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Abstract 0 To study the interaction between enzymes and coenzymes 
and carbidopa and levodopa, a paired-ion high-pressure liquid chroma- 
tographic method was developed to separate carbidopa, dopamine, le- 
vodopa, and pyridoxal 5-phosphate. Carbidopa strongly reacted with 
pyridoxal 5-phosphate, contrary to a previous report. Tyrosine decar- 
boxylase and tyrosine decarboxylase apoenzyme had some activity against 
levodopa. which could be increased by adding pyridoxal5-phosphate to 
the mixture. This activity was inhibited by hydroxylamine hydrochlo- 
ride. 
Keyphrases 0 Levodopa-decarboxylation, effect of pyridoxal 5- 
phosphate 0 Carbidopa-interaction with pyridoxal 5-phosphate 
Pyridoxal 5-phosphate-interaction with carbidopa and effect on de- 
carboxylation of levodopa 
- 

Levodopa (I) is used extensively to treat Parkinson's 
disease. Carbidopa (II), structurally similar to levodopa 
and considered a dopa decarboxylase inhibitor in the pe- 
ripheral system (l), conserves levodopa so that it is avail- 
able to penetrate the brain ind exert its action (1). Vitamin 
Bs is incompatible with levodopa since it potentiates the 
effect of decarboxylase. The effect of levodopa on Par- 
kinson's disease (1) is considered to be due to its metabolic 
product, dopamine (1111, which is produced by decarbox- 
ylation of levodopa. Dopa decarboxylase is believed to be 
present in the human body and is similar to an aromatic 
amino acid decarboxylase (1). The most important study 
(1) concerning the action of carbidopa on the decarbox- 
ylation of levodopa was conducted using a lyophilized 
aqueous extract of hog kidney at  pH 6.8. 
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Porter et al. (1) measured the in vitro evolution of car- 
bon dioxide and the in vivo reduction of serotonin accu- 
mulated in the kidneys to prove that carbidopa inhibits 
dopa decarboxylase. They reported that carbidopa de- 
pressed brain serotonin, but the mechanism was not 
clear. 

Furthermore, it was reported (1) that less active inhib- 
itors of decarboxylase are not so closely structurally related 
to substrates and their activity may be due primarily to 
pyridoxal 5-phosphate trapping. These investigators 
concluded that carbidopa inhibits dopa decarboxylase 
mainly by its structural similarity to the substrate rather 
than through pyridoxal5-phosphate trapping. 

The purposes of this study were to develop a method to 
separate carbidopa, dopamine, levodopa, and pyridoxal 
5-phosphate from one another; to investigate the effect of 
tyrosine decarboxylase, tyrosine decarboxylase apoen- 
zyme, carbidopa, hydroxylamine hydrochloride, and 
pyridoxal5-phosphate on the decarboxylation of levodopa; 
and to reinvestigate the interaction of carbidopa with 
pyridoxal5-phosphate, which was reported previously (1) 
as not occurring. 

EXPERIMENTAL 

Reagents and Chemicals-All reagents and chemicals were ACS, 
USP, or NF quality and were used without further purification. Carbi- 
dopa' (II), dopamine2 (III), hydroxylamine hydrochloride3 (VI), levo- 
dopa' (I), pyridoxal 5-phosphate5 (V). ty rdne  decarboxylase5 (VII), and 
tyrosine decarboxyhe apoenzyme5 (VIII) were used as received. The 
counterion 1-heptanesulfonic acid sodium salt6 was purchased and used 
without further treatment. 

Apparatus-The high-pressure liquid chromatograph7 was COMected 
to a multiple-wavelength detectofl, a recordep. and an integratorlo. 

Column-The column" (30 cm X 4 mm i.d.1 was of a nonpolar mate- 
rial consisting of a monomolecular layer of octadecyltrichlorosilane 
permanently bonded by silicone-carbon bonds. 

Chromatographic Conditions-Solvent A consisted of water mn- 
taining 7% (v/v) methanol and 2% (v/v) acetic acid. Solvent B was the 
same as Solvent A except that it also contained 0.005 M 1-heptanesulfonic 
acid sodium salt. 

