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Two simple, sensitive, and accurate spectrophoto-
metric methods are proposed for the determination
of levodopa (LD), methyldopa (MD), dopamine hy-
drochloride (DP), and pyrocatechol (PC) in pure
and pharmaceutical preparations. The methods are
based on measurement of the absorbances of
tris( o-phenanthroline)iron(II) (method A) and
tris(bipyridyl)iron(II) (method B) obtained by the
oxidation of the catecholamines by iron(III) in the
presence of 1,10-phenanthroline and 2,2 ¢-bipyridyl
at 510 and 522 nm, respectively. The absorbances
were found to increase linearly with increases in
the concentrations of the catecholamines, results
which were corroborated by the calculated correla-
tion coefficients (0.9990–0.9996). Beer’s law was
valid over the concentration ranges of 0.04–0.6,
0.06–0.75, 0.06–0.65, and 0.05–0.70 mg/mL in
method A and 0.02–1.0, 0.04–1.3, 0.05–1.0, and
0.06–1.1 mg/mL in method B for PC, MD, LD, and
DP, respectively. The common excipients and addi-
tives did not interfere in their determinations. The
proposed methods were successfully applied to
the assay of LD, MD, and DP in various dosage
forms. The results were validated by statistical
analysis.

M
ethyldopa (MD), levodopa (LD), and dopamine hy-
drochloride (DP) are vicinal dihydroxybenzene de-
rivatives (catecholamines) in which either the 3- or

the 4-position is unsubstituted, and these positions are not
sterically blocked. These compounds are widely used in treat-
ing hypertension, bronchial asthma, and Parkinson’s disease
and in cardiac surgery. Expanding indications and more wide-
spread use of these drugs have prompted many researchers to
develop sensitive and accurate analytical methods for their de-
termination, especially for routine quality control in the analy-
sis of pharmaceutical products. These methods include the use
of liquid chromatography (LC; 1, 2), spectrofluorimetry (3),
and voltammetry (4). Because spectrophotometric assays of-

fer significant economical advantages over chromatographic,
electroanalytical, and spectrofluorimetric methods, many
spectrophotometric methods (5–19) have been reported for
the assay of catecholamines. All of these methods suffer from
limitations (Table 1). For instance, some of these methods
have low sensitivity (5–19), are less stable (6, 8, 9), require
long standing for color development (5, 6, 18), or need extrac-
tion (19). The official methods suggested by various pharma-
copeias (20–22) have been adopted worldwide for the assay of
catecholamines; however, these methods are tedious and
time-consuming for routine quality control. Consequently, we
have developed simple, accurate, and highly sensitive spectro-
photometric methods for the determination of MD, LD, DP,
and pyrocatechol (PC) in pure and pharmaceutical prepara-
tions. The methods are based on measurement of the
absorbances of tris(o-phenanthroline)iron(II) (method A) and
tris(bipyridyl)iron(II) (method B) complexes at 510 and
522 nm, respectively.

Experimental

Apparatus

A Hitachi Model U-2001 UV-Vis spectrophotometer with
1 cm matched quartz cells was used for spectral measurements.

Reagents

(a) Standard catecholamine solutions.—Aqueous solu-
tions (1 mg/mL) of LD (Sun Pharmaceuticals Ltd., Baroda,
Gujarat, India), MD (Indian Drugs and Pharmaceuticals Ltd.,
Hyderabad, Andhra Pradesh, India), DP (TTK Pharma Ltd.
Chennai, Tamilnadu, India), and PC (AnalaR, Mumbai,
Maharashtra, India) were prepared separately and stored in
amber-colored bottles in a refrigerator. The solutions were di-
luted as needed.

(b) Fe(III)-1,10-phenanthroline reagent (FPL).—Pre-
pared (23) by mixing 0.198 g 1,10-phenanthroline (PNL) with
2 mL 1M HCl and 0.16 g ferric ammonium sulfate
dodecahydrate (FAS) and diluting with distilled water to
100 mL. This solution contains an Fe(III) concentration of
3.3182× 10–3M and a PNL concentration of 9.988× 10–3M.

(c) Fe(III)-2,2′-bipyridyl reagent (FBL).—Prepared (23)
by mixing 0.16 g 2,2′-bipyridyl (BPL) with 2 mL 1M HCl and
0.16 g FAS and diluting with distilled water to 100 mL. This
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solution contains an Fe(III) concentration of 3.3182× 10–3M
and a BPL concentration of 1.024× 10–2M.

