in water and in meth- 
~01. 
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A Spectra-Physics Model 3sfK) high-performance liquid chromatograph equip- 
peck with an ultraviolet detector at wavekngth 280 nm was employed and the column 
was a Sm-?hysics 250 x 3 mm I.D. stainkss-steel column packed with &XII 
Spherisorb ODS (ocQdecylsiIar?e, “Q. The injection port volume was 10 ~1. 

Isocratic solvent compositions between 30 and 50% methanol in wwx were 
required for separation. The system was flushed with 100 % methanol at the conclusion 
of ezch dzy and columns were occasionally ckaned by purging the system successively 
with methanol, e*-hyl acetate, chloroform and heptane and then reversing the series. 
A solvent flow-rate of 0.8 ml/min was used in the experiments. 

RESIJLTS AND DISCUSSION 

Ion-pair reversed-phase HPLC, using isocratic solvent compositions, was found 
to be sufEcient to ckanly separate the compounds studied. SoIvent compositions 
between 3;) % and 50 % methanol in water using the HPLC cond?tions descriibed above 
resukd in -separations of p-nitrophenol from its corresponding ghxcuronide and 
sulfate conjugates snd of c-naphtboi from its corresponding gkuronide and sulfate 
conjugates (TabIe I). This se.qarzticn models the mixture of compounds that might be 
found in excreta after administration of a chemical or drug_ AlI of the naphthol species 
should separate in the form of ion-pairs at pH 6-8 as the pK, of Q-naphtbol is 3.7 
(ref. 8) and the conjugates should be stronger acids than the parenf compound9. 
p_Nitrophenol may be only partiy ionized as its pK, is 7.15 (ref. 8) and the pM of the 
water was not adjusted with any greater precision than 68. 

TABLE I 

CAPA- FACTORS OF pNlTROPHENOL AND a-NAPHTHOL AND CONJUGATES IN 
DiFFEREhT SOLVEhi CO.MPOSlTIONS 

SQ 45 40 35 30 

pN:&c~pk~~yI giucuronide 0.75 f-1 1.4 2.8 A9 
~Nitrophenylzlfate 20 3-l 5.0 10.9 25.5 
pNitr&enol I_? 21 3.2 5.6 6.6 
a-Nkphthyl ghcurmide I.2 24 4.8 7.1 232 
G-Naphzbyi srfiate 28 5.8 122 33-O 78.5 
a-N2phthol 3-4 5.8 10-L 17.8 ~27.6 

Four glucuronide conjugatles (Fig. 1) and four sulfate conjugates (Fig. 2) could 
be separated from one auotber d,%onstrating that the separation was dependent on 
the parent mokule as WZU as the conjugating moiety. The sulfate conjugates were 
structu.raUy similar to one another and the method was sekctive enough to separate 
the m&m-e_ T&se resuks are simifar to the work of Wablund and cu-workers6-i. 
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Fig. 1. Cbromtmphy of 0.02 % solutions of km1101 gl-tide (EIG)_ pnitrophenyl ghxronidc 
@NFG), a-naphthyi ghmxotide (aNG) ad phenoIphtb&in gIucumnide @KG). EIuent: 0.01 M 

onium bromide in 35% methanol in water. Flow-rate. 0.8 ml/min ant! &art speed, 

Fg. 2. Cbmm&ography of 0.02% soIutions of p-zetyIphenyl sulfate (PAPS), p-nitrophenyl sulfate 
@NPS), p-&trmm&ol SKI&Z bNCS) and a-naphthyl .suKati (aNS). Fluent: 0.01 M tetrabotyl- 
zum~~otium bromide in 40% metban01 in m&zrc Flow-rate. 0.8 ml/min znd chart speed, 30 an/mk~ 

Ion-pair reversed-phase HPLC has been shown to separate redly nzodel 
systems of a nokcuk and its gkuronide and SULK&~ conjugates and mixtures of 
different ghmmmides and difEkrent sulfates. The system may be usef& in estimating 
the concentration of mnju~tes in biological fluids in metabofitz studies and clinical 
situations after appropriate separation f&n endogenous materials. 
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