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Abstract  Plasma concentration-time curves are described for the 
intravenous infusion and portal vein infusion of the quaternary ammo- 
nium compound thiazinamium methylsulfate to dogs. Comparison of 
areas under the curve indicate that hepatic first-pass elimination occurred 
on the order of 25-5070. 
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Numerous drugs representing several therapeutic 
groups and chemical classes have been reported to be 
subject to either intestinal first-pass effect or hepatic 
first-pass effect (1-4). However, no evidence could be ob- 
tained from the literature concerning this phenomenon for 
quaternary ammonium compounds. 

Recently, clinical pharmacokinetic studies on thia- 
zinamium methylsulfate (N-methylpromethazine meth- 
ylsulfate, I), a phenothiazine derivative containing a 
quaternary ammonium group, were reported (5-7). The 
drug has anticholinergic and antihistaminic properties and 
is used as a bronchodilator in patients suffering from 
generalized chronic obstructive lung diseases. 

Absorption of the drug after oral administration was low 
(-10% of the dose), and considerable inter- and intra- 
subject variations in bioavailability were found. Such 
variations are often explained by the hepatic first-pass 
effect (8). The extent of a hepatic first-pass effect is often 
related to hepatic clearance (9). Since I is cleared largely 
by the liver (lo), it was decided to investigate whether the 
hepatic first-pass effect also contributes to its incomplete 
bioavailability in the dog. 

EXPERIMENTAL 

Dogs (Table I) were anesthetized by intravenous injection of pento- 
barbital sodium (30 mg/kg). Anesthesia was maintained by inhalation 
of oxygen, nitrous oxide, and halothane'. Each dog was used in two ex- 
periments with an interval of -2 weeks. 

In the first experiment, a slow continuous infusion of thiazinamium 
methylsulfate2 (I) in sterile physiological salt solution was given in the 

I 

Tab le  I-Data fo r  the Four Dogs Used in the Experiment with 
Linear  Infusion of I in the Portal Vein 

Parameter Dog 268 Dog 343 Dog 367 Dog 515 

Breed Labrador Dalmatian Labrador Labrador 
Sex Female Male Female Male 
Weieht. kg 22 26 19 24 
Dosg, mghg/hr 1 1 1 1 
Fabsa, % 72.0 78.0 51.0 51.7 

Absolute bioavailability is expressed as a percentage of the dose. 

vena cephalica antebrachii sinister for 100 min by pump (20 ml/hr). The 
dose rate was 1 mg/kg/hr. During and after the infusion, blood samples 
(-6 ml) were taken from the vena saphena parva dexter by a permanent 
cannula3 a t  the time intervals indicated in Fig. 1. 

In the second experiment, the same procedure was repeated but the 
infusion was given in the vena porta (portal vein). The abdomen was 
opened, and a cannula was inserted via a side branch. 

Plasma concentrations were determined by ion-pair extraction, fol- 
lowed by GLC separation and alkali flame-ionization detection (11). 

The area under the plasma concentration-time curve (AUC) was 
measured by cutting and weighing'a standard high-quality paper. The 
absolute bioavailability was calculated by dividing the A UC after portal 
vein infusion by the AUC after the intravenous infusion and was ex- 
pressed as a percentage. 

The pharmacokinetic parameters were calculated using the NONLIN 
program (12). A three-compartment body model was used, with zero- 
order input in the central compartment and final elimination from this 
compartment. The initial estimates of the parameters were determined 
graphically. Examination of the plot of the weighted residuals against 
time indicated that a weighting factor of W = l/& resulted in the best 
fit. 

RESULTS AND DISCUSSION 

The hepatic elimination of thiazinamium methylsulfate (I) during the 
first passage through the liver was investigated by determining the ab- 
solute bioavailability obtained after infusion of a drug-containing solution 
in the portal vein. In this way, the intestinal first-pass effect and the 
observed irregular and incomplete absorption were avoided. After in- 
travenous infusion, plasma concentrations of -600 ng/ml were obtained. 
After the infusion was stopped, plasma concentrations fell steeply (Fig. 
1). The (t was estimated to be -1 min, and the (tl& was -510 min; 
(t1/2)-,, the elimination half-life, was -6-7 hr. These figures should be 
considered as estimations because of the very steep decrease in plasma 
concentrations immediately after the infusion was stopped and the very 
low concentrations during the final elimination phase. 

Studies in rats (10) indicated that the extremely rapid disappearance 
of the drug from the plasma was mainly due to both fast biliary elimi- 
nation of the unchanged drug (3.8% of the dose) and rapid biotransfor- 
mation to thiazinamium sulfoxide, which also can be excreted rapidly 
in the bile (16.1% of the dose). Two other metabolites also were excreted 
in bile (13.1 and 2.7% of the dose). 

A substantial part of the dose in humans also was excreted in the bile 
[16.6% unchanged and 6.9% as the sulfoxide (13)l. 

After infusion in the portal vein, the plasma concentration-time curve 
rose somewhat slower than in the intravenous infusion. In Dogs 343 and 
367, the plasma concentration-time curves reached a plateau level of 
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Figure 1-Plasma concentrations in dogs during and after the infusion (2 mglkglhr) of I .  Key: 0--, intravenous infusion; and 0- -, infusion in 
portal vein. 

-3WOO nglml. The phenomenon can be explained by assuming that 
a substantial part of the drug offered to the liver by portal blood flow is 
extracted by this organ before the drug can enter the general circula- 
tion. 

For Dogs 268 and 515, the curve was still going up a t  the end of the 
infusion time, suggesting that the biotransformation and/or elimination 
processes in the liver became saturated and were no longer able to remove 
the drug from the portal vein to the same extent as before. 

