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1. Exposure Data

1.1 Chemical and physical data

1.1.1 Nomenclature

Chem. Abstr. Serv. Reg. No.: 396-01-0
Chem. Abstr. Serv. Name: 2,4,7-Pteridine-
triamine, 6-phenyl
IUPAC systematic name: 6-Phenyl - 
pteridine-2,4,7-triamine
Synonyms: 6-Phenyl-2,4,7-triaminopteridine; 
2,4,7-triamino-6-phenyl-pteridin

1.1.2 Structural and molecular formulae and 
relative molecular mass

N

N

N

N

H2N NH2

NH2

C12H11N7

Relative molecular mass: 253.26 (O’Neil, 
2006).

1.1.3 Chemical and physical properties of the 
pure substance

Description: Odourless yellow powder or 
crystalline solid, almost tasteless at first and 
with a slightly bitter aftertaste, acidified solu-
tions give a blue fluorescence (ChemicalBook, 
2013)
Melting point: 316 °C
Density: 1.502 g/cm3 (ChemSpider, 2013)
Solubility: Very slightly soluble in water and 
in ethanol (96%).
Stability data: Stable in formulation: acid, 
neutral and alkali. Slowly oxidized upon 
exposure to air (Bakshi & Singh, 2002; 
Chemical Book, 2013). 
Dissociation constants: pKa (strongest 
acidic)  =  15.88; pKa (strongest basic)  =  3.11 
(DrugBank, 2013)

1.1.4 Technical products and impurities

(a) Trade names

These are some trade names for medica-
tions with triamterene as the sole active agent: 
Ademine; Diren; Ditak; Diucelpin; Diurene; 
Diuterene; Dyazide; Dyren; Dyrenium; Dytac; 
Jatropur; Riyazine; Teriam; Triteren; Urinis; 
Urocaudal (O’Neil, 2006; DrugBank, 2013).

TRIAMTERENE
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(b) Impurities 

The following impurities are listed in the 
British Pharmacopoeia (2009):

• 5-Nitrosopyrimidine-2,4,6-triamine 
(nitro sotriaminopyrimidine)

• 2,7-Diamino-6-phenylpteridin-4-ol
• 2,4-Diamino-6-phenylpteridin-7-ol
• Phenylacetonitrile (benzyl cyanide).

1.2 Analysis

Triamterene can be identified by infrared 
absorption or potentiometric titration assays that 
use its property of producing an intense blueish 
fluorescence in a 1/1000 solution of formic acid. 
The selective estimation of triamterene in the 
presence of its degradation products or other 
compounds in biological fluids is mainly carried 
out by high-performance liquid chromatography 
(HPLC). Compendial and non-compendial 
analytical methods are summarized in Table 1.1.

1.3 Production and use

1.3.1 Production process

Triamterene is a synthetic compound that 
was first synthesized by Spickett & Timmis (1954) 
by the reaction of 4-amino-5-nitrosopyrimidine 
with phenylacetonitrile (NTP, 1993).

1.3.2 Use

(a) Indications

Triamterene has been used since 1961 as a 
potassium-sparing diuretic. It is still chiefly used 
as an antihypertension agent for the control of 
elevated blood pressure, as well as for the treat-
ment of interstitial fluid accumulation (oedema), 
particularly when this co-exists with hyperten-
sion. Potassium-sparing diuretics, unlike other 
classes of diuretics, produce diuresis without loss 

of appreciable amounts of potassium in the urine. 
The most commonly reported clinical indica-
tions for triamterene in the USA in 2011–2012 
are listed in Table 1.2.

Triamterene is recommended as a first-line 
antihypertensive in the USA (Chobanian et al., 
2003), and its use is recommended in combina-
tion with another class of antihypertension drug 
in Europe (Mansia et al., 2007, Mancia et al., 
2009). Off-label use for Ménière disease has been 
reported in the medical literature (van Deelen 
& Huizing, 1986), and still occurs in the USA 
(Table 1.2; IMS Health, 2012a).

In the USA, triamterene is approved by the 
Food and Drug Administration (FDA, 2013) for 
the management of oedema and as an adjunc-
tive diuretic where its potassium-sparing effect 
is desired. In 2011–12, 99.5% of its uses were as a 
combination product with hydrochlorothiazide. 
The combination of triamterene and hydro-
chlorothiazide is approved for the treatment of 
hypertension or oedema in patients who develop 
hypokalaemia when receiving hydrochlorothi-
azide alone, or for whom hypokalaemia cannot 
be risked. Triamterene may also be used alone or 
as an adjunct to other antihypertension drugs.

The European Union (eMC, 2013) lists 
three available formulations: triamterene alone, 
triamterene combined with another diuretic 
(hydrochlorothiazide, bemetizide, epitizide, 
trichlormethiazide, xipamide, or furosemide), 
and triamterene combined with two other anti-
hypertension agents (propranolol/hydrochlo-
rothiazide, reserpine/hydrochlorothiazide, or 
verapamil/hydrochlorothiazide). These drugs 
are indicated in the European Union for oedema 
and hypertension.

Given its use in chronic conditions, 
triamterene therapy would be expected to be 
life-long in the absence of adverse effects for the 
patient.

Triamterene is a weak antagonist of folic acid, 
and a photosensitizing drug (NTP, 1993; Vargas 
et al., 1998). 
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Table 1.1 Some analytical methods for triamterene

Sample matrix Sample preparation Assay method Detection limit Reference

Compendial methods
Identity 
Assay

– 
–

Infrared spectroscopy 
Potentiometric titration

– 
–

British 
Pharmacopoeia (2009)

Non-compendial methods
Human serum Extraction with methyl tert-

butyl ether, centrifugation, 
evaporation, reconstitution in 
mobile phase

HPLC-ECD 
Column: C18 
Mobile phase: phosphate buffer : acetonitrile 
(90 : 10) 
Flow rate: 0.8 mL/min

5 ng/mL (LOQ) Richter et al. (1996)

Human plasma Mixing, centrifugation, gentle 
agitation, evaporated to 
dryness under N2, extract was 
reconstituted with 500 µL of 
mobile phase

HPLC-UV 
Column: C18 
Flow rate: 1 mL/min 
Detector: fluorescence detector 
Mobile phase: acetonitrile : distilled water : acetic 
acid 
Wavelength: 365 nm

20 ng/mL (LOD) Yakatan & Cruz 
(1981)

Human blood, plasma, and 
urine

Deproteination by adding 
acetonitrile, mixing, 
centrifugation

HPLC-UV 
Column: C18 
Mobile phase: acetonitrile in 0.02% phosphoric acid 
solvent system 
Flow rate: 2 mL/min 
Excitation wavelength: 365 nm 
Emission wavelength: 440 nm

20 ng/mL (plasma) 
0.5 µg/mL (urine) 
(LOQ)

Sörgel et al. (1984)

Human plasma and urine Protein precipitation 
(plasma), centrifugation, 
collection of supernatant

HPLC 
Column: C18 
Fluorescence detector 
Mobile phase: phosphoric acid and trimethylamine 
buffer : acetonitrile : methanol (70 : 14 : 8) 
Flow rate: 0.8 mL/min

1 ng/mL (LOQ) Swart & Botha (1987)

Human urine Centrifugation, collection of 
supernatant

Matrix isopotential fluorometry 2.4 ng/mL (LOD) Pulgarín et al. (2001)

Human urine Liquid–liquid extraction with 
ethyl acetate, centrifugation, 
evaporation, reconstitution in 
mobile phase

LC-ESI-MS/MS 
Column: C18 
Mobile phase: 1% acetic acid and acetonitrile 
Flow rate: 0.3 mL/min

20 ng/mL Deventer et al. (2002)

Human urine Filtration through a folded 
filter

CE-LIF 
Silica-fused capillary 
Phosphate buffer 
Wavelength: 353 nm

50 ng/mL (LOQ) Horstkötter et al. 
(2002)
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Sample matrix Sample preparation Assay method Detection limit Reference

Human urine Extraction, preconcentration 
and derivatization with 
acetone : methyl iodide (1 : 10)

GC-MS 
Column: C18 
Selected ion monitoring

130 µg/L (LOD) Amendola et al. 
(2003)

Human urine and formulation Solid-phase extraction Spectrofluorimetric method 
Column: C18 
Mobile phase: phosphoric acid and triethylamine 
buffer : acetonitrile : methanol (70 : 17 : 3)

0.8 ng/mL (LOD) 
2.3 ng/mL (LOQ)

Ibañez et al. (2005)

Bovine milk Extraction with acetonitrile, 
centrifugation, decantation of 
supernatant, evaporation to 
dryness, reconstitution with 
water

UPLC-ESI-MS/MS 
Column: C18 
Flow rate: 0.45 mL/min 
Multiple reaction monitoring

0.2 µg/kg (LOD) 
0.5 µg/kg (LOQ)

Shao et al. (2008)

Rat plasma Tandem solid-phase 
extraction method by 
connecting two different 
cartridges (C18 and MCX)

