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SUMMARY 

Assays axe described for the determination of picomole levels of 3-methoxy&hydroxy- 
phenethyleneglycol (MHPG) in mouse brain and in the perfusatc of an intact mouse brain. 
High-perforx+znce liquid chromatography with electrochemical detection yielded a MHPG 
detection limit of 0.37 pmol. This technique offers a sensitive and inexpensive alternative 
to gas chromatography with mass spectrometry- 

INTRODUCTION 

Neuronal noradrenergic systems in brain have been implicated in a variety 
of behavioral and psychopharmacological phenomena [l-3]. It has been 
proposed that the rate of production of 3-methoxy-4-hydroxyphenethylene- 
glycol- (MHPG), the principal metabolite of norepinephrine in mammalian 
brain, is an indicator of the rate of norepinephrine turnover [4,5] _ Therefore, 
new methods of MHPG isolation and detection are important in furthering 
our knowledge of the role of norepinephrine in normal and dysfunctional 
mammalian brain, 

Among the methods’ available for MHFG detection, gas chromatography 
with electroncapture or mass spectrometric detection is certainly the most 
definitive technique currently in use [6,7] _ The disadvantages of these meth- 
ck% a&_ that deriyatixation of MHPG is required to produce a volatile com- 
pound -and that the mass spe_ctrometric instrumentation is expensive. High- 
perfo_rmance liquid chromatography with electrochemical detection (HPLC- 
EC) -offers a relatively inexpensive, simple, and highly. sensitive technique 
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for the routine assay of MHPG. This paper describes the methodology we 
have deveIoped for measuring MHPG in mouse brain and in artificial blood 
which had perfused an intact mouse brain [8-lo]. 

EXPERIMENTAL 

Reagmts 
DL4-Hydroxy-3-methoxyphenyIgIycoI, pip eraxine salt (No. 454205, Cal- 

biochem-B&ring Corp., Los AngeIes, CA, U.S.A.; No. 14,879-2, AIdrich 
ChemicaI Co., Milwaukee, WI, U.S.A.); 3-hydroxybenzyl akohol (No. H2,060-1, 
Aldrich Chemical Co.); hydroquinone (No. 374387, Mhtheson, Coleman 
and Bell, East Rutherford, NJ, U.S.A.); spectraI grade ethyl acetate, redistilled 
(J.T. Baker, PhiIIipsburg, NJ, U.S.A.); HPLC mobile phase, 0.01 M potassium 
phosphate buffer (pH 7.0); mice, C3H/Ibg males (45-65 days old); artificial 
bIood, washed bovine erythrocytes in an arti5ciaI serum [ll] . 

MHPG purify and stability 
The molar extinction coefficients of newly synthesized and dried MHPG 

(piperaxine salt, &zH34NzOs, with the following elemental analysis: theoreticaI 
C = 58-l%&, H = 7.54%, N = 6.17%; found C = 58.2%, H = 7.62%, N = 6.14%) 
are ez30 = 6.26.lo3 M’ cm-’ and ezgo = 1.45.lo4 K’ cm-’ in 100% ethanol 
1121. MHl?G ordered from Calbiochem-R&ring Corp. and Aldrich Chemical 
Co. was assayed within a week after it had been received and stored at -20°C. 
The e280 molar extinction coefficients were 5.75-lo3 M’ cm-’ (Calbiochem- 
I&h&g) and 5.82-10’ M’ cm-’ (AIdrich) which indicated decreases of 8.2% 
and 7.0%, respectively, when compared to the theoretical e280 noted above. 
These data suggested that the MHPG was sIightIy impure, which may have 
been due to possibIe hydration and/or contamination by products of chemicaI 
deterioration. The piperazin e salt of MHPG is known to be hygroscopic and 
oxygen&bile [12] , and thus aqueous solutions of the piperazine salt of MHPG, 
which are basic,should be buffered or neutrahxed to retard oxidation. Through- 
out most of the studies reported here, stock MHPG solutions were prepared 
weekly and stored at 5°C in 1 r&f HCi. However, later on in our studies it 
was found that stock MHPG solutions can be stored for two months in 100% 
methanol at -20% without significant deterioration. This was advantageous 
because it minimized the atmospheric exposure of the stock bottle of MHPG 
which accompanied weighing procedures. 

