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Abstract  A quantitative method for the analysis of free methyldopa 
in plasma is described. The method is based on reversed-phase high- 
pressure liquid chromatography with electrochemical detection utilizing 
an ion-pairing agent. Separation of methyldopa from plasma is achieved 
by alumina adsorption. The parameters associated with the adsorption 
step are described, The lower limit of sensitivity is -10 ng of methyl- 
dopa/ml with a corresponding retention time of 6.9 min. 
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Previous measurements of small quantities of methyl- 
dopa (I) and other catechols in biological fluids have been 
based on separation by alumina adsorption and detection 
by oxidation to the fluorescent hydroxyindole derivatives. 
Since most catechol compounds adsorb onto alumina and 
form the fluorescent derivative, the approach is not specific 
for any one compound without additional chromatographic 
procedures. Kwan et al. (1) employed no additional 
chromatography and reported a mean reading for predose 
plasma equivalent to 280 f 30 ng of methyldopa/ml. 
Subtraction of a blank value of this magnitude and vari- 
ance results in considerable assay variance and severely 
limits sensitivity. 

This paper describes a quantitative method for the de- 
termination of methyldopa in plasma that utilizes high- 
pressure liquid chromatography (HPLC) with electro- 
chemical detection. Electrochemical detection previously 
was used successfully for detection of catecholamines 
(2-4). Methyldopa was separated from its metabolites and 
other endogenous catecholamines with reversed-phase 
ion-pair HPLC. 3,4-Dihydroxybenzylamine (11) was used 
as the internal standard. 

EXPERIMENTAL 

Reagents and Standards-All reagents were reagent grade o r  better. 
Water was triple glass distilled. Organic solvents were H P I X  grade. The 
mohile phase was passed through a 0.2-gm filter' hefore introduction into 
the system. Pure methyldopa', :(,3-dihydroxyhenzylaminei, type WN-3 
chromatographic alumina:' (activity grade I ) ,  and heptanesulfonic acidJ 

1 I1 

Millipore. 
Merck S h a r p  & I h h m e  Research I.aboratories, Hahw;iy. N . J .  

3 Sigma Chemical Co.. St. Imiis. &lo. 
Eastman Chemicals. Rochester, N.Y. 

(sodium salt) were used. All standard solutions were made in triple 
glass-distilled water containing 0.005 M sodium metabisulfite and 
acidified to pH 2.6 with phosphoric acid. 

Instrumental Parameters-A chromatographic reciprocating pump5, 
a sample injection valve6, a 5 - p n  octadecylsilane column', a glassy carbon 
electrochemical detectid', and a dual-pen recorder9 comprised the H P I C  
system. 

The mobile phase consisted o f  0.07 M phosphate huffer adjusted to 
p H  2.6 with sodium hydroxide, 8% acetonitrile. 0.1 mM disodium eth- 
ylenediaminetetraacetate, and 5 mM heptanesulfonic acid. The anode 
potential was set a t  +0.80 v uersuzi a silver-silver chloride reference 
electrode, and amplification was achieved with a polaroyraphic analyzer"'. 
With a mobile flow rate of 1.5 ml/min, the retention times for methyldopa 
( I )  and 3,4-dihydroxybenzylamine (11) were 6.9 and 5.2 min, respec- 
tively. 

Separation from Plasma-One milliliter of plasma was spiked with 
!I. Then 0.1 ml of 0.05 M sodium metabisulfite and 0.1 ml of 5?h (w/v) 
disodium ethylenediaminetetraacetate were added to the plasma. The 
plasma was adjwted to pH 7.0 by the addition 0 1  2 ml of 0.065 M 
tris(hydroxymethy1)aminomethane buffer and then was adjusted further 
to pH 8.0-8.6 with 1 M NaOH after the batchwise addition of 135 f 1.3 
mg of acid-washed alumina (5). The sample was shaken for 15 min, and 
the supernate was aspirated. The alumina was washed twice with 2 ml 
of triple-distilled water. The methyldopa was eluted from the alumina 
by shaking for 15 min with 1 ml of 0.05 M phosphoric acid. The acid su- 
pernate was transferred immediately to a second tube from which 100 
PI subsequently was injected onto the column. 

DISCUSSION 

Chromatography-Various parameters such as the pH and compo- 
sition of the mobile phase were evaluated systematically. The ionic 
strength of the mobile phase greatly affected the electrode response. The 
effects of various ionic strengths on the hioanalytical electrodes previously 
were established for phosphate buffer (6) and corresponded to the present 
results (Fig. 1). Maximal response occurred at  0.07 M phosphate buffer. 
The effect of varying the percent composition of the organic phase in the 
aqueous mobile phase was described theoretically by Horvath et nl. (7). 
Acetonitrile was used as the organic solvent, and the results of varying 
organic composition uer.sus log K' (retardation factor) proved to be linear, 
verifying the work of Horvath et al. (Fig. 2). 