HPLC-UV 
Mobile phase: acetonitrile : 0.2% acetic acid  
(20 : 80) 
Flow rate: 0.8 mL/min 
Detection wavelength: 265 nm

1.4 ng/mL (LOD) 
4.8 ng/mL (LOQ)

Li et al. (2011)

CE-LIF, capillary electrophoresis-laser-induced fluorescence; GC-MS, gas chromatography-mass spectrometry; HPLC, high-performance liquid chromatography; HPLC-ECD, high 
performance liquid chromatography-electrochemical detection; LC-ESI-MS/MS, liquid chromatography-electrospray ionization-tandem mass spectrometry; LOD, limit of detection; 
LOQ, limit of quantitation; min, minute; NR, not reported; UPLC-ESI-MS/MS, ultra performance liquid chromatography-electrospray ionization- tandem mass spectrometry; UV, 
ultraviolet

Table 1.1   (continued)



Triamterene

267

(b) Dosage

In the USA, triamterene alone is available 
in doses of 50  mg and 100  mg. In combina-
tion with hydrochlorothiazide, triamterene 
doses of 37.5  mg, 50  mg and 75  mg are used. 
In 2011–12, IMS Health National Disease and 
Therapeutics Index (NDTI) data showed that 
the most commonly used form was triamterene 
37.5  mg/hydrochlorothiazide 25  mg. Once-
per-day dosing predominates (94%). The mean 
daily dosage among patients taking triamterene 
is 37 mg per day (IMS Health, 2012a).

In the European Union, triamterene is avail-
able as a single agent (50  mg), in combination 
with hydrochlorothiazide (50  mg with 25  mg 
hydrochlorothiazide), and in combination with 
furosemide (50 mg triamterene with 40 mg furo-
semide) (eMC, 2013).

(c) Trends in use

Triamterene is a less commonly used 
antihyper tension agent in the USA, accounting 
for 3% of the medications prescribed for high 
blood pressure. Other members of the potas-
sium-sparing diuretic class, spironolactone 
and amiloride, are chemically distinct from 

triamterene in several important respects (Wang 
et al., 2007; Gu et al., 2012).

In the USA, triamterene is used moderately, 
with 2.8 million drug uses in 2012 according to 
IMS Health NDTI data (IMS Health, 2012a). Its 
use has declined by 47% since 2005 (Fig.  1.1). 
Approximately 1.2  million patients in the USA 
received triamterene in 2012 (IMS Health, 
2012a). According to the IMS Health National 
Prescription Audit Plus, there was a total of 
5.2 million prescriptions containing triamterene 
dispensed in the USA in 2012, a decrease of 32% 
from 7.6  million prescriptions in 2008 (IMS 
Health, 2012b). In 2012, nearly all triamterene 
(99.6%) was dispensed in the form of combina-
tion products containing hydrochlorothiazide 
(IMS Health, 2012b).

Total worldwide sales of triamterene were 
US$ 141 million in 2012 according to IMS Health 
MIDAS data, with 80% occurring in the USA. 
The only other nation with sales of greater than 
US$  5  million was Germany (US$  11  million) 
(IMS Health, 2012c).

Table 1.2 Most commonly reported clinical indications for triamterene in the USA, 2011–2012

Diagnosisa ICD-9 code Drug uses (thousands) Percentage of total

Essential hypertension, NOS 401.90 4824 84.6
Oedema, NOS 782.30 141 2.5
Hypertensive heart disease, other 402.90 136 2.4
Hypertension, benign 401.10 60 1.0
Ménière disease 386.00 56 1.0
Chronic ischaemic disease, unspecified, with hypertension 414.50 44 0.8
Hypertensive renal disease 403.90 43 0.8
Metabolic/insulin resistance syndrome 277.70 29 0.5
Swelling of foot 729.80 24 0.4
Arteriosclerotic heart disease with hypertension 414.20 22 0.4
All other diagnoses – 323 5.7
Total with reported diagnoses – 5703 100.0

a  No diagnosis was stated for 0.5% of drug uses 
From IMS Health (2012a)
ICD-9, International Classification of Diseases Ninth Revision; NOS, not otherwise specified
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1.4 Occurrence and exposure

Triamterene does not occur in nature. 
Human exposure is predominantly from 

use as a medication. Occupational exposure in 
manufacturing is also likely to occur.

1.5 Regulations and guidelines

Triamterene has been widely approved by 
drug regulatory agencies around the world. 
In the USA, it was approved by the Food and 
Drug Administration in 1964 (FDA, 2013). [The 
Working Group did not identify extraordinary 
regulatory restrictions on the use of triamterene 
as a medication, or regulations on environmental 
exposure.]

2. Cancer in Humans

2.1 Background

Five case–control studies, including two 
nested case–control studies, assessed the associ-
ation between triamterene and cancer. Cancer of 
the breast was investigated in three studies, and 
cancers of the lip and colon were each assessed 
in one study; however, only one study on cancer 
of the breast reported risk estimates specifically 
for triamterene. The studies are reported below, 
organized by relevance, and in Table 2.1.

Fig. 1.1 Use of triamterene reported by office-based physicians, USA
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Table 2.1 Case–control studies of cancer and triamterene

Reference 
Study location 
and period

Total 
No. 
cases 
Total 
No. 
controls

Control 
source 
(hospital, 
population)

Exposure 
assessment

Organ site 
(ICD code)

Exposure categories Exposed 
cases

Relative risk 
(95% CI)

Covariates 
Comments

Williams et al. 
(1978) 
USA
Period, NR

481 
1268

Population Mailed 
questionnaires 
to patients 
confirmed 
via physician 
questionnaire

Breast Triamterene (ever-
use) > 1 yr

4 0.4 
P > 0.05

Age, race, centre. Other 
risk factors did not have 
confounding effects 
Response rate: patient 
questionnaire, 88%; 
physician questionnaire, 73%. 
Triamterene usually used in 
combination with thiazide. 
Only four exposed cases 
treated with triamterene for 
> 1 yr

Recent use NR 0.4 
P > 0.05

≥ 5 yr 0 NR

Friedman et al. 
(2012)  
San Francisco, 
USA, 1994–
2008 

712 
22 904

Nested case–
controls; 
cohort of 
health-care 
subscribers 

Pharmacy 
database 
(prescriptions 
dispensed) 
 

Lip 
(squamous 
cell 
carcinoma, 
97%) 
 

HCTZ/triamterene, 
prescriptions before 
cancer diagnosis, 
≥ 3

71 1.98 (1.52–2.58) Smoking 
White, non-Hispanic without 
HIV or organ transplant; cases 
identified by linking to cancer 
registry; controls randomly 
selected and matched on age, 
sex, and year of cohort entry; 
analysis, 2-yr lag

< 1 yr supply NR 0.91 (0.60–1.39)
1 to < 5 yr supply NR 1.87 (1.37–2.57)
≥ 5 yr supply NR 2.82 (1.74–4.55)

Mack et al. 
(1975) 
Los Angeles, 
USA, 1971–5

99 
396

Nested 
case–controls 
(retirement 
community, 
enrolled from 
1968 to 1973)

Medical records; 
not blinded

Breast Hypertensive 
drugs (triamterene 
alone, 19%) – ever-
use. Never used 
rauwolfia class of 
drugs

NR 0.9 [CI cannot be 
calculated]

Women, age 53–89 yr; controls 
matched by age, community 
entry; cases identified from 
community records or 
surrounding hospital and 
surveillance programmes

Ever-used rauwolfia 
class of drugs

2.9 [CI cannot 
be calculated]
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Reference 
Study location 
and period

Total 
No. 
cases 
Total 
No. 
controls

Control 
source 
(hospital, 
population)

Exposure 
assessment

Organ site 
(ICD code)

Exposure categories Exposed 
cases

Relative risk 
(95% CI)

Covariates 
Comments

Coogan et al. 
(2009) 
Boston, 
New York, 
Philadelphia, 
Baltimore, 
USA, 1976–
2007

5989 
5504

Hospital 
medical 
records

Nurse 
administered 
questionnaire/
self-reported

Breast Regular use (4×/wk 
for at least 3 mo) 
potassium-sparing 
diuretics that did 
not contain thiazide

21 1.22 (0.61–2.46) Race, education, menopausal 
status, parity, BMI, 
female-hormone use, oral 
contraceptives, and alcohol 
Women, aged 22–79 yr; 
controls matched to cases 
on age, interview year, study 
centre

Duration (yr):
< 5  10 1.50 (0.57–3.96)
≥ 5  11 1.05 (0.38–2.88)
P for trend 0.64

Coogan & 
Rosenberg 
(2007) 
Massachusetts, 
USA, 2001–4

1229 
1165

Population Telephone 
interview

Colorectum Dihydrofolate 
reductase inhibitors 
(triamterene, 
methotrexate, and 
sulfasalazine)

Age, sex, NSAID use, number 
of doctor visits, alcohol 
consumption, education, 
vitamin use, colonoscopy, 
dietary factors 
Age, 50–74 yr. Factors 
considered but had little 
effect on odds ratio: race, 
exercise, BMI, family history, 
cholecystectomy, smoking 
status, hormonal replacement 
therapy. Most common folate 
antagonist: triamterene (30%)

