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SUMMARY 

We have investigated the value of various common acids as ion-pairing reagents 
for high-efficiency separations of catecholamines and their metabolites in reversed- 
phase high-performance liquid chromatography. The retention of .norepinephrine, 

a-methylnorepinephrine, dopamine, a-methyldopamine, L-dopa, +methyldopa, 
dihydroxybenzylamine, epinephrine, carbidopa and DOPAC was measured in mobile 
phases composed of nitric, sulfuric, acetic and trichlbtoacetic acids at pH 2-5 and 
anion concentrations ranging from 5-500 mM. The solute capacity ratios were depen- 
dent on the hydrophobicity and concentration of the ion-pairing reagent and the pH of 
the mobile phase. Good retention, peak symmetry and high efficien’cy (3000 theoreti- 
cal plates for 300 mm) was found for mobile phases composed of the strong inorganic 
acids and trichloroacetic acid. Chromatography was compared to that seen using the 
detergent sodium octylsulfate. Trichloroacetic acid gave retention and efiiciency 
similar to sodium octylsulfate. These experiments show that simple acids can replace 
alkylsulfates as ion-pairing reagents for the separation of the. catecholamines and their 
metabolites. . 

INTRODUCl-ION 

The ionic nature of catecholamines and their metabolites make them suitable 
candidates for analysis by ion-exchange high-performance liquid chromatography 
(HPLC)‘-‘. While these methods provide adequate resolution for some applications, 
we felt that better separation efiiciency would greatly enlarge the scope of HPLC for 
catecholamine analysis_ . i 

The introduction of reversed-phase ion-pairing chromatosdphy lisoap chro- 
matography) by Knox and co-workersS-8 and Wittmer er aL9 has demonstrated the 
versatility of octadecyl columns for the chromatogaphy of polar ionizable com- 
pounds. Knox and co-workers 6s8 found that a mobile phase composed of methanol- 
-_ 
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water containing a small concentration of :sJlum dociecyl sulphonate (SDS) gave good 
retention, efficiency and peak symmetry for the catecholamines and their metabolites. 
The packing material used in their study was an octadecylsilane-treated silica which 
had been further treated with trimethylsilane to react with any residual silanol _uoups 
on the surface. When they used simple acidic eluents in place of SDS, the catechol- 
amines were not we11 retained and the peaks were broad. 

However, a recent report by Molndr and Horvbth” showed that a phosphate 
buffer mobile phase could be used to chromatograph the catecholamines on a commer- 
cially available non-polar stationary phase with good efficiency. Buffers composed of 
other acids were not tested, and it was of interest to us to determine the retention of 
catecholamines and their metabolites in acid buffer systems other than phosphoric 
acid. It was our hope to gain an empiric understanding of the retention process such 
that adequate retention and resolution could be maintained as the column capacity 
decreased without the addition of expensive n-alkyl sulfates to the mobile phase. 

1~ this communication, we describe the chromatographic properties of the 
catechoIs on octadecylsilica columns with mobile phases composed of nitric, sulfuric, 
a.-~&- ana t,irhlr\r~~rs.t;r ca.r;A Wa h.x,ro fnnnnrl t..rn m.mrrnri_~.h~c~ .-hr~m=+-m~v.~:I- _wwL._ _I... .11-II1vI”uc~L11 LLb,U_ ..b ilQ.C l”Ull%.s LII” IL.LlJLU- )JLILIJb bEU “u~caL”gl cryu,r 

systems xfor catecholamine separation which prolong the useful life of expensive 
octadecylsilica columns, and permit a difficult separation to be achieved for an ex- 
tended period with minimum analysis time. The first system, using nitric acid, behaves 
with characteristics similar to hydrophobic chromatography, while the second, using 
trichloroacetic acid, appears to fit best an ion-pairing model. Our method bridges the 
gap between hydrophobic chromatography used by Molndr and Horv5thl” and the 
soap chromatography of Knox and co-workersS4, 
readily available a&s as ion-pairing reagents. 

and introduces the use of cheap, 

EXPERIMENTAL 

All experiments were performed using a Model 6000 solvent delivery system 
(Waters Assoc., Milford, Mass., U.S.A.) with a Model U6K sample injector (Waters 
Assoc.). and a thin-layer electrochemical detector (Model LC-10, Bioanalytical 
Systems, West Lafayette, Ind., U.S.A.). The detector potential was set at -i-OS V Y.S. 
a Ag-AgCI reference electrode. The column used was a FBondapak C,, reversed- 
phase column (300 x 3.3 mm, Waters Assoc.) operated at a flow-rate of 2 ml/min. 

