
lable  11-Estimated Pharmacokinetic Parameters of Primaauine 

k a .  Absorption k c ,  Elimination Lag Time, 
h-' Half-Life, h h-l Half-Life, h h RatioU r2 

Subject 1 0.81 0.85 
Subiect 2c I .47 0.47 

0.257 
0.287 

2.7 
2.4 I 

0.18 
0.87 

7.3 0.946 
3.5 0.976 

0 Ratio of bioavailability/ Vd. After oral administration of 90 mg of primaquine diphosphatc. After oral administration of 60 mg of primaquine diphosphate. 
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Figure 4--Kelationship of plasma blood level curves for primaquine (A ) ,  
primaquine metabolite (B), and the more polar metabolite (C), reported as 
peak height in centimeters. 

tabolites, Fig. 2C. Both of these presumed urinary metabolite compounds are 
morc polar than primaquine in our HPLC system. Neither urinary metabolite 
appeared to be I I  or 111, but one appears to have a retention time which was 
the same as that of the more polar plasma metabolite. 

The present method utilizing HPLC with UV detection for thesimultaneous 
determination of primaquine and its carboxy metabolite ( I l l ) ,  is rapid and 
precise. The use of this method for plasma and urine samples of volunteers 
after oral administration of primaquine diphosphate indicates that absorption 
and metabolism is rapid, that there appear to be at least two plasma metab- 
olites (one identified as an oxidative-deamination product of primaquine, 111). 

and that there appear to be two as  yet unidentified urinary metabolites of 
primaquine. 
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Abstract 0 A high-performance liquid chromatographic (HPLC) method 
for the quantitation of metronidazole in pharmaceutical dosage forms has been 
developed. The method is accurate and precise with an HSD of 0.68%. based 
on six readings. The excipients present in various dosage forms did not interfere 
with the assay procedure. A solution of metronidazole decomposed using heat 
showed 0% potency. 

Keyphrases Metronidazole-HPLC, pharmaceutical dosage forms 0 
HPLC-pharmaceutical dosage forms of metronidazole 

Metronidazole is extensively used in medicine as an anti- 
protozoal agent. The USP-NF method (1) for the quantitation 
of rnetronidazole in tablets is based on titration with perchloric 
acid, which requires a tedious extraction-purification proce- 
dure; moreover, other weak bases, impurities, and products of 
decomposition usually interfere with this type of volumetric 
titration. The quantitation of metronidazole in biological fluids 
was reviewed by Wood (2). The purpose of these investigations 

was to develop a stability-indicating assay procedure for the 
quantitation of metronidazole in pharmaceutical dosage forms 
based on HPLC. 

EXPERIMENTAL SECTION 

Chemicals and Reagents-All the chemicals and reagents were USP, N I:, 
or ACS quality and were uscd without further purification. The USP quality 
powder of metronidazole' (2-methyl-5-nitroimidazole- I-ethanol; I )  was used 
as received. 

Apparatus-The high-performance liquid chromatograph2 (HPLC) was 
equipped with a multiple-wavelength detector3 and a recorder4. A semipolar 
column5 (30 cm X 4 mm i.d.) was used. The average size of the particles was 
10 pm.  

~~ 

I G .  D. Scarle & Co., Chicago, 111. 
2 Al.CZO2 equipped wi th  U6K universal injector: Waters Associates. Milford. 

Mass. 
Spectroflow monitor SF770; Schwffcl lnstrumcnts Corp.. Ramsey. N.J.  
Omniscribe 521 3 - 1  2; Houston Instruments. Austin, Tcx. 
p-Bondapak phenyl; Waters Associates. Milford. Mass. 
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Table &Assay Results 

Percent of Label Claim Found 
Using USP-NF Using HPLC 

Metronidazole, Other Ingredients, Method Method 
Dosage Form mg/mL or mg/tablet (mg/mL) (RSD, %) ( R S D ,  

Recovery Data from Commercial Formulations 
Commercial solution 1 d 

Commercial solution 2e 

Commercial solution 3/ 

Commercial vial Powder 
1 C  

2h 
Commercial vial Powder 

Tablets, lot I 

Tablets, lot 2J 

Tablet 1 

Tablet 2 

Tablet 3 k  

Tablet 4 k  

Tablet 5 I. 

