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SUMMAR-Y 

Methenamine (hexamethyhnetetramine), a urinary disinfe&ant, was determined in 
human plasma and urine by g&quid chromatography with a short (10 m) open-bore glass 
capillary column (split ratio 1:20) and nitmgen-selective detector. An almost quantitative 
recovery (92.1%) was achieved by simple dilution of water-containing samples (0.5 ml) with 
acetone (4.5 ml). After centrifugation an aliquot (2 ~1) of the supernatant was injected into 
the gas cbmmatograph. Selectivity and sensitivi& of the nitrogen detector allowed the 
quantitation of unchanged methenamine in plasma and urine up to 24 h after a single 
therapeutic dose oi 1 g. 

Repmducibility of the method was 7.6 and 2.1% (C-V.) in serum and urine, respectively. 
The time required for the analysis of one sampie was appmx. 2 min. Due to the simple 
extraction and short analysis time it vrss possible to analyze the sampks concurrently with 
sample taking. Absorption of standard tablets and an enterosduble preparation of 
metbe namine hippurate eras compared. 

INTRODUCTION 1 

Methenamine (hexamethylenetekamine), whose struct~ is shown in Fig. 
1, is a l~ng-edablished urinaqt disinfectant which is mostly used as a salt of 

Fig. 1. The chemkl structure of methenamine (hexam ethylenetetraxnine). 

*To whom correspondence should be add&. 
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hippuric acid. It is es_peciaEy suitable in the treatment of~chronic urinar$ tract 
infections IX-4 j , Ifs a&km is based on formsldehyde, pohkh is %er&ed at the 
acidic pH of urine [5-71. No fo-~aldehyde has been found in tis+es other 
than k%Iney and &i&ry tract IS, 9). The most important advantages of 
methenamin e salti as urinary disinfectants are (1) kck of serious side-effects, 
and (2) formaldehyde does not give rise to reektent bacterkl strains 17, IO]. 

‘IBe determination of metbenamin e in biologicA samples has been performed 
mostly by spectrophotometry after acid hydrolysis by coupling the liberated 
formaldehyde with chromotropic acid [S), phenyfhydrazine [Ill, or with 
2-hydrazinobenzothiazole [12, 131. Attemptk to separate ke formaldehyde 
from complexes with amino acids and proteins hawe not yielded satisfactory 
res&s [2l. 

In our hands the measurement of liberated formaldehyde was successful in 
buffered soh&ions but not m urine. This is possibly due to the reaction of 
formaldehyde tith free amino groups in endogenous compounds in urine. 

- Urinary recovery of formaldehyde was only a few per cent. The spectrophoto- 
metric me-&ii&s lack fl&ficient sensitivity for measurement of methenamine 
concentrations in bIocd_ Thus, they are not suitable in bioavailabihty studies. A 
new method was therefore developed. 

Meahenamin e Uppurate, as a 500.mg stendard tablet or an enterosoluble 
preparation, was administered in cross-over design to six healthy vo2unteers (ah 
females) rng-2n age 35 years (range 26-483, mean weight 58 kg (range 47-70) 
and mean heigh$l62 cm (range 154-170). Blood samples were collected Tom 
the cubit& vein at I-h intemds up to 10 h and at 12 and 24 h. Senrm was 
separated as soon as possibk. Ikine samples, voided every 2 h, were also 
co&cted. After measurement of the volume, a OS-ml aliquot was separated. 
Extrsction an6 anaIysis of the samples were performed immediate2y. 

A Hewlett-Packard 5S4OA gas chromatograph and integrator terminal 
equipped with a dual flameless nitrogen-selective detector and open-bore glsss 
capillary co2~mnn (I.D. 0.3 mm, 0-D. 0.9 mm) coated with a 0.23 rrrn thick film 
of OV-14, Iengkh 10 m, was used. The gIass capillary column was prepared, 
filled and installed by MarkIo.~ ,Zeunanen and Mikko Murok in Abo Acedemy, 
Tnrku, &Finland. Make-up gas (nitrogen) with a flow-rate of 30 ml/min was 
psssed to the detector. IIydrogen and air flow-rates were 3-O m2/min and 50 
ml/m& mspectiveiy, The split ratio for carrier gas (nitrogen) was 1:20. Carrier 
gas flow-rate through the capihary column was 1.0~-1.2 ml/mm. Ail gases were 
of standard purity and were prrrchssed from AGA, EIelsinki, Finland. Injector, 
oven and detector tempera-s were 240”, 150” and 250”) rrspctiveiy. 

