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SUMMARY 

2,4’-Isobutylphenylpropionic acid (ibuprofen) has previously been demonstrated to yield 
four urinary metabolites, formed by w l-, w 2- and w 3-hydroxylation and by a further oxida- 
tion of the primary alcohol of the w 1-hydroxylated metabolite to a carboxyi group. By syn- 
tkis and gas chromatography-mass spectrometrythesuggestedstructure of the w3-hydrox- 
yiated metabolite was verified in -the present study. Moreover, a new metabolite, 2,4’-car- 
boq$henylpropionic &id. was demonstrated to be present &I substantial amounts in dia- 
lysis fluid from a nephrectomized patient. In such patients kgested drugs cannot be exce 
ted in the \Irine, but are metabolized to end products_ Thus, dialysis fluid may be a conve- 
nient medium for studies on drug metabolism. 

INTRODUCTION 
: 

The’ drug ibuprofen (2,4’-isobK~lph~~ylp~pi~~~ acid) is a non-stiroidal 
agenf sth anti-ti-atory, analgesic" and antipyr&ic properties, whjch has 
gain& zkceptake in the tre&+etit of rheumatiid arthritis and other rheumatic 
c&ditionS. _Uskg’ e.g. co&bin@ gas ~khrom&g&phy-ma& ~&ectrom&q (GC- 
MS), @evious yo*kers [1;.2]. haye det&ted four metabolitek, viz. the metabo- 

.~~t&& V-4 s@q~n ‘in Fig, 1. :MetaboEt& ‘2 kd 4 have b&$i &yn$hesized [I J , 
v&&r& met&ml&s 1 add‘ 3 hiive be&n id&tified by ~‘interp~etz&jn _of mass 
spkctra of appropriate derivatives of the metabolites 121.. There was some 
uncertainty, however, with regard to the interpretation of the mass qzctnun of 

*To whtim~ckrespondence should be addressed at the Institute of .Clinid~Bi~+=is~. 
. 
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Fig. 1. Pathways of 2,4’-isobutylphenylpropionic acid (ibuprofen) metabolism and chemical 
structures of the demonstrated metabolites. 

the postulated metabolite 1[2]. 
The structure of metabolite 2, with the methyl branching in the longest side 

chain in the a-position to the carboxyl group, suggests that this compo-und may 
be further degraded by p-oxidation to yield 2,4’carboxyphenylpropionic acid. 
This metabolite has not been demonstrated previously. A possible explanation 
might be that metabolite 2 is rapidly excreted in the urine and thus escapes a 
subsequent P-oxidation. In nephrectomized patients, however, drugs and their 
metabolites can not be excreted and may therefore be degraded to end prod- 
ucts_ 

In the present study some possible metabolites of 2,4’-isobutylphenylpro- 
pionic acid were synthesized. Subsequently these metabolites were searched-for 
by combined GC-MS in dialysis Cuid from a nephrectomized patient and in 
the urre from a healthy volunteer, both persons taking ibuprofen perorally. 
A new metabolite was identified (metabolite 5 in Fig. l), the suggested struc- 
ture of metabolite 1 [2] was verified, and it was found that dialysis fluid is a 
convenient medium for studies on drug metabolism. A preliminary report with 1 
some results from the present study has been presented previously 131. 

MATEXIALS AND METHODS 

Chemicals 
Ibuprofen was delivered by Boots (Nottingham, Great Britain). Bis(trimetb- 

ylsilyl)trifluoroacetamide (BSTFA) was purchased from Pierce (Rockford, Ill., 
U.S.A.). N-Nitrosomethylurea for diazomethane production was delivered by 
K and K Labs. (Calif., U.S.A.). Stationary phases for gas chromatography 
(OV-17 and SE-30) and solid support (Gas-Chrom Q) were obtained from Ap- 
plied Science Labs. (State College, Pa., U.S.A.). 2,4’-Carboxyphenylpropionic 
acid, 2,4’-(1-hydroxy-2-methylpropyl) phenylpropionic acid, 2$-(1-0x0-2- 
methylpropyljphenylpropionic acid, and 3-hydroxy-2,4’-isobutylphenylpro- 
pionic acid were synthesized 143. 

