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liminary study, correlated approximately with
an improvement in the symptoms of angina
pectoris. The possible significance of this is
discussed.

Addendum. Since completing these carbo-
hydrate tolerance studies, we have tested the
purity of several samples of the standard prep-
arations of glucose and galactose, such as are
routinely used in oral glucose and galactose
tolerance tests. The galactose preparations had
a non-galactose content of 4-14% (w/w), of
which about half was copper reducing, and
a small fraction glucose oxidase reducing: the
glucose preparations had a non-glucose con-
tent of 2-10%. most of which was copper re-
ducing. but not glucose oxidase reducing.
However, since we used glucose and galactose
from the same stock bottles throughout the
tests, we believe that the changes of carho-
hydrate tolerance are genuine.
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Urinary Metabolites of Mevalonic Acid: Evidence That Mevalonic
Acid is not a Precursor of Isovalthine* (27008)

LeMmter D. Wricut axp WiLriam P. HOLLANDER

Graduate School of Nutrition, Cornell University, Ithaca, N. Y., and
Massachusetts Memorial Hospitals, Boston, Mass.

The discovery(1, 2), isolation(1, 2), iden-
tification(2), and synthesis(2) of a new
amino acid, S-(isopropyl-carboxymethyl) -
cysteine, termed isovalthine has been recently
described by Japanese investigators. This
amino acid was observed in the urine of
hypercholesterolemic individuals. The struc-
ture of the amino acid is such as to suggest
that it arises biogenetically by addition of
cysteine to A-isopentenyl pyrophosphate fol-
lowed by or simultaneously with loss of pyro-
phosphate and oxidation of the primary alco-
hol to an acid. A*-Isopentenyl pyrophosphate
may be visualized as a compound in equi-
librium with /\*isopentenyl pyrophosphate
which, in turn, is in equilibrium with A®-
isopentenyl pyrophosphate. The latter 2 com-

* Supported by research grants from Nat. Science
Foundation and Nat. Inst. Health and by funds made
available through State Univ. of New York.

pounds are known intermediates in utilization
of mevalonic acid (MVA) and are intercon-
vertible by the enzyme isopentenyl pyrophos-
phate isomerase(3). If this or a related mech-
anism has any merit, it would suggest that
isovalthine may be a significant “detoxifica-
tion” product of intermediates in sterol bio-
synthesis whereby these intermediates are
diverted from sterol biosynthesis and appear
in the urine as an innocuous metabolite. The
experiments described here involving recovery
of added carrier isovalthine from the urine
of hypercholesterolemic individuals that had
received MVA-2-C'* demonstrate that either
fa) MVA is not a precursor of isovalthine, or
{b) MVA may be a precursor of isovalthine
but the metabolite is not encountered in all
cases of hypercholesterolemia. Evidence is
also presented that MVA is the precursor of
an amphoteric metabolite possibly related to
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isovalthine.

Materials and methods. DL MVA-2.C'* as
the N, N'-dibenzylethylenediamine salt (2.48
me per mM) was administered intravenously
to 2 hypercholesterolemic individuals. One
subject (HL, F, 58 yrs, hypertensive vascular
disease) received 13puc. The other subject (ES,
F, 47 yrs., coronary artery disease) received
20pc. At the time that the 2 subjects were
studied one (HL) had a total cholesterol blood
level of 301 mg per 100 ml while the other
(ES) had a level of 371 mg per 100 ml
Neither subject was receiving antihypercho-
lesterolemic therapy at the time these studies
were done. Complete 24-hour urine collections
from each subject were obtained following
MVA administration and these collections
were then frozen until studied in the labora-
tory.

