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Abstract 0 A rapid and sensitive method is described for the assay 
of the pure powder form and the tablet dosage form of methenamine 
and its salts. The procedure is shown to be capable of measur- 
ing as little as 0.005 pmole of material and is highly reproducible. 
The proposed method is based on the color development of form- 
aldehyde released from the acid hydrolysis of methenamine with a 
dye, 2-hydrazinobenzothiazole. Beer’s law is obeyed in the con- 
centration range of 1-8 p M  of methenamine at 510-nm. wavelength. 
This method offers greater versatility over the official assay methods, 
which have been designed primarily for determining specifically 
either methenamine or its mandelate salt. Data comparing the 
assays obtained by the official methods with this new technique are 
presented. 
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forming agent in spectrophotometric analysis of methenamine and 
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The N F  XI11 (1)  assay for methenamine involves its 
acid hydrolysis by rcflux until the “odor of formalde- 
hyde is no longer perceptible,” followed by back-titra- 
tion with an alkali. The procedure proved to  be not 
only tedious but also subjcct to inaccuracies arising from 
human error in obtaining the “perceptible end-point,” 
i.e., absence of formaldchyde odor. Thc USP XVIII ( 2 )  
method for determining methenamine mandelatr, 011 the 
other hand, represents an indirect method of analysis. 
It essentially involves nesslerization followed by an 
iodonietric titration of the mandelic acid moiety; there- 
fore, this method cannot be employed for determining 
other salts of methenamine. 

Other methods also have been developed for the 
quantitation of this compound, including those based 
on chromotropic acid reactions (3-5), the Hantzsch re- 
action between acetylacetone, ammonia, and formalde- 
hyde (6) ,  and fluorometric techniques (7). This report 
presents a method for determining methenamine and its 
salts through the formation of xanthylinuni dicationic 
dyes with formaldehyde and formaldehyde-releasing 
compounds. Measurements based on such a reaction are 
reported (8, 9) t o  be more sensitive than those by 
chromotropic acid. 

EXPERIMEWTAL 

Apparatus-Absorbance measurements were made on a spectro- 
photometer’. 

Reagents and Chemicals-2-Hydrazinohenzothiazole2 was the 
dye-forming reagent used. Powdered samples of ~nethenamine~-~,  

1 Bausch and Lomb Spectronic 70. * Eastman Organic Chemicals. 
8 Baker Chcrnical Co. 

Amend Drug, Chemical Co. 
6 Fisher Scientific Co. 

Table I-Absorbance by Different Methenamine Concentrations 
~ 

Determina- -- Concentration, pmole/5 ml.-- 
tion Number 0.005 0.01 0.02 0.04 

0.297 0.598 1 0.075 0.141 
0.161 0.290 0.598 2 0.084 

0.276 0.584 3 0.084 0.161 
Average 0.081 0.154 0.288 0.593 
f SD 0.004 0.009 0.008 0.007 

Table 11-Assay of Commercial Methenamine Powder by the 
2-Hydrazinobenzothiazole and NF Methods 

- Percent Found- - 
2-Hydrazinobenzot hiazole 

Powder Method N F  Method 

A 
B 

98.5“ Z+Z l.OSb 98.8 
96.3 Z!Z 2.07 93.5 

a Average of thrcc determinations. * Standard deviation. 

methenamine rnandelate6, and methenamine hippurate7 were used 
as received. All other chemicals and reagents used were USP or the 
highest grade of commercial materials. Several commercial brands 
of either the plain or enteric-coated tablets of methenamine, methe- 
namine mandelate, and methenamine hippurate were employed 
for the tests comparing the official assays with the proposed method. 
The dye reagent consists of a 0.5 % solution of 2-hydrazinobenzo- 
thiazole in 10% hydrochloric acid. It is stable for 2 weeks. 

Assay Procedure-Aqueous solutions of methenamine or the 
methenamine salt in the concentration range of 0.01Lo.08 pmole/ml. 
were made up in 100-ml. volumetric flasks. A 0.5-ml. volume of each 
solution was placed in a test tube and mixed with 0.5 ml. of 10 N 
sulfuric acid. The samples were refluxed in a boiling water bath for 
15 min. to obtain complete hydrolysis and were allowed to cool to 
room temperature before the addition of 0.5 ml. of the 2-hydrazino- 
benzothiazole reagent. After 5 min., 0.5 ml. of a 1 aqueous solu- 
tion of potassium ferricyanide was added and this reaction was 
allowed to proceed another 20 min. before the final admixture of 
3 ml. of dimethylformamide solvent. The color thus formed was 
allowed to stabilize for 20 min. before absorbance readings were 
made at  a 510-nrn. wavelength against a reagent blank. 