Solvent metering pumps, Altex 1lOA (ARex Scientific); sample injection 
and window valves, Rheodyne 7010, RP-2 MPLC cartridge and holder, and 
RP-2 analytical cobrmn, 25 cm X 4.6 mm I.D., lO+m LiChrosorb (Rheodyne, 
Berkeley, CA, U.S.A.); PBondapak Ctp analytical column, 30 cm X 3.9 mm 
ID., 10 pm (Waters Assoc., MiIford, MA, U.S.A.); eIe&rochemicaI detector 
(Lc-4), CPS carbon paste, and TL4 ceII (BioanaIyticaI Systems); recorder 
(Houston Instruments Omniscribe); sample filters (MiIIipore Corp. No. GSWI? 
01300; SchIeicher and Schuell No. RC55; Rio-Rad Labs. No. 313.5009); 
filter hoIders (MiIIipore Corp., Swinnex No. SXOO 01300; Bio-Rad Labs., 
fiqui-Holder, 13 mm, No. 342.0001). 
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Procedure 
The chromatographic flow-rate was 1 ml/mm and the detector potential 

was N-8 V against a AglAgCl reference electrode, Because of extraneous 
components that eluted from the analytical column 60-75 min after the 
injection, we utilized the system shown in Fig. 1 to minimize the time be- 
tween injections_ The sample was injected onto an MPLC RR-2 column which 
had been precalibrated for the retention times of MH?G and the internal 
standard Sbydroxybenzyl alcohol (3HRA). During that interval in which 
these compounds eluted from the pre-colunm, the window valve (Fig. 1) 
was opened, allowing them to flow on to the analytical column, after which 
the window valve was closed and the extraneous components were washed 
off the MPLC column into the waste container_ 

Fig_ 1, Window-valve HPLC-EC system_ Show with valve in closed (upper) and opened 
(10-r) positions_ Equipment described in text. 

Exhzcfion of mouse bmin tissue 
C3H/Ibg male mice were sacrificed by decapitation; the heads were immedi- 

ately frozen with liquid nitrogen. The frozen brains were removed, weighed, 
and pulverized with 1 ml of frozen 50 mM percbloric acid with a deeply 
cooled mortar and pestle, The mixture was then thawed on an ice bath after 
which 2 ml of cold 50 mM perchloric acid, along with the internal standard 
3HRA (100 pmol) and MHPG (when appropriate), were added. The mixture 
was homogenized and then centrifuged for 15 min at 15,000 g. The super- 
natant was neutralized with 1 ml of 3 M tris(hydroxymethyl)aminomethane- 
HCl (Tris-Cl) buffer (pH 3.6) and extracted twice with 5 ml of ethyl acetate 
on an automatic shaker (5-min shaking intervals)_ The ethyl acetate extracts 
were maintained at 5°C until they were rotoevaporated to dryness, which 
was done as soon as possible following the extraction procedure. The remain- 
ing residues were dissolved in methanol, transferred to conical tubes, and 
evaporated under nitrogen_ The warmh g baths for the evaporation steps 
were maintained below 4O”C_ The residues were then dissolved in 0.1 ml of 
the mobile phase, mill&ore-filtered, and injected onto the HPLC system. 



Extraction of mouse brain perfusate 
The perfusion fIuid was a suspension of wsshed bovine erythrocytes in an 

artificial serum [ll]. MHPG was extracted from the perfusate of a mouse 
brain by shaking the serum (10 ml), from which the erythrocytes had been 
separated by centrifugation, with ethyl acetate (10 ml) for three lo-min 
in~als. Again, the ethyl acetate extracts were maintained at 5°C until they 
were rotoevaporated to dryness. The residues were then dissolved in methanol, 
dried, dissolved in mobile phase, and fihered as described above in the mouse 
brain MHPG determination. 

Chromatographic peaks obtained from extractions of brain perfusates 
were confirmed by gas chromatography-mass spectrometry (GC-MS). The 
peaks from twelve injections (approximately 72 pmoI) were collected, pooled, 
and rotoevaporated to dryness. The residue was derivatized by adding bis(tri- 
methyIsiIyl)trifluoroacetamide and heating at 60°C for 15 min. The GC col- 
umn employed was 1.52 m X 2 mm I.D., packed with 3% SE-30 and operated 
at 150-200°C at lO”C/min. The mass spectrometer (Finnigan 3200 with a 
Model 6100 data system) was used to scan the mass range from m/z 50 to 500. 
The GC retention times and mass spectra obtained corresponded to those of 
authentic derivatized MHPG [13]. 

MHPG levels in the mouse brain were depleted by treatment with intra- 
ventricular injections of 6-hydroxydopamine [14, 151, which chemically 
lesioned the central noradrenergic systems. In other studies we have demon- 
strated that 99% of the brain MHPG was eliminated after this method of treat- 
ment [lo]. 