All chemicals used were analytical or pharmaceutical
grade, and quartz-processed high-purity water was used
throughout. Various commercial preparations were obtained
from local sources.

Procedure

(a) Assay of pure drugs.—Aliquots of standard
catecholamine solutions were transferred separately into a se-
ries of 10 mL calibrated flasks. To each flask was added 4 mL
FPL (for LD and DP) in method A, 8 mL FPL (for MD and
PC) in method A, 2 mL FBL (for LD and DP) in method B,
5 mL FBL (for MD) in method B, or 1 mL FBL (for PC) in
method B. The contents were heated at 80°C on a water bath
for 5 min for LD, 10 min for DP, and 15 min for MD and PC in
method A, or 10 min each for LD and MD, 20 min for DP, and
15 min for PC in method B. The contents of each flask were
cooled to room temperature and diluted to volume with dis-
tilled water. The contents were mixed well, and the
absorbances of the red-colored complexes were measured at
510 nm (for method A) or at 522 nm (for method B) vs the cor-
responding reagent blank. Calibration graphs were plotted.
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Table 1. Comparison of proposed methods and reported for determination of catecholamines

Reagent used (ref.) λmax , nm
Beer’s law limits,

µg/mL

Molar
absorptivity,

L/mol/cm × 104 Remarks

Sulfamic acid in alkali (5) 540 10–50 0.42 Method has low sensitivity; required long
time for complete color development

Cerium(IV)–3-methylbenzothiazoline-2-one
hydrazone (6)

418 2–8 1.07 Method required long time for
completion; has less stability

Tetrazolium violet chloride (7) 512 0.2–8.0 4.17 Method has low sensitivity

N-bromo succinimide–isoniazid (8) 480–490 0.8–16 0.396–0.838 Chromogen was less stable

Isoniazid in NaOH (9) 480 0.25–12 0.72–1.5 Chromogen was less stable and
less sensitive

Ce(IV) nitrate (10) 510, 550 125–550 0.108–0.115 Method has low sensitivity

Nitration (11) — 4–36 0.592 Method has low sensitivity

Thiosemicarbazide (12) 500 0.5–8 2.58 Method has low sensitivity

Molybdophosphoric acid (13) 600–900 — 2.4–3.1 Method has low sensitivity

Tetrazolium blue (14) 525 — 7.07 Method has low sensitivity

Chloranilic acid (15) 325 2–30 0.40 Method has low sensitivity

p-Aminoacetophenone (16) 440, 510 0.8–24 0.28–0.55 Method has low sensitivity

Sodium meta-periodate (17) 465–520 5.0–50 0.39–0.62 Method has low sensitivity

Folin and Ciocalteu phenol (18) 405–600 2.0–4.0 0.35–0.25 Chromogens were formed after
long standing time

Chloranil (19) 325 2–30 0.4 Required extraction

FPL (present method) 510 0.02–1.25 11.3–23.5 Simple and more sensitive; does not
involve extraction, and the chromogens

were stable for >24 h

FBL (present method) 522 0.02–1.3 8.57–14.6

Figure 1. Absorption spectra of (a) the LD–FPL
system, (b) the FPL reagent blank, (c) the LD–FBL
system, and (d) the FBL reagent blank.
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(b) Assay of tablets.—Twenty tablets each of LD and MD
were finely powdered separately. An amount equivalent to
25 mg drug was weighed accurately and transferred to a
100 mL beaker. By using a mechanical stirrer, the powder was
completely disintegrated and dissolved in distilled water, and
the solution was filtered. The filtrate was diluted to 100 mL
with distilled water, and an aliquot of the drug solution was
analyzed as described above for the pure drug.

(c) Assay of injection.—DP injection solution was appro-
priately diluted with distilled water to obtain the required con-
centration of the drug, and an aliquot of the solution was ana-
lyzed as described above for the pure drug.

Results and Discussion

Ferric salts play a prominent role in the spectrophotometric
determination of many pharmaceutical drugs. Acting as an ox-
idant, a ferric salt is reduced to the ferrous salt, which corre-
sponds to the drug concentration. The drugs can be deter-
mined by the usual reagents for Fe(II) such as PNL and BPL.
These properties were exploited in the present investigation
for the spectrophotometric determination of catecholamines.