RESULTS AND DISCUSSION 

Absorbance of the color obtained of known standards in the 
concentration range of 0.005-0.04 pmole/5 ml. of methenamine was 
seen to obey Beer’s law. The calculated linear correlation coefficients 
were: methenamine, 0.9996; and methenamine mandelate and 
methenamine hippurate, 0.9969 and 0.9975, respectively. Initial 
studies showed that the slopes might vary from time to time, prob- 
ably due to aging of the reagents employed with the 2-hydrazino- 
benzothiazole reaction. However, the experimental values were re- 
producible within the normal analysis period (Table I). I t  is, there- 
fore, recommended that a fresh standard curve be prepared with 
each analysis. 

Table 11 compares the percentages of methenamine (C6HLzNd 
found in two different commercial brands of methenamine powder 
as assayed by the 2-hydrazinobenzothiazole and the NF methods. 

0 K & K Laboratories, Inc. 
7 Riker Laboratories, Inc. 
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Table 111-Assay of Commercial Methenamine Products by the 
2-Hydrazinobenzothiazole Method 

Perccnt Found 

Methe- 
-Powders- namine 
Methe- Mandel- 

tion Mandel- namne Methe- namine Enteric 
Number ate Hippurate namine Hippurate Coated 

- Tablets 

Determina- namine Methe- Methe- ate, 

1 96.6 96.6 103.8 96 .6  95.2 
2 96.6 101.4 99.0 101.4 91.0 
3 96.6 99.0 99 .O 99.0 91.0 
Average 96.6 99.0 100.6 99.0 92.4 
f SD 0 .o 2.0 2 .3  2 . 0  2 . 0  

Only 0.02 pmole of material was needed per determination in this 
proposed procedure compared to approximately 1 g. or 7.1 mmoles 
in the N F  method. Table 111 presents the results of assays on me- 
thenamine mandelate and methenamine hippurate powdersand those 
on their tablet dosage forms. Tablets were crushed, dissolved, and 
filtered, if necessary, before an aliquot representing approximately 
0.02 pmole was withdrawn for the determination. There appeared 
to be no significant interference in absorbance where color was 
formulated in the tablets because of the high dilutions involved in 
obtaining the extrcmely small amount of material. 

It is clear from these data that the proposed 2-hydrazinobenzo- 
thiazolc procedure possesses several distinct advantages over the 
present official methods for thc analysis of methenamine or methe- 
namine mandelate. It offers the convenience of a single method 
for the analysis of either the free base or salts. It has been found to 
be simple, sensitive, and less time consuming. It does not require 
prior standardization of a number of titrants, as for nessleriza- 

tion with the official assay of methenamine mandelate. Further- 
more, the proposed method can be used for the assay of other salts 
of methenamine, unlike the USP procedure. With respect to the NF 
method, the lengthy period needed for the acid hydrolysis of me- 
thenamine using 1 N sulfuric acid as well as the uncertain end-point 
of the hydrolysis can be eliminated with the 2-hydrazinobenzothia- 
zole procedure. 
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Chromatographic Separation and Assay of 
Morphine in Injectables 

I. J. HOLCOMB, R.  B. LUERS, Jr., and S. A. FUSARI’ 

Abstract 0 A method specific for the determination of morphine 
sulfate in injectables was developed. Morphine is separated from 
preservatives, pseudomorphine, and other degradation products 
by a column chromatographic method. The eluate containing 
morphine is extracted into an acid solution and determined spec- 
trophotometrically. Recovery from standard solutions is better 
than 99%. The method presented is morc specific for the separation 
and determination of morphine in injectables than present official 
methods. 

Keyphrases 0 Morphine sulfate injection-separation from pre- 
servatives and degradation products, UV analysis !J Column 
chromatography-separation, morphine from preservatives and 
degradation products, morphine sulfatc injection 0 UV spectro- 
photometry-analysis, morphine sulfate injection 

Morphine has bccn well established as an effective 
analgesic and sedative since its isolation in 1805 (1, 2). 
Due to the limited solubility of morphine basc in 
aqueous media, thc more soluble hydrochloride and 
sulfate salts have been used in pharmaceutical prepara- 

tions. The dosage form commonly employed since 1941 
has been morphinc sulfate as an injectable aqucous solu- 
tion, since it is the most stable of thc morphine salts in 
solution (3). When stored for a long time or exposcd to 
heat, morphine sulfatc injections develop a light-brown 
color. 

The discoloration is not desirable, since decomposition 
of the dosage form is suggested and is, in fact, taking 
place; however, the extent of the discoloration is not 
an indication of the extent of decomposition. The cause 
has been attributed to the decomposition of morphine 
sulfate to pseudomorphine and further oxidation prod- 
ucts (4 8). Foster el ol. ( 5 )  and later Lach and Yeh 
(9-1 1) demonstrated that morphine injections decom- 
posed first to pseudomorphine and then to oxidation 
products of pseudomorphine. Fostcr ef al. ( 5 )  also 
showed that rubbcr closures contributed to thc dis- 
coloration of the morphine injcction and possibly to 
the dccomposition of morphine sulfate. 

Numerous assay methods have been developed for 
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