
SUMMARY 

Gfucxzrotic acid conjugates of several foreign compounds (I- and 2-naphthols, 
2-, 3_-*-and 4_hydroxybiphenyIs, M- and p-hydroxyphenylphenylhydaatoins) were pro- 
duced in the isolated perfused rat liver and identified in the bile as the permethyl 
derivatives. Permetbyl&xi gkcuronide isomers were easily separated by gas chro- 
matography on SE-30 and OV-17 co$mr~s. The mass spectra of permethylated 
glucuronide isomers were very similar. Gas chrornatogrzphy proved to be most 
useful for the separation and identification of isomeric glucuronides. 

Many foreign compounds such as drugs, insecticides, czrcinogens, and other 
chemicals undergo metabolism and detoxikation in the liver by conjugation with 
glucrrronic acid. This enzymatic process converts rel&iveIy less polar substances into 
more pokr water-so+ble conrpounds which can be excreteh in the biie and urine. 
The formation of gkcuronides is the most important conjugation reaction and occurs 
in most manrmals, birds, reptiles, and amphibiaf. Evidence for the presence of glu- 
eurotide metabolites in urine or bile has usually relied on iden%ication of the 
aglycone after mhydrolysis of the conjugate with acid or the enzyme #?-&curonidase_ 
~These hydrolytic techniques have inkercnt disadvantages which include: the destruc- 
tion of ffie aglycone during treatment with strong acid, varying substrate affinities 
for @-glucuronidase, and the presence of inhibitors and alternative substrates in 
biologic samples. Tn the case of acid hy&olysis, aglymnes frdm other conjugation 
reactions, e.g., with glycine, may be released so +&at the evidence for glucuronide 
form&ion can only -be regarded~ as tentative. Therefore, it is preferable to obtain 
C&Z& evidence for the formation of glucuronic acid conjugates by analysis of intact 
Em&fxles; .- ‘ 

Gas chromatography (Cc) and Gc combined with mass spectrometry (Cc- 
. MS) are powerful techniques -which have recently been used for- the determination 
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of intact ether ghzuronicles. Pertrime&ylsifyI ~(TMSJz, tr&&k&ily~ -e&e;-methyf 
ester (Me-TMS)2>, _acetyl methyl este?, ttiuoroaq%yLme&y~ ester @%-~FA)‘_ &td 
plzanetkyP derivatives ate &.l% useful for the gas #case analysis of glucuroni~es. The 
Me-TMS; IMe-TFA,. and _ permetkyl d&vatives have tk& best chro&~bgraphic 
properties and &e most stitable for the s~$aration and -ider@icztion bf inta3 
g’rucuronide mofecules. The Me-TMS and permethyl derivatives have -b&n used td 
identify intact glucwonides in biologic tit~&&‘~_ 

Previous reports from these laboratories have shoe that tke~isol&d perfused 
rat liver can be used to syntkesize glucuronides wkick are- excreted-in tie bile7-E+. 
The identification of glucuronide metabolites wits ack&ved by the evaporation of 
smzli aliquots or” bile to dryness, permethylation of the residues with the methyl- 
sulfinylmethide carbanion 2nd mezkyl iodide, and analJrsis of the pamethyl deriva- 
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tives bk Gc and GC-MS 011 SE-30 and OV-l columra Adiverscgroup of glucuronides 
was iden&kd7-g~“*12. These techniques have now been applied to the analysis of 
three separate series of isomeric ether glueuronides. The permethyl derivatives of the 
isomers of each series were easiiy separated by Gc. However, the mass spectra do 
not readily differentiate the isomers. 

