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ABSTRACT 

Two studies are reported that assess the bioequivalence of a new half-strength drug 
combination containing 25 mg hydrochlorothiazide and 37.5 mg triamterene compared 
to a full-strength formulation containing 50 mg hydrochlorothiazide and 75 mg triam- 
terene. The first study (I) compared the absorption and disposition of the two drugs 
after administration of two tablets of the half-strength product as a single dose compared 
to a single dose of the full-strength product. The second study (11) assessed the bioavaila- 
bility of the new product given as a single tablet on two occasions separated by an 
interval of 12 h compared to the full-strength product given as a single dose. Urine 
parameters in the first study indicated bioequivalence of the half-strength to the full 
product for both rate and extent of absorption. When given in divided doses, the half- 
strength product demonstrated bioequivalence to the full-strength product for extent 
of absorption. Additional data from the second study suggest that absorption of triam- 
terene is greater when given in smaller divided doses and when given at night. 
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INTRODUCTION 

In 1984 a new drug combination containing 50 mg of hydrochlorothiazide 
and 75 mg of triamterene (Maxzide@, Lederle Laboratories) was introduced 
for the treatment of mild to moderate hypertension. Absorption of the two 
drugs in the combination was shown to be equivalent to that of liquid formula- 
tions of each drug alone or both in combination.' Further interest in combi- 
nations of hydrochlorothiazide and triamterene has focused on lowering the 
dose of hydrochlorothiazide. The impetus for a lower dose of hydrochlorothia- 
zide derived from reports suggesting that 25 mg of hydrochlorothiazide daily2 
or even lower  dose^^,^ are effective in the treatment of hypertension. A clinical 
study performed under our direction has demonstrated that 37.5 mg triamterene 
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with 25 mg of hydrochlorothiazide once daily will correct hypokalemia and 
maintain eukalemia. Based on these data, a new half-strength dose of the 1984 
combination containing 25 mg hydrochlorothiazide and 37-5 mg triamterene 
is now available for once daily dosing (Maxzide-25, Lederle Laboratories), 

In this report we document the bioavailability of the new half-strength formu- 
lation in comparison to both the full-strength formulation and to liquid prepa- 
rations of the two drugs. When coupled with bioequivalence data for the full- 
strength formulation from earlier studies, the data document the consistent 
absorption of both formulations over several years of development and produc- 
tion. Additional data in this report suggest that absorption of triamterene may 
be increased when the drug is given in smaller divided doses and when given 
at night. 

METHODS 

Clinical study 

Bioequivalence data from two clinical studies are presented. Both studies 
were conducted in the Drug Studies Unit at the University of California, San 
Francisco. The clinical protocols and consent forms were approved by the 
University of California, San Francisco, institutional review board. Twenty- 
four healthy males entered and completed each study. In the first study (Study 
I), subjects received the following three single treatments orally, randomized 
for sequence: 

1. two half-strength tablets each containing 25 mg hydrochlorothiazide and 

2. one full-strength tablet containing 50 mg hydrochlorothiazide and 75 mg 

3. a liquid dose containing 50 mg hydrochlorothiazide in solution and 75 mg 

37.5 mg triamterene (Treatment A); 

triamterene (Treatment B); 

triamterene in suspension (Treatment C). 

Doses were given at approximately 8 am. In the second study (Study II), subjects 
received the following two treatments orally, randomized for sequence: 

1. one full-strength tablet containing 50 mg hydrochlorothiazide and 75 mg 

2. one half-strength tablet containing 25 mg hydrochlorothiazide and 37.5 mg 
triamterene at 6 am (Treatment D); 

triamterene at 6 am and again at 6 pm (Treatment E). 

Morning doses were given after a 10 h fast. All doses were given with 240 
ml of water. Urine was collected frequently (1 1 samples) in timed intervals 
for 72 h after each single dose treatment. For the two dose treatment (Treatment 
E, Study 11), urine was collected for 84 h (17 samples). After measurement 
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of volume, aliquots of each collection were stored at -20" until analysis. Blood 
was also collected frequently after each treatment from an indwelling non- 
heparin-requiring catheter but was not assayed. Standard clinical study pro- 
cedures regarding diet, fasting, avoidance of alcohol and caffeine-containing 
foods or fluids, exercise, and confinement were followed. 