Dialysis fluid and urine samples 
Dialysis fluid was obtained from a 24 year-old nepbrectomized female under- 
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going hemodialysis regularly, twice a week. She suffered from rheumatoid ar- 
thritis and was daily given perorally two 200-mg tablets of ibuprofen. Special 
precautions were taken for collection of dialysis fluid. The floti of fresh dial- 
ysis fluid was diminished to obtain near-equilibrium passage of various metab- 
elites across the dialysis membran e. The first 5 1 of dialysis fluid were collected, 
divided into 40-ml portions and lyophilized. The samples were redissolved in 5 
ml of water and subsequently treated exactly like the urine samples. 

A 12-h urine sample was collected from a healthy, 34 year-old, male vohm- 
teer who had ingested three 200-mg tablets of ibuprofen. Five ml aliquots of 
the sample were used for the further studies. . 

Extraction of organic acids from dialysis fluid or urine samples was perfonn- 
ed with diethyl ether (3 X 3 volumes) after adjusting the pH to 1 with 6 M HCl. 
The combined extracts were dried over anhydrous sodium sulphate. 

Methylation was performed with diazomethane liberated from N-nitrosometh- 
ylurea. Ethylation was performed with ethanol--HCl. Trimethylsilylation was 
carried out in pyridine with BSTFA. 

Gas chromatography and mass spectrometry 
Two combined GC-MS instruments were used. One instrument consisted of 

a Varian 1440 gas chromatograph, a molecular separator of the glass frit type 
(kept at 230”) and a single-focusing mass spectrometer, type Varian CH 7 (Va- 
r&m-MAT, Bremen, G.F.R.), operated with an ionisation energy of 70 eV. The 
gas cbromatograph was equipped with a packed column (2 m-X l/4 in. OD.) fill- 
ed with 10% OV-17 on Gas-Chrom Q, 80-100 mesh. Helium was used as carri- 
er gas (30 ml/min). 

Multiple ion detection (selected ion monitoring, mass fragmentography) was. 
carried out using a Varian 112 mass spectrometer fitted with a glass capillary 
column (SE-30,25 m.X 0.25 mm; LKB, Stockholm, Sweden) connected direct- 
ly to the ion source. 

Both GC-MS instruments were connected on-line to a computer system 
(Spectra System 100 MS; Varian-MAT). For the calibration of the mass spec- 
trometers perfluorokerosene was used as reference substance. 

High resolution mass spectrometric analyses were undertaken in an AEI MS 
902 double-focusing instrument (70 eV ionizing energy, 100 PA ionization cur- 
rent). The samples were introduced by the heated direct-inlet probe. Perfluoro- 
tributhylamine was usedas reference substance. 

RESULTS 

Fig. 2 shows gas chromatograms of the methylated diethyl ether .extract of 
acidified dialysis fluid-from a nephrectomized patient (a) and of urine from a 
healthy volunteer (b), both persons ingesting ibuprofen. In the urine sample 
large amounts of unmetabohxed ibuprofen were found, together with only 
small amounts of metabohte 5. In the dialysis fluid, however, no trace of the 
unmetabolized drug could be detected, whereas substantial amounts of one of 
the metabolic end products of the drug, metabolite 5, were found. In addition 
to the drug metabolites several well-known metabolizes normally occurring in 
the urine, e.g. hippuric acid, were observed in the chromatogram [5]. 
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Fig. 2. Gac chromatograma of methylated diethyl ether exfxacti of.acidified di&ia fluid 
from a nepbrectxxnized patient (a) and urine -from &I healthy volunteer (b), both persOns 
having ingested ibuprofen. GC was performed in a packed column (10% OV-17. on- Gas- 

Chrom Q, M-100 mesh), the tempera+e WS. programmed 80-300“ .@“/min), and qirrier 
gas w&s heliu& (30 ml/min). The GC peaks have been identified as the following c?mpounds 
(as methyl esters): 1=2,4’-(1-hydrory-2-methylpropyl)pIienylpropionic acid; 2=2,4’-&ar- 
boxypropyl)phenylpropionic acid; 3=2,4’-( Z-hydrosymethylpropyl)phenylpropionic acid; 
4=2,4’-(2_hgdroxy-2-methylpropyl)phenylpropionic acid; 5=2,4’-earboxyphenylpiopionic 
acid. 