Tablet 6 k  

Tablet 7' 

Synthetic powder 1 

Synthetic powder 2 

Synthetic solution 1 

Synthetic solution 2 

Synthetic solution 3 

5.0 

5.0 

5.0 

500 mg/vial of 
metronidazole 
as HCI salt 

500 mg/vial of 
metronidazole 
as  HCI salt 

250 

250 

250 

250 

250 

250 

250 

250 

250 

160 

I60 

2.5 

5.0 

2.5 

Sodium Phosphate 4.8, Citric Acid, 2.3, and Sodium 
Chloride 7.9 

Mannitol, 41 5 

Mannitol, 41 5 

Blue Coloring Matter and Excipients 

Blue Coloring Matter and Excipients 

Blue Coloring Matter and Excipients 

Blue Coloring Matter and Excipients 

Blue Coloring Matter and Excipients 

Blue Coloring Matter and Excipients 

Blue Coloring Matter and Excipients 

Blue Coloring Matter and Excipients 

Blue Coloring Matter and Excipients 

Recovery Data From Synthetic Mixtures 
Mannitol, 160 

Mannitol, 160 

Sodium Phosphate 2.5, Citric Acid 1.5. and Sodium 
Chloride 4.0 

Sodium Phosphate 5, Citric Acid 2.5, and Sodium Chloride 
8 

Mannitol 2.5 

- a  

-a 

- 0 

_ _ a  

- a 

99.5 
(0.76) 
99.3 

(0.78) 
- b  

- b  

- b  

- b  

..~ b 

98.2(--') 

100.3 (-') 

-a 

-a 

-a 

99.2 
(0.68) 

99.8 
(0.66) 

99.8 
(0.67) 
104.9 
(0.69) 

102.8 
(0.69) 

99.2 
(0.70) 

99.6 
(0.68) 
100.5 
(-9 
98.3 

(-9 
99.2 

(-9 
101.5 
(4 
97.8 

(-9 
98.2 

(-C) 
100.1 
(-9 

99.9 
(0.68) 
100.4 
(0.69) 
100.0 
(0.69) 
100.2 
(0.68) 
100.2 
(0.67) 

a USP-NF method not specified for solutions and not applicable to metronidazole hydrochloride powder. 
Not determined for single-tablet assay. 

These single tablets were not assayed using the USP-NF method. 
All commercial solutions were obtained from G. D. Searle & Co.; solution no. 1 from lot 52VOS4N4. Lot ZH 104.1 Lot 3L 01 1. 8 Lot 

1181-166. * Lot 483-174. Lot 782-008; average of 10 tablets, one determination. 1 Lot 683-048; average of four tablets, one determination. Ir Lot 782-008. 

Chromatographic Conditions-The mobile phase was an aqueous solution 
of 0.02 M KH;?PO4 (pH -4.2). The flow rate was 2.5 mL/min, and the 
temperature was ambient. The sensitivity was set at 0.04 (254 nm) and the 
chart speed was 30.5 cm/h. 
Solution Preparation-The stock solutions of metronidazole ( I  .60 mg/mL) 

and phenylpropanolamine hydrochloride (10.0 mg/mL) in water were pre- 
pared fresh daily. Metronidazole was dissolvcd in water with the aid of gentle 
heat ( S O T )  to hasten dissolution. Preliminary investigations indicated that 
there was nodecomposition with gentle heat. A stock solution of acctamino- 
phen (0.40 mg/mL) was prepared by dissolving 40.0 mg of acetaminophen 
in 1 mL of methanol and then bringing it to volume (100.0 mL) with water. 
The standard solutions were prepared as needed by diluting the stock solutions 
with water. For assays, the concentrations (in pg/mL) of metronidazole, 
phenylpropanolamine hydrochloride, and acetaminophen were 200, 1400 and 
40, respectively. 

The assay solutions were prepared by mixing a solution (from ready-to-use 
bags or vials) representing 20.0 mg of metronidazole with 14.0 mL of the stock 
solution of phenylpropanolamine hydrochloride (the internal standard) and 
then bringing it to volume (100.0 mL) with water. To assay the contents of 
the vials containing powder (metronidazole hydrochloride =SO0 mg of me- 
tronidazole), the contents were dissolved in water and brought to volume 
(100.0 mL) with water. Four milliliters of the mixture were combined with 
14.0 mL of the stock solution of phenylpropanolamine hydrochloride and 
brought to volume (100.0 mL) with water. 