The mobile phases were prepared from reagent-grade sulfuric acid, nitric acid, 
glacial acetic acid or trichloroacetic acid and were adjusted to the appropriate pH with 
saturated sodium hydroxide. The pH of the mobile phase was the same before and after 
passage through the column. Chromatographic conditions are given in the figure 
legends. The authentic catecholamine standards are listed in Table I, along with their 
structures. Norepinephrine (NE) was obtained from Sigma (St. Louis, MO., U.S.A.). 
Epinephrine (EPI), L-3.4-dihydroxyphenylalanine (r-dopa), 3,4_dihydroxyphenyl- 
acetic acid (DOPAC), and dihydroxybenzylamine (DHBA) were purchased from 
Aldrich (Milwaukee, Wise., U.S.A.). Dopamine-HCI (DA) was from Calbiochem 
(Los Angeles, Calif., U.S.A.) and carbidopa (CD), o-methyldopa (a-MD) and (L- 
methylnorepinephrine (a-MNE) were generously supplied by Merck Sharp & 
Dohme (Rahway, N-J., U.S.A.). a-Methyldopamine-HCI (c-MDA) was synthesized 
in the laboratory of Dr. Neal Castagnoli at the University of California at San Fran- 
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TABLE I 

COMPOUNDS STUDIED 

Compotind 

Catecholamines 
Norepinephrine 
Dopamine 
Epinephrine 

Abbreviation Formula R R 

R 

NE OH H 
DA H H 
EPI OH CHa 

a-Meth_vl derivatives 
a-Methylnorepinephrine 
a-Methyidopamine 

Catechoi amino aciak 
r-Dopa 
a-Methyldopa 

COOH 

LD 
a-MD 

H 
CHJ 

Others 
Dihydroxyphenylacetic acid DOPAC 

Carbidopa CD 

Dihydroxybenzyiamine DHBA 

cisco. All solutions were prepared from triple distilled water, with the flnal distilla- 
tion over alkaline permanganate. 

The retention of the chromatographic peaks was expressed as the capacity 
ratio, k, which was calculated by the following formula: k = (fR - t,,)/tO, where t,, and 
tR are the retention of an unretained solute and the solute in question, respectively. 
Retention times were measured with a Hewlett-Packard Model 9815A electronic in- 
tegrator. The column’s dead time, &,, was measured by noting the first baseline dis- 
turbance after 50 pl of 0.1 M nitric acid was injected. 

RESULTS AND DISCUSSION 

Inorganic acid mobile phases 
A mobile phase composed of 0.1 M nitric acid titrated to pH 3.0 was used for 

the separation of selected catechol compounds shown in Fig. 1. Good separation, 
peak symmetry and retention of these very polar compounds were obtained. 

The relatively high efficiency (2100 theoretical plates) and good peaksymmetry 
(14, = 1.1) may be due to good surface coverage by octadecylsilane which minimizes 
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Fig. I. Chromatogram of standard catechols with a nitric acid mobile phase. hlobile phase:-0.1 M 
HN0,-Na&;03, pH 3.00. Catechol abbreviations: NE = norepinephrine; cc-MNE = c-methyl- 

norepinephrine: DHBA = dihydroxybenzylamine: DA = dopamine; a-MD = cc-methyldopa; n- 
MD-4 = rz-methyldopamine. 

