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Abstract

Wehave recently shown in vitro that the peroxisomal fraction
of a rat liver homogenate has the highest capacity to (-oxidize
prostaglandins. In order to evaluate the relative importance of
peroxisomes for this conversion also in vivo, we administered
[Hjprostaglandin F2. to an infant suffering from Zellweger
syndrome, a congenital disorder characterized by the absence
of intact peroxisomes. As a control, labeled compound was ad-
ministered to two healthy volunteers. Urine was collected, frac-
tionated on a SEP-PAK Cl3 cartridge, and subjected to re-
versed-phase high-performance liquid chromatography. The
Zellweger patient was found to excrete prostaglandin metabo-
lites considerably less polar than those of the control subjects.
The major urinary metabolite in the control subjects was prac-
tically absent in the urine from the Zellweger patient. The ma-
jor urinary prostaglandin F2. metabolite from the Zellweger
patient was identified as an w-oxidized C"0-prostaglandin, 9,11-
dihydroxy-15-oxoprost-5-ene-1,20-dioic acid. The major uri-
nary prostaglandin Fu, metabolite from the control subjects had
chromatographic properties of a tetranor (C16) prostaglandin,
in accordance with earlier published data. The present results,
in combination with our previous in vitro data, indicate that
peroxisomal (i-oxidation is of major importance for in vivo
chain shortening of prostaglandins. (J. Clin. Invest. 1991.
88:978-984.) Key words: Cerebro-hepato-renal syndrome-
chain shortening * w-oxidation

Introduction

Prostaglandins are very rapidly metabolized in vivo. In hu-
mans, the methyl end side chain is first modified, leading to
formation of the major circulating metabolites, 1 5-keto- 13,14-
dihydro prostaglandins (1, 2). Further w- and (-oxidation leads
to chain-shortened products that are excreted in the urine (3-
5). The majority of prostaglandin metabolites are thus C18 or
C16 compounds, the result of one or two cycles of (i-oxidation.
It has been reported that prostaglandins may be (-oxidized in
mitochondria in a carnitine-dependent process (6, 7). Recently
it was shown that also phthalate- or clofibrate-induced rat liver
peroxisomes have a high capacity to chain-shorten prostaglan-
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dins (8-10), possibly considerably higher than that of the mito-
chondrial fraction (9).

In spite of the fact that peroxisomes have a high capacity to
(-oxidize prostaglandins in vitro, it is difficult to evaluate the
relative role of this organelle under conditions in vivo.

Patients with the Zellweger syndrome, who therefore lack
peroxisomes, may offer a unique possibility to evaluate the
relative importance of peroxisomes for prostaglandin degrada-
tion. In the present investigation, a girl with this rare autosomal
recessive disorder was given radioactive prostaglandin F2.. The
pattern of labeled urinary metabolites of the infant was com-
pared with that of two healthy adults.

Methods

Case history
The infant (I.H.) was a first-born full-term female of healthy nonrelated
parents. She was born with a moderate asphyxia and weighed 3,070 g.
At birth she presented severe hypotonia with areflexia, large fontanelle
and metopic suture, facial dysmorphic patterns as described for Zell-
weger syndrome, and congenital glaucoma. On the second day of life
phenobarbital (3-5 mg/kg body wt) was instituted to treat seizures.
Hepatomegaly became apparent from 1 moof age. Increasing levels of
serum transaminases were detected from birth but no signs of bile stasis
or liver failure were found. Her nuchal hypotonia persisted, her sei-
zures became refractory, and she had severe developmental delay. The
electroencephalograms were abnormal with spike foci and sharp wave
discharges. In addition, brushes and asynchrony pointed to immaturity
of the brain as seen in premature birth infants. No electroretinographic
or brain stem auditory evoked response signals could be detected.
Serum bile acids had the following levels: cholic acid 3.14 Mmol/liter
(4.18±2.31 gmol/liter [11]), chenodeoxycholic acid 3.96 11mol/liter
(7.09±3.01 [ 1]), trihydroxycoprostanic acid 24.6 gmol/liter (normally
undetected levels), C29-trihydroxy-dicarboxylic-coprostanic acid: trace
amounts (normally undetected levels) (12). Plasmalogen synthesis ac-
tivity was severely reduced. Synthesis rate was measured by Moser
using the double isotope technique described by Roscher et al. (13).
The mean 3H/'4C was 5.01 (normal controls 0.67±0.19, "pseudo Zell-
weger" 0.83±0.21). There was no diagnostic or therapeutic indication
for liver biopsy. She died at the age of 4 moafter an episode of apnea
with bradycardia. Bile acids in a postmortem blood sample had the
following levels: cholic acid 0.74 umol/liter, chenodeoxycholic acid
0.86 ,umol/liter, trihydroxycaprostanic acid 7.9 umol/liter, C29-trihy-
droxy-dicarboxylic-coprostanic acid 3.9 Amol/liter.