Analytical procedures 

Urine samples were assayed for hydrochlorothiazide, triamterene, and 
hydroxytriamterene sulfate (the major metabolite of triamterene) using high- 
performance liquid chromatographys7. The lower limit of detection of each 
assay was 250 ng ml-l for hydrochlorothiazide, 10 ng ml-I for triamterene, 
and 10 ng ml-I for hydroxytriamterene sulfate. Inter- and intraday coefficients 
of variation for calibrators and control samples over the concentration range 
of each assay were 10 per cent or less. Blank samples obtained prior to dosing 
revealed no interfering peaks for assayed compounds or their internal standards. 

Data analysis 

Pharmacokinetic variables calculated from urine data for hydrochlorothia- 
zide, triamterene, and hydroxytriamterene sulfate consisted of total amount 
of drug or metabolite excreted in urine (mg), the peak rate of excretion (mg 
h-l), and the time of this peak rate (h). Total triamterene in urine (mg) was 
calculated as the sum of triamterene and hydroxytriamterene sulfate amounts 
expressed in triamterene equivalents, i.e., the amount of triamterene plus the 
amount of hydroxytriamterene sulfate multiplied by 0.725. Urine amount of 
drug or metabolite was expressed as per cent dose in some analyses, again 
with hydroxytriamterene sulfate expressed in triamterene equivalents. Triam- 
terenehydroxytriamterene sulfate ratios were calculated as the total amount 
of triamterene divided by the total amount of hydroxytriamterene sulfate 
excreted in a collection period. 

Some comparisons were performed in Study I1 using Treatment E urine 
amount data between 0 and 12 h and 12 and 24 h. In this instance, the 12-24 
h data were adjusted to subtract an estimate of the amount of drug or metabolite 
from the first (6 am) dose of Treatment E excreted after administration of 
the second dose 12 h later at 6 pm. This estimate was calculated by fitting 
a line to the excretion rate versus time curve between 4 and 12 h and using 
the slope of this line (k)  to estimate the area under the curve from 12 h to 
infinity (excretion rate at 12 h divided by k) .  

A statistically significant difference between treatments was identified with 
analysis of variance. Intra-treatment comparisons were performed using the 
paired t-test. A post-hoc test (Tukey) identified the location of statistically 
significant differences in the three treatment study (Study I). 
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Table 1. Study I peak urine excretion rate, time of peak rate, and total amount of 
drug or metabolite in urine after: (1) two tablets of 25mg hydrochlorothiazide and 
37.5 mg triamterene (treatment A); (2) one tablet of 50 mg hydrochlorothiazide and 
75 mg triamterene (treatment B); and (3) liquid doses of 50 mg hydrochlorothiazide 

and 75 mg triamterene (treatment C) in 24 healthy subjects (mean f SD) 

Variable Treatment A Treatment B Treatment C p Post-hoc* 

Hydrochlorothiazide 
Peak excretion rate 
(mg h-'1 6.15 f 2.15 6.08 f- 1.78 6.21 f 1.58 
Time of peak rate 
@-'I 2.15 f 0.78 2.37 f 0.97 1.67 f 0.72 
Amount,,,,(mg) 29.6 f 5.3830.1 f 5.61 29.1 f 4.84 
Per cent dose 59.2 f 10.8 60.2 f 11.2 58.2 If: 9.68 

Peak excretion rate 
(mg h-9  2.76 f 1.22 2.94 f 1.20 2.77 f 0.77 
Time of peak rate (hr) 1.20 f 0.56 1.20 f 0.56 0.98 f 0.59 
Amount,,,,(mg) 8.75 f 3.11 9.31 f 2.74 8.27 f 2.38 
Per cent dose 11.7 f 4.15 12.4 f 3.65 11.0 ;t 3.17 

1 

1 

1 
1 

Triamterene 

Hydroxytriamterene 
sulfate 

Peak excretion rate 
tmg h-'1 10-9 f 4-14 12.1 f 4-54 11.3 f 3-15 
Time ofpeak rate (h) 1.54 f 0.47 1.72 f 0.80 1.41 f 0.60 
Amount,,,,(mg) 51.3 f 9.7755.2 f 10.4 48.8 f 6.42 
Per cent dose 49.6 f 9.4453.4 f 10.0 47.2 f 6.21 