The temperature was ambient, and the flow rate was 1.6 mumin. The 
detector was set at a sensitivity of 0.04 (280 nm), and the chart speed was 
30.5 cmhr.  

Solution Preparation-The stock solutions of I and 11 were prepared 
fresh daily by dissolving 50.0 mg in 10 and 15 ml of diluted sulfuric acid 
(1 in 350 in water), respectively, and bringing the volume to 100.0 ml with 
water. The stock solutions of 111 and VI were prepared fresh daily by 
dissolving 50.0 and 20.0 mg. respectively, in water to make 100.0 ml. The 

1 Su plied by Merck Sharp & Dohme Research Laboratories, Rnhway, N.J. 

*Fisher Scientific Co., Fair Lawn, N.J. 
4 Supplied by Hoffmann-La Roche, Nutley, N.J. 
6 United States Biochemical Corm. Cleveland. Ohio. 

A i l  rich Chemical Co., Milwaukee, Wis. 

6 Eastman Kndak Co., Rocheski, N.Y. 
7 Model ALC 202 equipped with a U6K universal injector, Waters Ansocia-, 

Spectroflow monitor SF770, Schoeffel Instrument Corp., Westwood, N.J. 
9 Omniscribe 6213-12, Houston Instruments, Austin, Tex. 

lo Autolab miniarator, Spectra-Physics, Santa Clara, Calif. 
@ondapak CIS (catalog no. 27324), Waters Assoeiatea, Milford, Mass. 
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Figure 1-Sample chromatograms, Peaks 1 . 4 3 ,  and 4 are from pyri- 
doxal 5-phosphate. leuodopa, dopamine. and carbidopa, respectively. 
Chromatogram A is from a standard mixture of leuodopa, carbidopa. 
dopamine, and pyridoxal5-phosphate developed using Solvent A. The 
four ingredients did not separate. Chromatogram B is the same as 
Chromatogram A except that it was developed using Solvent B. which 
also contained the counterion. The standard mixture was prepared 
fresh. Chromatogram C is from the same solution as in Chromatogram 
B except that it was developed after the standard mixture was allowed 
to stand overnight. Peak 1 from pyridoxal5-phosphate was missing. 
Chromatogram D is the same Chromatogram C except that carbidopa 
was not added to the standard mixture. The mixture was allowed to 
stand overnight. In this Chromatogram, peak I from pyridoxal B-phos- 
phate is present. The chromatographic conditions are given in the 
text. 

stock solution of V was prepared fresh daily by dissolving 20.0 mg in 3 
ml of sulfuric acid in water (1 in 350) with enough water to make 100.0 
ml. 

The standard solutions were prepared by diluting the stock solutions 
with water to contain 50 pg/ml of I, 11, or 111 and 10.0 pg/ml of V or VI. 
A standard mixture of four ingredienta was prepared by diluting the stock 
solutions of 1-111 and V with water to contain 50 pg/ml each of 1-111 and 
10.0 pg/ml of V. Other solutions and mixtures were prepared as needed 
by diluting the stock solutions with water. A 0.05 M phosphate buffer 
solution of pH 5.512 (k0.05) was prepared according to USP directions 
(2). 

Separation of 1-111 and V-A 2O.O-pl aliquot of the standard mixture 
was injected into the chromatograph using the described conditions 
(Solvent B). For confirmation of each peak, a 20-pl aliquot of each 
standard solution was injected separately after the previously injected 
ingredients were eluted. 

To determine the effect of the counterion 1-heptanesulfonic acid so- 
dium salt, an additional chromatogram of the standard mixture was de- 
veloped using the described conditions except that Solvent A was 
used. 

Other chromatograms that were developed using Solvent B (20.O-pl 
aliquot) were from the standard mixture after standing overnight, from 
a mixture containing 50.0 p1 each of I and 111 and 10.0 pg of V/ml after 
standing overnight, from a solution containing 50.0 pg of II/ml and 10.0 
pg of V/ml after standing overnight, and from solutions (after standing 
overnight) containing 20.0 pg of II/ml and 0, 10, 20, 30, or 40 pg of 
V/ml. 