In accord with the parents' wish, no autopsy was performed.

Chemicals
Human albumin (20%) was obtained from KabiVitrum AB, Stock-
holm, Sweden. [9-3H] Prostaglandin F2, 16 Ci/mmol, was purchased
from New England Nuclear, Dreieich, FRG. 20-Hydroxy prostaglan-
din F2, and 20-hydroxy- I3,14-dihydro-I5-keto-prostaglandin Fu, were
isolated from incubations of prostaglandin F2, with lung microsomes
or lung homogenates from pregnant rabbits, as described earlier
(14, 15).
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9,1 1-Dihydroxy-l 5-oxoprost-5-ene-1,20-dioic acid was prepared
by incubating 100I g of 20-hydroxy- 13,14-dihydro- 15-keto prostaglan-
din F2L with 3 ml 20% rat liver cytosol (0.1 MTris, pH 8.5) supple-
mented with 3 mgNAD' at 370C for 30 min. The reaction mixture was
extracted, treated with etheral diazomethane, and analyzed by re-
versed-phase high performance liquid chromatography (RP HPLC).
The RPHPLCchromatogram (see Fig. 3 B) showed three peaks that
were further identified by gas chromatography-mass spectrometry.
Peak I and II (as trimethylsilyl ether derivatives) had mass spectra iden-
tical to the spectrum of 20-hydroxy- I3,14-dihydro- 15-keto-prostaglan-
din F2, (15). Peak II is probably the hemiketal form of peak I. Peak III
had a spectrum identical to that reported for 9, l -dihydroxy-15-oxo-
prost-5-ene- 1,20-dioic acid (as its trimethylsilyl ether derivative) (15).

Extraction of urine
20 ml of urine was acidified to pH 3 with 1 N HCI and applied to a
SEP-PAKCg8 cartridge. The cartridge was eluted with 5-ml portions of
water, 15% ethanol in water, petroleum ether, methyl formate, and
methanol (16). The recovery of radioactivity was 94.6-103%. The sol-
vent was evaporated under a gentle stream of nitrogen. Samples were
dissolved in a small volume of methanol for analysis by HPLC.

Reversed-phase HPLCof SEP-PAKC18 eluates
Analytical HPLCof the methyl formate fraction was carried out on a
Waters Associates (Milford, MA) Nova Pak Cl8 4-um column (Radial-
Pak, 8 mmX 10 cm) using methanol/water/acetic acid 55:45:0.01 vol/
vol/vol as mobile phase. The flow rate was 1.25 ml/min. The HPLC
system was connected to a FLOWONE/# model IC radioactivity de-
tector (Radiomatic Instruments & Chemical Co. Inc., Tampa, FL)
equipped with a 2.5-ml flow cell. Preparative HPLC of the methyl
formate fraction was performed on a Polygosil 60-10-tm C18 column
(Macherey-Nagel, Duren, FRG), 10 mmX 50 cm, using methanol/
water/acetic acid 60:40:0.01 vol/vol/vol as mobile phase with a flow
rate of 4.0 ml/min.

