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SUMMARY

Vanilmandelic, homovan'illic and isohomovanillic acids in hody fluids were efficiently
isolated by liguid chromatography on an Amberlite XAD-4 coivmn and by organic ex-
traction in a special apparatus. The purified metabolites were converied into their trifluoro-
acetylhexafluoroisopropanol esters and analyzed by mass fraglnentography The working
curves of the metaholites were linear from 0.5 to 5 ng injected. The minimum detectable
concentrations of all the metaholites were 2 ng/ml for plasma and cerebrospinal fluid,
and 120 ng/ml for urine. The metaholite concentrations in plasma, cerebrospmal fluid
and urine of normal persons a.nd patients were determined.

INTRODUCTION

Vamlmandehc acid (VMA), homovamlhc acid (HVA) and ischomovanillic
acid (iso-HVA) are the main: metabolic end-products of catecholamines. Deter-
mination of these mefabolifes in human body fluids is essential to the diagnosis
of, for example, neuroblastoma, phaeochromeocytoma and Parkinson’s disease.

- The quantifative analyses of the metabolites in body fluids are usually
carried out by fluorimetry [1], thin-layer chromatography [2, 3], gas chroma-
" tography (GC) [4—9] and high-speed liquid chromatography (HSLC) [10—12].
However, they are susceptible fo interference of many other constituents in
"human- body fluids, and a highly selective and sensitive analysis is desired.
Recently, Sjoquist ‘et al.:reporied  a determination of VMA: ' [13] or HVA
[14] ‘i human body fluids by mass fragmentography (MF). Karoum et al.

[15] also determined VMA and HVA in spinal fluids and brain tissues by MF.

_-In previous work, we reported briefly a determination method of the metab-



olites by GC [16]. In this paper, we describe the development of a simul-
taneous determination method for VMA, HVA and iso-HVA in body ﬂmds
by MF.

EXPERIMENTAL

Maeterials

VMA, HVA, trifluoroacetic anhydride (TFAA) and hexafluoroisopropanol
(HFIP) were obtained from Tokyo Kasei Kogyo (Tokyo, Japan). Iso-HVA
was kindly supplied by Dr. I. Kuruma of Nippon Roche (Tokyo, Japan). 3-
Methoxy-4-hydroxyphenylethanol (HMPE), obtained from Aldrich (Milwau-
kee, Wis., U.S.A.), was dissolved in dioxane and stored at —20° until used
as an internal standard. n-Hexane for absesption spectrometry was obfained
from Wako Junyaku Kogyo (Tokyo, Japan). Bovine albumin fraction V and
rabbit y-globulins fraction II were obtained from Sigma (St. Louis, Mo.,
U.S.A.) and Miles Labs., (Kankakee, Ill., U.S.A.), respectively. Ethyl acetate
and 6 M hydrochloric acid were used after distillation. All the other chemicals
used were of reagent grade purity.

Samples .

Venous blood was added with heparin (Novo, Copenhagen, Denmark)
and centrifuged to obtain plasma. Three ml of plasma or cerebrospinal fluid
(CSF), which was acidified with 180 ul of 6 M hydrochloric acid and stored
at —20°, was added with 1.6 ug of HMPE.

Urine was collected in a polyethylene bottle containing abouft 30 ml of
6 M hydrochloric acid during 24 h and stored at —20°. Seventy-eight ug of
HMPE, 2 ml of water and 1.5 g of sodium chloride were added to 3 ml of
the urine to make a sample solution.

Preparatzon of Amberlite XAD-4 column

Amberlite XAD-4 (Rohm and Haas, Philadelphia, Pa., U.S.A.) was ground
by a rotary grinder in wzter and the particles of 60—150 mesh were collected
and further fractionated by sieves in water. The particles were washed with
water, 1 M sodium hydroxide, water, 1 M hydrochloric acid, water, methanol
acetone, n-hexane, acetone, methanol and water, successively. The adsorbent
was storad in ‘water together with sodium azide until used. The particles were
transferred with water into a glass tube of 0.45 cm (1.D.) {o make columns
of various heights.

Clean-r D and derivatization of the metabolites in samples

Three ml of the sample sclution from plasma or CSF were poured onto
Amberlite XAD-4 columns of 6 or 10 cm height and -different meshes. Each
column was washed with 15 ml of 0.1 M formic acid and. eluted with 5 ml
of 50% methanol and ‘5 ml of 100% methanol. The two eluates were mixed
and - concentrated to dryness in vacuo. The residue was dissolved in 5 ml of
water, and 50 ui of 6 M hydrochlonc acld and 1.5 g of sodmm chloride were
added.