Fig. 2. Effect of the pH of nitric acid mobile phase on the capacity ratio, k. of standard catechols. 
Mobile phase: 0.1 M HNO,-NaNO J. Catechol abbreviations as in Fig. 1, with the addition of 
DOPAC -= dihydrowphenylacetic acid; CD = carbidopa: LD 7 r-dopa. 

the ion-exchange and hydrogen-bonding interactions between the catecholamines and 
the residual silanol groups on the silica backbone. 

By measuring retention as a function of pH, we were able to optimize mobile 
phase pH and to obtain some information about retention mechanisms. Data from 
this type of experiment for 0.1 IV nitric acid are shown in Fig. 2. The figure shows 
the retention behavior of the catecholamines NE, DHBA, DA, a-MDA, as well 
as the amino acids r-Dopa and n-MD. the carboxyiic acid, DOPAC and the acid 
hydrazine. CD. The capacity factors of the catecholamines are constant over the 
pH 2-5 range. This is expected since their pK, values are larger than 5.0 and therefore 
they carry the same charge from pH 2 to 5. Since retention on octadecylsilica is due to 
the hydrophobicity of the solute lo, the relative retention of the catecholamines can be 
understood by examination of their structures. NE is the most polar of the catechol- 
amines studied and therefore has the smallest capacity ratio. DA is more hydrophobic 
than NE and is retained lonser. The addition of an cc-methyl Sroup to NE and DA in- 
creases hydrophobicity and accounts for the increased retention of (r-MNE and 
a-MDA. 

The catechol amino acids. t_-dopa and cr-MD, and carbidopa, show a drastic 
drop in retention when the mobile phase pH is raised from 2 to 5. The deprotonation 
of the carboxylic acid and the formation of the very polar zwitterionic species causes 
the retention of these compounds to decrease. The curve shape for DOPAC com- 
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pares to the curve obtained in aqueous phosphate buffer“‘. Since the retention of 
these compounds is very sensitive to mobile phase pH, the experiment was repeated 
with the same results. 

Table II demonstrates that the retention of these catechols using 0.1 M sulfuric 
acid is qualitatively similar to that seen for a nitric acid mobile phase. However, the 
solutes have slightly smaller capacity ratios in sulfuric acid, which sugests that the 
sulfate anion experiences less retention than the nitrate anion on reversed-phase 
packins materials. 

TABLE II 

RETENTION OF SELECTED CATECHOLS IN VARIOUS ACID MOBILE PHASES 

All acids were 0.1 &I, pH 3.0. 

Compound k values 
____-_ _~.___. _.~..__~_.~~~_. _.._____. 
HNO, HzSO, CH,COOH HJ PO, 

NE 
___~ --___ 

0.4 0.3 0.2 0.3 
a-MNE 0.8 0.6 0.3 0.6 

EPI 1.0 0.7 0.4 0.7 

DHBA 1.2 0-S 0.5 0.8 

LD 1.4 1.3 0.9 1.2 

DA 2.2 1.5 0.9 1.5 

Cf-M D 3.7 3.3 1.8 3.1 

CD 5.3 4.1 2.6 4.4 
a-MDA 6.2 a.2 2.1 4.3 

DOPAC 11.2 11.2 7.4 11.2 

* 0.5 mhf sodium octylsulfate in 0.1 M HNO,. 

TCA 

1-s 
3.2 
4.3 
5.1 
3.7 
9.5 

11.3 

- 
27.7 

10.3 

Oct_vlstdfate’ 

2.5 
4.7 
5.7 
7.9 
3.7 

15.3 
- 

16.3 

8.4 

Orgattic acki mobile phases 
The retention of catechols with 0.1 M acetic acid as the mobile phase is shown 

in Fig. 3. As the pH is raised from 3-S to 5, there is a threefold increase in catechol- 
amine retention_ This behavior is probably due to an increase in acetate anion avail- 
able for ion-pairing at higher pH. 

The pH verszcs capacity ratio curves for the amino acids and CD in acetic acid 
are slightly concave with a minimum at pH 4. This may be due to a combination of two 
opposing effects. The increasing acetate ion concentration and the decreasing hydro- 
phobicity with increasing pH tend to cancel each other and result in the observed 
curves. 