Regular use 34 1.6 (0.9–2.8)
< 5 yr 16 1.3 (0.6–3.0)
≥ 5 yr 18 1.9 (0.8–4.2)
P for trend 0.6

BMI, body mass index; CI, confidence interval; HCTZ, hydrochlorothiazide; mo, month; NR, not reported; NSAID, nonsteroidal anti-inflammatory drug; wk, week; yr, year

Table 2.1   (continued)
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2.2 Triamterene and cancer of the 
breast 

Odds ratios (OR) specific for triamterene 
use were reported in a case–control study of 481 
women with cancer of the breast, 421 women 
with benign breast lesions, and 1268 controls 
identified from a mammography screening 
project in the USA (Williams et al., 1978). A 
small proportion of subjects were treated with 
triamterene, and only four women used it for 
more than 1 year. Most women also took other 
drugs. Triamterene use, both ever and recent, 
was associated with a decreased risk of cancer of 
the breast. Odds ratios adjusted for age, race, and 
centre were 0.4 (95% CI, not reported; P > 0.05) 
for both exposure periods. Triamterene use (ever 
or for 5 years) was associated with a non-signif-
icantly increased risk of benign breast lesions; 
however, triamterene was generally given in 
combination with thiazide, which was an inde-
pendent risk factor for benign breast lesions 
in this study. [The strengths of this study were 
the verification of exposure information and 
detailed information on multiple-drug use and 
potential confounders. However, the study had 
a limited ability to evaluate the risks specific for 
triamterene use because only a small number of 
subjects were treated with triamterene and most 
were exposed to multiple drugs.] 

2.3 Combined use of triamterene 
and hydrochlorothiazide, and 
cancer of the lip 

Friedman et al. (2012) performed case–control 
analyses of the association between cancer of the 
lip and use of common antihypertension drugs 
in a cohort of medical-insurance subscribers in 
San Francisco, USA. Triamterene combined with 
hydrochlorothiazide (see Monograph on hydro-
chlorothiazide in this volume) was among the 
most common prescriptions for diuretics, but 

triamterene was not assessed separately. Cases 
of cancer of the lip (squamous cell carcinoma, 
97%) were identified via the programme’s cancer 
registry, and drug use was determined from phar-
macy database. Analyses were based on 712 cases 
and 22  904 matched controls and were lagged 
by 2 years. The smoking-adjusted odds ratio for 
cancer of the lip and at least three prescriptions 
for hydrochlorothiazide-triamterene was 1.98 
(95% CI, 1.52–2.58); and the risk increased with 
increasing duration of use. For prescriptions of 
1 to < 5 years, the adjusted odds ratio was 1.87 
(95% CI, 1.37–2.57), and for prescriptions of 
≥ 5 years the adjusted odds ratio was 2.82 (95% CI, 
1.74–4.55). Odds ratios for hydrochlorothiazide 
were higher than those for the hydrochlorothi-
azide-triamterene combination. [This study was 
relatively informative for evaluating the effects of 
treatment with hydrochlorothiazide-triamterene 
combined and risk of cancer of the lip because of 
its large size, nested design, use of a pharmacy 
database for drug usage, and consideration of 
potential confounders by study-selection criteria 
and multivariable analysis. While the study did 
not adjust for exposure to sunlight, it seems 
unlikely that exposure to sunlight was sufficiently 
greater in cases than controls to account for the 
increase in risk by up to threefold. Nevertheless, 
the study was not informative for evaluating 
specific effects of triamterene and risk of cancer.]

2.4 The drug class including 
triamterene, and cancer of the 
breast or colorectum

Mack et al. (1975) evaluated the association of 
cancer of the breast with antihypertension drugs 
in a nested case–control study among residents 
of a retirement community in Los Angeles, USA. 
The study included 99 cases of cancer of the breast 
and 396 controls matched for age and entry date, 
and information about medication was abstracted 
from medical records of the community health 
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centre. The rauwolfia class of drugs, including 
reserpine, were the primary focus of the study, 
but some analyses were conducted for other 
antihypertension drugs (methyldopa alone or 
combined with other drugs, 35%; triamterene 
alone, 19%; chlorthalidone alone, 15%; hydrala-
zine alone, 15%; spironolactone alone, 7%; guan-
ethidine alone, 3%; and combined drugs not 
including methyldopa, 6%). The odds ratio for 
ever-use of other antihypertension drugs was 
0.9 (95% CI, not reported) among women who 
never used the rauwolfia class of drugs, and 2.9 
(95% CI, not reported) among ever-users of the 
rauwolfia class of drugs. [The major limitations of 
the study were the lack of information specific for 
triamterene, and the potential for confounding 
by other antihypertension drugs. Other limita-
tions were the inadequate exposure information, 
low prevalence of exposure (14% in controls), 
short follow-up (in part due to the advanced age 
of the subjects), and the potential lack of general-
izability to the general population because of the 
restricted subject population.]

Another study of cancer of the breast eval-
uated risks associated with several different 
classes of diuretics, including thiazides, potas-
sium-sparing diuretics that do not contain 
thiazide (including triamterene), and loop 
diuretics, using medical records of several hospi-
tals for 1976–2007 (Coogan et al., 2009). The 
study included 5989 cases of invasive cancer of 
the breast, and 5504 matched hospital controls 
with diagnoses unrelated to use of diuretics. The 
adjusted odd ratio for cancer of the breast and 
regular use (defined as four times per week for 
at least 3 months) of potassium-sparing diuretics 
was 1.22 (95% CI, 0.61–2.46). The odds ratio was 
elevated for use for < 5 years (adjusted OR, 1.50; 
95% CI, 0.57–3.96), but not for use for ≥ 5 years. 
[The major limitations of the study were the lack 
of information specific for triamterene, and the 
low percentage of the population using potassi-
um-sparing diuretics (21 out of 5504 controls). 

The potential for recall bias was reduced by the 
use of hospital controls.]

A case–control study of colorectal cancer 
grouped triamterene with antagonists of folic 
acid rather than other antihypertension drugs 
(Coogan & Rosenberg, 2007). The study included 
1229 cases of adenocarcinoma of the colon and 
rectum identified from cancer registries and 
participating hospitals in Massachusetts, USA, 
and 1165 population-based controls matched for 
age, sex, and geographical location; cases and 
controls were free from Crohn disease or ulcera-
tive colitis. Triamterene was the most commonly 
used folic-acid antagonist (30% of all antagonists). 
Elevated odds ratios were observed for regular 
use of dihydrofolate-reductase inhibitors, which 
included methotrexate and sulfasalazine in addi-
tion to triamterene (adjusted OR, 1.6; 95% CI, 
0.9–2.8) and risks were somewhat higher among 
those who had used these drugs for 5 years or 
more (adjusted OR, 1.9; 95% CI, 0.8–4.2). [The 
study was not specific for triamterene use, and 
although the population was large, only a small 
percentage had taken dihydrofolate-reductase 
inhibitors including triamterene. There was also 
potential for misclassification of exposure due to 
self-reporting.]

3. Cancer in Experimental Animals

See Table 3.1

3.1 Mouse

In one study of carcinogenicity with oral 
administration, referred to hereafter as the first 
study, groups of 50–60 male and 50–60  female 
B6C3F1 mice (age, 6 weeks) were given feed 
containing triamterene (purity, >  99%) at a 
concentration of 0 (control), 100, 200, or 400 ppm 
for 2 years. These concentrations were equivalent 
to average daily doses of approximately 0, 10, 25, 
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Table 3.1 Studies of carcinogenicity with triamterene in mice and rats

Species, strain 
(sex) 
Duration 
Reference

Dosing regimen 
Animals/group at start

Incidence of tumours Significance Comments

Mouse, B6C3F1 
(M, F) 
104 wk 
NTP (1993)

First study: 
0 (control), 100, 200 or 400 ppm 
in feed: 0, 10, 25, 45 mg/kg bw 
(M); 0, 15, 30, 60 mg/kg bw (F) 
Second study:  
0 (control) or 400 ppm in 
feed: 0, 40 mg/kg bw (M); 0, 
60 mg/kg bw (F) 
50–60 M and 50–60 F/group 
(age, 6 wk), for both studies

First study 
Hepatocellular adenoma:  
17/50 (34%), 22/50 (44%), 19/50 (38%), 20/60 (33%) (M);  
10/50 (20%)*, 22/50 (44%)**, 23/50 (46%)***, 36/60 (60%)* (F) 
Hepatocellular carcinoma:  
5/50 (10%)**, 7/50 (14%), 3/50 (6%), 13/60 (22%)** (M)a;  
4/50 (8%), 4/50 (8%), 3/50 (6%), 8/60 (13%) (F) 
Hepatocellular adenoma or carcinoma (combined): 
20/50 (40%), 26/50 (52%), 19/50 (38%), 29/60 (48%)** (M)b;  
13/50 (26%)*, 26/50 (52%)**, 25/50 (50%)**, 37/60 (62%)* (F)c