Standard Treatment before Developing Additional Chromato- 
grams-Additional chromatograms were developed after adding 0.05 
M phosphate buffer (PH 5.5) and heating at  3 7 O  for 15 min with or 
without other ingredients. Solvent B (2O.O-pl aliquot) was used to develop 
all of them. A 5.0-ml portion of the stock solution of I, II, or both was 

12 Model 4500 digital pH meter, Beckman Instruments, Irvine, Calif. 
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Figure 2-Sample chromatograms where peaks 4 and 1 are from car- 
bidopa and pyridoxal5-phosphate, respectively. All chromatogram 
were developed using Solvent B after the solutiom were allowed to stand 
overnight. Chromatogram A was developed from a solution containing 
20 pg of carbidopalml. Solutions for Chromatogram B, C, and D also 
contained l0,20, and 40pg of pyridoxal5-phosphatelm1, respectively. 
The concentration of carbidopa in each solution was 20 pglml. Thp 
chomutographic conditions are given in the text. 

transferred to a 50.0-ml volumetric flask. A 25.0-ml volume of the phoe- 
phate buffer then was added. If the mixture was to contain V, VI, or both, 
a 2.5-ml portion of the stock solution of each compound was mixed with 
the contents of the flask. A 3-mgquantity of an enzyme (either tyrosine 
decarboxylase or tyrosine decarboxylase apoenzyme) was added as 
needed. Enzyme VII contained 0.36 unit/mg. Enzyme VIII had no unit 
information on the label. 

The contents of the flask were mixed and allowed to stand at So (&lo) 
for 15 min in a preheated water bath. The mixture was allowed to  cool 
and then was brought to volume (50.0 ml) with water. The chromatogranu 
of the treated mixture were developed after dilution and also after 
standing overnight. The sameday chromatograms were similar to those 
developed after standing overnight except that the decomposition and 
decarboxylation of I1 and I were less, as expected. 

RESULTS AND DISCUSSION 

Solutions Diluted with Water-The result8 (Fig. 1B) indicate that 
levodopa. carbidopa, dopamine. and pyridoxal 5-phosphate can be sep- 
arated using paired-ion high-pressure liquid chromatography (HPLC). 
This separatioy was not possible (Fig. 1A) without the addition of a 
counterion, 1-heptanesulfonic acid sodium salt. 

With the same chromatographic conditions as for the separation of the 
four ingredients, hydroxylamine had a very small peak with the same 
retention time as pyridoxal 5-phosphate. The interference from hy- 
droxylamine based on a mole to mole basis was negligible. On a weight 
to weight basis, it was -546, i.e., the peak height for hydroxylamine wae 
one unit compared to about 20 units for pyridoxal5-phosphate. 

When the standard mixtures were allowed to stand overnight, peak 
1 from pyridoxal 5-phosphate was not present in the chromatogram (Fig. 
IC). This fmding was due to an interaction of pyridoxal5-phosphate with 
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Figure 3-Sample chromatograms using Solvent B. All solutions con- 
tained phosphate buffer, were heated at 37O, and were allowed to stand 
overnight. All  solutions contained 50 pg of carbidopalml. Peaks 4 and 
5 are from carbidopa and the oxidation product of carbidopa. respec- 
tively. Chromatogram A waa developed from a solution containing only ' 
carbidopa. Solutions for Chromatograms B and C also contained ty. 
rosine decarboxylase (3  mg each). The solution for Chromatogram C 
also contained 10 pg of hydroxylaminefml. The solution for Chro-' 
mutogram D had 3 mg of tyrosine decarboxyhse apoenzyme in addition 
to 50 pg of carbidopa/ml. The chromatographic conditions are given in 
the text. 
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Figure 4-Sample chromato- 
grams using Solvent B. All solu- 
tions contained phqsphate buffer, 
were heated a t  37O, and were al- 
lowed to stand Overnight. Solu- 
tions for both chromatograms 
contained 50 ~rg of carbidopa/ml, 
3 mg of tyrosine decarboxylase 
apoenzyme, and 10 pg of pyri- 
doxal5-phosphate/ml. Peaks I, 4, 
and 5 are from pyridoxal.5-phos- 
phate, carbidopa, and the oxida- 
tion product of carbidopa, re- = 8 0 2 4 6 8 spectively. The solution for 

MINUTES Chromatogram B also contained 
10 p g  of hydroxylaminelml. The 
chromatographic conditions are 
given in the text. 

