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INTRODUCTION 

For a number of years the excretion of an increased amount of vanilmandelic 
acid (VMA) in the urine has been an indication of the presence of a pheochromocytoma. 
The presence of VMA ,and a method for its detection in urine by paper chromato- 
graphy have been described by ARMSTRONG and his associates1-3. Paper chromato- 
graphy was also used by ELLMAN~ and GLTLOW and co-workersG. Paper electrophoresis 
as a means of separation of VMA was employed by WOLF et ak.0, EPSTEIN, SCHLEVER 

AND GAMBLNO’, and KLEIN AND CHERNAII@. A series of articles by VON STUDNITZ and 
others have described attempts to isolate VMA and related compounds by paper 
chromatography and paper electrophoresis with both low and high voltageso-1”. 

In recent years cellulose acetate as a supporting medium has been found to be 
superior to paper for electrophoresis for a variety of purposes because of its lack of 
interaction with substances such as protein, and the rapid migration and clear reso- 
lution obtained. Also, various methods of quantitation are possible or can be de- 
veloped. This paper reports the results of an investigation of cellulose acetate electro- 
phoresis and an evaluation of the optimum conditions for the separation of VMA and 
related compounds. 

EXPERIMENTAL 

Reagents 
Formate sol&on, o.zN, $H 3.0. To 575 ml of 0.2 N formic acid are added IOO ml 

of o.zN ammonium hydroxide. The pH is adjusted to pI_I 3.0 by the addition of 
formic acid or ammonium hydroxide. 

Acetate buflev, o.zN, $U 3.6. 15 ml of 0.2 N sodium acetate are added to 185 ml 
of 0.2 N acetic acid. The pH is adjusted to pH 3.6 with acetic. acid or sodium hydroxide. 

Diazo reagent. A mixture of IO ml of 2.5 y0 sodium nitrite and 7.5 ml of 0.5 yQ 
p-nitroaniline is freshly prepared from stock solutions kept at 5”. It is essential 
that the mixture be colorless. 

Potassizm carbovzate, 5 %. 5 g potassium carbonate are dissolved in IOO ml of 
distilled water. 
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The vanilmandelic acid and related compounds used were obtained from 
Calbiochem and the Aldrich Chemical Company. They were dissolved in the for-mate 
solvent in concentrations of 1.0 pcg/~,cl. 

Electrophoresis was performed on Sepraphore cellulose acetate strips with the 
micro electrophoresis unit of the Gelman Instrument Company. 

The cellulose acetate strips were soaked in acetate buffer for a minimum of 
45 min before being placed in the electrophoresis apparatus. An aliquot of 1.0 ,ug of 
VMA in I .o ~1 of formate solvent was applied in a band at the origin near the cathode 
end of a strip. With other compounds amounts varying from 1.0 to 3.0 ,ug were 
similarly used. The samples were allowed to dry, and the unit was covered. Then, a 
current of 1.25 mA per strip or 7.5 mA for a series of 6 strips was applied for one hour 
at room temperature. When electrophoresis was completed, the excess buffer solution 
was removed by pressing the strips between sheets of filter paper. Fresh diazo reagent 
was poured into a long, narrow glass tray, and the cellulose acetate strips were floated 
one at a time on the surface for 30 sec. With a pipet IO ml of 5 o/o potassium carbonate 
were then allowed to %low over the surface of the strip. A strip with I .o ,~g of VMA was 
included in each run, and the color development was continued until the VMA was 
clearly visible. The strips could be further dried by pressing them between two sheets 
of Whatman No. I chromatography paper at room temperature overnight or at 37” for 
one hour. 

RESULTS 

Because of our primary interest in VMA, the first experiments were designed to 
determine the optimum pH of a formate solution to be used as a solvent and also the 
pH of acetate buffer to provide the maximum rate of migration in electrophoresis on 
cellulose acetate, In each case the sample was 1.0 pg of VMA in 1.0 ,~l of formate 
solution. The results are given in Table I. The width of the band obkined after electro- 
phoresis was 5 to 6 mm. The distances given are those to the center of the stained band. 
In a pH range of 3.0 to 4.0 the PI-I of the formate solvent had little influence on the 

TABLE I 

THE EFFECT OF VARIATIONS IN THE pH OF FORMATE SOLVENT AND ACETATE BUFPER ON THE 

MIGRATION OF VMR WlTH CELLULOSE ACETATE ELECTROPHORESIS 

w of 
acelate buffey 

dj:: 
3.0 

Distance of unigralion (mm) in formate 
solved 

pn 4.0 PU 3.6 w 3*0 

32 42 38 
52 5= 5.5 
14 15 I5 
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TABLE II 