The I- and Znztphthols were obtained from Aldrich (Milwaukee, Wise., 
U.S.A.), the 2-, 3-, and 4-hydroxybiphenyls from Pfaltz and Bauer (Flushing, NY., 
U.S.A.), and nz-hydroqphenylphenyihydantoin (m-HPPH) from Parke-Davis (De- 
troit, Mich., U.S.A.). p-Hydroxyphenylphenylhydantoin (p-HPPH) was synthesized 
by Dr. Milton Bush, Vanderbilt U*versi& (Nashville, Tenn., U.S.A.). 
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chroz.xttograp~s iqu&qeti wXi 6% g&s cohunns -pa&& y%l!j -e%& 1% or 3% 

3E-30 on ~Gas-Chrom Q ~1~200 mesh), I “/,~ OV-17 _GIZ Gas-Chrome Q @MI-l20 
mesh), or 5% OV-l on Gas-Chrom P (SO-l00 mesh). The nitrogeq Bow-rate was 
either 40 or 60 ial/min, the in$ctor temperature 25W, the detector temperature 3&Y, 
and the tilumn was programmed from SO” or LOW at 2 or So/tin. 

The mass ~xctra were obtained on an LKB-9000-S combinatidn gas chro- 
mato~pkuass spectrometer with a 6-ft. 1 ok SE-30 ~column (NO-120 mesh Gas- 
Chrom Q) as the inlet. The helium flow-rate was 30 ml/tin_ the accelerating and 
ioniziirg potentials were 3.5 kV and 70 &I, respectively, the frap current was 60 @, 
and the source tern_perature was 270”. The cohmm oven tempemture was programmed 
from 150-175” at 4 or 5”/min. 

IESULTS AND DISCUSSION 

I- and 2-naphrhols 

, 

Fig. 1 shows the analytical GC separation of the permethylated gkuronides 
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of &nq&.hc& isomeri The- tracing was obtamed by co-ehrornatography of the 
derivati&d. bile -samples. Peak A represents the tetramethyl-L-naphthol glucuronide 
and peak B ffie tetramethyl-2-naphthol ghxcuronide. These compounds were clearly 
resolved v&h an SE-30 column, nearly to ihe baseline. 

The mass sPectra of components Lt and B are shown in Figs. 2 and 3,‘respec- 
tively. These spectra are nearly ident& with molecular ions at m/e 376; peaks at 
Iptle 75, EO1,116,~4T, I@?, 202, and 232 arising by fragmentation of the permethylated 
glucuronic acid moiety’; and ions at nz/e 144 due to the aglycone and produced by 
the cleavages indicated in the strurtures included in the figures. Electron impact 
induced cleavage of the glycosidic bend with proton transfer from the permethylated 
ghrcuronic acid moiety to the aglycone as shown in Figs. 2 and 3 is typical for per- 
methylated phenolic ether glucuronides’. E xamination of the relative abundances of 
of the individual ions in these mass spe&ra could not be used to differentiate between 
these two isomers. 

3-, 3- and 4-hydroxybiphenyls 

Fig. 4 shows the Gc separation of tetramethyl-2-hydroxybiphenyl glucuronide 
(C). tetramethyE3-hydroxybiphenyl glucuronide (II), and tetramethyl4hydroxy- 
biphenyl glucuronide (E) obtained by co-chromatography of the respective per- 
methyiated bile sampIes_ These isomers were completely separated on an SE-30 
column. Other biiiary metabolites of the hydroxybiphenyls appear in the chromato- 
gram. Four of the five peaks, eluting after E, are permethylated dial glucuronides. 
The structures of these metzbolites have not been rigorously determined_ 

Figs. 5,6, and 7 are the mass spectra of C, D, and E, respectively, and include 
the structure of each metabolite. Each has the following characteristics: a weak 
molecular ion at m/e 402; losses of CH,O and CH@H; intense ions at m/e 75, LOL, 
E16,L41,~69,173,20f, and 232, due to fragmentation of the permethylated gh.~curonic 
acid moiety; and a peak at m/e 170, which is too intense to correspond entirely to 
the isotope peak of the m/e 169 ion and is partially due fo the aglycone fragment as 
indicated in the structure. The major differences in these mass spectra are in the 
relative abundances of ions due to fragmentation of the permethylated glucuronic 
acid moiety, e.g., there is an increase in the intensity of m/e I16 relative to mz,Ie 101 
as the series from ortho to para is examined. The ratio of m/e 169-I 70 decreases from 