Quantitation of the integrated peaks was performed by internal 
~~dzdization. 
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Reagents : 
Methenamine hippurate (synthesized by L&as, S&u, Finland) and p-. 

acetylbemxmitrile, used as internal standard (Aldrich-&rope, Janssen 
Pharmaceutics, Beerse, Belgium) were used without forther puriication. 
NaHCG3 and acetone,- both analytical grade, were obtained from ?$arck, 
Darmstadt, G.F.R. _ 

SttFdard solutions of methenamine were prepared by dissoiviig 100 mg of 
methenamine hippurate in acetone (100 ml). This solution was diluted with 
acetone tc correspond to 0, 0.6, 2, 8 and 20 yg of methenamine hippurate per 
ml for serum samples, and 50,100,200 and 400 ~g of methenamine hippurate 
per ml for urine samples. Internal standed was dissolved in acetone for -use as. 
extraction solutions at final concentrations of 5 and 100 pg/ml for serum and 
urine samples, respectively. 

Andyficd method 
Serum, 0.5 ml, was shaken for 1 mm with 4.5 ml of the extraction solution. 

After centrifugation about 506 pl were transferred to a clean &st tube from 
which a 29~1 sample was injected -into the gas chromatograph. lJriie samples, 
0.5 ml, were treated similarly except that the sample was made slightly alkaline 
by adding about 0.5 g of solid NaHC03 before extraction (to avoid hydrolysis 
of methenamine to formaldehyde at the acidic pH of the urine) and the 
extraction solution was used with the higher concentration of internal 
standard. 

RESULTS 

Precision of the analysis was studied by injecting identical samples’ fourteen 
times repeatedly into the gas chromatograph. The concentration of 
methenamine corresponded to 5 pg/ml (serum) and 250 pg/ml (urine). The 
concentrations of the internal standard were 2.5 and 500 yg/ml, respectively. 
The ratio of peak areas of sample to internal standard was calculated. The 
results, expressed as coefficient of variation (standard deviation/mean) X 100, 
are presen’r;ed in Tab% I. 

TABLE I 

PRECISION, REPRODUCXBILl!I’Y AND RECOVERY OF METHENAMINE DETER- 
MINATION IX SERUM AND URINE 

For furthek &taiJs see text. 

Precision ReprodlrcibiEty Reewery 

C.V. n C-V. n i(%) SD. n 

Serunl 4.2 14 7.6 9 93.1 5.3 12 
Urine 1.1 14 2.1 9 91.2 1.8 12 
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EkproducibiBy WEG estixnated by preparing and extra&kg nine identical 
sampkzs &rn serum and urine. The concentraticns were sim&r ti the precision 
test. The results zre presented in Table I. No day-to-day variation was 
calculated because the samples were acslyzed immediately. 

Recovery of the method was tested at concentrations of IO,20 and 30 pg/mt 
in serum nd at 100, 2OC and 500 pg/ml in urine, The amounts of internal 
standaid were 5 fig/ml (serum) and 250 pg/ml (urine). Samples without extrac- 
tion (acetone solutions) were compared with extracted ones. Recovery per cent 
(meazl92.1) was similar in serum and urine, as shown in Table I, and was not 
dependent on methenamine concentration. 

Chrom&ogmms for serum and urine sampks appear in Fig. 2A and B. 
Retention times of methe namine and internal standard were about 0.1 and 1.3 
min, respectively. The skzzdard curve was linmt aver the concentration range 
required in this study. Absorption curwes of metheMe in one voluu&er 
after zz standard z.ud a~ enterosoluble t&let following 8 skg+ dose of I g are 
p~ss~ted in Fig. 3. The urinary excretion of methenamine in the same 
volunteer after the same dose is iIiusB&d : 1 Table IL 

CONCENTRATION OF METHENAhUNE 
HIFRATE !X SERUM Qq/mI) 

Fig_ 2. Typk4 chromA.ograms of serum without methe namine and izzternal standard (A), 
aa& chorn&cgmm or' urine sample (B). Retention times of methenlmine and internal 
nkndud were abost (i-7 and 1.3 min, respectively. 