The more polar SEP-PAK Cs8-fraction (15% ethanol in water) was
analyzed using the Nova Pak C18 column with methanol/water/acetic
acid 40:60:0.01 as mobile phase (flow rate 1.0 ml/min).

Straight-phase HPLC
The SEP-PAK Cg8 methyl formate eluates from the control subjects
were analyzed by straight-phase HPLCusing a Waters Associates Re-
solve 5-um column (8 mmx 10 cm). The mobile phase was hexane/
ethanol/acetic acid 75:25:0.01 vol/vol/vol and the flow rate 1.0
ml/min.

Radio gas-liquid chromatography
Gas chromatography with radioactivity detection was performed on a
Pye Unicam model 204 gas chromatograph connected to an ESI nu-
clear radioactivity detector (Klempfern House, Reigate, Surrey, En-
gland). The column was a 3-m X 3-mm i.d. glass tubing packed with 1%
OV-l on Chromosorb 750, 60-80 mesh. Retention times were con-
verted to C values (relative retention times) using saturated fatty acid
methyl esters as reference compounds (17).

Gas chromatography-mass spectrometry
Mass spectrometric analyses were performed using either an LKB2091
gas chromatograph-mass spectrometer equipped with a 30-m x 0.25-
mmDB 1301 column (J&W Scientific, Folsom, CA) or a Hewlett-
Packard Co. (Palo Alto, CA) model 5890 gas chromatograph (equipped
with a 13-m X 0.18-mm DB-5 column, J&WScientific)/model 5970
mass selective detector.

Radioactivity in urine and chromatographic fractions was analyzed
in a model 1217 Rackbeta liquid scintillation counter (LKB Produkter,
Bromma, Sweden).

Administration ofradiolabeledprostaglandin F2a
25 MCi of prostaglandin F2L,[9-3H(N)] (16.0 Ci/mmol) was dissolved in
50 Ml of methanol and purified on a Waters Associates Radial Pak

Nova Pak C18-column (8 mmX 10 cm). The mobile phase was metha-
nol/water/acetic acid 60:40:0.01 vol/vol/vol and the flow rate was 1.0
ml/min. 60 fractions of 0.5 ml were collected. Two Ml of each fraction
was analyzed for radioactivity. Fractions corresponding to prostaglan-
din F2L were pooled and taken to dryness under a gentle stream of
nitrogen. The pooled material was dissolved in 700 Ml of ethanol. Two
aliquots of 3 Ml each were removed for analysis on HPLCand radioac-
tivity determination by liquid scintillation counting. The rest was sub-
jected to sterile filtration. 12 MCi of [3Hlprostaglandin F2, (0.3 Mg) was
mixed with 4.5 ml of sterile 20%human albumin solution and injected
i.v. (0.5 ml/min) into the patient or the control subjects. Urine from the
infant was collected by permanent urethral catheterization for a 70-h
period after the infusion.

Derivatization for gas chromatographic analysis
Carboxyl groups were converted to methyl- or ethyl esters by treatment
with etheral diazomethane or diazoethane, respectively. Somemetabo-
lites were reacted with O-methoxyamine hydrochloride in pyridine to
produce methyl oxime derivatives from keto groups. Hydroxyl groups
were derivatized into trimethylsilyl ethers by treatment with trimeth-
ylchlorosilane-hexamethyl-disilazane-pyridine 1:2:3 (vol/vol/vol).

fl-Oxidation of [J-'4C]palmitic acid in culturedfibroblasts
from the infant suffering from Zellweger syndrome
andfrom a healthy age-matched infant
Tissue cultures. Skin biopsies were taken from the forearm. Cultures of
skin fibroblasts were routinely grown in basal Eagle's medium with
16% (vol/vol) fetal calf serum. Penicillin (100 U/ml), streptomycin
(100 ,ug/ml), amphotericin (2 U/ml), and L-glutamine (1.5 Mmol/ml)
were added to the medium. Monolayer cultures were established in
75-cm2 flasks with 21 ml of medium at 37°C, gassed with 5% CO2
in air.

