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SUMMARY 

A sensitive and direct reversed-phase liquid chromatographic method with amperometric 
detection was developed for the determina tion of 3inethoxy_4_hydroxyphenylethylene- 
giykol (MEIPG); The concentrationa of the free and sulfate conjugate of MK-ZpG were mea- 
suredinhuman lumbar cerebrospinal fluid. All samples were preconcentrated by extrac- 
tion with ethyl acetate. Deconjugation of the sulfate form of MKPG was achieved by enzy- 
matic hydrolysis with sulfa&se. 

Peaka were identified on the basis of chromatographic behavior, ratio of responses at 
several oxidation potentials and the stopped-flow W spectra of the collected fractions. 

The free MDPG content of 20 cerebrospinal fhrid samplea ranged between 0.720 and 
19-51 r&ml with the mean of 5.126 f 4.652 (SD.) ng/mt_ The sulfate conjugate of MDPG 
in 12 gampla~ .of- cerebrospinal-fluid ranged between 0.08 and 0.850 ng/ml with the mean 
value of 0.2365 $ 0.2269 (SD.) ng/ml. Although our results correlate well with the litera- 
ture iahzes, no attempt w+a tide to interpret the quantitative data since samples were ob- 
tamed from routine,_ diagnostic testing of patients admitted to the medical or neurologic 
serviceaat the Mount Sinai Hospital, 

:S&c~_t&-biogenic amine hgpothetsis for ~&ective disorders was proposed 
[1,2],co&id&abl~ amount~ofresekrchhas heen doneinaneffotitoestablish 

0378-4347i81/0000-0000/$02.50 8 1981 Elsevier Scientific Publishing Company 



306 

the functional concentrations of catecholamines (CA) in the central nervous 
system (CNS), both in normal and certain disease states. At the present time 
there is considerable evidence that central noradrenergic neurons play an im- 
portant role in cardiovascular regulation 131, hypertension [4], and depressive 
illnesses [1,2]. In the absence of non-invasive analytical techniques, clinical 
studies of norepinephrine (NE) turnover and the degree of n&a-neural com- 
munication usually rely on studies of the products of metabolic disposition of 
this important catecbolamine. 

3-Methoxy+&hydroxyphenylethyleneglycol (MHPG) is a principal metabolite 
of NE in the brain of various mammals [5-71, and it is found in urine [8-101, 
plasma 111, 121 and cerebrospinal fluid (CSF) 113,141. Measurement of urina- 
ry MZPG provides little information on the central turnover since NE is exten- 
sively metabolized before leaving the CNS. Urinary MHPG exists as the non- 
conjugated molecule (free MI-IPG), as the conjugate of sulfuric acid (MHPG- 
SO4) and pconjugate of glucuronic acid (MHPGGlu). The conjugati forms 
predominate in the urine and it has been suggested that the sulfate conjugate 
reflects the central NE metabolism [1!5J while the p-glucuronide is derived from 
the metabolism of systemic NE [16]. The MHPG content in CSF is composed 
mainly of free MHPG and a small fraction of MHPG-SO4 [ll] _ The fact that the 
sulfate conjugate of urinary MHPG is derived mainly from the central NE 
metabolism has aroused considerable interest in tbe analysis of the CSF levels 
of MHPG, where findings are not likely to be clouded by any peripheral contri- 
butions_ 

Quantitative analysis of MHPG in body fluids has been performed using 
gas-liquid chromatography (GLC) with electroncapture detection [17] or 
flame ionization detection [18], alone or in combination with mass spec- 
trometry (MS) [19-211 and,more recently, by high-performance liquid chro- 
matography (HPLC) [9,22]. Although the GLC methods are highly sensitive 
and lend themselves readily to coupling with MS, a technique of unsurpassed 
identification potential, poor volatility and thermal instability of MHPG 
necessitate the use of derivatization procedures for enhancement of volatility. 
This not only introduces a new step in the analysis but also poses additional 
problems due to the lack of stable derivatives and specific derivatizing agents, 