*P < 0.001 
**P < 0.05 
***P < 0.01

Purity, > 99%  
Second study performed 
because of a dosing error in 
mice at the highest dose in 
the first study 
[The Working Group 
considered that the results 
for the group at the highest 
dose could not be evaluated 
because of overdosing]

Second study 
Hepatocellular adenoma:  
21/50 (42%), 36/50 (72%)* (M);  
7/50 (14%), 28/51 (55%)* (F) 
Hepatocellular carcinoma:  
9/50 (18%), 11/50 (22%) (M);  
5/50 (10%), 11/51 (22%) (F)d  
Hepatocellular adenoma or carcinoma (combined): 
25/50 (50%), 38/50 (76%)** (M)b;  
10/50 (20%), 31/50 (61%)* (F)c

*P < 0.001 
**P < 0.005

Rat, F344/N 
(M, F) 
104 wk 
NTP (1993)

0 (control), 150, 300, 600 ppm 
in feed: 0, 5, 10, 25 mg/kg bw 
(M); 0, 5, 15, 30 mg/kg bw (F) 
50 M and 50 F/group (age, 6 
wk) 

Hepatocellular adenoma:  
0/50 (0%), 6/50 (12%)*, 4/50 (8%), 3/49 (6%) (M)e

*P < 0.05 Purity, > 99%  
No significant increase in 
tumour incidence in females

a Historical rates of hepatocellular carcinoma in feed studies in control male mice (mean ± SD): 122/865 (14.1% ± 7.2%); range, 3–27%
b Historical rates of hepatocellular adenoma or carcinoma (combined) in feed studies in control male mice (mean ± SD): 249/865 (28.8% ± 10.9%); range, 17–58%
c Historical rates of hepatocellular adenoma and carcinoma (combined) in feed studies in control female mice (mean ± SD): 98/863 (11.4% ± 7.6%); range, 3–34%
d Historical rates of hepatocellular carcinoma in feed studies in control female mice (mean ± SD): 28/863 (3.2% ± 2.9%); range, 0–10%
e Historical rates of hepatocellular adenoma in feed studies in control male rats (mean ± SD): 19/799 (2.4% ± 2.9%); range, 0–8%
bw, body weight; F, female; M, male; SD, standard deviation; wk, week
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or 45 mg/kg body weight (bw) for males, and 0, 
15, 30, or 60 mg/kg bw for females (NTP, 1993). 
Survival of exposed groups was similar to that 
of controls except for the group of male mice at 
400  ppm. Because of a dosing error, male and 
female mice at the highest dietary concentration 
(400 ppm) actually received approximately four 
times the targeted concentration (approximately 
1600 ppm) of triamterene for 7 days at week 40. 
During week 40, 12 male and 4 female mice died. 
The surviving mice in the group receiving the 
highest dose were kept in this study, but because 
of uncertainty regarding the effect of this 1 week 
of increased exposure on the outcome of the 
study, a second study was conducted with groups 
of 50–60  male and 50–60  female B6C3F1 mice 
(age, 6 weeks) given feed containing triamterene 
at 0 (control) or 400 ppm (equivalent to average 
daily doses of approximately 40  mg/kg bw for 
males, and 60 mg/kg bw for females) for 2 years.

In the first study, triamterene caused signifi-
cant increases in the incidences of hepatocellular 
adenoma in females at the lowest and interme-
diate doses. [The Working Group considered 
that the results for the group receiving the 
highest dose could not be evaluated because of 
the overdosing.] In the second study, survival of 
exposed groups was similar to that of controls. 
There were significant increases in the incidence 
of hepatocellular adenoma in males and females, 
and of hepatocellular adenoma or carcinoma 
(combined) in females. The incidence of liver 
foci was increased in some groups of treated mice 
in both the first and second studies. Treatment 
with triamterene also caused treatment-related 
thyroid follicular cell hyperplasia.

3.2 Rat

In one study of carcinogenicity with oral 
administration, groups of 50 male and 50 female 
F344/N rats (age, 6 weeks) were given feed 
containing triamterene (purity, >  99%) at a 
concentration of 0 (control), 150, 300, or 600 ppm. 

These concentrations were equivalent to average 
daily doses of approximately 0, 5, 10, or 25 mg/kg 
bw for males, and 0, 5, 15, or 30 mg/kg bw for 
females (NTP, 1993). Survival of exposed groups 
was similar to that of controls. Triamterene 
caused a significant increase in the incidence of 
hepatocellular adenoma in male rats at the lowest 
dose (6 out of 50; 12%), which exceeded the 
range for historical controls (0–8%;19 out of 799, 
2.4%). Hepatocellular adenoma was present in 
all three dosed groups of males and not in males 
in the control group. There was no significant 
increase in the incidence of tumours in female 
rats. [Hepatocellular adenoma is a tumour that 
is known to progress to malignancy.]

4. Mechanistic and Other 
Relevant Data

4.1 Absorption, distribution, 
metabolism, and excretion

4.1.1 Humans

General pharmacokinetic parameters of 
triamterene and its major metabolite, 4′-hydrox-
ytriamterene sulfate (see Fig. 4.1), were investi-
gated in a randomized crossover trial with six 
healthy volunteers who were given triamterene 
by intravenous infusion (10 mg over 10 minutes), 
or orally (50 mg tablet) (Gilfrich et al., 1983). 
After intravenous infusion, terminal half-lives for 
triamterene and 4′-hydroxytriamterene sulfate 
were 255  ±  42 and 188  ±  70 minutes, respec-
tively. Total triamterene plasma clearance was 
4.4 ± 1.41 L/minute, which is indicative of rapid 
metabolism of this compound. After oral admin-
istration, triamterene was rapidly absorbed from 
the gastrointestinal tract. The parent drug and 
4′-hydroxytriamterene sulfate were detectable in 
plasma after 15 minutes, and maximum concen-
trations of 26.4  ±  17.7 and 779  ±  310 ng/mL, 
respectively, were reached after 1.5  hours. The 



Triamterene

275

half-lives of unchanged triamterene and the 
metabolite were not significantly different from 
those observed after intravenous administration.

The bioavailability of triamterene after intra-
venous or oral administration was calculated 
from plasma and urine concentrations, and 
found to be 52 ± 22%, demonstrating consider-
able inter-subject variability. By inclusion of data 
for total excretion of triamterene and 4′-hydroxy-
triamterene sulfate, the absorption was calcu-
lated to be 83.2 ± 25.9% (Gilfrich et al., 1983). The 
high absorption of triamterene is indicative of its 
ability, as a weak lipid-soluble base (pKa = 6.2) to 
cross lipid membranes by non-ionic diffusion 
(Kau, 1978). Triamterene is more highly concen-
trated in erythrocytes than in plasma (Gilfrich 
et al., 1983).

The pharmacokinetic interaction of 
triamterene and hydrochlorothiazide was 

investigated in a crossover study of 10 healthy 
volunteers given oral triamterene (doses, 0, 12.5, 
25, 50, or 100 mg), and of 12 healthy volunteers 
given triamterene (doses, 0, 25, or 50 mg) with 
hydrochlorothiazide (doses, 12.5, or 25 mg). 
Coadministration did not affect the renal excre-
tion of either parent drug, but significantly 
reduced renal excretion of 4′-hydroxytriamterene 
sulfate (Möhrke et al., 1997).

4′-Hydroxytriamterene sulfate shows more 
protein binding (91% protein-bound) than 
triamterene (55%) (Knauf et al., 1983), possibly 
because of ionic bonding between sulfate and 
protein, in addition to hydrophobic bonding 
(Gilfrich et al., 1983). 4′-Hydroxytriamterene 
sulfate is almost completely eliminated by 
tubular secretion, while triamterene, although 
partly eliminated via this route, can also undergo 
glomerular filtration, due to the fact that a 

Fig. 4.1 Chemical structures of triamterene and its metabolites, 4′-hydroxytriamterene and 
4′-hydroxytriamterene sulfate
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substantial proportion (45%) is not bound to 
protein (Knauf et al., 1983).

Triamterene undergoes significant first-
pass metabolism with rapid hydroxylation of 
the phenyl ring at the 4′-position, yielding the 
phase-I metabolite 4′-hydroxytriamterene (see 
Fig.  4.1). This intermediate metabolite is tran-
sient and is detected at most in trace amounts 
(< 1 ng/mL) in urine or plasma (Gilfrich et al., 
1983). Hydroxylation seems to be mediated virtu-
ally exclusively by cytochrome P450 1A2, and 
inhibition or induction of this isoenzyme will 
change the time-course of both triamterene and 
its pharmacologically active phase-II metabolite 
(Fuhr et al., 2005).

4′-Hydroxytriamterene is rapidly conju-
gated via cytosolic sulfotransferases to yield 
the principal phase-II metabolite 4′-hydroxytri-
amterene sulfate (Gilfrich et al., 1983; NTP, 1993; 
Horstkötter et al., 2002). In addition, phase-II 
metabolism produces very small quantities 
of other metabolites, such as N-glucuronides 
(Lehmann, 1965). 