The metabolites giving rise to peaks 2 and .4 (metabolit&Z z&d 4 in Fig. 1) 
have been previously. synthesized and identified as 2,4’-(2-carboxyprop~l)- 
phenylpropionic acid aird 2,4’-(2hydroxy,2-metby1propyl)ph~nylpropion.i~ 
acid [1] _ The metabolites giving rise to peaks I a.pd 3+i1etab@ikes ~ku1d.3 in 
Fig. 1) haves been detected and characterized by Brooks. and zGilber6 [2] -using 
combined GCdlIS; They identified -the metaboIit.es as 2,4f.-(1-hydr~xy++%meth- 
ylpropyl)phenylpr6pionic acid. and 2,4’-( %h ydrodmeth ylptopyl)pheti$lpro- 
piodc&d_- . . : ._ ._ -_ . .; :,,:_ :__- : ..:iT 



Iri the p&sent work the four mentioned metabolites have been &x&cl both 
as methyl e&e& and aS methyl esterY+ethylsilyl (TMS) ethers, and the find- 
ings of. Brooks and Gilb&_ ‘[Z]. ha& beeti co@.rmed. With regard to the inter- 
pretation of the mass spectrum ofthe,methyl e&x-TMS ether of metabolite 1 
they stated: “The abundant ion at miz 133-w&s at first ascribed to an impurity 
retaining the unsubstituted isobuwlphenyl moiety, but was still fc?rmed from a 
purified sample and remain unassigned pending further examination”. The pos- 
tulated metabolite 1, i.e. 2,4’-( I-hydrow-2-methylpropyl)phenylpropionic 
acid, was therefore synthesized .[4]. Fig. 3 shows the mass spec@un of the 
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Fig_ 3_ Mass spectra of 2,4’-(1-hydrosy-2-methylpropyl)phenylpropionic acid as methyl 
e&x (a) and ss methyl ester-TMS ether (b). The empirical formulae (as indicated in the 
figure) have been dete rmined by high-resolution mass spectrometry. 

methyl ester of this compound (a) and the mass specfxum of the methyl ester 
‘FMS ether (b). The empirical formulae (as indicated in the figure) of the vari- 
ous fragments have been determined by high resolution mass spectrometry. A 
suggested &heme for the formation of the ion at m/z 133 in the mass spectrum 
from the methyl ester-TMS ether of 2,4’-( I-hydroxy-2-methylpropyl)phenyl- 
propionic acid is shown in Fig. 4. 

Th& synthesized 2,4’-(1-hydroxy-2-methylpropyl)phenylpropionic ac$d had 
an iden&ical mass spectrum as well as identical GC retention time with metab- 
0lit.e 1, b&h as methyl ester and as methyl .e&?~TiVS ether: 

Two other possible metaboli& fr&ti 2,4’-is~~u~l~h~n~l~ro~i~~c acid’ were 
_q@x&zed,. vi;. :.2,4~r(~-o~~2-n+hylpr~pyl)ph~ylpropioni~ acid +d 3-hy: 
d;oxpti~~-~ot~en~~propioniz acid. The. k@er might be -formed by_ an 
ordinary w I-hydroxylation. -Both of these compounds +ere -&arch&i .for, first 



418 

: :.. - : .~. 

Fig. 4. Sugges’ted fragmentation scheme for the formation of the ion at m/z 133 from 2,4’- 
fl-hydroxy-2-methylpropyl)phenylpropionic acid methyl ester-TMS ether. 

by mass chromatography and later by multiple ion detection. However, not 
even traces of these compounds could be demonstrated in the samples (dialysis 
fluid or urine). 