Amount,,,,(mg) 45.9 f 8.7649.4 f 7.58 43.6 f 4.71 
Per cent dose 61.2 f 11.7 65.9 f 10.1 58.1 f 6.28 

Total triamterene 

NS 

0.0252 

NS 

NS 
NS 

NS 

NS 
NS 

0.0214 

0.0181 

- 
BAC 

- 
BAC 

~ 

* Means under the same line are not significantly different. 

RESULTS 

Results of the three treatment bioequivalence Study I are presented in Table 
1. The hydrochlorothiazide solution formulation (Treatment C) produced an 
earlier peak rate in comparison to the full-strength tablet formulation (Treat- 
ment B). The full-strength combination produced significantly more urine 
hydroxytriamterene sulfate and in consequence total triamterene compared to 
the liquid dose of triamterene. No other statistically significant differences were 
noted between the three treatments in Study 1. 

Results of the two treatment bioequivalence Study I1 are presented in Table 
2. For variables assessing rate of absorption (peak rate and time of peak rate), 
the half-strength formulation (Treatment E) given at 12 h intervals as expected 
demonstrated significantly lower peak rates and longer times of peak rate for 
all assayed species in comparison to administration of the full-strength formula- 
tion on a single occasion. For variables assessing extent of absorption (amount 
of drug or metabolite in urine), hydroxytriamterene and total triamterene were 
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Table 2. Study 2 urine peak excretion rate, time of peak rate, and total amount of 
drug or metabolite after: (1) one tablet of 50 mg hydrochlorothiazide and 75 mg triam- 
terene at  6.00 am (Treatment D); and (2) one tablet of 25 mg hydrochlorothiazide and 
37.5mg triamterene at 6.00 am and 6.00 pm (Treatment E) in 24 healthy subjects 

(mean f SD) 

Variable Treatment D Treatment E D 

Hydrochlorothiazide 
Peak excretion rate (mg h-') 
Time of peak rate (h) 

Per cent dose 

Peak excretion rate (mg h-') 
Time of peak rate (h) 

Per cent dose 

Peak excretion rate (mg h-I) 
Time of peak rate (h) 

Per cent dose 
Total triamterene 

Per cent dose 

Amounb72 h (mg) 

Triamterene 

h (mg) 

Hydroxytriamterene sulfate 

Amount&72 h (mg> 

A m o u n b 7 2 h  (mg) 

6.79 f 1.50 
1.88 f 0.49 

29.6 f 4.30 
59.1 f 8.60 

2.56 f 0.81 
1.21 f 0.55 
7.63 f 2.78 

10.2 f 3.71 

14.3 f 456 
1.63 f 0.45 

47.1 f 9.72 
45.6 f 9.39 

41.8 f 7.97 
55.7 f 10.6 

3.55 f 0.67 
10.4 f 5.93 
29.0 f 3-24 
58.0 f 6.48 

1.41 f 0.44 
5.46 f 6.38 

10.9 f 2.91 

8.88 f 1.76 
9.46 f 6.32 

53.3 f 8.90 
51.5 * 8.60 

46.8 f 6.33 
62.4 f 8.44 

1 

1 
1 

0~000 1 
0.000 1 

NS 

0.000 1 
0.0042 

NS 

0.000 1 
0~0001 
0.0075 

0.0076 

approximately 10 per cent greater when the two drugs were given in the half- 
strength formulation every 12 h in comparison to the full-strength combination 
given as a single dose. Figure 1 presents Study I1 mean urine excretion rate 
data for the three assayed species. 