Isovalthine at a level of 1 mg per ml was
added to each urine sample immediately after
unfreezing. In the case of HL this amounted
to 1420 mg; in the case of ES, to 1200 mg.
The isovalthine used was synthesized by con-
densation of L-cysteine with DL. « -bromoiso-
valeric acid in aqueous alkali according to
a previously published procedure(4). The
product was, therefore, a diastereoisomeric
mixture. It has not, as yet, however, been
possible to separate the diastereoisomers by
fractional crystallization. Each urine sample
was then poured onto a column of 150 ml of
Dowex-1 freshly prepared in the hydroxide
form. The urine was allowed to run through
the column at a rate of about 10 ml per min
and was followed with several hundred ml of
water. The column was then eluted with 0.1
N hydrochloric acid. One hundred ml frac-
tions of the run through and eluates were
collected, and 0.01 ml amounts of the various
fractions were spotted on a sheet of Whatman
#1 paper and developed by ascending chro-
matography in butanol: acetic acid: water
(160: 40: 40). The added isovalthine was
located with ninhydrin (RF of about 0.53).
Two ml amounts of the various fractions were
also pipetted into planchets (2 inch diameter,
stainless steel, concentric rings), neutralized
where necessary to phenolphthalein and evap-
orated to dryness in a stream of air at room
temperature. The samples were counted in a
thin window gas flow counter. Those eluate
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fractions containing the isovalthine which
coincided with those fractions containing ra-
dioactivity were combined.

The combined fractions from the Dowex-1
column were poured onto a column of 200
ml of Dowex-50 freshly prepared in the acid
form. The column was washed with several
hundred ml of water and then eluted with 2
N ammonia. 0.01 ml amounts of the various
fractions (100 ml) were spotted on a strip
of Whatman #1 paper and the isovalthine
located with ninhydrin. Two ml amounts of
the various fractions were also counted as in
the previous step. Those fractions containing
the isovalthine were combined and concen-
trated in vacuo to a small volume in a rotary
evaporator.

The concentrated fractions from the Dowex-
50 column were poured on to a column of
150 ml of Dowex-1 freshly prepared in the
acetate form. The column was washed with
several hundred ml of water and then eluted
with 2 N acetic acid. The isovalthine was
located and radioactivity of the various frac-
tions determined as described earlier. Those
fractions containing the isovalthine were evap-
orated in vecuo to dryness in the rotary
evaporator.

The isovalthine fractions from the previous
step were dissolved in a small volume of water
and treated at steam bath temperature with
norite. The filtrate from the norite treatment
was concentrated to a small volume and etha-
nol added to a concentration of about 50%.
Isovalthine crystallized on cooling and was
filtered off, washed with 50% ethanol, and
dried at room temperature. Identity and homo-
geneity of the products was established by
paper chromatography and infrared spectrum
analysis.

The recovered isovalthine was examined for
radioactivity by liquid scintillation counting
in a Packard ‘Tri-Carb’ scintillation spectro-
meter. This method of counting is approxi-
mately 4 times more sensitive than the gas
flow counting used with the various chroma-
tographic fractions. The mixtures counted
contained 20 mg of recovered isovalthine, 1
ml of 1 M ‘Hyamine’ solution in methanol
and 10 ml of scintillation mixture (4 g PPO
and 30 mg POPOP per liter of toluene.)

Results. The results obtained are summar-
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FIG. 1. Summary of chromatographic studies. Those fractions of a chromatogram that were combined and
subjected to subsequent chromatography or crystallization are indicated between the vertical arrows. Counts
summarized are total counts per fraction, Background where significant is indicated by a dashed line. The
darkened elipses indicate location and approximate amount of added isovalthine as determined separately

by ascending paper chromatography in butanol:
ninhydrin,

TABLE I. Summary of Information on Recovered

Isovalthine.
Radioactivity *
Exp  Material studied counts in. RF valuet
30 min

HL Recovered isovalthine 577 3l

Reference “ 579 A9
ES Recovered isovalthine 573 Sl

Reference “ 572 .48

* Each sample counted contained 20 mg of
recovered or reference isovalthine, 1 ml "Hyamine,’
and 10 ml of scintillation mixture.

t Ascending chromatography in butanol: acetic
acid: water (160: 40: 40).