Incubations, extractions, and chromatographic procedures. A mix-
ture of labeled and unlabeled palmitic acid dissolved in acetone was
slowly mixed into essentially fatty acid free bovine serum albumin, 3%
(wt/vol) under a gentle stream of N2 at room temperature. The 2 mM
palmitate solution was sterilized by filtration through a filter (0.22 Mum;
MStar, Costar Corp., Cambridge, MA). The incubations were initiated
by adding the substrate (90 nmol) directly to the medium in the flasks
with cells growing in monolayer. The medium used in these incuba-
tions consisted of basal Eagle's medium enriched with 1.6% fetal calf
serum. Blank incubations were performed using cell cultures in the
same medium that had been boiled for 5 min before addition of sub-
strate. The incubations were terminated by turning the flasks upside
down, separating the medium from the cells. 4 ml of 0.1 Msulfuric acid
was added to the medium. The liberated "CO2 was trapped in a small
well with a piece of filter paper soaked with 300 MA of methanol/diphen-
ylethylamine (1: 1, vol/vol). After trapping ofthe "C02 at room temper-
ature over night, the medium was removed and the monolayer was
washed twice with 0.9% NaCI before harvesting with a Costar dispos-
able cell scraper. The flasks were washed with 0.9% NaCl and ethanol.
A batch of the cell sap was collected for protein measurement, before
the cell sap and the medium were mixed. The mixture was extracted
with a SEP-PAK Ci8 cartridge, and the remaining 14C activity in the
medium was regarded as "4C-labeled acetic acid. Blank activities of
"CO2 and water-soluble 14C activity were subtracted. Radioactivity
was counted in a Packard Instruments Co. (Meriden, CT) model 2420
Tri-Carb liquid scintillation counter after addition of counting solution
(Packard Opti-Fluor).

Ethical aspects. The study was approved by the Ethical Committee
(Region II) of Rikshospitalet, Oslo, Norway and by the Ethical Com-
mittee of Huddinge University Hospital, Karolinska Institutet,
Sweden.

Results

The appearance of radioactive metabolites in urine after injec-
tion of 3H-labeled prostaglandin F2, into an infant with Zell-
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weger syndrome and two control subjects is shown in Fig. 1.
There was a rapid excretion of radioactive metabolites in the
urine from all subjects. The main part of the recovered radioac-
tivity in the urine was excreted within the first 5 h in all sub-
jects. The urine samples were extracted by means of a SEP-
PAKC 8 cartridge. A fraction containing polar metabolites was
collected (eluted with 15% ethanol in H20) followed by a neu-
tral fraction (eluted with petroleum ether) and a fraction con-
taining both prostaglandins and relatively nonpolar metabo-
lites (eluted with methyl formate) (16). The distribution of ra-
dioactivity between the different eluates from the SEP-PAK
C18 cartridge is shown in Table I for the urine samples collected
3 and 2.25 h after injection (control subjects) and 2 h after
injection (Zellweger). About 65% of the radioactivity from the
control subjects was recovered in the 15% ethanol eluate
whereas only 1.6% of the radioactivity from the infant was
found in this fraction. In the analysis of the urine from the
infant, 96% of the radioactivity was eluted in the methyl for-
mate fraction. The fraction of radioactivity in the methyl for-
mate eluate decreased somewhat in urine samples collected at
later intervals after injection in the Zellweger patient (84.6% in
the urine collected 3-9 h after administration). It is evident that
the metabolites recovered from the control subjects were con-
siderably more polar than those from the patient.