Fig:. 3. Typical absorption curJe of methenamiue for standard (A) and enterosoluble (B) 
tablets followhg a single dose of 1 g. 
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CUMULATIVE URINARY EXCRETION OF MRTHENAMINE IN OUE VOL-RR 
AFS?‘RR A SINGLE ORAL DOSE OF 1 g 

Time of urine Amount excreted (mp) 
collection 
W Standard Enkrasoluble 

2-4 

4-6 
6-8 
&-20 
lo-22 
12-14 

0 0 
289.0 65.0 
477.5 268.0 
594.8 546.7 
654.7 706.5 
707.2 841.1 
740.8 892.2 
767.7 945.2 

DISCUSSION 

Determination of methenamine in human samples has been a difficult 
problem. So far no reports of its concentr-ations in human serum have been 
reported. Even in the urine, where the concentrations are hia;?, unchanged 
methenamine has not been measured. It has been cleaved by acid hydrolysis to 
formaldehyde, which has been quantitated by spectrophotometry after 
coupling with coloured complexes [6, li-141. The special difficulties of 
methenamine determinatSzn are (a) its laiiility in both acidic and alkaline 
conditions, (b) its hydrophilic nature, which seems to make its extraction from 
water-containing biological samqle~ to water-insoluble organic solvents 
impossible, (c) rapid cleavage .of the ring system if evaporation (concentration) 
is attempted, (d) its ins%bility if an attempt is made to remove water from the 
samples (drying), and (e] the samples cannot be scored. For these reasons tke 
extraction of methe- e cannot be made by the conventional method, that 
is extra&&g with organic solvent at a suitable pH, concentrating the sample by 
evaporation, drying (if Eecessary) and dissolving the sample in a small volume 
of solvent which is then dialyzed by gas-liquid chromatography (GLC). 

We failed in our attempts to concentrate the samples or to remove the traces 
of water by inorganic salts. The sample was therefore mixed with acetone and 
analyzed directly by GLC. The diluted sample contain; 10% of W&X. This did 
not seem to disturb the function of either C,he glass capillary bolumn or 
detector -- mssibly due to very small amounts of water entering the glass 
capillary column after the I:20 spiit. 

Methenamine is thermally stable in GLC ana.lysis - at ieast it &ves’a &gle 
symmettical peak in an OV-17 column as shown by Srom and Am [15).. The 
method with a packed colurnr, and flame ionization detection was, however, 
used only for pharmaceutical purposes. Methenamine with four nitrogen atoms 
in the molecule (--N?3 groups) gives an intense response in the uitrogen-selec- 
tive detector. It was therefore reasonable to use this detector iu analyzing 
methenamine. The sensitivity of the detector proved to be s*ufScient for diluted 
sermn samples stored fot up to 24 h. 

I Aost v determinations of methenamin e in human samples bme been 
performed as urin --ry formaldehyde by spectrophctometry [6, II-141 _ Polar- 
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ogmphy [16J, bioautographic visualization 2173, refraction-extra&ion [I81 
and voPxme&ic methods 1191 have also been used. These methods are not 
sui%bie for the determination of methe namine in serum sampks, because 
forma!dehyde is Liberated only in the urinary tract and not in serum. 

The present method was applied to a bioavail&bility study of methenamine 
hip~wate from various preparations marketed in E’inland. A single dose of 
lOK! mg of methenamine hippurate was administered. Absorption curves of 
standard and enterosoluble tablets show that C,, is achieved later following 
adrntration of the enterosoluble preparation. The bioavailabity seems to be 
the same for both prepamtions. 

Ckr method does not measure the biologically active form of methenamine 
(= Formaldehyde), Analysis of free formaldehyde is, however, as a whole a 
dSferent problem and is not discussed in this paper. Measurement of total 
&nary formaldehyde after acid hydrolysis offers no &vantages over the 
present method; on the contrary, in our hands the spectrophotometric methods 
suffered from poor sensitivity and poor recovery (10-26%), possibly due to 
ma&ions. of formaldehyde with free amino groups in endogenous urinary com- 
pounds. 

-Details of the pharmacoiSnetics of methenamkae in human serum and urine 
will 5e published elsewhere. 

F’& present method ahoxs the rapid and reliable measurement of me%ena- 
mizxe &I human serum and urine. It is ve__rg suitable in pharmacokinetic studies 
of methenamirxe. 
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