ized in Fig. 1 and in Table I. When urine
from hypercholesterolemic individuals admin-
istered DL MVA-2-C** and to which non-
radioactive isovalthine had heen added is
chromatographed on the strong anionic ex-
change resin Dowex-1 in the hydroxide form
radioactive material and isovalthine are re-

acetic acid: water (160: 40: 40) and development with

tained by the column and are eluted with
dilute hydrochloric acid (Fig. 1). The radio-
active material is without doubt largely un-
natural MVA (from the racemate adminis-
tered) which is known to be inactive bio-
chemically (5). When the hydrochloric acid
eluates are chromatographed on the strong
cationic exchange resin Dowex-50 most of the
radioactivity of the urine is not retained by
this resin as would be expected if the radio-
activity is largely unnatural MVA (no basic
groups). On the other hand, a small fraction
of the radioactivity of the original urine is
retained and since it had been previously
retained by an anionic exchange resin it must
represent amphoteric material. This radio-
activity coincided with the isovalthine but it
should be appreciated that no fractionation
of amphoteric material is accomplished with
the strong eluting agent (2 N ammonia) em-
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ployed. When the ammonia eluates are chro-
matographed on the strong anionic exchange
resin Dowex-1 in the acetate form most of
the radioactivity is retained by this resin and
is eluted by acetic acid (2 N). Under the
conditions of the chromatography employed,
monoamino monocarboxylic amino acids are
not retained by the resin but monoamino
dicarboxylic amino acids are held and eluted
with the acetic acid. The results obtained fur-
nish presumptive evidence that the radioactive,
amphoteric metabolite in the urine of hy-
percholesterolemic individuals administered
MVA-2-C** is a monoamino dicarboxylic acid.
On the other hand, isovalthine recovered from
the radioactive fractions of the Dowex-1 ace-
tate column is devoid of radioactivity (Table
I). These results form the basis for the con-
clusion that either (a) MVA is not a precursor
of isovalthine, or (b) MVA may be a pre-
cursor of isovalthine but the metabolite is not
encountered in all cases of hypercholestero-
lemia.

Discussion. These studies have furnished
evidence that MVA does not serve as a pre-
cursor of isovalthine in the hypercholestero-
lemic individual but instead is converted in
small amounts into some other amphoteric
metabolite presumably a monoamino dicar-
boxylic acid. The unqualified conclusion that
MVA is not a precursor of isovalthine is not
justified because of a possible alternative in-
terpretation of the data. Obviously if isoval-
thine is derived from MVA but is only
randomly encountered in the urine of hyper-
cholesterolemics it is possible that the amino
acid was not initially present in the urine
samples examined. Under this condition car-
rier isovalthine would have been recovered
without radioactivity following administration
of radioactivity while in similarly treated hy-
percholesterolemics excreting isovalthine car-
rier isovalthine would have been recovered
with radioactivity. If this is the explanation
{for the failure to recover radioactivity in car-
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rier isovalthine then these studies have sig-
nificance in that they show that isovalthine
is not a ubiquitous, quantitatively significant
metabolite of sterol intermediates.

If MVA is not a precursor of isovalthine,
an explanation seems necessary for the exist-
ence in urine under conditions of what is
probably increased sterol biosynthesis (hyper-
cholesterolemia) of a metabolite that does not
originate from sterol intermediates. Possibly
isovalthine originates from a sterol precursor
before MVA in the biosynthetic sequence.
More likely under conditions of excess sterol
biosynthesis relatively non-specific mech-
anisms for the diversion of sterol interme-
diates away from the “normal” course come
into play and various compounds related in
structure to sterol intermediates are indis-
criminately metabolized.

Summary. Synthetic isovalthine (S-(isopro-
pyl-carboxymethyl) -cysteine) was added to
urine from hypercholesterolemic patients that
had received mevalonic acid-2-C** intraven-
ously. Isovalthine recovered from the urine
was found to be devoid of radioactivity thus
indicating that either (a) mevalonic acid is
not a precursor of isovalthine, or (b) meva-
lonic acid may be a precursor of isovalthine
but the metabolite is not encountered in all
cases of hypercholesterolemia. The existence
in the urine samples studied of an amphoteric
metabolite of mevalonic acid was. demon-
strated. '
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