The methyl formate fractions from the control subjects and
the infant with the Zellweger syndrome were subjected to
HPLC. The chromatograms from one of the two control sub-
jects (female) and the Zellweger patient are shown in Fig. 2.
The chromatogram for the Zellweger patient showed five peaks
that eluted later (i.e., were less polar) than the single peak ob-
tained from the control subject in the same system. Materials
corresponding to peaks 1, 2, and 3 in Fig. 2 were isolated by
reversed phase HPLC. The compound corresponding to peak 1
had a retention time of 6.40 min. The reference compounds
20-hydroxy prostaglandin F2. and 20-hydroxy- 13, 14-dihydro-
1 5-keto prostaglandin F2, had retention times of 5.50 and 6.80
min, respectively. The material corresponding to peak 1 (Fig.
2) was treated with etheral diazomethane and the product was
analyzed by RP HPLC. The HPLCchromatogram, Fig. 3 A,
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Table I. Solid Phase Extraction of Urine from Two Control
Subjects and a Patient with Zellweger Syndrome after Intravenous
Administration of Tritium-labeled Prostaglandin F2a

Percentage of recovered radioactivity

SEP-PAK Control* Controlt Zellweger
C,8 eluate (female) (male) (female)

Water 0.3 1.1 0.2
15% ethanol 64.1 64.0 1.6
Petroleum ether 0 0 0
Methyl formate 35.0 34.1 96.0
Methanol 0.7 0.8 2.2

* Urine collected 1-3 h after administration of [3H]prostaglandin F2,.
tUrine collected 1-2.25 h after administration of [3Hlprostaglandin
F2,. I Urine collected 0-2 h after administration of [3H]prostaglandin
F2,.

shows that the diazomethane-treated material resolved into
three peaks. Fig. 3 B shows the HPLCchromatogram of the
methyl esters of a reference mixture containing 20-hydroxy-
13,14-dihydro-l 5-keto prostaglandin F2, (peak I and II) and
9,1 1-dihydroxy- 1 5-oxoprost-5-ene- 1 ,20-dioic acid (peak III).
As can be seen in Fig. 3, the three peaks of the material from the
Zellweger patient (Fig. 3 A) had retention times identical to
those of the three peaks of the reference mixture (Fig. 3 B).

The material corresponding to peak 1 (Fig. 2) was also ana-
lyzed by radio gas-liquid chromatography. The methyl ester-
trimethylsilyl ether-methyl oxime derivative had a C value of
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Figure 1. Urinary excretion of tritium-labeled products after injection
of [9-3H(N)]prostaglandin F2, into a patient with the Zellweger syn-
drome and two healthy control subjects.

TIME (min)

Figure 2. Reversed-phase HPLCchromatograms of methyl formate
eluates from a SEP-PAKC18 fractionation of urine sampled after in-
fusion of tritium-labeled prostaglandin F2t to a Zellweger patient (up-
per panel) and a healthy control subject (lower panel). Flow rate:
1.25 ml/min.

980 Diczfalusy et al.



01.2
E

o 0.8

4.4

peak 1.01 y

0.8

o 0.6-

0.2

10 20 30 40 IS0 60 70

Fraction number

Figure 3. Reversed-phase HPLCchromatograms of methyl esters of
peak 1 in Fig. 2. (A) and a reference mixture containing 20-hydroxy-
13,14-dihydro-15-keto prostaglandin F2, (I and II) and 9,1 1 -dihy-
droxy- I 5-oxoprost-5-ene- 1,20-dioic acid (III) (B).

27.1, and the corresponding ethyl ester derivative had a Cvalue
of 28.1. The difference in Cvalue between the methyl and ethyl
ester is in accord with the contention that the major part of the
material is a dicarboxylic acid.

In order to identify the dicarboxylic acid also by combined
gas chromatography-mass spectrometry, more endogenous ma-
terial was required. Urine (130 ml) from the Zellweger patient
was extracted and fractionated by HPLC. The gas chromato-
graphic retention time of the major metabolite, peak 1 in Fig. 2,
(as methyl ester-trimethyl silyl ether derivative) was found to
be identical to that of the reference compound 9,1 1-dihydroxy-
1 5-oxoprost-5-ene- 1,20-dioic acid. The mass spectrum showed
major ions at m/z 466 (M-90), 451, 435, 376, 325, 308, 295,
255, 233, and 218 as earlier reported for 9,1 1-dihydroxy-15-
oxoprost-5-ene-1,20-dioic acid (methyl ester-trimethylsilyl
ether) (1 5).

