
Table 111-Assay Results on Belladonna Alkaloids on 
Preparation D Using Procedure 7 

Assay Recovery, 

1 
2 
3 
4 

99.7 .. . .  

100.3 
101.2 
99.2 

Average 100.1 
Average deviation =to. 65 

Procedure 7-Take 25 ml. of the suspension, add 12.5 ml. of 
concentrated hydrochloric acid, and heat to boiling on a hot plate. 
Cool, filter, wash the residue with 3 X 10-ml. portions of distilled 
water, and combine with the filtrate. Adjust the pH of the filtrate to 
approximately 7.0 with 3.5 N sodium hydroxide solution and bring 
the volume to 100 ml. Take a 5 4 .  quantity of this solution and 
assay according to Procedure 1. The results are presented in Table 
XI. 

Preparation D was assayed four times using Procedure 7. The 
results are presented in Table 1x1. 

DISCUSSION 

The results of these investigations (Tables I and 11) indicate that 
all three belladonna alkaloids are strongly adsorbed on the surface 
of magnesium trisilicate. It was impossible to desorb and determine 
the alkaloids quantitatively with 0.1 N hydrochloric acid or other 
modified procedures (see Procedures 1 through 6). The only method 

that made them completely available for determination was boiling 
with concentrated hydrochloric acid. After desorption, the alkaloids 
could be easily determined using a dye method. As far as various 
antacids are concerned, the results of these investigations do not 
indicate adsorption of alkaloids on the surface of aluminum hy- 
droxide gel as reported by Grote and Woods (3). On the other hand, 
the results are in agreement with those of Blaug and Gross (4) 
who reported strong adsorption of anticholinergic drugs on the 
surface of magnesium trisilicate. The method (Procedure 7) is 
recommended for complete desorption of belladonna alkaloids for 
analysis. The average assay result on Preparation D was 100.1 f 
0.65 (Table 111). 
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Quantitative Determination of D-Dopa Present in 
Levodopa Sampled 

G. COPPI, A. VIDI, and G. BONARDI 

Abstract 0 A method for the assay of D-dopa present in L-dopa 
samples is reported. The method is based on the ability of an L- 

Keyphrases 0 D-Dopa-analysis in levodopa formulations, levo- 
dopa biotransformation to dopamine, separation, fluorometry 0 
metric analysis of D-dopa 0 Dopamine, biotransformation prod- 

L-Amino acid decarboxylase transformation of levodopa to do- 
pamine-analysis of D-dopa in levodopa formulations 0 Column 
chromatography-separation of D-dopa and dopamine 0 Fluo- 
rometry-analysis, D-dopa 

amino acid decarboxylase, preseilt in a Srrepfococcus faeculis sus- Levodopa biotransformation to dopamine-separation, fluoro- 

pension, to convert quantitatively L - ~ O P ~  to dopamine while D- uct of ~evodopa-ana~y~~s of D-dopa in levodopa formulations 0 
dopa remains unchanged. The latter is separated from dopamine 
by an ion-exchange resin and subsequently assayed according to a 
fluorometric method. Contaminant amounts of D-dopa present in 
L-dopa samples can be detected. 

The presence of D-dopa in levodopa (L-dopa) samples, 
always possible as a result of the synthetic process, is 
undesirable in  the therapy of Parkinson’s disease be- 
cause it has been well established that the D-enantiomer 
of P-(3,4-dihydroxyphenyl)-a-alanine is biologically in- 
active and displays toxic side effects (1-3). As a conse- 
quence, the quantitative determination of D-dopa in 
L-dopa samples is of considerable importance. At the 

moment, a quantitative separation of the two isomers is 
possible only by liquid chromatography methods (4). 

The present authors studied a specific method for 
determining the contaminant amounts of D-dopa present 
in L-dopa pharmaceutical preparations. This method is 
based on the ability of an L-amino acid decarboxylase, 
present in a Streptococcus,faecalis suspension, to convert 
L-dopa into dopamine while D-dopa remains unchanged. 
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Table I-Determination of D-DOpa in Standard Preparations 
~~ 

D-Dopa Founda----- 7 

Standard Preparations mg. :4 

L-Dopa, 95.000 mg. + D-dopa, 5 .000  mg. 4.950 99.00 

L-Dopa, 99.375 mg. + D-dopa, 0.625 mg. 0.619 99.04 
L-Dopa, 99.688 mg. + D-dopa, 0.312 mg. 0.304 97.43 

L-Dopa, 97.500 mg. + D-dopa, 2.500 mg. 2.570 102.80 
L-Dopa, 98.750 mg. + D-dopa, 1.250 mg. 1.310 104.80 

Mean i SD 100.61 i 1.37 

a Values represent average of three determinations. 

The latter is then separated from dopamine by column 
chromatography and subsequently assayed fluorometri- 
cally. 

EXPERIMENTAL 

Preparation of S. faecalis Suspension-The bacteria used for the 
enzyme preparation were S. ,fnecalis R’, S. ,faecalis D.A.Z, and S. 
farrulis liquqfacieris NCTC 2705. The mentioned strains were grown 
under anaerobic conditions and maintained by weekly subculture 
on 20: agar nutrient medium containing 1% glucose, I Bacto- 
casamino acids2, 0.1 ”,; Bacto-yeast extract3, 0.1 L-tyrosine, and 
0.0001 of pyridoxine. The culture was incubated, after inoculation, 
at 37 ’ for 18 20 hr. and stored at  4”.  The S. faecalis suspension 
containing the L-amino acid decarboxylase induced by the presence 
of L-tyrosine i n  tlie nutrient medium was prepared by inoculating 
the bacteria from the agar culture medium in 10 ml. of the same 
medium without agar and incubating at  37” for 18-20 hr. The or- 
ganisms were separated from the medium by centrifugation at  700 
g, washed two times with sterile physiological saline solution, and 
finally suspended in a sufficient amount of the same solution to  ob- 
tain a 107; transmittance at 625 nm. This suspension was imme- 
diately used. 