Evidence for competition between the acetic acid and solute for the octadecyl 
groups in the stationary phase is the observation that DOPAC, which cannot be re- 
tained by an ion-pairing mechanism, has a smaller capacity ratio in acetic acid than 
in nitric or sulfuric acid. Acetic acid was rejected as a useful, general purpose, ion- 
pairins reagent because at pH 3.0 the retention of catecholamines is small due to the 
iobv concentration of acetate. At higher pH, tailing peaks and low efficiency were found 
for unknown reasons. A previous paper demonstrates the problems with acetic acid 
as mobile phase”. 

Fi_g. 4 shows the improved separation of selected catechols obtained with a 
mobile phase of 0.1 M trichloroacetic acid (TCA) at pH 3.0. Precise quantitation of 
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acetate ion for the reversed-phase packing material. Since TCA is a strong acid (pK, 
0.70), the trichloroacetate anion is present at a constant concentration over the pH 
range 2-5 and no changes in catecholamine retention was observed over this pH 
range. The catechol amino acids have the expected increase in retention at lower pH. 

HN03, and the shape of the curve is concave upwards instead of sigmoidal. The re- 
duced retention in TCA suggests that TCA offers more competition for DOPAC 
binding to the stationary phase than does nitric acid. We have no explanation for the 

change in curve shape. 
A summary of the retention data for these compounds measured at constant 

pH is shown in Table Ii. In addition to HN03, HLS04, acetic acid and TCA, we 
present data obtained using sodium octylsulfate as the ion-pairing reagent. The reten- 
tion for all catechols except DOPAC is somewhat greater in 2 mobile phase composed . 
of sodium octylsulfate, but the high cost of this detergent makes it less desirable as a 
mobile phase. Also, using an acid mobile phase, equilibrium is attained much faster 
than with the larger alkylsulfates; therefore, the “start-up” time for 2 catecholamine 
assay procedure is minimized when TCA or HN03 is used as the ion-pairing reagent”. 

Maintaining a catechol separation 

The loss of capacity with time in liquid-solid adsorption chromatography is 2 

well-known problem 12_ It is our experience that with reversed-phase liquid chromato- 
graphy using aqueous mobile phases, the column capacity steadily decreases with 
time. We think this is because of two problems. (1) in aqueous mobile phases, trace 
organics are very strongly retained on the column and interfere with the normal 
equilibrium between the two chromatographic phases and (2) hydrolysis of octadecyl 
molecules from the surface of the packing material occurs and physical loss of column 
material results. 

The measurement of naturally occurring catecholamines, their synthetic 
analogues, and their metabolites in brain tissue and plasma is under investigation in 
our laboratory. Since we are interested in measuring 2 large number of trace catechol- 
amines in small tissue samples, efficient separation and sensitive detection is impera- 
tiv,= RPP~IICP nf the hioh rnct nf CT- ~~11am.x~ ;t ;E imnnrtcxnt tr\ hmn= ca flc.yihle rhm- I..“. Y.,I..I..zW VI L.1” “‘e” _._,LL vx -1s ~“lul.~r..,, I.. I_ L.‘Lp’VLCULl. cv L.--u G& SIC-ALU&., -11-v 

matographic system to maintain catechol separations and prolong column life. We 
have found that a mobile phase composed of 0.1 M nitric acid will give good 
separations with minimal analysis time on a new column. After 2 period of use as 
column capacity is lost, a switch to a TCA mobile phase wili regain resolution by 
increasing retention. Regeneration of the column by washing off the strongly retained 
organic compounds with methanol partially restores retention, but the progressive 
loss of stationary phase is irreversible and necessitates the change to TCA. Details 
of this assay are reported elsewhereEJ. 

The chromatogram in Fig. 6A shows a separation of standard catechols on 
the same column and mobile phase as in Fig. 1. The column had been used for approx- 
imately 200 samples over a period of two months and early peaks were no longer 
adequately resolved. Fig. 6B shows the separation could be restored when the mobile 
phase was switched to TCA. The conditions for this chromatogram were chosen to 
provide adequate retention while minimizing analysis time. 