RESULTS AND DISCXJSSION 

Chromatogmphy 
During the development of the MHPG assay it was found that filtration 

of the sample before injection on to the HPLC system introduced a com- 
ponent which eIut.ed from the C-18 analytical column in a very wide band 
with a retention time of 60-75 min. This artifact complicated the analysis 
and prohibited further sample injections until the component had eIuted 
from the column. This extraneous component was found in ah the mem- 
brane filters cited in the experimental section. Through the use of the win- 
dow-valve system (Fig. l), injections on to the HPLC column were made at 
20-min intervals and the subsequent detections of MHPG and 3HBA were 
accomplished without interference from extraneous components from the 
previous injection. Because the carbon-paste electrode of the electrochemical 
detector was spared the chemical perturbation that typically accompanies 
the injected solvent front in singIecoIumn systems, we found improved stab& 
ity, sensitivity, and lifetime of the carbon-paste electrode. The detection 
limit (where the signal-tomoise ratio became less than 2.5) of MHPG in an 
aqueous (1 m&Z HCl) standard was 0.37 pmol. 

Mouse bruin MHPG determination 
In Fig. 2 are shown HPLC-EC chromatograms of MHPG and 3HBA con- 

trols (Fig. 2A) and an extract of a mouse brain homogenate to which 100 pmol 
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of QHBA have been added (Pig. 2B). The retention times for MHPG and 
3HBA on the system shown in Fig. 1, when the RP-2 ana&tical column was 
employed, were 12.5 and 19.0 min, respectively. 

The calibration curve for the determination of MHPG in homogenates of 
mouse brain tissue (Fig. 3) was generated by the following procedure. Brain 
homogenates from mice that had been treated with intraventricular injections 
of 6hydroxydopamine were mixed with known amounts of MHPG (50-150 
pmol) and 3HBA (100 pmol) and extracted as described above. The ratio of 
the MHPG and 3HBA detector responses (MHPG/3HBA) was plotted against 
the MHPG (pmol) that was added to the brain homogenates (open circles, 
Fig. 3). In the second type of experiment, 3HBA was added to the brain 
homogenates from normal mice which were then divided in half and a known 
amount of MHPG (25-100 pmol) was added to one half. Thus, the MHPG 
content of a half-brain homogenate contained either the endogenous MHPG 
level (appro ximately 60 pmol) or the endogenous level plus the amount of 
MHPG added. The ecdogenous level of each half brain was determined from 
the calibration curve generated from the G-hydroxydopamine-treated animals. 
Then the numerical value of the endogenous level was combined with the 
amount of MJSPG that had been added to the other half, and these data (closed 
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Fig. 2. HPLC-FC chromatograms. (A) lMHPG (10 pmoi) and 3HBA (5 pmol) standard 
solution. (B)_ Extract of brain homogenate. 100 pmol 3HBA added to homogenate before 
extraction. Ffow-rate, 1 ml/min. Mobile phase, 10 m&f potassium phosphate buffer (pH 7.0). 
Analytical column, Rheodyne RP-2. 

Fig. 3. Calibration curve for determining MHPG in mouse brain homogenates. Ratio of 
detector responses for MHPG and internal standard 3HBA plotted against MHPG in 0.45 g 
of brain tissue. (0) 6-Hydroxydopamine-treated brains; (0) normal brains. 100 pmol 3HBA 
added to brain homogenate before extraction. Slope = 2.28*101 pmol-’ ; y intercept = -1.26. 



circles, Fig_ 3) were plotted with the data from the 6-hydroxydopamine-treated 
animals . The advantage of this method is the increased reliability in the mea- 
surement of brain MHPG levels that are lower than the endogenous level. Also, 
the inchzsion of both methods ensured that the drug treatment did not affect 
the e2rtraction efficiency_ 

The calibration curve shown in Fig. 3 has a slope of 2.28lo2 pmol-’ and 
a y intercept of -1.26. The open and closed circles in Fig. 3 were generated 
from the extractions of 6_hydroxydopamiue-tre&kd and normal brains, as 
iudicated. Because of the negative intercept in Fig_ 3, the linear fit to the 
data is a good approximation only in the range of 54-317 pmol MHFG per 
0.45 g of mouse brain. 