, iUjJ 
carbidopa, according to the following explanation. Peak 1 due to pyridoxal 
5-phosphate was present (Fig. 1D) when a chromatogram was developed 
from a mixture containing levodopa, dopamine, and pyridoxal5-phos- 
$ate after standing overnight. Therefore, pyridoxal 5-phosphate ap- 
parently interacts with carbidopa. Peak 1 due to pyridoxal5-phosphate 
in a freshly prepared solution of the standard mixture was shorter (Fig. 
1B) than if pyridoxal5-phosphate alone was injected or when compared 
with peak 1 in the chromatogram developed (Fig. 1D) from a mixture of 
levodopa, carbidopa, and pyridoxal5-phosphate after standing overnight. 
This result indicates that interaction of pyridoxal 5-phosphate with 
carbidopa starts soon after the ingredients are mixed. 

The interaction of carbidopa (11) and pyridoxal5-phosphate (V) was 
studied further by preparing solutions of 11 (20 pg/ml) with or without 
V. The concentration of V added was 10,20,30, or topglrnl, and the so- 
lutions were allowed to stand overnight before the chromatograms were 
developed. It appears from the chromatograms (Figs. 2A-2D) that if e q d  
quantities (weight to weight) of I1 and V are mixed, some carbidopa 
(-30%) is left intact (Fig. 2B) after standing overnight. No pyridoxal 
5-phosphate was present. However, with a ratio of V to I1 of 2:l (w/w), 
all of the carbidopa was decomposed while some pyridoxal5-phosphate 
was present (Fig. 2D). With a ratio of 1.5A. small percentages of both 

3 

Figure 5-Sample chromatogram using Solvent B. All solutions con- 
tained phosphate buffer, were heated at  3T0, and were allowed to stand 
owmight. Peaks 2.3, and 4 are from kvodopa, dopamine, and carbidopa, 
respectively. All solutions contained 50 pg of levodopa/ml. Additional 
ingredients in solutions were: Chromatogram B, 3 mg of tyrosine de- 
carboxylase; Chromatogram c ,  3 mg of tyrosine decarboxylase and 10 
pglml of pyridoxal5-phosphate; Chromatogram D, 3 mg of tyrosine 
decarboxyhe and 50 p d m l  of carbidow; and Chromatogram E, 3 mg 
of tyrosine decarboxylase and 10 ccglml of hydroxylamine. The chro- 
mtographic conditions are given in the text. 
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Figure 6-Sample chromatograms using Solvent B. All solutions con- 
tained phosphate buffer, were heated at  370, and were allowed to stand 
overnight. Peaks I, 2, and 3 are from pyridoxal 5-phosphate, leuodopa, 
and dopamine, respectively. All solutions contained 50 pg of levo- 
dopalml and 3 mg of tyrosine decarboxylase apoenzyme. Additional 
ingredients in solutions were: Chromatogram A, none; Chromatogram 
B, 10 pg of pyridoxal 5-phosphatelml; Chromatogram C, 10 pg of pyri- 
doxal5-phosphatelml and 50 pg of carbidopalml (the peak from car- 
bidopa is not shown in the chromatogram; it was similar to peak 4 in 
Chromatogram 50); and Chromatogram D, 10 p g  each of pyridoxal5- 
phosphate and hydroxylarninelml. The chromatographic conditions 
are given in the text. 

compounds were present. More precise studies using various time in- 
tervals. a mole to mole basis, and possibly a pH 7.4 buffer are being 
conducted and will be reported. 