The content of peak 2 in Fig. 2 was converted to methyl
ester-methyloxime-trimethylsilyl ether and analyzed by radio
gas-liquid chromatography. One major component with a C
value of 24.2 appeared together with minor peaks with Cvalues
of 25.0, 25.8, and 27.3.

The methyl ester-methyloxime-trimethylsilyl ether of the
material in peak 3 (Fig. 2) was resolved into four components

by radio gas-liquid chromatography with C values of 23.0,
24.8, 25.7, and 26.5.

Peaks 4 and 5 in Fig. 2 had retention times similar to those
of prostaglandin F2, and 1 5-keto- I3,14-dihydro prostaglandin
F2,t, respectively. Wewere not able to make a positive identifi-
cation, however, owing to the very small amount of endoge-
nous material available.

The material in peak 6 in Fig. 2 was subjected to straight-
phase HPLCand found to be a complex mixture. No further
attempts were made to characterize this peak.

The 15%ethanol eluate from the control subjects were sub-
jected to reversed phase HPLC. The HPLC chromatogram
from one of the control subjects is shown in Fig. 4. The mate-
rial was resolved into four peaks. The major peak had a reten-
tion time of 6.4 min and constituted 54.1% ofthe applied radio-
activity (corresponding to 34.6% of the radioactivity in the ur-
ine sample). The material corresponding to this peak was
isolated by HPLC and derivatized for gas chromatography.
One major radioactive component, with a C value of 23.8
(methyl ester-methyloxime-trimethylsilyl ether) was detected
by radio gas-liquid chromatography. This component consti-
tuted the major urinary metabolite in the control subject. Ac-
cording to the chromatographic properties and the Cvalue, this
component is most probably identical to 5a,7a-dihydroxy- I1-
keto-tetranorprosta- 1, 16-dioic acid which has been reported to
be the major urinary metabolite of prostaglandin F2a in the
human (3).

Fibroblasts were isolated from the Zellweger patient and
from an age-matched healthy control in order to investigate
whether the mitochondrial ,8-oxidation system was operating
normally in the Zellweger patient. Monolayer cultures of the
two cell lines were established and incubated with [1-'4C]pal-
mitic acid. /3-Oxidation activity was determined as described in
Methods. The /3-oxidation activity determined in fibroblasts
(measured in triplicate) from the Zellweger patient and an age-
matched control subject is shown in Table II. There was no
significant difference in specific /3-oxidation activity between
the Zellweger fibroblasts and the control fibroblasts suggesting
a normal mitochondrial /3-oxidation activity in the Zellweger
fibroblasts.

* J 2 cps

C3.

10 20 30 40

Time (min)

Figure 4. Reversed-phase HPLCchromatogram of a 15% ethanol
eluate from a SEP-PAK Ci8 fractionation of urine from a healthy
control subject who had been injected with tritium-labeled prosta-
glandin F2. Flow rate: 1.0 ml/min.
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Table II. ,3-Oxidation of [-_4C]Palmitic Acid in Cultured
Fibroblasts from an Infant Suffering from Zellweger Syndrome
and from a Healthy Age-matched Infant