Enzymatic Reaction-In a test tube (26 X 110 mm.) fitted with a 
cap and equipped with tubes (2 mm. id . )  for the bubbling of nitro- 
gen ( 2  hubbles/sec.), 3.0 ml. of the S. ftrecalis suspension, 2.0 ml. of 
L-dopa (2 mg./ml. as a solution in 0.2 M acetate buffer, pH 5 3 ,  and 
I .O nil. of pyridoxal5-phosphate (20 mcg./ml. as a solution in 0.2 M 
acetate buffer. pH 5.5) were added. Nitrogen was used either to ob- 
tain anaerobic conditions or to keep the bacteria in suspension. The 
mixture was incubated in a water bath a t  30” for 5 hr. and centri- 
fuged at 70,000 g for 30 min., and the supernate was separated. 

Separation and Assay of D-DOpa-one milliliter of the supernate 
was loaded into a column (7 X 40 mm.) containing an ion-exchange 
resin4 previously washed with 20 ml. of 2 N HCI, 5 ml. of water, 
10 ml. of 1 M acetate buffer (pH 6.0), and 5 ml. of water. A 0.2-ml./ 
min. volume rate was used for all elution phases. The column was 
eluted with 0.05 M phosphate buffer (pH 6.0). A final volume of 10 
ml. eluate was collected. The eluate was used for the fluorometric 
assay of D-dopa according t o  Anton and Sayre (5). The residual 
dopamine was removed from the column by elution with 15 ml. of 
2 N HCI. The acidic solution was evaporated to  dryness iti oacuo, 
and the residue was dissolved in 0.5 M phosphate buffer (pH 7.0) 
for the fluorometric assay5 ( 5 ) .  The excitation and emission spectra 
were 330 and 380 nm. and 333 and 380 nm. (uncorrected data) for 
dopa and dopamine, respectively. 

Chromatography-Samples of pure dopa and dopamine in com- 
parison with an aliquot (100 111.) of the supernate derived from the 
enzymatic reaction were applied on precoated glass plates6. The 
plates were developed with the solvent system of ti-butanol-acetic 
acid-water (4: I : 5 )  in a chromatographic chamber oversaturated 
for 4 hr .  The plates were removed after 16 hr., dried, and sprayed 
with 4“; potassium ferricyanide (as a solution in 0.05 M phosphate 
buffer. pH 6.0). The R,  values of dopa and dopamine pure standards 
were 0.30 and 0.50, respectively. 

I Sankyo Chemical Industries Ltd. 
’! Dc Anrreli Institute. 
a Difco. 
* Anibcrlite IRC 50. 

For the fluorometric assay. a model MPF-2A soectrouhotofluo- 
rometcr (Hitachi, Ltd.) was u&d. 

TLC plates, silica gel F?,j, Merck. 

RESULTS AND DISCUSSION 

The induction of an L-amino acid decarboxylase in S .  ,fncmtlis 
occurred as a result of the incorporation of L-tyrosine in the medium 
according to the experimental conditions. Probably the induced 
enzyme is the L-tyrosine dccarboxqlase (4. I .  I .25) which reacts on 
L-tyrosine and on L-dopa ( 6 ) .  The results of the enzymatic induction 
were ascertained by determining the enzymatic conversion caused by 
the organism with both i.-tlopa and  dopa and by the subsequent 
chromatographic assay. For our purposes, a microbiological 
organism source was considered suitable when it was able to trans- 
form quantitatively L-dopa to dopamine without transforming D- 
dopa after induction with 1.-tyrosine. 

Micrococcus pyogcws  var. uiirc’iis ATCC 6538 P, Bacillris siibtilis 
ATCC 6633, Esclierirliirr coli McLeod ATCC 10536. Salrnotiellu 
ryplii T30 Roma M 507. Ltirtohacilli is cmri ATCC 7469, and Lncto- 
bacillus nrabitiosus ATCC 8014. when assayed according to  the same 
experimental conditions, wcrc inactive. S. /irc,ctilis (Sup. San. Inst. 
1054, Weidbrige 775. I’asteur Inst. 5433, and 2 I’, respectively) strains 
were partially active. 

S. ,faecalis R, S. f i iw r i l i s  D.A., and S. ,/iicmli.s 1iqriej;icieris NCTC 
2705 strains satisfied the requirements and consequently were used 
interchangeably. When incubated with purified L-dopa (7). these 
strains transformed it quantitatively to dopamine. The purified 
D-dopa was not transformed to dopamine. Therefore, with this 
method it is possible to assay contaminant amounts of D-dopa 
present in L-dopa samples. I t  should be emphasized that, in the 
proposed method, a large amount of dopamine which was enzymati- 
cally converted from do dopa did not interfere with the separation 
and the assay of D-dopa. According to  the csperiniental conditions, 
D-dopa recovery from the column was 95 3~ 3 ” < ; .  

The good reproducibility of the proposed method is shown in 
Table I, where the determinations of D-dopa in standard prepara- 
tions are reported. 
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