The results of the effect of pH on K' are presented in Figs. 3 and 4. 
Methyldopa has a reported pKa value of 2.2 (8) for the carboxylic acid 
function a t  25", and K' is related directly to the ionization of the car- 
boxylic acid functional group. The amino group with a pKa of 9.0 a t  25' 
is ionized and is presumed to be paired with heptanesulfonic acid. In- 
creasing the percentage of ionization of the carboxyl group decreased 
retention up to -pH 3.20, where elution of methyldopa was at  the solvent 
front. The mobile phase pH must be maintained constant since small pH 
fluctuations may change the chromatography significantly. 

The efficiency of liquid chromatographic columns has been shown to 
be the greatest for compounds with K' values between 2 and 6 (9). The 
composition of the mobile phase was adjusted accordingly and resulted 
in K' values of 2.7 and 3.9 for 3,4-dihydroxyhenzylamine and methyldopa, 
respectively. 
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Figure I-Effect of ionic strength on the detector response of methyl- 
dopa. At a phosphate concentration aboue 0.07 M,  the current decreased 
in accordance with the Nernst equation for the diffusion coefficient, in 
which diffusion is inuersely related to the ionic strength. The  diminished 
detector response at lour ionic strength is attributed t o  increased re- 
sistance in the electrochemical cell. 
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Figure 3-Effect of hydrogen-ion concentration on the  retardation 
factor. The  mobile phase consisted of 0 1 m M  disodium ethylenedi- 
aminetetraacetate, 5 m M  heptanesulfonic acid, 0 07 M phosphate, and 
8% acetonitrile; the pH was adjusted by titration with sodium hy- 
droxide before the organic modifier IOQS added. The  flow rate was 1.5 
ml /min . 

Extraction-A modified alumina adsorption method (5) was used to 
extract 3,4-dihydroxybenzylamine and methyldopa. The adsorption of 
catecholamines and methyldopa is not linear over a wide range. Both 36 
and 135 mg of alumina were tried with various eluents. With 36 mg of 
alumina, the linear region extended to 150 ng of methyldopa/ml and 
saturation occurred a t  600 ng/ml; 135 mg of alumina/ml produced lin- 
earity up to 400 ng/ml with saturation txcurring a t  750 ng/ml. Using larger 

1 
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K' 
Figure 4-Relationship of ionization of the carboxyl group with the 
retardation factor. The  pprcent unionized arid function of methyldopa 
was calculated using literature p K a  iialues and u:as not adjusted for the 
8", acetonitrile i n  the mobile phase. The  regression urns y = (9.9.58 f 
0 . 6 2 7 ) ~  + (9.490 f 2.040), r = 0.996. 
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Figure 5-Standard curue exhibiting nonlinear methyldopa adsorp- 
tion. Alumina (36 mg) was used to extract methyldopa. Each ualue is 
the mean of four determinations. 

amounts of alumina was cumbersome; therefore, 1-ml plasma fractions 
were utilized when necessary to keep the analysis in the linear range. 

The nonlinear nature of alumina adsorption was not mentioned by 
Kwan et al. (1) when measuring up to 7.5 pg of methyldopdml. This 
nonlinearity would account for substantial variation if linearity were 
assumed. The shape of the standard curves is typical of adsorption of 
drugs onto solid porous adsorbents (10) (Figs. 5 and 6). 

The recovery of known quantities of methyldopa and 3,4-dihydroxy- 
benzylamine from plasma by alumina adsorption varied for differing 
amounts of alumina as well as for the two drugs. The efficiency of recovery 
for methyldopa and 3,4-dihydroxybenzylamine was 71 and 72% with 
coefficients of variation of 3.8 and 3.62, respectively, when 36 mg of 
alumina was used in the extraction step. The recovery efficiency changed 
to 84 and 56% with coefficients of variation of 2.8 and 1.8% for methyldopa 
and 3,4-dihydroxybenzylamine, respectively, when 135 mg of alumina 
was used. There were six determinations in both cases. 

The linearity of the assay was demonstrated by standard curves over 
the 0-100- and 0-400-ng/ml ranges in which 36 and 135 mg of alumina 
adsorbent were used, respectively. The standard curve regressions were: 
y = (O.oosS3 f O.OOO11)x t (0.00520 f 0.00690), with r = 0.999 for 36 mg 
of alumina, and y = (0.00345 f 0.00011)r + (0.02800 f 0.03100), with r 
= 0.997 for 135 rng of alumina, where y is the methyldopa peak height 
divided by the 3,4-dihydroxybenzylamine peak height and x is the con- 
centration of methyldopa (nanograms per milliliter). 