Specific
Sample No. Origin #-oxidation activity

nmol/mg protein per d

1 Control 5.77
2 Control 6.75
3 Control 5.22
4 Zellweger 6.66
5 Zellweger 9.00
6 Zellweger 9.10

Discussion

To evaluate the importance of peroxisomes in relation to mito-
chondria in the oxidative chain-shortening of prostaglandins, a
radiolabeled prostaglandin was administered to a patient with
an inherited peroxisome deficiency syndrome (Zellweger syn-
drome). The high levels of C29-dicarboxylic acid in serum and
the defect in plasmalogen synthesis in cultured fibroblasts were
considered sufficient to confirm the diagnosis of Zellweger syn-
drome and exclude a diagnosis of "pseudo-Zellweger" syn-
drome. This latter syndrome (peroxisomal 3-oxoacyl-coen-
zyme A-thiolase deficiency) has all the clinical and pathological
features of Zellweger syndrome. Accumulation of very long-
chain fatty acids as well as coprostanic acidemia are found but,
in the liver, peroxisomes are found to be abundant (18). The
syndromes may be distinguished biochemically by a normal
plasmalogen biosynthesis and no trace of C29-dicarboxylic bile
acid in the Pseudo-Zellweger syndrome (19).

Prostaglandin F2, was chosen on the basis of its relatively
high stability and well characterized metabolism in man (2, 3,
4, 20-23). The radioactive prostaglandin used had the tritium
label in the 913-position. A prostaglandin 9-keto reductase has
been found in rat tissues (24) leading to small losses (10%) of 3H
from [91-3H] prostaglandin F2, when injected into rats (25). In
monkeys (26) and in humans (3), however, the label seems to
be stable and thus suitable for metabolic studies. In order to
evaluate the relative importance of peroxisomes for prostaglan-
din oxidation, it must be assumed that the infant studied has a
normal mitochondrial function. A reduced mitochondrial
electron transport has been reported in some patients suffering
from the Zellweger syndrome (27). However, the mitochon-
drial 26-hydroxylase, a monooxygenase, converting the bile
acid precursor 513-cholestane-3a,7a, 12a-triol into 513-choles-
tane-3a,7a, 1 2a,26-tetrol was found to function normally in
such patients (28). Very long chain fatty acids and trihydroxy-
coprostanic acid, which are oxidized in peroxisomes, accumu-
late in patients with the Zellweger syndrome (28, 29). Long
chain fatty acids which are mainly oxidized in mitochondria
are not accumulated, however. The latter finding supports the
contention that the mitochondrial 13-oxidation capacity is not
reduced in Zellweger patients. In the present study, mitochon-
drial 13-oxidation activity was assayed in fibroblasts isolated
from the Zellweger patient and from an age-matched healthy

infant. As shown in Table II the specific 13-oxidation activity
was not different in the fibroblasts from the Zellweger patient
as compared to the fibroblasts from the control subject, indi-
cating a normal mitochondrial 13-oxidation activity.

There was a rapid excretion of radioactive metabolites in
the urine after administration of [3H]prostaglandin F2,, as can
be seen in Fig. 1. The excretion rate was similar in the Zell-
weger patient and the control subjects and was also similar to
those reported (3, 5, 30). There was a pronounced difference in
the polarity of excreted radioactive metabolites from the infant
as compared to the control subjects (Table I). The ethanol
eluate from the SEP-PAK C18 cartridge contained the major
urinary metabolite in the control subjects, with a C value of
23.8 (methyl ester-methyl oxime-trimethylsilyl ether). Most
probably this metabolite is 5a,7a-dihydroxy- 1 1-keto-tetranor-
prosta-l, 16-dioic acid. The latter compound has been reported
to be the major urinary metabolite of prostaglandin F2, in hu-
mans and to have a Cvalue of 23.8 for the methyl ester-methy-
loxime-trimethylsilyl ether derivative (3). This metabolite,
which has been chain-shortened by four carbons through two
cycles of 1-oxidation and further w-oxidized to a dicarboxylic
acid, is considerably more polar than prostaglandin F2, itself.
The less polar metabolites appearing in the methyl formate
eluates, were very different in the material from the Zellweger
patient and the control subjects. As can be seen in Fig. 2 almost
all radioactivity from the Zellweger patient eluted later (i.e.,
was less polar) than the radioactivity from a control subject. It
is thus evident that the prostaglandin F2, metabolites from the
Zellweger patient had been oxidized considerably less than the
metabolites from the control subject.