The techniques described above were used to determiue the MHPG levels 
iu the brains of male C3H mice, ‘&e mean of which was 275 + 12 pmol/g of 
brain (mean * S.E_M., n = 9). This value is in agreement with data deter- 
mined from other published methods u&g gas chromatography with electron- 
capture detection [16] and selected ion monitoring mass spectrometry [17]. 
The absolute recovery of MHPG, which was determined from that half of 
the mouse brain homogenate to which a known amount of MHPG had been 
added, was 23.8 + 1.4% (mean 2 S.E.M., n = 9). This was sufficient to produce 
amounts required for the HPLC-EC determination of MHPG levels in a whole 
mouse brain, 

The mouse brain MHPG determination procedure described here can be 
used in conjunction with brain catecholamiue determination. When the super- 
nataut from a mouse brain homogenate is incubated with ahunina in3M 
Tris-Cl buffer (pH 8.6) [18], the catecholamiues are adsorbed by the alumina 
but the MHPG is not. Hence, the MHPG can be subsequently extracted from 
the Tris-Cl buffer [lo] which is washed from the alumina. This is the reason 
for adding Tris-Cl buffer to the brain homogenate before the ethyl acetate 
extraction procedure as described in the Experimental section. 

MHPG determination in mouse brain perfusate 
The chromatogram of MHPG on the window-valve system with a C-18 

analytical column is shown in Fig. 4A. Fig. 4C shows the chromatography 
of an extraction of perfusion fiuid which had not passed through a mouse 
brain. The background levels of MHPG shown here were routinely subtracted 
from the levels determined in the per&sate of a mouse brain (Fig. 4B). 

The C-18 analytical column was routinely used in the perfusate MHPG 
determinations because of occasional interferences by additional peaks (not 
shown in Fig. 4) which could not be resolved from the MHPG peak by the 
C-2 analytical column. However, the use of the C-18 column resulted in pro- 
hibitively long retention times for 3HBA which was used for the internal 
standard in the mouse brain MlWG determination. This is why the external 
standard hyciroquhrone was used in the brain perfusate MHPG determination. 
MHPG itself was not used as the external standard because of its instability 
and the relative ease of using another compound (such as hydroquinone) that 
does uot require storage at low temperatures. 

The MJSPG calibration curve (Fig. 5) was normalized to 2.37 pmol of hydro- 
quinone injected onto the column The slope of the curve is 1.53010-l pmol-’ 
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Fig- 4_ HPLC-EC cbmmatogranx (A) MH?G (10 pmol) standard solution. (B) Extract of 
mouse brain perfusate. (C) Extract of control perfusion fluid. Flow-rate, 1 ml/mine Mobile 
phase, 10 m&f potassium phosphate buffer (pH 7-O)- Analytical column, pBondapak C,,. 

Fig. 5. Calibration curve for determinin g MHPG in extract of mouse brain perfusate. Ratio 
of detector responses for MHFG and external standard hydroquinone (HQ) plotted against 
MHPG injected on to the column. Normalized to 2.97 pmol hydroquinone- Slope = 1.53.10-l 
pmol-’ MHPG; y intercept = -4.05-lo*. 

MHFG, the y intercept is 4.05-lo-, and it is linear within the range of 
2-21 pmol MHPG. A graph of the amount of MHFG extracted from perfusion 
fhrid vs. the amount of MHPG originally added is shown in Fig. 6. This graph 
has a slope of 1.99-10-l pmol-’ MHFG and a y intercept of 6.75. The scatter 
in this calibration curve represents the variance in the extraction procedure 
over a period of three months and 34 separate extractions. It was demon- 
strated that MHPG rapidly equilibrated with the red blood cells which com- 
prised 33% of the total volume of the artificial blood. The loss of MHPG in 
the hematocrit was accounted for in Fig. 6 because the MHPG was added to 
the blanks before the red cells were separated from the serum by centrifuga- 
tion. 

Recently Lang&s et al. 1191 demonstrated that MHPG and other neuro- 
transmitter metabolites can be measured in human cerebrospinal fluid by 
direct injection of the fluid on to the HPLC column without prior extraction 
procedures. This technique demonstrates the power of HPLC-EC although 
direct injection of biological samples may contribute to column deterioration 
when @erformed on a routine basis, Their MHPG detection limit (0.27 pmol) 
is supported by the value reported here (0.37 pmol). We have detemked 
that electrochemical detection is approximately 14 times more sensitive with 
the ca@xholamine norepinephrine than with the metabolite MHPG. This dif- 
ference in sensitivity is supported by the electrochemical studies of Stemson 
et al. [20]. 
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Fig_ 6_ Calibration curve for determinin g MHPG extraction efficiency from mouse brain 
perfusate. Amount of MHPG extracted plotted against MHPG added to control perfusion 
fluid szmpIes_ Slope = l-99-10.’ pmol-’ MHPG;y intercept = 6_75_ 

In conclusion, we have developed assays for determining the primary metab- 
elite of norepinephrine, MHPG, in mouse brain and in the perfusate of a mouse 
brain by HPLC-EC. These techniques offer a sensitive alternative to gas chro- 
matography with electroncapture detection and mass spectrometry, and can 
be used in conjunction with brain catecholamine determinations. 
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