The ability of HPLC, particularly in its reversed-phase mode, to resolve 
complex mixtures in body fiuids is weU documented in the literature. How- 
ever, until the advent of electrochemical detection, this technique could not 
be fully exploited due to the inadequate sensitivity of the most commonly used 
LC detectors. Since organic functional groups such as phenols can be easily 
oxidized, the use of the oxidative mode of amperometric detection is ideally 
suited for the analysis of physiological levels of CA metabolites [9]. Further- 
more, since the reversed-phase separations are usually performed using mix- 
tures of aqueous buffers and organic modifiers (methanol or acetonitrile), 
the main operational requirement for electrochemical detection is thus satis- 
field. Therefore, we have investigated the use of the reversed-phase mode of 
HPLC, coupled with amperometric detection in the direct analysis of endog- 
enous levels of free MHPG and its sulfate conjugate in samples of human lum- 
bar CSF, 
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EXPERJMENTAL 

Equipment 
A Model 6000A solvent delivery system, Model 660 solvent programmer 

and Model U6K universal injector, all from Waters Assoc. (Milford, MA, U.S.A.) 
were used throughout this study. Chromatographic peaks in the HPLC efnu- 
ents were detected using a Metrohm/Brinkmann voltametric/amperometric 
detector,Model E611 with an EA 1096 detector cell (Brinkmann Instruments, 
Westbury, NY, U.S.A.)_ The amperometric detector operates on a wall-jet 
principle and employs glassy carbon working and auxiliary electrodes and a 
Ag/AgCl reference electrode. 

Iu addition, a Model SF 770 Spectroflow Monitor (Kxatos, Schoeffel In- 
strument Div., Westwood, NJ, U.S.A.) with a deuterium lamp and an 8-&l cell 
equipped with a 330A wavelength drive and MM 700 memory module, was 
used for obtaining stopped-flow W spectra. 

Areas of chromatographic peaks were electronically integrated using a 
Hewlett-Packard Model 3380A electronic integrator (Hewlett-Packard, Avon- 
dale, PA, U.S_A_)_ Stainless-steel columns (30 cm X 4.6 mm I.D.) were pre- 
packed at the factory with lO_lrm (average particle size) totally-porous sup- 
port with a chemically-bonded octadecyl (C,,) moiety (Waters Assoc.). 

Reagents 
All reagents used were of highest purity (ACS Certified Grade)_ The MHPG 

reference compound and the enzyme sulfatase, Type V (p-glucuronidase ac- 
tivity: 2 units per mg of solid) were both purchased from Sigma (St. Louis, 
MO, U.S.A.); potassium dihydrogen phosphate from Mallinckrodt (St. Louis, 
MO, U.&A.); methanol (distilled in glass) from Burdick & Jackson Labs. 
(Muskegon, MI, USA.), and ethyl acetate (pesticide grade) from Fisher Scien- 
tific (Springfield, NJ, U.S.A.). Reference solutions of MHPG were prepared 
in distilled-deionized water and kept refrigerated when not in use. 

Chromatographic conditions 
For the determination of the free and sulfate conjugate of MHPG, a gradient 

elution mode of the reversed-phase HPLC was used. The low-strength eluent 
was 0_11M KH,PO,, pH 2.50, and the high-strength eluent was a mixture of an- 
hydrous methanol and distilled-deionized water (3 : 2, v/v). The low-strength 
eluent was always filtered through a Millipore membrane filter (Millipore, Bed- 
ford, M-4, U.S.A.), pore size O-22 pm, and the high-strength eluent was regular- 
ly degassed under vacuum_ A 45min linear gradient from O-60% of the high- 
strength eluent was used. The flow-rate was 1.2 ml/min and the temperature 
was ambient in all cases. Chromatographic peaks were detected amperometri- 
tally at oxidation potentials of +l.OOO V and +0.700 V. 

Sample preparation 
Routine, unselected, diagnostic CSF specimens were obtained by lumbar 

puncture from 34 human subjects admitted to the medical and/or neurologic 
services at the Mount Sinai Hospital_ For the analysis of free MHPG, 2-3-ml 
samples of CSF were acidified to a pH of 1.0 with 6 M HCl and extracted 
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three times with ethyl acetate (6 ml, 3 ml, 3 ml), The organic layers were 
pooled, evaporated to dryness under a stream of dry nitrogen, and recon- 
stituted with water. The pH of the remaining aqueous layer was then adjusted 
to pH 5.2 and the samples were incubated for 16 h with 0.1 ml of sulfatase. 
Next, the pH was readjusted to I and the unconjugated compounds extracted 
three times with ethyl acetate, following the procedure analogous to the one 
used for the extraction of free MHFG. The protocol procedure is outlined in 
Fig, 1. 