The solution “1us obtained or the. sa.mple solutlon from urine was extracted



Fig.1. Solvent extraction apparatus. A PTFE membrane filter (extra coarse, 30—60 pm,
Chemplast, Wayne, NJ., U.S.A.) was clamped between the twin glass cells. Cell 2 was stop-
pered, and 5 ml of the aqueous solution and 3 ml of ethyl acetate were poured into cell 1.
Then cell 1 was stoppered and stirred for 5 min. By turning off the stoppers, the organic
phase penetrated through the filter into cell 2. a = Ethyl acetate phase; b = agqueous phase,
€ = magnetic stxmng rod;d = clamp,e PTFE filter.

twice with 3 ml of ethyl acetaie with an apparatus* shown in Fig. 1. All the
volume for plasma and CSF or, for urine, 100 zl of the organic phase was
collected into a 10-ml test tube (13 X 1.3 cm 1.D.) with a glass stopper and
evaporated in vacuo. Next “the resuiue was dned over phosphorus pentomde
in vacuo for 15 min.
" To the dried residue 300 ul of TFAA and 150 ul of HFIP were added. The -
tube was stoppered and heated in an oil-bath at 75° for 1 h. The fube was
kept in ice and the excess of the reagents were removed under a stream.of
dried nifrogen with a moisture-protecting attachment. Two hundred pl of
r-hexane were added immediately to the residue, and 1 or 2 pl of the solu-.
tion was injected into a gas chromatograph [16] or a gas chromatograph—
mass spectrometer.

Mass fragmentography
A gas chromatograph—mass spectrometer Hitachi Model-52 fitted mth a
multiple-ion detection system was used at the Central Research Laboratory, .
Mitsubishi Chemical Industry Co. (Kanagawa-ken, Japan) under the following
conditions. A 1 m X 3 mm (1.D.) glass tube was packed with 2% OV-1 on
Chromosorb W (AW-DMCS). The column inlet pressure of the carrier gas
 (helium) was 1.0 kg/cm? - (40 ml/min). The temperatures of column, column
injector and ion source were 120°, 200° and 200°, respectively. The ionizing
potential was 20eV.

*

RESULTS
As shown in TableI, a eolumn of Amberlite XAD-4, 10 cm high and 80—

*The apparatus was a mod.lﬁcatmn of that of T Igaraslu and S Tamura 1171.



TABLEI-

THE EFFECTS OF THE COLUMN HEIGHT AND THEPARTICLE SIZE OF AMBERLITE
XAD-4 ON THE RECOVERY PERCENTAGE OF THE METABOLITES BY GC

~ Metabolite 60—80 mesh 80—115mesh ~ 115—150 mesh
6cm 10cm 6em 10cm 10cm
VMA in water 70 100 99 102 -
HVA in water 98 96 100 98 -
iso-HV A in water - 97 103 105 100 - -
VMA in plasma 44 30 70 103 96
HVA in plasma 107 106 96 105 103
iso-HVA in plesma 103 105 100 98 105

130 mesh, was found to -be suitable for:purification of profein-containing
btedy fluids such as plasma. By the use of the column, even VMA, the weakest
adsorbing metabolite, was quantitatively adsorbed. More than 95% of proteins
were removed by washing the column with 0.1 M formic acid as shown in
Fig. Z; otherwise the proteins would disturb the next extraction step with an
organic scivent by emulsification. As shown in Fig. 2 and Table I, the elution
of the metabolistes and the internal standard from the column was completed
with 50 and 100% methanol. On the other hand, the ordinary deproteinization
with perchloric acid or acetone gave less recovery of the metabolites. For urine,
which contained the meciabolites at higher concentrations and no protein, the '
chromatographic step was unnecessary (Fig. 2 and Table I).
*  The next step, extraction with ethyl acetate of the acidified and salted
sample solution [6], was effective ip removing from the samples traces of
proteins, electrolytes, uric acid and urea, which would disturb the GC of the
metabolites. As an example, 5 ml solution of 1.5 g sadium chloride in 0.06 M
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Fig.2. Elution pxoﬁie of VMA, HVA, HMPE and proteins from Amberlite XAD-4. Three
ml of 3.5 m3M aguecus solut:ons of the metaholites or 3 ml solution of 180 mg of alhumin
end 30 mg. of vglobulin in ¢.01 M phosphate—0.156 M godium chlonde (pH 7. 4) were
applied to the XAD-4 column {10 X 0.46 cm LD.)..