Peak 5 (Fig. 2) was identified as follows. The mass spectzum of this peak is 
shown in Fig. 5 (b). The molecuIar ion is at m/z 222; the fragment ions at m/z 
191 and m/z 163 indicate a methyl ester_ When the sample was treated with 
ethanol-HCI, the retention time of the peak was slightly increased and in the new 
mass spectrum (not shorn)) the molecular ion was found at m/z 250, thus 
showing the presence of two carboxylic groups. Ions at m/z 205 and m/z 177 

163 

Fig. 5. Mass spedr& of authentk 2,4’+arbo~henylpropiotic~&id dim&y1 ester <aj &d 
of the methylated ibuprofen metaholite ‘(peak 5 in Fig. 2) detected in dialysis fluid from a 
nephrectomized patient @). . ..- : _. _ 



-demonstrated loss of 
hyciroxyl groups was 

419 

an . ..ethoxy and. a carboethoxg grbup. The absence of 
confirmcci by the unchanged retention time -and. mztss 

spectrum after trimetbylsilylation of the dimethyl ester. The postulated struc- 
ture of the new metabohte is shown in Fig. 1 (metabolite 5). Thiscompound, 
viz. 2,4’carboxyphenylpropionic acid, was synthesized [4], and the mass spec- 
lmni of the d&ethyl ester: is shoti- in Fig, .5 (a j_ This mass spectrum is identi- 
cal to the mass spectr&n of the metbylated metabolite 5. Moreover, the two 
compounds .had identical gas cbromatograpbic retention times (0.50 relative ‘to 
2,4’-(2carboxypropyl)phenylpropionic acid dimethyl e_&er in an OV-17 col- 
umn, isothermally at 205”); 

In the 2-methylpropionyl side chain of metabolite 2 (Fig. 1) the methyl 
branching is’ in the as-position to the carboxyl group, Thus, it is niost likely that 
the new -metabolite, 2,4’carboxyphenylpropionic acid, is formed from metabo- 
lite 2 by an ordinary @-oxidation. 

DISCUSSION 

It has been shown by others [I, 23 and by us 131 that the metabolism of 
2,4’-isobutylphenylpropionic acid takes place in the isobutyl side chain. Deriva- 
tives are formed by ol-, w 2- and w 3-hydrolation and by a further oxidation 
of the wl-hydroxylated metabolite. This is in accordance with the findings of 
Ruelius et al. [S] conceriring the metabolism of the hypoglycemic agent 2-p 
methoxyhenzenesulphonamido-5-isobutyl-l,3,4-thiadiazole and our own find- 
ings concerning the metabolism of 4isobutylphenylacetic acid 171. 

Another possible site of attack for the u-hydroxylation system would be at 
the $-position in the propionic acid part of 2,4’-isobutylphenylpropiomc acid. 
In the present study, however, not even traces of this postulated metabolite 
could be detected. Thus, it seems as if the neighbouring carboxylic group pro- 
tects this methyl group from the w 1-hydroxylating enzymes. 

The new metabolite, 2,4’-carboxyphenylpropionic_ acid (metabolite 5, Fig. 
I), may be formed from 2,4’-(2carboxypropyl)phenylpropionic acid (metabo- 
lite 2, Fig. 1) by p-oxidation. The reason why the new metabohte has not been 
previously detected may be that its precursor is rapidly excreted in the urine 
and thus for a large part escapes p-oxidation. In the nephrectomized p&Sent in 
the present study the ingested drug could not be excreted in the urine, but was 
metabolized to end products. Such a product, 2,4’-Carboxyphenylpropionic 
acid, was found in substantial amounts in the dialysis fluid sample from the 
nephrectomized patient, whereas only small amounts were found in the urine 
sample from the healthy volunteer. Thus, we suggest -that analyses of diidysis 
fluid from nephrectomized patients who .for clinical reasons have to be given a 
certain drug, may yield new information on the metabolism of that particular 
drug. 
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