CSF 

pH LO 

ETHYL ACETATE EXTRACTION 

(6.3.3 ml) 

/ \ 
ethyi acetote layer aqueous Ioyer 

evapcrcte to dryness 
reconstitute with water 

HPLC 

pH 12 
incubate with 01 ml sulfotose (16h) 

PH 7.0 

free MHPG ethyl acetate extraction 

(6.3.31~11) 

evaporate to dryness 
reconstitute with water 

HPLC 

MHPG- SO_, 

Fig. 1. Protocol procedure for the analysis of free MI-II% and its sulfate conjugate. 

Peak identification 
Xnitial identification of MHPG in chromatograms of CSF was performed 

on the basis of retention behavior and cochromatography with the MHPG 
reference solution_ Since the oxidation potential of the amperometric detector 
can be varied, high sensitivity and selectivity can thus be achieved by careful 
selection of the detection potential_ Furthermore, ratios of responses at several 
oxidation potentials were computed for the MHPG reference compound and 
compared with ‘those for the peaks in CSF samples_ 

In addition, W spectra of the MHPG reference compounds and the peaks 
with the same retention time in a pooled CSF sample were obtained. Due to 
the low levels of MHPG in the CSF samples, W spectroscopy is not sufficient- 
ly sensitive for its detection. In order to circumvent this problem and gain 
further insight into the identity of the peak with the retention time of MHPG, 
several CSF samples were pooled, the sample rechromatographed and the 
&&ion collected. The corrected stopped-flow W spectra were obtained on- 
line with the HE’LC system and the details of this procedure are described in 
the literature [23] _ Although these spectra characteristically lack in fine strut_ 
ture, they are nevertheless an important fingerprint of the absorber_ The 
identity of the peaks was deduced on the basis of evidence accumulated from 
all identification steps, 

Prior to the analysis of CSF extracts, the efficiency of the extraction pro- 
cedure was determined by adding known amounts (ng) of reference MHPG 
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to the CSF matrix, buffered to a pH of I,5 and 7 and extracting it with ethyl 
acetate, The bighest recovery (96.5%) was obtained at the pH of 1. 

Reproducibilib of retention times and peak meas 
CSF samples were kept frozen and their stability was tested periodically 

over a period of one month to ensure that no sample decomposition was 
taking place upon storage, The reproducibilities of peak areas and retention 
times were determined on a day-today and withinaday basis from ten re- 
peated injections. The percent standard deviations for the peak areas and 
retention times were 1.1% and O-60%, respectively. 

Defection limits and linearity of response 
In order to optimize the sensitivity and selectivity of amperometric detec- 

tion, samples were monitored at oxidation potentials between +0.400 V and 
t1.000 V. By monitoring the HPLC effluents at +0.700 V, adequate sensitivity 
is achieved with no loss of selectivity, Iir addition, the use of low oxidation 
potentials prevents the deterioration of the glassy carbon electrodes and ex- 
tends their life&me. Although a 25% increase in the MHPG response can be 
obtained at an oxidation potential of +l_OOO V, this is accompanied by a con- 
comitant decrease in detection selectivity. However, MHPG is completely 
resolved from the remainin g CSF constituents and can thus be detected free 
from interference at either potential. The detection limit from MHPG detected 
at t-l.000 V was found to he approximately 50 pg. 

Linearity of detector response was determined by adding ng amounts of the 
MHPG reference substance to the CSF matrix. The plot of peak area versus 
the amount injected was found to be linear over the concentration range of 
1 ng to 1 yg_ When the sample MHE!G content was subtracted from the points 
on the calibration curve, the line intercepted the axes at the origin. 