The parent drug and its metabolite 
4′-hydroxy triamterene sulfate are excreted in the 
urine and faeces (Kau & Sastry, 1977; NTP, 1993). 
Renal clearance of triamterene administered by 
intravenous infusion (10 mg over 10 minutes) 
was 0.22 ± 0.1 L/minute, and that of 4′-hydroxy-
triamterene sulfate was 0.17  ±  0.061  L/minute. 
Total urinary recovery of triamterene and of 
the sulfate was 4.5% and approximately 50%, 
respectively (Gilfrich et al., 1983). Renal clear-
ance of orally administered (50 mg) triamterene 
and of the sulfate was 0.18 ± 0.05 L/minute and 
0.15  ±  0.03  L/minute, respectively (Gilfrich 
et al., 1983). 4′-Hydroxytriamterene sulfate and 
N-glucuronides were also excreted into the bile 
(Mutschler et al., 1983; NTP, 1993). 

4.1.2 Experimental systems

Intestinal absorption of triamterene in the 
colon and the whole small intestine of the rat was 
shown to occur via a carrier-mediated mecha-
nism (Montalar et al., 2003) likely to comprise 
two carriers, and also via an efflux process (Kau 
& Sastry, 1977).

The tissue distribution in male Sprague-
Dawley rats given [14C]triamterene intravenously 
showed extensive accumulation of radiolabel 
(Kau & Sastry, 1977). High concentrations of the 
parent drug were found in most tissues (except 
the brain, fat, and testes), and blood concentra-
tions were low. No metabolites were detected. 
The highest concentrations of triamterene were 
reached within the first 20 minutes in highly 
perfused tissues such as kidneys, liver, heart, 
lungs, and skeletal muscle. The kidneys contained 
the highest concentrations of triamterene at all 
timed intervals and doses, but the largest dose 
deposition was in skeletal muscle (part of the 
“peripheral compartment”). Elimination was 
slow (estimated plasma half-life, 2.8  hours), 
possibly due to triamterene binding to tissue 
in the “central compartment” (e.g., kidneys, 
liver). [This study demonstrated the ability of 
triamterene to bind to tissue, which influences 
its rate of distribution and elimination.]

Studies of tissue distribution of triamterene 
in guinea-pigs and baboons reported triamterene 
concentrations in muscle and heart that were 
much higher than in plasma, low concentrations 
in the brain, active transport of triamterene in 
the kidney, and transfer of triamterene from 
mother to fetus (Pruitt et al., 1975).

A quantitative study of the renal handling 
of [3H]triamterene in an isolated, perfused 
rat-kidney model showed that triamterene 
undergoes glomerular filtration, active tubular 
secretion and passive re-absorption by a pH-de-
pendent mechanism (Kau, 1978).

When [14C]triamterene (2 mg/kg bw) was 
administered subcutaneously to Sprague-Dawley 
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rats, 45% of the total radiolabel was excreted in the 
urine, and 50% in the faeces, over 72 hours (Kau 
et al., 1975). In the urine and faeces, 72–79% of 
the administered dose was excreted as unchanged 
triamterene, 10–15% as free 4′-hydroxytri-
amterene, 1–5% as its sulfate, and 2% as a minor 
unidentified metabolite. [The low level of sulfate 
conjugation may have been a consequence of the 
route of administration.] The liver was identi-
fied as the major site of triamterene metabolism; 
triamterene was not metabolized in the kidney. 
No metabolites were detected in the plasma.

4.2 Genetic and related effects

4.2.1 Humans

No data were available to the Working Group.

4.2.2 Experimental systems

See Table 4.1

(a) Mutagenicity

Triamterene (up to 10  000 µg/plate) was 
not mutagenic in Salmonella typhimurium 
strains TA98, TA1535, TA1537 or TA100, with 
or without metabolic activation (S9 from rat or 
hamster liver) (NTP, 1993). Triamterene did not 
induce dominant lethal mutations in germ cells 
of male CD-1 mice when given at doses of up 
to 100  mg/kg bw per day by gavage for 5  days 
(Manson et al., 1986).

(b) Chromosomal damage

No increase in the frequency of chromo-
somal aberration was induced by triamterene at 
concentrations of up to 600  µg/mL in Chinese 
hamster ovary cells in vitro in the presence or 
absence of metabolic activation. Triamterene did 
induce sister chromatid exchange in Chinese 
hamster ovary cells in vitro in the presence or 
absence of metabolic activation (NTP, 1993).

4.3 Other mechanistic data relevant 
to carcinogenicity

4.3.1 Effects on cell physiology

Triamterene is a potassium-sparing diuretic 
that blocks the epithelial sodium channel on 
the luminal side of the collecting tubule in the 
kidney. Its major physiological action is to inhibit 
transport of sodium ions and reduce blood 
volume. The action of triamterene is different 
from that of thiazide-based drugs, but similar to 
that of amiloride (Busch et al., 1996). [There is no 
known link between sodium-channel inhibition 
and carcinogenesis.]

4.3.2 Effects on cell function

In cultures of the BJAB-B95–8 human 
lymphoma cell line, there was a dose-dependent 
inhibition of cell growth, with cell death 
following extended incubation with triamterene 
at 80 µM. The activity of dihydrofolate reductase 
was blocked by triamterene, and its metabolites 
4′-hydroxytriamterene and 4′-hydroxytriam-
terene sulfate are less effective inhibitors of this 
enzyme (Schalhorn et al., 1981).

Photosensitivity, a known clinical side-effect 
of triamterene, was demonstrated in vitro in 
cultures of human peripheral blood lymphocytes 
and neutrophils co-exposed to triamterene and 
ultraviolet A (UV-A) irradiation. At a concen-
tration of 60 µg/mL, triamterene decreased cell 
viability to 40–50%, indicating photosensitiza-
tion of twofold. Other experiments also showed 
that triamterene produced singlet oxygen species 
when irradiated with UV-A light in the presence 
of molecular oxygen. (Vargas et al., 1998). 
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4.4 Susceptibility

4.4.1 Liver disease

Patients with liver cirrhosis have reduced 
ability to hydroxylate triamterene, as evidenced 
by high plasma concentrations of triamterene 
and low concentrations of 4′-hydroxytri-
amterene sulfate. After administration of 
200  mg of triamterene, peak plasma concen-
trations in eight patients without liver disease 
were 559 ± 48 ng/mL and 2956 ± 320 ng/mL for 
triamterene and 4′-hydroxytriamterene sulfate, 
respectively. In the seven patients with alco-
holic cirrhosis, peak plasma concentrations of 
triamterene were increased to 1434 ± 184 ng/mL, 
while the concentrations of the sulfate were 
reduced to 469  ±  84  ng/mL. Renal clearance 
was also reduced in patients with cirrhosis: the 
clearance of triamterene and the sulfate were 
2.8 ± 0.7 and 38.0 ± 6.6 mL/minute, respectively, 
compared with 14.4 ± 1.5 and 116.7 ± 11.6 mL/
minute, respectively, in patients without liver 
disease (Villeneuve et al., 1984). 

4.4.2 Renal impairment

Although renal elimination is only a minor 
route of excretion for triamterene, it is the main 
route of elimination of 4′-hydroxytriamterene 
sulfate. Thus, in individuals with renal impair-
ment, accumulation of the sulfate is substantial 
and progressive, but negligible for triamterene. 
The kinetics of triamterene were observed in 32 
patients with widely varying degrees of creati-
nine clearance (10–135 mL/minute), an indicator 
of renal function. In patients with reduced renal 
function, significant accumulation in plasma 
and reduced renal clearance of the sulfate were 
reported. Plasma concentrations of the parent 
drug were not increased (Knauf et al., 1983).

4.4.3 Age

Early reports concluded that the mean peak 
concentration of triamterene after an oral dose of 
50 mg is higher in older than in younger patients 
(84 and 41  ng/mL, respectively), that the time 
to reach peak concentrations of 4′-hydroxytri-
amterene sulfate is prolonged [suggesting that 
hydroxylation decreases with age], and that the 
systemic clearance of the parent drug and its 

Table 4.1 Genetic and related effects of triamterene

Test system Resultsa Concentration or dose 
(LED or HID)

Reference

Without 
exogenous 
metabolic 
system

With 
exogenous 
metabolic 
system

In vitro
Salmonella typhimurium TA100, TA98, TA1535, TA1537, 
reverse mutation 

– – 10 000 μg/plate NTP (1993)

Chromosomal aberrations, Chinese hamster ovary cells – – 600 μg/mL NTP (1993)
Sister chromatid exchange, Chinese hamster ovary cells + + 10 μg/mL, – S9 

160 μg/mL, + S9
NTP (1993)

In vivo
Dominant lethal mutations, germ cells of male CD-1 mice – NT 100 mg/kg bw per day 

for 5 days
Manson et al. 
(1986)

a  +, positive; –, negative
bw, body weight; HID, highest ineffective dose; LED, lowest effective dose; S9, 9000 × g supernatant
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metabolite declines significantly with age (NTP, 
1993).