Reproducibility was demonstrated by a day-to-day coefficient of 
variation based on the change of the standard curve slope of 5.7% (n = 
6) for 135 mg of alumina. The within-run coefficients of variation 
(drug/internal standard) were 5.4 and 1.W ( n  = 6) for 36 and 135 mg of 
alumina, respectively. The lower limit of this assay with the described 
instrumentation and procedure (signal to noise ratio of five with no in- 
terfering peaks) is -10 n g h l  of plasma. 

Figure 7 is an example of a typical chromatogram. This assay has been 
applied to over 400 plasma samples and has been reliable. After -50 as- 
says, the electrode must be removed and the glassy carbon surface must 
be cleaned by mechanical polishing. Extractions are clean, and the peak 
resolution is very good. In the development of this assay, consideration 
also was given for quantitating methylnorepinephrine (1111, norepi- 
nephrine (IV), and methyldopamine (V). All appeared as resolved peaks 
with retention times of 4.7,4.0, and 10.6 min, respectively (Fig. 8). 
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Figure 6-Standard curve exhibiting nonlinear methyldopa adsorp- 
tion. Alumina (135 mg) was used to extract methyldopa. Each value is 
the mean of four determinations. Note that the adsorption isotherms 
of both 36 and 135 mg of alumina are similar in shape, with the addi- 
tional alumina shifting the curue in this figure. 
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Figure 7-Typical chromatogram of an authentic plabma sample 
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Figure 8-Chromatogram of plasma spiked with standard solutions 
of methyldopa and its potentially actiue metabolites. Key: I ,  methyl- 
dopa; 11, 3,4-dihydroxybenzylamine; I l l ,  methylnorepinephrine; I V,  
norepinephrine; and V,  methyldopamine. 

Dopamine eluted with methyldopa with a retention time of 6.9 min. 
However, dopamine does not compromise the assay of methyldopa since 
normal plasma dopamine concentrations are below the sensitivity of this 
assay. Blank plasma samples showed no detectable interference. 
Changing the mobile phase to 9% acetonitrile and pH 2.40 and the ion- 
pair to 5 mM pentanesulfonic acid (sodium salt), with all other param- 
eters remaining constant, allows complete resolution of methyldopa from 
dopamine. Authentic plasma samples of subjects receiving methyldopa 
also showed no detectable dopamine in the presence of methyldopa when 
resolved. 
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Abstract ‘lo study the pharmacokineLic interactions between aspirin 
(250 mg/kg) and simultaneously administered oral acetaminophen (125 
mg/kg) or caffeine (50 mg/kg) in male adult rats, noninterfering GLC 
assays for these drugs were developed. Acetaminophen and caffeine both 
retarded the appearance of salicylate in plasma. During the elimination 
phase, acetaminophen enhanced plasma salicylate levels whereas caffeine 
did not. Aspirin reduced the plasma levels of both acetaminophen and 
caffeine during absorption and elimination. Regardless of whether the 
drugs had been administered separately or in combination, higher con- 
centrations of salicylate, acetaminophen, and caffeine were found in the 
glandular part of the stomach compared to the nonglandular part 
(rumen). In both parts, the absorption of acetaminophen increased in 
the presence of aspirin. Simultaneous administration of aspirin with 
caffeine did not influence the absorption of either drug in the glandular 

and ruminal parts. ’l’he inhibitory action of acetaminophen and the 
potentiating action of caffeine on the erosive activity of aspirin are not 
due to any effects of these drugs on salicylate accumulation in glandular 
tissue. 

Keyphrases 0 Aspirin-administered alone and with acetaminophen 
or caffeine, absorption, distribution in gastric tissue, blood plasma levels, 
rats 0 Acetaminophen-administered alone and with aspirin, absorption, 
distribution in gastric tissue, blood plasma levels, rats 0 Caffeine- 
administeied alone and with aspirin, absorption, distribution in gastric 
tissue, blood plasma levels, rats Pharmacokinetics-aspirin adminis- 
tered alone and with acetaminophen or caffeine, absorption, distribution 
in gastric tissue, blood plasma levels, rats 

Irritation of the GI mucosa, production of erosions, and 
GI bleeding are serious side effects of aspirin and other 

nonsteroidal anti-inflammatory drugs (1,2).  Acidic anti- 
inflammatory drugs are thought to  cause t,hese side effects 
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