Interferences 
Under the chromatographic conditions used, no interferences with other 

naturally- occmring CSF constituents were observed at oxidation potentials 
of +l_OOO V and +0.700 V. The hydrolysis of conjugated MHPG can be carried 
out using several procedures: acid- or basecatalyzed cleavage and enzymatic 
hydrolysis using aryl sulfatase or glusulsse @-glucuronidase with aryl sulfatase). 
However, hydrolysis under acidic or basic conditions is not recommended, due 
to instability of MUPG ]24]_ Incubation with gl~ase, which affords decon- 
jugation of both the MHFG-SO., and MHPG-Glu, was not used due to insuffi- 
cient purity of the enzyme preparation_ Aryl sulfatase solutions were found to 
be of sufficient purity and did not give rise to any background interferences. 

RESULTS AND DISCUSSION 

_ _ 
Frebmmary experiments were conducted in order to establish the best ana- 

lytical conditions for the separation of MHPG from other naturally-occurring 
CSF constituents and to achieve sensitive and selective detection. The reversed- 
phase gradient elution-mode of HPLC was adopted since it affords rapid anal- 
yses of MHPG and enables simultaneous detection of other CSF constituents. 
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Thus, the developed chromat0graphic method is general and yet selective for 
this important catabolite. PrFor to the establishment of the protqcol procedure, 

a study was conducted iu order to determiue the optimal oxidation potential 
which would afford high setitivity without a concomitant loss in selectbi~. 
Fig. 2 illustrates the change in response with detection potential. Although any 

SC 

iti) 

25 

MHPG 
I 

I ElmV) 

Fig_ 2. Variation in the MHPG response with change in oxidation potential; amount in- 
jected: 3.0 pg; chromatographic conditions: column, PBondapak C,,; eluents: (low strength) 
0.1 M KII,PO,, pH 2.50; (high strength) methanol--water (3:2, v/v); gradient: linear, from 
O-60% of the highconcentration eluent in 45 min; flow-rate: 1.2 ml/min; temperature: 
ambient; detection: amperometric ; sensitivity: 2 SA f-s.; recorder attenuation: X 1024. 

potential between HI.700 V and +l.OOO V offers adequate sensitivity, the use 
of the former potential is advantageous since the detection selectivity is en- 
hanced and the electrode life-time extended. The use of both potentials is 
illustrated with the analysis of free MHPG in CSF samples, shown in Figs. 3 
and 4, respectively. Although no interferences with other naturally-occurring 
CSF constituents were observed at either potential in the course of this work, 
injection of large volumes of CSF may cause problems at high oxidation 
potentials (> 1-0.700 V), due to the relatively low levels of MHJ?G compared 
to other CSF constituents. In addition, extended use of high oxidation poten- 
tials might have a deleterious effect on the stability of glassy carbon electrodes. 

The selectivity of the assay is further increased by means of a simple extrac- 
tion procedure with ethyl acetate, since the phenolic acids are thus separated 
from the neutral and basic compounds. In order to avoid changes in the sam- 
ple concentration due to the high volatility of ethyl acetate, the extracts were 
evaporated to dryness under a stream of dry nitrogen and reconstituted with 
water. Chromatographic peaks were identified on the basis of retention behav- 
ior, cochromatography with the reference compound and ratios of responses 
at several oxidation potentials. Additional proof of the identity of the-peak 
was obtained from the comparison of the W spectra of the collected peak 
with the retention time of MHPG and the reference compound (Fig. 5). 

For the analysis of conjugated MHPG, two enzymatic deconjugation pro- 
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Fig. 3. Chromatogram of the ethyl acetate extract of CSF. Volume injected: 25 ~1 (corre- 
sponding to 0.52 ml of CSF); detection: amperometric, +l.OOO V; recorder attenuation: 
x 256. Chromatographic conditions same as in Fig. 2. 

Fig_ 4, Chmmatogram of the ethyl acetate extract of CSF shown in Fig. 3. Detection: 
amperometric at +0_7000 V; recorder attenuation: X 256_ Chromatographic conditions same 
as in Fig. 2. 