In contrast, a more recent study in which 
an oral dose of triamterene (50  mg) was given 
to 11 healthy elderly individuals (mean age, 
68  ±  5  years), and to 10 healthy young indi-
viduals (mean age, 25 ± 2 years) did not report 
a significant reduction in hydroxylation of 
triamterene (Fliser et al., 1999). Renal clearance 
was similar in elderly and young individuals. 
This study excluded those with conditions that 
may adversely affect renal or hepatic function 
(e.g. hypertension, malnutrition, and cardiac 
failure) and all subjects were on a standardized 
diet to control intake of protein and electrolytes, 
particularly sodium. It was assumed by Fliser 
et al. (1999) that the subjects in previous studies 
may have had various conditions that affected 
renal and/or hepatic function. 

4.5 Mechanistic consideration

Triamterene was not mutagenic in S. typhi-
murium, with or without exogenous metabolic 
activation, did not induce chromosomal aber-
rations in Chinese hamster ovary cells, with or 
without exogenous metabolic activation (NTP, 
1993), and did not induce the dominant lethal 
mutation in the germ cells of male CD-1 mice 
in vivo (Manson et al., 1986). However, positive 
results were obtained for induction of sister chro-
matid exchange in Chinese hamster ovary cells, 
both with and without metabolic activation (NTP, 
1993). Both inhibition of dihydrofolate reductase 
and photosensitization are possible mechanisms 
for the induction of DNA damage by triamterene 
(Schalhorn et al., 1981; Vargas et al., 1998). 

5. Summary of Data Reported

5.1 Exposure data

Triamterene is a synthetic potassium-sparing 
diuretic; unlike other diuretics, it causes limited 
excretion of potassium in the urine. Triamterene 
is most often prescribed for hypertension as a 
combination tablet that includes hydrochlorothi-
azide. In 2012, while global sales were greatest in 
the USA (US$ 141 million), the volume of annual 
prescriptions was modest and had declined over 
time. 

5.2 Human carcinogenicity data

Five case–control studies were available to 
assess the association between triamterene and 
cancer. 

In two of these studies, all subjects in the 
treatment group were exposed to triamterene. 
One of the studies reported a risk estimate that 
was specific for triamterene and cancer of the 
breast; however, most of the women took other 
drugs and few subjects had used triamterene for 
more than 1 year. The other study reported a rela-
tive risk for cancer of the lip and treatment with 
combined triamterene and hydrochlorothiazide, 
and thus any effect attributable to triamterene 
could not be separated from the effects attribut-
able to hydrochlorothiazide. 

The three remaining case–control studies 
reported findings on cancers of the breast or 
colorectum for triamterene in combination 
with other drugs (hydrochlorothiazide, other 
antihyper tension drugs, potassium-sparing 
diuretics, and other inhibitors of dihydrofolate 
reductase).

The available studies were not informative 
for evaluation of the association between risk of 
cancer and exposure specifically to triamterene. 
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5.3 Animal carcinogenicity data

Triamterene was tested for carcinogenicity by 
oral administration in two studies in mice and 
one study in rats. 

In a first feeding study in male and female 
mice, triamterene caused a significant increase 
in the incidence of hepatocellular adenoma in 
females. In a second feeding study, triamterene 
caused significant increases in the incidences of 
hepatocellular adenoma in males and females, 
and of hepatocellular adenoma or carcinoma 
(combined) in females. 

In a feeding study in male and female rats, 
triamterene caused an increase in the incidence 
of hepatocellular adenoma (a tumour that is 
known to progress to malignancy) in males. 
Hepatocellular adenoma was reported in all dose 
groups, but not in rats in the control group. There 
was no significant increase in the incidence of 
tumours in female rats. 

5.4 Mechanistic and other relevant 
data

In humans, triamterene is primarily metab-
olized to 4′-hydroxytriamterene sulfate via 
sulfotransferase-mediated conjugation of the 
phase-I metabolite, 4′-hydroxytriamterene. 
4′-Hydroxytriamterene sulfate binds strongly to 
proteins, to a greater extent than the parent drug. 
Intravenous administration of radiolabelled 
triamterene in rats resulted in extensive accu-
mulation of radiolabel, with the highest concen-
trations in highly perfused tissues, particularly 
the kidneys.

Triamterene was not mutagenic when tested 
in Salmonella typhimurium, in the presence 
or absence of exogenous metabolic activation. 
Triamterene also gave negative results in assays 
for the induction of chromosomal aberration in 
Chinese hamster ovary cells, in the presence or 
absence of exogenous metabolic activation, and 
did not induce dominant lethal mutation in the 

germ cells of male CD-1 mice in vivo. Triamterene 
induced sister chromatid exchange in Chinese 
hamster ovary cells, in the presence or absence 
of exogenous metabolic activation. Therefore, 
triamterene may produce genetic toxicity directly 
at the chromosomal level without metabolic 
activation.

Triamterene is an inhibitor of dihydrofolate 
reductase in vitro; its metabolites 4′-hydroxy-
triamterene and 4′-hydroxytriamterene sulfate 
are less effective inhibitors of the enzyme. When 
irradiated with ultraviolet A light, triamterene 
produced singlet oxygen species in the pres-
ence of molecular oxygen. In-vitro coexposure 
of human peripheral blood lymphocytes and 
neutrophils to triamterene and ultraviolet A 
resulted in decreased cell viability. 

Inhibition of dihydrofolate reductase and 
photosensitization are possible mechanisms for 
the induction of DNA damage by triamterene.

6. Evaluation

6.1 Cancer in humans

There is inadequate evidence in humans for 
the carcinogenicity of triamterene.

6.2 Cancer in experimental animals

There is sufficient evidence in experimental 
animals for carcinogenicity of triamterene.

6.3 Overall evaluation

Triamterene is possibly carcinogenic to 
humans (Group 2B).



Triamterene

281

References

Amendola L, Colamonici C, Mazzarino M, Botrè F (2003). 
Rapid determination of diuretics in human urine by 
gas chromatography-mass spectrometry following 
microwave assisted derivatization. Anal Chim Acta, 
475(1-2):125–36. doi:10.1016/S0003-2670(02)01223-0

Bakshi M, Singh S (2002). Development of validated 
stability-indicating assay methods–critical review. J 
Pharm Biomed Anal, 28(6):1011–40. doi:10.1016/S0731-
7085(02)00047-X PMID:12049968

British Pharmacopoeia (2009). Triamterene. London, UK, 
Medicines and healthcare products regulatory agency.

Busch AE, Suessbrich H, Kunzelmann K, Hipper A, 
Greger R, Waldegger S et al. (1996). Blockade of epithe-
lial Na+ channels by triamterenes - underlying mecha-
nisms and molecular basis. Pflugers Arch, 432(5):760–6. 
doi:10.1007/s004240050196 PMID:8772124

ChemicalBook (2013). ChemicalBook: Chemical Search 
Engine. Available from: http://www.chemicalbook.
com.

ChemSpider (2013). ChemSpider: The free chemical 
database. Royal Society of Chemistry. Available from: 
http://www.chemspider.com.

Chobanian AV, Bakris GL, Black HR, Cushman WC, 
Green LA, Izzo JL Jr et al. ; Joint National Committee 
on Prevention, Detection, Evaluation, and Treatment of 
High Blood Pressure. National Heart, Lung, and Blood 
Institute; ; National High Blood Pressure Education 
Program Coordinating Committee (2003). Seventh 
report of the Joint National Committee on Prevention, 
Detection, Evaluation, and Treatment of High Blood 
Pressure. Hypertension, 42(6):1206–52. doi:10.1161/01.
HYP.0000107251.49515.c2 PMID:14656957

Coogan PF, Rosenberg L (2007). The use of folic 
acid antagonists and the risk of colorectal cancer. 
Pharmacoepidemiol Drug Saf, 16(10):1111–9. 
doi:10.1002/pds.1442 PMID:17600846

Coogan PF, Strom BL, Rosenberg L (2009). Diuretic 
use and the risk of breast cancer. J Hum Hypertens, 
23(3):216–8. doi:10.1038/jhh.2008.131 PMID:18971940

Deventer K, Delbeke FT, Roels K, Van Eenoo P (2002). 
Screening for 18 diuretics and probenecid in doping 
analysis by liquid chromatography-tandem mass 
spectrometry. Biomed Chromatogr, 16(8):529–35. 
doi:10.1002/bmc.201 PMID:12474217

DrugBank (2013). DrugBank: Open Data Drug & Drug 
Target Database. Version 4.2. Available from: http://
www.drugbank.ca/

eMC (2013). electronic Medicines Compendium (eMC). 
Available from: http://www.medicines.org.uk, accessed 
8 September 2014.

FDA (2013). Triamterene. US Food and 
Drug Administration. Available from:  

ht t p : //w w w. ac c e s s d at a . fd a .gov/s c r ipt s /c der/
drugsatfda/index.cfm, accessed 8 September 2014.