The data in Table 3 summarize the data for the urine per cent dose of hydro- 
chlorothiazide, triamterene, hydroxytriamterene sulfate, and total triamterene 
excreted in the first (0-12h) and second (12-24h) 12h collection period in 
Study 11. In these comparisons, Treatment E data for the second 12 h period 
are reduced by estimates of the amount of drug or metabolite excreted in this 
period from the first dose given 12h earlier (see Methods). Comparing the 
full-strength to the half-strength combination in the first 12 h of collection, 
the data indicate only a statistically significant increase in the urine amount 
of hydrochlorothiazide after dosing with the full-strength combination. Trends 
in the data for hydroxytriamterene sulfate and total triamterene for this period 
suggested that the smaller drug dose of triamterene in the half-strength formula- 
tion was better absorbed in comparison to the larger dose of the full-strength 
formulation. Comparing the urine elimination of the full-strength formulation 
in the first 12 h (6 am to 6 pm) to the half-strength combination in the second 
12 h (6 pm to 6 am) of collection, the half-strength formulation produced 
statistically significant increments in the urinary excretion of triamterene and 
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Figure 1. Mean urine excretion rate versus midpoint of the collection interval for hydrochloro- 
thiazide, triamterene and hydroxytriamterene sulfate after a single dose of 50 mg hydrochlorothia- 
zide and 75mg triamterene given at 6am compared to 25mg hydrochlorothiazide and 37.5mg 

triamterene given at 6 am and 6 pm (Study 11) 
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1 2 3a 3b IA IB IID IIE 

STUDY 

Figure 2. Per cent dose of hydrochlorothiazide, triamterene, and hydroxytriamterene sulfate 
excreted in urine after administration of a full (Maxzide@) or half-strength (Maxzide-25@) tablet 
of hydrochlorothiazide and triamterene in five different bioequivalence studies. Studies I and I1 

are presented in this report. See text for description of Studies 1-3 

hydroxytriamterene sulfate. Less extensive but similar increments occurred for 
the half-strength combination between the first and second 12 h collection 
periods. Ratios of triamterene to hydroxytriamterene sulfate for the two treat- 
ments in Study I1 in the two periods of collection are also noted in Table 
3. The data for this variable indicate only a minor and statistically borderline 
difference (p = 0.0497) for the half-strength combination between the first and 
second 12 h collection periods. 

The data in Figure 2 indicate the mean per cent dose of hydrochlorothiazide, 
triamterene and hydroxytriamterene sulfate excreted in urine after adminis- 
tration of the full- and half-strength formulations of the hydrochlorothiazidel 
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triamterene drug combination to healthy males in different clinical studies. 
Data for treatments other than these two formulations in these studies are 
not shown. Studies 1 and 2 compared, respectively, the full-strength formulation 
to liquid preparations of the two components of the combination2 or to other 
marketed products of hydrochlorothiazide alone or with triamterene.8 Study 
3 assessed the influence of food (a) versus fasting, (b) on the absorption of 
the full-strength c~mbination.~ The remaining data are from Studies I (Treat- 
ments A and B only) and I1 in this report. 

DISCUSSION 

In 1984 a new drug combination containing 50 mg of hydrochlorothiazide 
and 75 mg of triamterene (Maxzide@, Lederle Laboratories) became available 
for the treatment of hypertension. Clinical studies of the combination demon- 
strated the efficacy of this dose of triamterene in correcting the hypokalemia 
associated with daily administration of 50 mg of hydrochlorothiazide,’O and 
clinical safety studies documented that patients taking another combination 
formulation of triamterene and hydrochlorothiazide (Dyazide@, Smith Nine 
Corporation), containing 25 mg of hydrochlorothiazide and 50 mg of triam- 
terene could be safely transferred to the new formulation. Bioavailability 
studies in support of the new combination documented excellent absorption 
in comparison to a standard hydrochlorothiazide formulation (HydroDiuriP, 
Merck Sharp and Dohme) and to liquid preparations of hydrochlorothiazide 
and triamterene alone or in Additional pharmacokinetic studies 
documented excellent absorption of the new formulation in the fed and fasted 
states9 These data are in contrast to those for the original formulation of 
hydrochlorothiazide and triamterene (Dyazideo), which demonstrates poor 
absorption in the fasting state that is variably affected by meals of differing 
fat The absorption of hydrochlorothiazide in these prior studies 
and in the studies summarized in this report was determined by measurement 
of unchanged drug in urine. Because triamterene is rapidly metabolized follow- 
ing absorption to its primary (and active) metabolite, hydroxytriamterene 
sulfate, assessment of the absorption of triamterene was determined by measure- 
ment of this metabolite and to a lesser extent by measurement of unchanged 
triamterene. 