ELECTROPWORBTIC MIGRATION AND COLORS OUTAINED WITH DIAZOTIZED $J-NITROANILINE WITH 

VM.“i AND RZLATED COMPOUNDS 

NO. Coava$oun.d Migv~ation Band width Color 
(vnvn) (mnz) 

I Tyrosine 

2 Phcnylalaninc 

3 Fcrulic acid 

4 3-Methoxy-4-l~ydroxypl~e~~e~l~yle~~e glycol 

5 5-I-Iydroxyinclole-acetic acid 

0 3,4-Dihydroxyphcnylalaninc 

7 Protocstechuic acid 

8 Vanillic acid 

9 I-Iomovanillic acid 

IO 3,4-Dihydroxyphenylncctic acid 

II +I-Iydroxyphenylpyruvic acid 

I2 I-Iomogcntisic acid 

=3 Gentisic acid 

14 3-Methoxy-4-hydroxymandelic acid (V&IA) 

=5 3,4-Dihydroxymandelic acid 

16 nr+Wydroxymandelic acid 

0 

0 

o-3 

o-5 

I-5 
I-G 

3-7 

3-s 
G-12 

15-11s 

15-18 

19-23 

48-51 

56GI 

Go-68 

64-72 

Pink 

Purple 

Blue-green 

Purple 

Pink 

Yellow 

Purple 

Purple 

Brown 

Olive 

Purple 

Yellow-green 

Yellow-green 

Purple 

Yellow 

Pink 

electrophoretic migration, but the pH of the acetate buffer in the same range had a 
marked effect on the distance of migration. It is apparent that solution of the com- 
pounds in 0.2 N formate, pW 3.0, and the use of an acetate buffer, pH 3.6, for electro- 
phoresis produced the maximum migration. Moderate variation in the concentration 
of these two solutions was without effect. Therefore, the indicated combination was 
used in all succeeding experiments. 

VMA and a series of related compounds were investigated under the conditions 
established above. The results are shown in Table II. Samples of 1.0 to 3.0 pg were 
used. Good separation of these compounds was obtained, and they could be readily 
distinguished from VMA and each other by their rates of migration and their staining 
characteristics. 

SUMMARY 

A method has been developed for the resolution and identification of mixtures of 
vanilmandelic acid (VMA) and a series of related compounds by means of electro- 
phoresis on cellulose acetate followed by staining with diazotized+nitroaniline, It was 
established that the maximum distance of migration was obtained if the compounds 
were dissolved in 0.2 N formate solution, pH 3.0, and a 0.2 N acetate buffer, pH 3.6, 
was used for electrophoresis. The various compounds could be identified by their rates 
of migration and their staining characteristics. The method allows the detection of as 
little as 1.0 ,Lcg of each of the compounds studied. 

J. Clwonzatog., 29 (1967) 378-381 



ELECTROPHORESIS OF VANLLMANDELLC ACID AND RELATED COMFOUNDS 381 

REFE1IENCES 

I M. D. ARMSTRONG AND A., MCMILLAN, Fedc~alion PVOC., EG (3.957) 146. 
2 M. D. AIUZISTRONG, I<. N. I?. SI-1nw AND I?. E. WAT~L, J. Bid. Clwn,, 218 (19.~5) 293. 
3 M. D. ARME~TRONG, A. MCMILLAN AND Ii. N. P. SWAW, Bioclr.i~% EliopJ~ys. Acta, 25 (1957) 422. 
4 G. L. ELLMAN, NQ~ZCYC, 181 (1958) 7'58. 
5 S.E.G~TLO~,M.MENDLOWITZ,S. KI%ASSXS,G,COI+IEN ANDJ.SEIA,J.C&Z. I?avost.,3g (19G0)221. 
G R.L. WOLF, M‘~~NDLO~VI~Z, J. ROROZAND S.E. GITLOW, J.A~.~e~,Ass~c.~ x88 (x964) 859. 
7 S. EPSTZIN, EI.SCHIEVLRAND R. G~MBINo,CE~% Chem., II (~~65) 811. 
8 D. KLEXN AND J. M. CI-IERNAIIC, Cli~z. CJw?z., 7 (XQGY) 257. 
Q W.VON STUDNITZ AND A. HANSON, Sc@tld. J. Clhz. Lab. Invest., II (1959) IOX. 
IO W.VON STUDNITZ, SGal$d. J. Clin. Lab. Invest., II (1959) 224, 
II W.VON STUDNITZ, Sca?ad, J* Cli?z. Lab, Invest., II (1959) 309. 
x2 W. VON STUDNITZ, Stand. J. Clin. Lab, Invest., Sa@E. 12, 48 (1960). 

13 A. I-IANSON AND W, VON STUDNIT%, Ch. Ckim, Actn, XI (19G5) 384. 

J, Clcromatog,, 29 (xgG7) 378-381 