Fliser D, Bischoff I, Hanses A, Block S, Joest M, Ritz E et al. 
(1999). Renal handling of drugs in the healthy elderly. 
Creatinine clearance underestimates renal function 
and pharmacokinetics remain virtually unchanged. 
Eur J Clin Pharmacol, 55(3):205–11. doi:10.1007/
s002280050619 PMID:10379636

Friedman GD, Asgari MM, Warton EM, Chan J, Habel 
LA (2012). Antihypertensive drugs and lip cancer in 
non-Hispanic whites. Arch Intern Med, 172(16):1246–51. 
doi:10.1001/archinternmed.2012.2754 PMID:22869299

Fuhr U, Kober S, Zaigler M, Mutschler E, Spahn-
Langguth H (2005). Rate-limiting biotransformation 
of triamterene is mediated by CYP1A2. Int J Clin 
Pharmacol Ther, 43(7):327–34. doi:10.5414/CPP43327 
PMID:16035375

Gilfrich HJ, Kremer G, Möhrke W, Mutschler E, Völger 
KD (1983). Pharmacokinetics of triamterene after i.v. 
administration to man: determination of bioavaila-
bility. Eur J Clin Pharmacol, 25(2):237–41. doi:10.1007/
BF00543797 PMID:6628507

Gu Q, Burt VL, Dillon CF, Yoon S (2012). Trends in antihy-
pertensive medication use and blood pressure control 
among United States adults with hypertension: the 
National Health and Nutrition Examination Survey, 
2001 to 2010. Circulation, 126(17):2105–14. doi:10.1161/
CIRCULATIONAHA.112.096156 PMID:23091084

Horstkötter C, Kober S, Spahn-Langguth H, Mutschler 
E, Blaschke G (2002). Determination of triamterene 
and its main metabolite hydroxytriamterene sulfate 
in human urine by capillary electrophoresis using 
ultraviolet absorbance and laser-induced fluorescence 
detection. J Chromatogr B Analyt Technol Biomed Life 
Sci, 769(1):107–17. doi:10.1016/S1570-0232(02)00002-8 
PMID:11936683

Ibañez GA, Escandar GM, Espinosa Mansilla A, Muñoz 
de la Peña A (2005). Determination of triamterene in 
pharmaceutical formulations and of triamterene and 
its main metabolite hydroxytriamterene sulfate in 
urine using solid-phase and aqueous solution lumines-
cence. Anal Chim Acta, 538(1-2):77–84. doi:10.1016/j.
aca.2005.02.001

IMS Health (2012a). National Disease and Therapeutic 
Index (NDTI). Plymouth Meeting (Pennsylvania): 
IMS Health, 2005–2012. Available from: http://www.
imshealth.com/portal/site/imshealth, accessed 8 
September 2014.

IMS Health (2012b). National Prescription Audit Plus 
(NPA). Plymouth Meeting, Pennsylvania: IMS Health. 
2008–2012.

IMS Health (2012c). Multinational Integrated Data 
Analysis (MIDAS). Plymouth Meeting, Pennsylvania: 
IMS Health. Available from: http://www.imshealth.
com/portal/site/imshealth, accessed 8 September 2014.

http://dx.doi.org/10.1016/S0003-2670(02)01223-0
http://dx.doi.org/10.1016/S0731-7085(02)00047-X
http://dx.doi.org/10.1016/S0731-7085(02)00047-X
http://www.ncbi.nlm.nih.gov/pubmed/12049968
http://dx.doi.org/10.1007/s004240050196
http://www.ncbi.nlm.nih.gov/pubmed/8772124
http://www.chemicalbook.com
http://www.chemicalbook.com
http://www.chemspider.com
http://dx.doi.org/10.1161/01.HYP.0000107251.49515.c2
http://dx.doi.org/10.1161/01.HYP.0000107251.49515.c2
http://www.ncbi.nlm.nih.gov/pubmed/14656957
http://dx.doi.org/10.1002/pds.1442
http://www.ncbi.nlm.nih.gov/pubmed/17600846
http://dx.doi.org/10.1038/jhh.2008.131
http://www.ncbi.nlm.nih.gov/pubmed/18971940
http://dx.doi.org/10.1002/bmc.201
http://www.ncbi.nlm.nih.gov/pubmed/12474217
http://www.medicines.org.uk
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm
http://dx.doi.org/10.1007/s002280050619
http://dx.doi.org/10.1007/s002280050619
http://www.ncbi.nlm.nih.gov/pubmed/10379636
http://dx.doi.org/10.1001/archinternmed.2012.2754
http://www.ncbi.nlm.nih.gov/pubmed/22869299
http://dx.doi.org/10.5414/CPP43327
http://www.ncbi.nlm.nih.gov/pubmed/16035375
http://dx.doi.org/10.1007/BF00543797
http://dx.doi.org/10.1007/BF00543797
http://www.ncbi.nlm.nih.gov/pubmed/6628507
http://dx.doi.org/10.1161/CIRCULATIONAHA.112.096156
http://dx.doi.org/10.1161/CIRCULATIONAHA.112.096156
http://www.ncbi.nlm.nih.gov/pubmed/23091084
http://dx.doi.org/10.1016/S1570-0232(02)00002-8
http://www.ncbi.nlm.nih.gov/pubmed/11936683
http://dx.doi.org/10.1016/j.aca.2005.02.001
http://dx.doi.org/10.1016/j.aca.2005.02.001
http://www.imshealth.com/portal/site/imshealth
http://www.imshealth.com/portal/site/imshealth


IARC MONOGRAPHS – 108

282

Kau ST (1978). Handling of triamterene by the isolated 
perfused rat kidney. J Pharmacol Exp Ther, 206(3):701–9. 
PMID:702330

Kau ST, Sastry BV (1977). Distribution and pharmacoki-
netics of triamterene in rats. J Pharm Sci, 66(1):53–6. 
doi:10.1002/jps.2600660112 PMID:833742

Kau ST, Sastry BV, Alvin JD, Bush MT (1975). Metabolism 
of triamterene in the rat. Drug Metab Dispos, 3(5):345–
51. PMID:241615

Knauf H, Möhrke W, Mutschler E (1983). Delayed elimina-
tion of triamterene and its active metabolite in chronic 
renal failure. Eur J Clin Pharmacol, 24(4):453–6. 
doi:10.1007/BF00609885 PMID:6861860

Lehmann K (1965). [Separation, isolation and iden-
tification of metabolic products of triamterene] 
Arzneimittelforschung, 15(7):812–6. PMID:5898685

Li H, He J, Liu Q, Huo Z, Liang S, Liang Y (2011). 
Simultaneous analysis of hydrochlorothiazide, 
triamterene and reserpine in rat plasma by high perfor-
mance liquid chromatography and tandem solid-
phase extraction. J Sep Sci, 34(5):542–7. doi:10.1002/
jssc.201000754 PMID:21344645

Mack TM, Henderson BE, Gerkins VR, Arthur M, Baptista 
J, Pike MC (1975). Reserpine and breast cancer in a 
retirement community. N Engl J Med, 292(26):1366–71. 
doi:10.1056/NEJM197506262922603 PMID:1138164

Mancia G, Laurent S, Agabiti-Rosei E, Ambrosioni E, 
Burnier M, Caulfield MJ et  al. ; European Society of 
Hypertension(2009). Reappraisal of European guide-
lines on hypertension management: a European Society 
of Hypertension Task Force document. J Hypertens, 
27(11):2121–58. doi:10.1097/HJH.0b013e328333146d 
PMID:19838131

Mansia G, De Backer G, Dominiczak A, Cifkova R, 
Fagard R, Germano G et  al. European Society of 
Cardiology(2007). 2007 ESH-ESC Guidelines for 
the management of arterial hypertension: the task 
force for the management of arterial hypertension 
of the European Society of Hypertension (ESH) and 
of the European Society of Cardiology (ESC). Blood 
Press, 16(3):135–232. doi:10.1080/08037050701461084 
PMID:17846925

Manson JM, Guerriero FJ, Brown T, San Sebastian J (1986). 
Lack of in vivo mutagenicity and testicular toxicity of 
triamterene in mice. Fundam Appl Toxicol, 7(4):533–
46. doi:10.1016/0272-0590(86)90104-1 PMID:3803749

Möhrke W, Knauf H, Mutschler E (1997). Pharmacokinetics 
and pharmacodynamics of triamterene and hydro-
chlorothiazide and their combination in healthy 
volunteers. Int J Clin Pharmacol Ther, 35(10):447–52. 
PMID:9352394

Montalar M, Nalda-Molina R, Rodríguez-Ibáñez M, 
García-Valcárcel I, Garrigues TM, Merino V et  al. 
(2003). Kinetic modeling of triamterene intes-
tinal absorption and its inhibition by folic acid and 

methotrexate. J Drug Target, 11(4):215–23. doi:10.1080/
10611860310001615947 PMID:14578108

Mutschler E, Gilfrich HJ, Knauf H, Möhrke 
W, Völger KD (1983). Pharmacokinetics of 
triamterene. Clin Exp Hypertens A, 5(2):249–69. 
doi:10.3109/10641968309048825 PMID:6831748

NTP 1993). NTP Toxicology and carcinogenesis studies 
of triamterene (CAS No. 396–01–0) in F344/N rats and 
B6C3F1 mice (feed studies). Natl Toxicol Program Tech 
Rep Ser, 420:1–367. PMID:12616291

O’Neil MJ (2006). The Merck Index - An Encyclopedia of 
Chemicals, Drugs, and Biologicals. 14th ed. Whitehouse 
Station (NJ): Merck & Co., Inc.