Extraction Procedure for Tablets-Ten tablets were accurately weighed 
and ground to a fine powder. (When content uniformity was to be determined, 
a single tablet was ground to a fine powder.) Powder representing 80.0 mg 

of metronidazole was added to -90 mL of water in a I SO-mL beaker. The 
solution was gently heated (with stirring) to 6OoC on a hot plate and then 
allowed to cool to room temperature. The solution was transferred to a 1 W m L  
volumetric flask, brought tovolume with water, and filtered6. The first 20 mL 
of the filtrate was rejected; the rest was further diluted. Then, 12.5 mL of the 
solution was mixed with 7.0 mL of the stock solution of phenylpropanolamine 
hydrochloride and brought to volume (50.0 mL) with water. 

Assay Sample of Decomposed Ready-to-Use Solution (5.0 mg/mL)-Ten 
milliliters of the solution was mixed with -4 mL of -1 M NaOH solution in 
a 150-mL beaker and then heated to boiling on a hot plate for -25 min (water 
was replaced as necessary). The mixture was cooled, the pH adjusted to -6 
using - 0 . 5  M HCI, and brought to volume (250.0 mL) with water. 

Chromatographic Procedure-A 20-pL aliquot of the assay solution was 
injected into the chromatograph under the conditions described above. For 
comparison, a 20-pL aliquot of the standard solution containing identical 
concentrations of metronidazole and phenylpropanolamine hydrochloride 
was injected after the assay was eluted. 

Calculations-Since preliminary investigations indicated that the ratio of 
the peak heights of metronidazole and phenylpropanolamine hydrochloride 
were directly related to the concentration of metronidazole (range tested 2-6 
pg), the results were calculated using the equation: 

X 100 = percent of label claim found Rpha 
Rphr 

where Rpha is the ratio of the peak heights of drug-internal standard of the 

6 Whatman #I filter paper 
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Figure 1-Typical chromatograms; peaks I and 2 are from phenylpropa- 
nolamine and metronidazole. respectively. Chromatograms A-C are from 
a standard solution, a ready-to-use solution (No. I ,  Table I) ,  and from tablets. 
respectively. 
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Figure 2- Typical chromatograms; chromatogram A is from a decomposed 
solution (see text). All  the peaks are from the decomposition products; no 
internal standard was added to this solution. Chromatogram B is from a 
standard solution with acetominophen (peak I )  as the internal standard and 
metronidazole {peak 2).  
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Figure 3-A calibration curve of the ratio of the peak heights (metronida- 
zole-phenylpropanolamine/ and concentration of metronidazole. An average 
RS D based on six injections. was 0.68%. 
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assay solution, and Rphs is the ratioof the peak heights of drug-standard so- 
lution. Alternatively, the results may be calculated using the standard 
curve. 

RESULTS AND DISCUSSION 

The assay results (Table I )  indicate that the developed HPLC method for 
the quantitation of metronidazole in  pharmaceutical dosage forms can be 
adopted. It is accurate and precise with an KSD of 0.68%, based on six in- 
jections. Before developing phenylpropanolamine hydrochloride as the internal 
standard (Fig. I ) ,  acetaminophen was tried (Fig. 2). Acetaminophen can be 
used as  an internal standard if some active or inactive products of decompo- 
sition interfere with the phenylpropanolamine peak. The concentrations were 
directly related to the ratio of peak heights between a range of 2-6 pg (Fig. 
3). No preliminary extraction procedure was required to assay the ready-to-use 
solutions or the powders, which contained 415, mg of mannitol for each 500 
mg of metronidazole. The presence of sodium phosphate, citric acid, and so- 
dium chloride in the ready-to-use solutions, and mannitol in the powders, did 
not interfere with the assay procedure. 

A very simple preliminary extraction procedure was required to assay the 
tablets. The coloring matter and the excipients present in the tablets did not 
interfere with the assay procedure. The method is stability indicating since 
a sample decomposed by using heat (see ExperimentalSection) showed almost 
0% potency and a number of new peaks in the chromatogram (Fig. 2A). The 
developed method can be used to assay metronidazole in various dosage forms 
and also can be used to test content uniformity of the tablet formulations. 
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