hydrochloric acid (45.8 mS/em) was extracted with 3 ml of ethyl acetate twice,
the organic phase was evaporated to dryness and the residue was dissolved in
5 ml of water. The conductivity was much reduced to 0.54 zS/cm. In the case
of a urine of 6.3 mS/cm, treated similarly, the conductivity of the finai solution
became 50 uS/cm. The absorbance at 280 nm of the residue dissolved in 5 ml
of water was 0.012 when 5 m! of a solution saturated with uric acid of 0.531
absorbance was extracted. Further, 0.5 M urea in water at the normal urinary
concentration was also removed by the extraction, as judged from the dis-
appearance of the GC peak of the derivative, which would overlap with the
VMA peak.
_ On the other hand, p-hvdroxyphenylacetlc acid and hippuric aeid in urine
were not removed, and they interfered with the following derivatization. The
interference was neglected when 100 gl of the organic phase were analyzed.
The recoveries of 8 ug each of VMA, HVA and iso-HVA added to the sample
solution of normal urine were within 95—105% by MF.

(@) °
oy @ =
- — VMA :
1] )

- / O, o o, o

. o hd ~ Ad

o | HVA
= 1 0/

o
-

2 L iso-HVA

-~ X X ——X—K —K— X —%

©

Q ] il 3 '}

&0 30 60 990

Reaction time (min)

Fig.3. Rate of formation of the trifluoroacetyl-hexafluoroisopropanol ester derivatives of -
the metabolites. A mixture of 10 pg of VMA, 7.5 pg of HVA, 17 pg of iso-HVA and 78 zg
of HMPE, dried over phosphorus pentoxide, was reacted with f.he reagents under the con-

ditions descnbed in the text then analyzed by GC [16].

An hour was enough for the derivatization, as shown in Fig. 3. The deriva-
tized metabolites were ideniified by their mass spectra as shown in Fig. 4. The
major ions of 345, 428, 428 and 360 m/e, respectively from.the spectra of
VMA, HVA, isc-HVA and HMPE derivatives were used for the MF.

° The MF patterns of the metabolites from the authenfic mixture and normal
plasma are shown in Fig. 5. The working curves for the metabolites obtained
by the mass fragmentographs were linear from 0.5 fo 5 ng injected as shown
in Fig. 6. The minimum detectable concentrations of all the metabolites were
2 ng/ml for plasma and CSF, and 120 ng/ml for urine. In ordinary body fluids,

the content of endogenous HMPE was negligible compared with the amount
of the internal standard, so that the correction was unnecessary. The contents
of the metabolites in body fluids were measured and are summarized in Table
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FABLE IT
CONCENTRATION OF THE METABGLITES IN HUMAN BODY FLUIDS BY MF

Subject Sex Age Concentration
‘(years)
Plasma* CSF* Urine
(ng/ml) (ng/ml) (mg/day)
VMA . HVA VMA HVA VMA HVA iso-HVA
Normal M 27 20 9 — — 1.6 4.2 0.1
. . M 35 15 11 —_ —_ 1.3 3.9 0.1
M 25 17 19 —_— —_ — — —
« M 30 i0 8 — — — — —
F 52 14 4 12 40 — _ -_—
Parkinson’s** M 16 18 16 6 <2 1.5 4.5 0.1
Neuroblastoma M 3 - — — —_ 20 15 04

rIso-HV A ‘was not detected in plasma and CSF. _

t* Administration of 3,4-dihydroxyphenyl-L-alanine (L-GOPA) as a2 medicine was stopped fo:
averal days before sampling. Lack of influence of L-DOPA was confirmed by the observatio:
hat the execretion of VMA and HVA in urine- analyzed by HSLC [10, 11] was in the norma

‘ange.

DISCUSSION

We have developed a reliable method for the simulianeous determination -
of VMA, HVA and iso-HVA in body fluids, using convenient and efficient
slean-up technigues and highly selective and sensifive MF. MF determinations
of these metabolites in body fluids have been reported, but a simultaneous
letermination of the metaholites from a normal person has not been reported.
The comparable data are summarized in Table III. SjGquist et al. [13, 14]
surified the metabolites from plasma by the use of an Amberlite XAD-2
:olumn, although, according to our experiments, the recovery of VMA from
hhe column was not so good. On the contrary, quantitative adsorption and
sharp elution of the metaboliies on the Amberlife XAD-4 used in this methcd
vere carried out as shown in Fig. 2 and Table I. As shown in Fig. 1, with the
iolvent exiraction apparatus using a PTFE membrane we have been able to
ieparate completely the organic and water phases without standing or nervous’
watching. The derivatization of the metabolifes by past methods consisted
)f two steps of methylation and acylatlon, whereas the present method offers
»ne step of derivatization. : S
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