Pruitt AW, McNay JL, Dayton PG (1975). Transfer char-
acteristics of triamterene and its analogs. Central 
nervous system, placenta, and kidney. Drug Metab 
Dispos, 3(1):30–41. PMID:234832

Pulgarín JA, Molina AA, López PF (2001). Simultaneous 
direct determination of amiloride and triamterene 
in urine using isopotential fluorometry. Anal 
Biochem, 292(1):59–68. doi:10.1006/abio.2001.5064 
PMID:11319818

Richter K, Oertel R, Kirch W (1996). New sensitive 
method for the determination of hydrochlorothiazide 
in human serum by high-performance liquid chroma-
tography with electrochemical detection. J Chromatogr 
A, 729(1-2):293–6. doi:10.1016/0021-9673(95)00900-0 
PMID:9004952

Schalhorn A, Siegert W, Sauer HJ (1981). Antifolate effect 
of triamterene on human leucocytes and on a human 
lymphoma cell line. Eur J Clin Pharmacol, 20(3):219–
24. doi:10.1007/BF00544601 PMID:7286039

Shao B, Zhang J, Yang Y, Meng J, Wu Y, Duan H (2008). 
Simultaneous analysis of thirteen diuretics residues 
in bovine milk by ultra-performance liquid chroma-
tography/tandem mass spectrometry. Rapid Commun 
Mass Spectrom, 22(21):3427–33. doi:10.1002/rcm.3740 
PMID:18837072

Sörgel F, Lin ET, Hasegawa J, Benet LZ (1984). Liquid 
chromatographic analysis of triamterene and its 
major metabolite, hydroxytriamterene sulfate, in 
blood, plasma, and urine. J Pharm Sci, 73(6):831–3. 
doi:10.1002/jps.2600730633 PMID:6737274

Spickett RGW, Timmis GM (1954). The synthesis of 
compounds with potential anti-folic acid activity. Part 
I. 7-Amino- and 7-hydroxy-pteridines. J Chem Soc, 
2887–95. doi:10.1039/jr9540002887

Swart KJ, Botha H (1987). Rapid method for the determi-
nation of the diuretic triamterene and its metabolites in 
plasma and urine by high-performance liquid chroma-
tography. J Chromatogr A, 413:315–9. doi:10.1016/0378-
4347(87)80246-3 PMID:3558684

van Deelen GW, Huizing EH (1986). Use of a diuretic 
(Dyazide) in the treatment of Menière’s disease. A 
double-blind cross-over placebo-controlled study. 

http://www.ncbi.nlm.nih.gov/pubmed/702330
http://dx.doi.org/10.1002/jps.2600660112
http://www.ncbi.nlm.nih.gov/pubmed/833742
http://www.ncbi.nlm.nih.gov/pubmed/241615
http://dx.doi.org/10.1007/BF00609885
http://www.ncbi.nlm.nih.gov/pubmed/6861860
http://www.ncbi.nlm.nih.gov/pubmed/5898685
http://dx.doi.org/10.1002/jssc.201000754
http://dx.doi.org/10.1002/jssc.201000754
http://www.ncbi.nlm.nih.gov/pubmed/21344645
http://dx.doi.org/10.1056/NEJM197506262922603
http://www.ncbi.nlm.nih.gov/pubmed/1138164
http://dx.doi.org/10.1097/HJH.0b013e328333146d
http://www.ncbi.nlm.nih.gov/pubmed/19838131
http://dx.doi.org/10.1080/08037050701461084
http://www.ncbi.nlm.nih.gov/pubmed/17846925
http://dx.doi.org/10.1016/0272-0590(86)90104-1
http://www.ncbi.nlm.nih.gov/pubmed/3803749
http://www.ncbi.nlm.nih.gov/pubmed/9352394
http://dx.doi.org/10.1080/10611860310001615947
http://dx.doi.org/10.1080/10611860310001615947
http://www.ncbi.nlm.nih.gov/pubmed/14578108
http://dx.doi.org/10.3109/10641968309048825
http://www.ncbi.nlm.nih.gov/pubmed/6831748
http://www.ncbi.nlm.nih.gov/pubmed/12616291
http://www.ncbi.nlm.nih.gov/pubmed/234832
http://dx.doi.org/10.1006/abio.2001.5064
http://www.ncbi.nlm.nih.gov/pubmed/11319818
http://dx.doi.org/10.1016/0021-9673(95)00900-0
http://www.ncbi.nlm.nih.gov/pubmed/9004952
http://dx.doi.org/10.1007/BF00544601
http://www.ncbi.nlm.nih.gov/pubmed/7286039
http://dx.doi.org/10.1002/rcm.3740
http://www.ncbi.nlm.nih.gov/pubmed/18837072
http://dx.doi.org/10.1002/jps.2600730633
http://www.ncbi.nlm.nih.gov/pubmed/6737274
http://dx.doi.org/10.1039/jr9540002887
http://dx.doi.org/10.1016/0378-4347(87)80246-3
http://dx.doi.org/10.1016/0378-4347(87)80246-3
http://www.ncbi.nlm.nih.gov/pubmed/3558684


Triamterene

283

ORL J Otorhinolaryngol Relat Spec, 48(5):287–92. 
doi:10.1159/000275884 PMID:3537899

Vargas F, Fuentes A, Sequera J, Méndez H, Fraile G, 
Velásquez M et  al. (1998). In Vitro Approach to 
investigating the phototoxicity of the diuretic drug 
triamterene. Toxicol In Vitro, 12(6):661–7. doi:10.1016/
S0887-2333(98)00057-5 PMID:20654456

Villeneuve JP, Rocheleau F, Raymond G (1984). 
Triamterene kinetics and dynamics in cirrhosis. Clin 
Pharmacol Ther, 35(6):831–7. doi:10.1038/clpt.1984.121 
PMID:6734036

Wang YR, Alexander GC, Stafford RS (2007). Outpatient 
hypertension treatment, treatment intensification, and 
control in Western Europe and the United States. Arch 
Intern Med, 167(2):141–7. doi:10.1001/archinte.167.2.141 
PMID:17242314

Williams RR, Feinleib M, Connor RJ, Stegens NL (1978). 
Case-control study of antihypertensive and diuretic use 
by women with malignant and benign breast lesions 
detected in a mammography screening program. J Natl 
Cancer Inst, 61(2):327–35.http://www.ncbi.nlm.nih.
gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&l
ist_uids=277719&dopt=Abstract PMID:277719

Yakatan GJ, Cruz JE (1981). High-performance liquid 
chromatographic analysis of triamterene and p-hy-
droxytriamterene in plasma. J Pharm Sci, 70(8):949–51. 
doi:10.1002/jps.2600700832 PMID:7310671

http://dx.doi.org/10.1159/000275884
http://www.ncbi.nlm.nih.gov/pubmed/3537899
http://dx.doi.org/10.1016/S0887-2333(98)00057-5
http://dx.doi.org/10.1016/S0887-2333(98)00057-5
http://www.ncbi.nlm.nih.gov/pubmed/20654456
http://dx.doi.org/10.1038/clpt.1984.121
http://www.ncbi.nlm.nih.gov/pubmed/6734036
http://dx.doi.org/10.1001/archinte.167.2.141
http://www.ncbi.nlm.nih.gov/pubmed/17242314
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=277719&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=277719&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=277719&dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/277719
http://dx.doi.org/10.1002/jps.2600700832
http://www.ncbi.nlm.nih.gov/pubmed/7310671



	Reference 52
	Reference 51
	Reference 50
	Reference 49
	Reference 48
	Reference 47
	Reference 46
	Reference 45
	Reference 44
	Reference 43
	Reference 42
	Reference 41
	Reference 40
	Reference 39
	Reference 38
	Reference 37
	Reference 36
	Reference 35
	Reference 34
	Reference 33
	Reference 32
	Reference 31
	Reference 30
	Reference 29
	Reference 28
	Reference 27
	Reference 26
	Reference 25
	Reference 24
	Reference 23
	Reference 22
	Reference 21
	Reference 20
	Reference 19
	Reference 18
	Reference 17
	Reference 16
	Reference 15
	Reference 14
	Reference 13
	Reference 12
	Reference 11
	Reference 10
	Reference 9
	Reference 8
	Reference 7
	Reference 6
	Reference 5
	Reference 4
	Reference 3
	Reference 2
	Reference 1
	Table 001.001
	Table 001.002
	Figure 001.001
	Table 002.001
	Table 003.001
	Figure 004.001
	Table 004.001