Solutions Containing Buffer and Heated at 37"-The results for 
carbidopa indicate that there was little difference between the chro- 
matogram from the blank (Fig. 3A) and the chromatogram (Fig. 3B) when 
3 mg of tyrosine decarboxylase was added to the mixture. The blank 
contained only carbidopa (50 pglml). In both chromatograms, peak 5 
probably was due to the oxidation product of carbidopa and not to de- 
wboxylation of carbidopa. The following d w s i o n  may help confirm 
this conclusion. 

1. When the carbidopa stock solution wan allowed to stand for 30 days, 
diluted with water (50 pg/ml), and injected, a similar peak was obtained. 
The stock solution had discolored from clear to yellow. 

2. Dopamine, the decarboxylated product of levodopa, had a longer 
retention time than levodopa (Fig. 1B). It is reasonable to assume that 
if peak 5 were due to the decarboxylated product of carbidopa, its re- 
tention time would have been longer than for carbidopa. Actually, the 
retention time of the decomposition product was -50% of that of carbi- 
dopa (Fig. 3A, peaks 5 and 4). 

3. Without any enzyme, the blank also indicated decomposition similar 
to that with tyrosine decarboxylase or tyrosine decarboxylase apoenzyme 
(Figs. 3A, 3B, and 3D). Catecholamines are very susceptible to oxidation 
at the two phenolic groups. 

4. This oxidation was prevented by hydroxylamine (Fig. 3C), which 
is a strong antioxidant. This solution also contained 3 mg of tyrosine 
decarboxylase. 

When pyridoxal &phosphate and 3 mg of tyrosine decarboxylase 
apoenzyme (VIII) were added to the carbidopa solution, peaks 4 and 5 
were shorter (Fig. 4A) compared to Fig. 3D (obtained from a solution 
containing only carbidopa and 3 mg of VIII), indicating that pyridoxal 
5-phosphate reacts with carbidopa and its oxidation product. Therefore, 
the reaction site of carbidopa probably is on the side chain rather than 
on the phenolic groups. Finally, when hydroxylamine, carbidopa, pyri- 
doxal 5-phosphate, and VIII were added, the oxidation of carbidopa was 
prevented (Fig. 4B) as expected, but some pyridoxal5-phosphate was 
left intact (peak 1 in Fig. 48). although it had reacted completely in a 
solution without hydroxylamine (Fig. 4A). 
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All of the chromatograms discussed were developed after the mixtures 
were allowed to stend overnight. Chromatograms from freshly treated 
mixtures were similar, but there was less decomposition of carbidopa. 

There waa very little decomposition (Fig. 5A) in the blank that con- 
tained only levodopa. The decomposition products of levodopa did ~ep -  
arate using this procedure (3). When 3 mg of tyrosine decarboxylase also 
was added, a dopamine peak (Fig. 5B) a p w ,  indicating that t w i n e  
decarboxylase has some activity against levodopa, which may be due to 
an impurity. Since only -33% of the levodopa was decarboxylated, ty- 
rosine decarboxylase itself does not appear to be active against levodopa. 
If it were active, 3 mg (1.14 units) of enzyme should have decarboxylated 
all of the levodopa. This enzyme is supposed to decarboxylate 1 pmole 
of tyrosine/min/enzyme unit a t  37” and pH 5.5. The solution contained 
only 2.5 mg (12.68 pmoles) of levodopa. If tyrosine dmrboxylaseper se 
was active against levodopa, all of the levodopa should have been de- 
carboxylated. The solution was not only heated for 15 min at  3 7 O ,  but it 
also was allowed to stand overnight. The possibility of the enzyme being 
more active against levodopa at a different pH value cannot be ruled out. 
A pH of 5.5 is the optimum value for tyrosine, as recommended by the 
manufacturer. 

In the presence of pyridoxal5-phosphate (V), 3 mg of tyrosine decar- 
boxylase decarboxylated -62% (Fig. 5C) of the levodopa as expected, 
since pyridoxal 5-phosphate is a coenzyme. When carbidopa was sub- 
stituted for V. there was no decarboxylation (Fig. 5D). probably due to 
interaction with V present in the enzyme (none was added). It is possible 
that carbidopa also may react with the decarboxylase. Thie study is in 
progress. 