Retention can be further increased by raising the concentration of TCA at 
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constant pH as &own in Fig. 7. There is a two-fold increase in retention when the 
TCA concentration is raised from 0.01 to 0.20 M. This experiment also provides ad& 
tional evidence that TCA-catechol ion-pairs are the species retained. The curve shapes 
and retention are similar to those obtained for C4-CI, alkyl suIfates13. DOPAC is less 
retained as the TCA concentration increases ‘because no ion-pairins mechanism is 
possible and there is seater competition between the DOPAC and the similarly 
charged TCA for the stationary phase. 

The same experiment was performed using pH 3.0 nitric acid at various concen- 

Fig. 6. Restoration of adequate retention on an old chromatographic column by changing mobile 
phase. Abbreviations as in Fig. 2. (A) Chromatogram obtained using same column and conditions 
as in Fig. 1 after two months of use with a nitric acid mobile phase. (B) Chromatogram obtained 
llcino came cnl~:mn after rhanoino the s_cbI!~ nharp tn hill M ITA nU 7 CI -_----J I___._ ____.-... _-___ -..-..5...3 . .._ y-.a- .- __w_ a-. - _1., vs. __v_ 

Fig. 7. Effect of mobile phase anion concentration on the capacity ratio, k, of standard catechols. 
Abbreviations as in Fig. 2. (A) Mobile phase: TCA-NaTCA. pH 3.0. (B) Mobile phase: HNO,- 
NaNO,, pH 3.0. 
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trations and the results are also shown in Fig. 7. The capacity factor dependence is 
much less than for TCA, indicating that the nitrate ion is a much weaker ion-pairing 
reagent than TCA. 

CONCLUSIONS 

(1) The catecholamines and their congeners show good retention and high 
efficiency chromatography on a non-polar Cl8 packing material with strong in- 
organic acids or trichloroacetic acid as ion-pairing mobile.phases. 

(2) A catechol separation can be maintained over a long period of time by 
using two different mobile phases. Nitric acid provides short retention times but 
adequate resolution on a new column. When column capacity-is lost as the column 
ages, retention and resolution can be restored by switching the mobile phase to ’ 
trichloroacetic acid. 

(3) Retention is readily controlled by changes in the pH and concentration of 
the ion-pairing reagent. 

ACKNOWLEDGEMENTS 

This work has been supported in part by NSO9199 from the National Institutes 
of Health and by a grant from the Colorado Heart Association. 

REFERENCES 

1 C. Refshauge, P. T. Kissinger, R. Dreiling, L. Blank, R. Freeman and R. N. Adams, Life Sci., 
14 (1974) 311. 

2 R. Keller, A. Oke, I. Mefford and R N. Adams, Life Sci., 19 (1976) 995. 
3 K. D. McMurtey, L. R. Meyerson, J. L. Cashaw and V. E. Davis, Anal- Biochem., 72 (1976) - 

566. 
4 S. Sass and C. L. Blank, Anal. Chem., 49 (1977) 354. 
5 J. H. Knox and J. Jurand, J. Chromurugr_, 110 (1975) 103. 
6 J. H. Knox and A. Pryde, 1. Chromarogr., 112.(1975) 171. 
7 J. H. Knox and G. R. Laird, J_ Chromurogr., 122 (1976) 17. 
8 J. H. Knox and J. Jurand, J. Chromarogr., 125 (1976) 89. 
9 D. P. Wittmer, N. 0. Nuessle and W. G. Haney, Anal. Chem., 47 (1975) 1422. 

10 I. Molnar and C. Horvith, C&r. Chem., 22 (1976) 1497. 
11 L. D. Mel1 and A. B. Gustafson, Chir. Chem., 23 (1977) 473. 
12 L. R. Snyder and J. J. Kirk!and, Introduction ro Modern Liquid Chromatography, Wiley, New 

York. 1974, p. 274. 
13 C. Horv&h, W. Melander, I. Molnar and P. MolnBr, And. C’hem., 49 (1977) 229% 
14 C. R. Freed and P. A. Asmus, J. Neurochenr., 32 (1979) 163. 