MHPG REFERENCE 

POOLED CSF 

* 230 250 270 290 310 330 
W&JELENGTH (nm) 

Fig. 5. Stopped-flow UV spectra of the MHPG reference compound and the peak with the 
same retention time in the pooled sample of CSF. Scanning rate: 100 nm/min; absorbance: 
0-l a.u_f.s_ (reference MHPG), 0.02 a.u.f_s. (sample)_ 

cedurr were tried. The use of ghasulase for the deconjugation of both the 
MHFG-SO, and MHPG-Glu gave rise to interferences due @ insufficient purity 
of the enzyme- preparation_ In order to determine the enzyme blank, the pH 
of a -sample of distikdxleionized water was adjusted to 5.2 and incubated 
with -0.1 sn of #us&se. ~The -mixture m then extracted- three times with 
ethyl acetate, the organic layers pooled, ~evaporated to ~dryness and reconsti- 
tuted xv+ water: A chromatogram of-the enzyme blank is shown in Z+ig. 6. 
In addition, 9 ml of -ethyl acetate -were evaporat&d to dryness, reconstituted 
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GLUSULASE BLANK 

0 5 io 15 20 25 30 35 50 45 50 

TwEhsnl 

Fig_ 6_ (%lmmatogra.m of the ethyl acetate extract of a water sample incubated with glusulase 
under conditions indicated in Fig_ 1. Volume injected: 100 ~1; recorder attenuation: X 256_ 
chr~matographic conditions same as in Fig_ 2_ 

with water and subsequent cbromatographing of the sample under identical 
conditions indicated that no peaks were present. Because of the presence of 
impurities in the glusulase preparation, this enzyme was not used for decon- 
jugation. Since the literature reports indicate that the conjugated MHPG is 
present in CSF mostly as the sulfate form [19], the use of sulfatase was in- 
vestigated. The enzyme preparation was found to be pure and no peaks were 
detected in the enzyme blank. A chromatogram of the ethyl acetate extract 
of a CSF sample incubated with sulfatase is shown in Fig. 7. Since the levels 
of MHPG-SO, are low, it is advantageous to use the oxidation potential of 
+l.OOO v. 

Prior to the quantitative analysis, a calibration plot was obtained by chro- 
matographing a sample of CSF to which increasing amounts of MHPG were 
added. The relationship between the peak area and the amount of MHPG in- 
jected was found to be linear over the concentration range of interest (Fig. 8). 
The quantitative data far free MHPG and MHPG-SO., in human lumbar CSF 
samples, obtained by external calibration method, are shown in Table I. The 
mean value for free MHPG in 20 samples was 5.126 c 4.652 (S-D.) ng per ml 
of CSF, and the range was 0.72-19.51 ng per ml of CSF. The mean values 
and the range for MHPG-SO, in 12 samples of CSF were 0.2365 + 0.2269 
(SD.) and 0.08-0.850 ng per ml of CSF, respectively. Since uuselected, 
diagnostic CSF specimens were used, it is difficult to interpret the quantitative 
data and correlate it with the medical and/or neurologic diagnosis. In addition, 
no effort was-made to restrict medications. However, the quantitative results 
of thispreliminary stiidy are-in agreement with the literature values [19]. The 
primary objective of this report was to demonstrate the usefulness of a direct 
HPLC method coupled with amperometric detection, in the analysis of en- 
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Fig. 7_ Chromatogram of the ethyl acetate extract of a CSF sample incubated with mlfatase. 
Volume injected: 100 ~1 (correspoqding to 2-l ml of CSF); recorder attenuahon: x 256. 
Cbromatographic conditions same as in Fig_ 2. 
Fig_ 8_ The standard addition curve- 

TABLE I 

QU-ATIVE ANALYSES OF FREE MHPG AND MHPG - SO, IN CEXZEBROSPINAL 
FLUID 

Amounts expressed in ng per ml cerebrospinal fluid_ 

N -fis Mean 

Free-G 20 o-720-19.510 5.126 f 4.652 (S-D.) 
MHPG-SO, 12 0.081--0.850 0.2365 f 0.2269 (S-D.) 

dogenous levels of MKFTG. The assay is simple, selective and quantitative and 
does not require derivatization of MHPG. Sample preparation is minimal and 
only ethyl acetate extraction is needed. Since this method circumvents many 
problems associated with other currently available analyses for MHPG, we 
believe it will give the clinicians a tool for routine assessment of the levels of 
this impo&ant catabolite. 
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