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Abstract An oral dose of 14C-isosorbide dinitrate was rapidly 
absorbed and eliminated by human subjects. Up to 99% was ex- 
creted in the urine. The drug was completely biotransformed, 
nearly 50% to the principal metabolite, an isosorbide conjugate, 
presumably with glucuronic acid. Up to 13% was excreted as free 
and conjugated 5-isosorbide mononitrate, and 1% was excreted as 
the free 2-isosorbide mononitrate only. o-Sorbitol possibly ac- 
counted for a further 18% of the.radioactivity; an unknown me- 
tabolite, less polar than isosorbide, accounted for 6%. 
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Despite the widespread use of isosorbide dinitrate 
as a coronary dilator (1-4), there is little reported re- 
garding its metabolism in humans. Dietz (5) detect- 
ed isosorbide mononitrates, but not unchanged drug, 
in the urine of patients. Isosorbide dinitrate was rap- 
idly biotransformed by isolated perfused rat liver (6) 
through the glutathione-dependent organic nitrate 
reductase system (7), which is also present in human 
liver (8). 

Metabolism studies are greatly facilitated by the 
use of radioisotopes, and this paper describes the 
fate of 14C-isosorbide dinitrate in humans. 

EXPERIMENTAL 

Materials-Uniformly labeled 14C-isosorbide dinitrate of spe- 
cific activity 2.36 rnCi/mrnolel and radiochemical purity >97% 
was used. Isosorbide dinitrate, isosorbide 2-mononitrate, isosor- 
bide 5-mononitrate, and isosorbide were used as reference com- 
pounds*. 

Drug Administration-The subjects3 did not take other drugs 
during the study and were under suitable medical supervision. 
Adverse effects attributable to the drug were not reported by the 
subjects. 

After a 12-hr fast, each subject swallowed a gelatin capsule 
containing 5 mg of isosorbide dinitrate dissolved in acetone, to- 
gether with 150 ml of water. The subjects fasted for a further 4 hr 
postadministration but took 150 ml of water hourly to maintain 
urine volume. All the urine and feces excreted during 5 days were 
collected and stored at  -20". 

Extraction of Radioactivity-Samples of urine were freeze 
dried for 16 hr and each residue was extracted with methanol. 
After filtration of the residue, the methanol solution was evapo- 
rated under reduced pressure for examination by TLC, with a re- 
covery of radioactivity of 99.6%. Feces were macerated with 
methanol and, after centrifugation, the radioactivity was deter- 
mined in samples of the supernate and the residue. 

Measurement of Radioactivity-Radioactivity was measured 
in a liquid scintillation analyzer4 with automatic quench correc- 

Synthesized by New England Nuclear Chemicals GmbH, Frankfurt, 

* Provided by Sanol-Arzneimittel Dr. Schwarz GmbH, Monheim, Germa- 

With the approval of the Isotope Advisory Panel of the Medical Re- 
search Council, two male human subjects, both with normal renal and he- 
patic function, volunteered to take part in the studies. After the aim of the 
studies and the nature of the drug had been explained, the subjects gave 
their consent. 
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' Philips N. V., Holland. 

tion by external standard channels ratio (9). Urine samples and 
solvent extracts of urine and feces were mixed with a toluene- 
polyethylene glycol alkyl aryl ethers-based scintillator (10). Sam- 
ples of the residues from solvent extractions of feces were com- 
busted using a modified plastic bag technique ( l l ) ,  and the com- 
bustion products were absorbed into a b-phenylethylamine-based 
scintillator system (12). 
TLC and Detection of Metabolites-TLC was carried out on 

prelayered kieselgel Fzrr plates6 of 0.25-mm thickness. The 
solvent systems used were: (a) benzene-ethyl acetate (1:l v/v) 
and (b) isopropanol-concentrated ammonium hydroxide (4:l 

W-Labeled metabolites were detected by autoradiography 
using X-ray film7. The radioactive areas of the silica gel were re- 
moved and measured for radioactivity in a toluene-polyethylene 
glycol alkyl aryl ethefl-based scintillator gel (13). This technique 
gave recoveries of radioactivity exceeding 95%. Isosorbide mono- 
nitrates were located by spraying the plates with 1% (w/v)  diphe- 
nylamine in ethanol and exposing to UV light for 5 min (5). They 
appeared as brown spots. Isosorbide was located by spraying with 
a metaperiodate-permanganate reagent (14), and i t  appeared as 
a yellow-brown spot on a violet background. 

v/v). 