The calculated absolute bioavailability (F&) after infusion in the 
portal vein varied from 51.0 to 78.0% (mean 63.2 f 13.9 SD%), indicating 
a hepatic first-pass effect that removed 22.0-49.0% (mean 37.8 f 14.9 
SD%) of the dose before entering the general circulation. 

Oguma et al. (14) found that, when valethamate bromide or scopola- 
mine-N-butyl bromide (both quaternary ammonium compounds) was 
infused in the portal vein in the rat, biliary excretion was more pro- 
nounced than when infusion was given in a femoral vein. This result is 
an indirect indication of a hepatic first-pass effect. Gibaldi et al. (15) 
studied the metabolism of N,N-bis(phenylcarbamoylmethy1)dimeth- 
ylammonium chloride, a quaternized lidocaine derivative, after intra- 
venous and intraperitoneal administration and found that, during passage 
of drug through the liver after intraperitoneal administration, a fraction 
of the dose was irreversibly lost by metabolic conversion and subsequent 
biliary excretion (hepatic first-pass effect). 

The results of this study on I are comparable with the observations of 
Taylor et al. (16) on the tertiary analog promethazine in rabbits. They 
reported a systemic availability of 59 f 19% after promethazine injection 

into the portal vein. Although a different species is involved, the indi- 
cation is that both the tertiary and the quaternary compound can be 
subjected extensively to a hepatic first-pass effect. 

The results of the present study indicate that the low and variable 
bioavailability of an oral dose of I can be explained in part by an extensive 
hepatic first-pass effect. 
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Abstract A rapid and sensitive high-performance liquid chromato- 
graphic assay was developed for triamterene and 6-p-hydroxytriamterene 
in plasma. Plasma (0.5 ml), after addition of the internal standard, was 
extracted with 10 ml of etber-isopropanol(95:5). After thorough mixing 
and separation of phases, the organic layer was evaporated to dryness 
under nitrogen. The residue was reconstituted with 500 pl of mobile phase 
[acetonitrile-water-acetic acid (6039.5:0.5)], and 100 pl was injected into 
the chromatograph. Chromatographic separation was carried out on a 
Cl8 pBondapak column at  a flow rate of 1 ml/min. Detection of com- 
pounds in the column eluent was by UV absorption at  365 nm. The re- 
tention times for 6-p -hydroxytriamterene, triamterene, and the internal 
standard were 7.5, 9.0, and 12.0 min, respectively. The lower limit of 
detection for each compound was 20 ng/ml. Recoveries of triamterene 
and 6-p-hydroxytriamterene were 91-99 and 82-95%, respectively, over 
a 40-240-ng/ml range. 

Keyphrases 0 Triamterene-high-performance liquid chromatographic 
analysis, plasma p -Hydroxytriamterene-high-performance liquid 
chromatographic analysis, plasma 0 Diuretics-high-performance liquid 
chromatographic analysis of triamterene and p-hydroxytriamterene, 
plasma 0 High-performance liquid chromatographic analysis-triam- 
terene and p-hydroxytriamterene, plasma 

Triamterene, 2,4,7-triamino-6-phenylpteridine (I), is 
a natriuretic and a potassium-sparing diuretic. It is used 
mainly in combination with hydrochlorothiazide in the 
treatment of edema associated with congestive heart 

NH, 
I 

NHz 
I1 

kHz 
I11 

failure, cirrhosis of the liver, and the nephrotic syn- 
drome. 

BACKGROUND 

Studies of plasma and urine concentrations of triamterene and its 
major metabolite, 2,4,7-triamino-6-p-hydroxyphenylpteridine (111, in 
humans and animals have been performed either with nonspecific fluo- 
rescence methods or more specific methods that require time-consuming 
and involved separation procedures (1-5). The separation techniques 
utilized have included paper chromatography (4), TLC (5), and liquid- 
liquid extraction (2,6). One method (5) detected nanogram levels of the 
compounds, but the other methods lacked the sensitivity to measure 
nanogram concentrations of triamterene in plasma. A sensitive and 
specific assay is particularly desirable for study of triamterene pharma- 
cokinetics since concentrations of the metabolite may be 10-fold those 
of the parent compound 30 min following oral administration (2). 

Recently, two high-performance liquid chromatographic (HPLC) as- 
says for triamterene in plasma were reported. One method (7) involved 
extraction of triamterene as its perchlorate ion-pair and subsequent 
normal-phase HPLC utilizing a fluorescence detector. Triamterene 
concentrations as low as 2 ng/ml could be detected, although the inves- 
tigators did not employ an internal standard. The other method (8) in- 
volved extraction with ethyl acetate and subsequent reversed-phase 
HPLC with fluorescence detection; it had a sensitivity to 1 ng/ml. Neither 
research group attempted to quantitate metabolites. 

This article describes a rapid, sensitive, and selective assay for triam- 
terene and its major metabolite in plasma. The method involves a simple 
extraction of plasma with organic solvent and reversed-phase HPLC of 
the extract using UV detection. 

EXPERIMENTAL 

Reagents-Acetonitrile’ and methanol’ were chromatography grade. 
Anhydrous ether2, acetic acid2, and isopropano12 were spectranalytical 
grade. 

Equipment-A high-performance liquid chromatograph3 with a sy- 
ringe-loading sample injector4, a recorder5, and a variable-wavelength 

~ ~ ~ _ _ _ ~ ~  ~ ~ 

MCB Manufacturing Chemists Inc., Cincinnati, Ohio. 
Fisher Scientific Co., Fair Lawn, N.J. 
Tracor 950 chromatographic pump, Tracor Instruments, Austin, Tex. 

4 Model 7120, Rheodyne, Berkeley, Calif. 
5 OmniScribe, Houston Instruments, Austin, Tex. 
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