The major urinary metabolite of prostaglandin F2. from the
Zellweger patient was characterized by HPLCand radio gas-
liquid chromatography. Radio gas-liquid chromatography of
peak 1 (Fig. 2) as either methyl ester-trimethyl-silyl ether-
methyl oxime or the corresponding ethyl ester derivative re-
vealed a difference in C value between the two derivatives of 1
C-unit, which indicated the presence of two carboxyl groups in
the molecule. The high C values (around C-27) are characteris-
tic for w-hydroxylated or w-carboxy C20-prostaglandins (15).
The difference in C values between the methyl ester-trimethyl-
silyl ether derivative and the methyl ester-trimethylsilyl ether-
methyl oxime derivative of peak 1 (Fig. 2) indicated the pres-
ence of a keto function in the molecule, tentatively located at
C15 (the C values for the corresponding derivatives of 20-hy-
droxy- 13,14-dihydro-1 5-keto prostaglandin F2, were 27.4 and
27.2, respectively [15]). As shown in Fig. 3, the major metabo-
lite from the Zellweger patient cochromatographed with 9,1 1-
dihydroxy- 1 5-oxoprost-5-ene-1,20-dioic acid (as methyl es-
ters). Mass spectrometry of the major prostaglandin F2 metab-
olite from the Zellweger patient (as methyl ester-trimethylsilyl
ether derivative) confirmed that the structure was in fact 9,1 1-
dihydroxy-15-oxoprost-5-ene-1,20-dioic acid. It may thus be
concluded that the major metabolite of prostaglandin F2 in the
Zellweger patient is a dicarboxylic acid which has not been
chain-shortened and the proposed pathway for its formation is
outlined in Fig. 5. The Zellweger patient is thus capable of
c-oxidation but not 13-oxidation of the prostaglandin. This situ-
ation is similar to that occurring in connection with degrada-
tion of the side chain of cholesterol. Also here the Zellweger
patients are able to c-oxidize but not 13-oxidize the bile acid
intermediates.
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Figure 5. Proposed pathway for the formation of 9,1 1-dihydroxy-15-
oxoprost-5-ene- 1,20-dioic acid (V), the major urinary metabolite of
prostaglandin F2, in a patient suffering from Zellweger syndrome.

It should be born in mind that the infant was 7 wk old at the
time of the experiment and the control subjects were adults
(one male and one female). There is, however, no reason to
believe that the capacity to ,B-oxidize prostaglandins should be
markedly different in infants as compared to adults. For obvi-
ous ethical reasons it was not possible to carry out an experi-
ment in an age-matched control. In preliminary experiments
we have, however, measured the major urinary metabolites of
6-keto-prostaglandin Fia and thromboxane B2 in healthy in-
fants of the same age as the Zellweger patient in this study.
Since the major urinary metabolites of the above compounds
were chain-shortened, it may be concluded that healthy infants
possess a ,B-oxidation system active towards prostaglandins. In
accordance with the results of the present study, the urine from

three Zellweger patients contained undetectable amounts of
the above chain-shortened metabolites in contrast to the urine
from the age-matched control subjects (unpublished observa-
tions). In a recent study, 2,3-dinor-thromboxane B2 was deter-
mined in healthy infants, born at full term, during their first
week of life. The 2,3-dinor-thromboxane B2 levels were found
to be higher than in adults but declined gradually during the
first week of life (31).

In conclusion, the urinary metabolites from intravenously
injected prostaglandin F2<, were much less oxidized in a patient
with the Zellweger syndrome than in two healthy control sub-
jects. The structure of the major urinary metabolite from the
Zellweger patient was determined and shown to be 9,1 1-dihy-
droxy-15-oxoprost-5-ene-1,20-dioic acid. The major urinary
metabolite found in the control subjects (a chain-shortened
C,6-metabolite) was almost absent in the Zellweger patient.
This indicates that peroxisomes are of major importance for
the chain shortening of prostaglandins in humans.
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