The two studies in this report document the bioequivalence of a new half- 
strength formulation of the combination of hydrochlorothiazide and triam- 
terene compared to the full-strength combination introduced in 1984. When 
given as two tablets in a single dose, the new half-strength formulation is 
bioequivalent to the full-strength combination for both rate and extent of 
absorption (Study I, Table 1). When given as one tablet every 12 h, the new 
half-strength combination is bioequivalent for extent of absorption to the full- 
strength combination (Study 11, Table 2). 
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Additional data presented in Tables 2 and 3 suggest a disparity in the absorp- 
tion of triamterene between the half-strength combination given at 12 h intervals 
and the full-strength combination given as a single dose (Study 11). Hydroxy- 
triamterene sulfate per cent dose excreted in urine was increased when the 
combination was given in divided doses every 12 h versus in a larger single 
dose (Table 2). The triamterene per cent dose excreted in urine was also 
increased, although this difference did not achieve statistical significance. 
Several hypotheses can account for this observation: 

1. a smaller dose allows for better dispersion and dissolution of a relatively 
insoluble drug such as triamterene within the gastrointestinal tract; 

2. higher concentrations of hydroxytriamterene after administration of a larger 
single dose are associated with saturation of one or more active elimination 
processes; 

3.  absorption of triamterene may differ between day and night. 

To confirm or refute these hypotheses, we conducted the additional pharma- 
cokinetic and statistical analyses summarized in Table 3. The data in this table 
indicate: 

1. urine per cent dose excreted of triamterene and hydroxytriamterene sulfate 
over 12 h of collection appeared to be less after administration of the full- 
strength combination given at 6 am in comparison to the half-strength combi- 
nation given at 6 am, even though these differences did not achieve statistical 
significance; 

2. urine per cent dose excreted of triamterene and hydroxytriamterene sulfate 
was significantly less after administration of the full-strength combination 
at 6 am compared to administration of the second dose of the half-strength 
combination at 6 pm; 

3.  urine per cent dose of hydroxytriamterene sulfate was significantly less when 
the half-strength tablet was given at 6 am than when it was given at 
6 pm, with trends in the data suggesting a comparable difference for 
triamterene. 

Based on these observations, we conclude that administration of triamterene 
in divided doses, as assessed primarily by urine excretion of its hydroxytriam- 
terene sulfate metabolite, facilitates its absorption, perhaps through better 
dispersion and dissolution of the lower dose tablet. This difference, however, 
is not apparent when one tablet of the full-strength combination and two tablets 
of the half-strength combination are given as single doses (Table 1). We also 
conclude that absorption of triamterene, again as assessed by urine excretion 
of its hydroxytriamterene sulfate metabolite, is facilitated at night (Treatment 
E 0-12 and 12-24 h data, Table 3). If saturation of one or more steps in 
the elimination of hydroxytriamterene occurred after absorption of the larger 
single dose, the ratio of triamterene to hydroxytriamterene sulfate should have 
differed between the two treatments in Study 11. Because this did not occur 



HYDROCHLOROTHIAZIDE/TRIAMTERENE COMBINATION 243 

(Table 3), we do not consider saturable hydroxytriamterene sulfate elimination 
as a likely explanation for the different extents of absorption noted in Study 
11. 

The data in Study I also suggest that administration of triamterene in a 
solid dose formulation rather than as a suspension improves drug absorption 
(Table 1). The data in Studies I and I1 do not indicate why changes in timing, 
size of dose, and formulation as a solid versus a suspension influence the absorp- 
tion of triamterene, although perhaps all factors relate in some way to altered 
gastrointestinal dispersion and dissolution of this highly insoluble drug. 

Several studies with the combinations of hydrochlorothiazide and triamterene 
(Maxzide and Maxzide 25) have documented their consistent absorption over 
several years of production and in various experimental settings. The data 
in Figure 2 summarizing these studies document not only the consistent absorp- 
tion of these formulations, but also suggest that drug absorption of an ade- 
quately formulated product is remarkably consistent in a population of young 
healthy males. 
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