Fig. 3. 5kV mass spectrum and smcture of pxmetixylated 2-hydroxyblpheenyl glucumnide. 
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Fig_ 6.7O-eV mass spe&rur& and structure of permethylated 3-hydroxybiphenyl ghcurkide. 
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Fig. 7. 7O-eV mass spectrum and strwture of permethylatcd CSydroxybiphenyl glucuronide. 

ortho fo parn and may be a more reliable mass spectral difference among these isomers 

&cause ions due to the aglycones are being med to establish their identities. These 
are the only parts of the total glucuronide molecules which are difkent. As in the 
&se of the naphthol glucuronides, GC analysis of the.permethyl derivatives of the 
hydroxybiphenyl glucuronides separates the isomers satisfactorily and the mass 
spectra are needed only to confirm their identities. 

m-HPPH md p-HPPH 
A third exampie of the separation by Gc of a moie complex pair of per- 

methylated glucurotide isomers is presented in Fig. 8. Peak F represents the hexa- 
methyi glucuronide of m-HPPH, a metabolite of the anticonvulsant drug 5,~afphenyL 
hydantoin (DPH) in the dog and an artifact of the acid hydrolysis of the urine of 
other species produced by dehydration of the dihydrodiol metabolite of DPM: 
5-@,Cdihydroxy-1,5_cyclohexadien-f -yl)-S-phenylhydantoin. Peak G is ~the hexa: 
methyl glucuronide of p-HPPH, the major metabolite of DPH in-species other than 
the dog. Again, GC analysis by co-chromatography of the perinetbylate& bine sqmpies 
on an SE-30 column completely separated these glucuronide isomers. Peak H is the 
heptamethyl glucuronide of a catechol metabolite.of both m+IPPH and p-JXPPR in 
the isolated perfuSed rat liver and is the same catecho glucuronide as from DP@‘. -. _- 
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Fig_ 8. GC separation of the pemxthylated glucuronides of m-hydroxyphenylphenylhydantoin (F) 
andg-~ydroxyp~~nylphenylhydantoic (G) in rat bile. H is a permethylated catechol glucuronide de- 
scribed previously (ref. 9). Conditions: Tracer MT-220; 6 ft. 5 % OV-I on Gas-aom P @O-10@ 
mesh); nitrogen flow-rate. 60 ml/min; inlet temperature, 250”; detector temperature, 300”; program 
rate. Yjmin from 100” after 5 min initial hold. 

The mass spectra of these isomers (Figs. 9 and 10) do not contain molecular 
ionsat m/e 528 but do show we& M - C&OH ions at m/e 4%. The ions due to the 
pemethylated glucuronic acid moiety are present as in the other example& zs are 
ions at m/e 296 caused by cleavage of the glycosidic bond with hydrogen transfer. 
The& two spectra do nor clearly distinguish between these two permetbylated 
glucuronides. 

The above 211aIyses indicate that perxnethyhted isomeric glucuronides can be 
separated by Gc. A major requirement of the procedure is the stability of the aglycone 
to the permethylation reaction and to GC! operating temperatures of zbortt 305”. 



Fig. 9. Xi-& mss spectrum 2nd structure of p”-rm@iyiated m-hyd_nxiyphenyiphenyfaatoi~o 
&xxronide. . . 
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Fig. IO. 7CeV mzss spectrum and SnnXure of pe~~&ylated Fhy~x~henylpheenylhydEntoin 
glucuronide. 

GC-MS is reqGred in orde-r to confirm that a component is actually a glucuronide. 
The glucuronides are~identified by the characteristic ions caused by fragmentation of 
the pernietiylated $ucuronic acid moiety ~‘_ ?Ve are currently tiing ihese techniques 
to examine the conjugated anetzboiites of many different classes of drugs~i~~uding 
anticontiats and narcotic analgesics*5*““f. 
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