PC or its derivative (catecholamine) undergoes oxidation
by the Fe(III) present in FPL (method A) or FBL (method B).
The Fe(II) so formed readily combines with the PNL of FPL
or the BPL of FBL to form a red-colored complex, the ferroin,
[Fe(phen)3]

2+ or [Fe(bipy)3]
2+, with an absorption maximum

at 510 or 522 nm, respectively. The reagent blank showed a
negligible absorbance at the correspondingλmax. The absorp-
tion spectra of the colored complexes for LD, a representative
member of the selected drugs, are shown in Figure 1.

The optimum reaction conditions for the determination of
the selected drugs were established by a number of prelimi-
nary experiments. The effects of each of the reagents were
studied separately by measuring the absorbances of solutions
containing a fixed concentration of catecholamine and various
amounts of the reagent. Constant and maximum color devel-
opment of the complex was achieved with 3 mL FPL (for LD
and DP) or 7 mL FPL (for MD and PC) in a total volume of
10 mL, or with 1.5 mL FBL (for LD and DP), 4 mL FBL (for
MD), or 0.75 mL FBL (for PC) in a total volume of 10 mL. Al-
though a larger volume of the reagent had no effect on the for-
mation, stability, or sensitivity of the complex, the
absorbances increased slightly because of the background of
the reagent. Thus, an FPL volume of 4 mL for LD and DP or
8 mL for MD and PC in a total volume of 10 mL, or an FBL
volume of 2 mL for LD and DP, 5 mL for MD, or 1 mL for PC
in a total volume of 10 mL was used to ensure complete reac-
tion. The formation of the colored complex was slow at room
temperature (25°C) and required a longer time for completion.
Thus, efforts were made to accelerate the reaction by perform-
ing it at higher temperatures. We observed that maximum
color intensity was obtained by heating the reaction mixture at
80°C on a water bath for 5 min for LD, 10 min for DP, and
15 min each for MD and PC in method A, or 10 min each for
LD and MD, 20 min for DP, and 15 min for PC in method B.
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The absorbances remained constant at room temperature for
>24 h.

Beer’s law limits, molar absorptivity and Sandell’s sensi-
tivity values, the regression equation, and the correlation coef-
ficient for all the systems were evaluated (Table 2). The re-
sults were also subjected to detection of heteroskedacity. The
graphical method was followed for this purpose wherein ei

2

(squared error term) values were plotted versus estimated
íi values. The graph revealed no set pattern of relationship be-
tween ei

2 and íi, thereby indicating the absence of
heteroskedacity.

The precision of the proposed methods was excellent, as
indicated by the low relative standard deviations (<1.0%) cal-
culated from 5 replicate analyses for each drug.

The validity of the methods for the assay of catecholamines
was assessed by investigating the effects of common excipi-
ents and other substances. We found that talc, glucose, starch,
lactose, sulfate, dextrose, acetate, and magnesium stearate did
not interfere in the determination.

To determine the accuracy and reproducibility of the pro-
posed methods, recovery experiments were performed by
mixing known quantities of each pure drug solution separately
with definite amounts of pre-analyzed formulations and deter-
mining the total amount of the drug by following the proce-
dure as described earlier. The amount of added drug was cal-
culated by difference.

The proposed methods were successfully applied to the de-
termination of catecholamines in tablets and injections (24).
The results obtained were compared statistically, by means of
the Student’st-test and by the variance ratioF-test, with those
obtained by official methods (20–22). The Student’st-values
at the 95% confidence level did not exceed the theoretical
value, indicating that there was no significant difference be-
tween the results obtained by the official and those obtained
by the proposed methods. We also observed that the variance

ratioF-values calculated forp = 0.05 did not exceed the theo-
retical value (Table 3), indicating that there was no significant
difference between the precision of the proposed methods and
the precision of the official methods.

Conclusions

Unlike the instruments needed for spectrofluorimetric,
chromatographic, and electroanalytical techniques, the instru-
ment used in the proposed methods is simple and inexpensive.
Moreover, the proposed methods are simple, accurate, and
highly sensitive, compared with the reported methods (Ta-
ble 1). Thus, the proposed methods could be used as an alter-
native to the existing methods for routine quality control.
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