When hydroxylamine was substituted for carbidopa, there was little 
decarboxylation (Fig. 5E). because hydroxylamine has an inhibitory effect 
on decarboxylases. 

Vhen levodopa was mixed with 3 mg of tyrmine decarboxylase apo- 
enzyme, only -8% of the levodopa was decarboxylated (Fig. 6A). This 

enzyme is supposed to be the same as tyrosine decarboxylase except that 
pyridoxal 5-phosphate must be added to activate the enzyme. The en- 
zyme apparently did have some activity without the addition of v. 
However, on the addition of V, the decarboxylation increased (Fig. 6B) 
sharply from 8 to -62% (as with tyrosine decarboxylase when V was 
added). When carbidopa also was added to the mixture containing the 
enzyme and V, the decarboxylation was inhibited (Fig. 60. In Fig. 6C, 
the carbidopa peak (not shown) was similar to peak 4 in Fig. 5D. Finally, 
when hydroxylamine was substituted for carbidopa in this mixture, the 
decarboxylation again was inhibited (Fig. 6D). 

In the presence of hydroxylamine (VI), the peak from V (peak 1 in Fig. 
6D) WBS present since there was no interaction between V and VI. Thus. 
VI reacts with the enzyme but not with the coenzyme. The peak from V 
is a h t  in Fig. 6C due to the interaction of V with carbidopa. 

In summary, this study proves that both tyrosine decarboxylase and 
tyrosine decarboxylase apoenzyme have some activity against levodopa 
but none against carbidopa. In both enzymes, the activity against levo- 
dopa can be increased by adding pyridoxal 5-phosphate. The activity can 
be inhibited by adding hydroxylamine hydrochloride. I t  was found that 
carbidopa and pyridoxal5-phosphate destroy each other. Preliminary 
studies indicate that they react on a mole to mole basis. Further inves- 
tigations are in progress. The finding of the interaction between carbidopa 
and pyridoxal5-phosphate is contrary to the conclusions of Porter et a/ .  
(1). 
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Abstract o A new, specific, and useful approach for the analysis of 
b e d o n i u m  chloride is presented. Reversed-phase high-pressure liquid 
chromatography is used to determine benzalkonium chloride in an 
ophthalmic system at the preservative level of OB0446. Since the method 
separates each homolog, it can be extended to determine the homolog 
composition. These determinations can be made with an analysis time 
of 13 min/sample. 
Keyphrases Benzaikonium chloride-high-pressure liquid chroma- 
tographic analysis t~ High-pressure liquid chromatography, reversed 
phase-analysis, benzalkonium chloride o Preservatives-bedonium 
chloride, reversed-phase high-pressure liquid chromatographic anal- 
ysis 

Various methods have been used for the determination 
of benzalkonium chloride (I). One common method in- 
volves ion-pairing of the material with an acid dye and 
subsequent extraction into an organic phase. Auerbach (1) 
described this method using bromphenol blue. Other in- 
vestigators described similar methods using different or- 
ganic dye salts (2-4). This type of extraction procedure has 
been successfully adapted to an automated analysis (5). 

Beside dye extraction methods, titration of quaternary 

ammonium compounds has been employed. These meth- 
ods include the use of tetrapbenylboron (6) and iodate (7). 
Later methods of analysis have included GLC via Hof- 
mann degradation of benzalkonium chloride with subse- 
quent analysis of the formed benzyldimethylamine and the 
corresponding alkene (8). 

The USP (9) lists a titration assay for total alkylben- 
zyldimethylammonium chlorides based on potassium io- 
date equivalents. In addition, a method is included to de- 
termine the ratio of the R-alkyl components of benzalko- 
nium chloride. The procedure is a complicated microhy- 
drogenation process followed by solvent extraction and 
GLC. The ratio of dkyl components then is calculated and 
must meet specific USP requirements. These requirements 
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