RESULTS 

Excretion of Radioactivity by Human Subjects-Following a 
single oral dose of 5 mg of 14C-isosorbide dinitrate, the radioactiv- 
ity was readily absorbed and rapidly excreted by human subjects 
(Fig. 1). Up to 25% was excreted in the urine in 6 hr, 49% in 12 
hr, and 78% in 24 hr. After 5 days, up to 99% of the radioactive 
dose had been excreted in the urine and 0.8% in the feces. The 
urinary excretion data show that an oral dose of 14C-isosorbide 
dinitrate was rapidly and almost completely absorbed from the 
GI tract of humans. 

The urinary excretion half-life for about 95% of the radioactivi- 
t y  was 10 hr (9.8-10.2 hr). The remainder was excreted more 
sl0wlyS. 

24 40 72 96 120 
HOURS 

Figure 1- Cumulative excretion of radioactivity in the urine 
of Subject 1 (0) and Subject 2 (A) after an oral dose of 5 mg of 
W-isosorbide dinitrate. 

5 Octoxynol-9, Fisons Ltd., Loughborough, England. 
6 Merck A.-G., Darmstadt, Germany. 
7 Kodirex, Kodak Ltd., Heme1 Hempstead, England. 
8Blood also was withdrawn in this study. The results obtained will be re- 

ported elsewhere. 
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Table I-Urinary Metabolites of Isosorbide Dinitrate 

Metabolite 

Administered Dose, % 
Total 

0-12 hr 12-24 hr 24-48 hr 48-120 hr Excreted, % 

Subject 1: 
1 0-0.05 
2 0.23 

27.02 41.80 15.86 1.91 86.59 
2.86 0.91 0 .51  0.08 4.36 

3 
(5-mononitrate) 
0 .31  1.09 0.04 
(2-mononitrate) 

Subject 2: 
1 0-0.05 
2 0.23 

42.23 28.27 
2 .51  0.69 

1 .13  

11.79 1.70 83.99 
0.26 0.09 3 . 5 5  

3 
(5-mononitrate) 
0.31 0 .31  0.10 0 .03  
(2-mononitrate) 

- 0.44  

a Solvent system a. 

Table 11-Urinary Metabolites of Isosorbide Dinitrate after Deconjugation with P-Glucuronidase-Aryl Sulfatase 

Administered Dose, % 
Total 

Metabolite R/" 0-12 h r  12-24 hr 24-48 hr 48-120 hr Excreted, % 

Subject 1: 
1 
2 

3 

4 

Subject 2: 
1 
2 

0-0.05 22.29 40.71 15.93 2.24 81.17 
0 .23  10.03 1.30 1 .45  0.06 12.84 
(5-mononitrate) 
0 .31  0.78 0.06 0.08 - 0.92 
(2-mononitrate) 

0.38 0.57 0 .3ab 
(dinitrate) 

0-0.05 39.94 28.03 12.13 1.84 81.94 
0 .23  6 .71  1.10 0.32 0.04 8 . 1 7  
(5-mononitrate) 

- - - 

- 3 0 .31  0.57 0.07 0.07 0 .71  
(2-mononitrate) 

- - - 0.15  4 0 .57  0 .  15b 
(dinitrate) 

" Solvent system a. * Excreted during 0-3 hr only. 

Table 111-Urinary Metabolites of Isosorbide Dinitrate after Deconjugation with p-Glucuronidase-Aryl Sulfatase 

Administered Dose, % 
Total 

Metabolite Rfa 0-12 hr 12-24 hr 24-48 hr 48-120 hr Excreted, % 

Subject 1: 
1 0.10 

(D-sorbitol) 
4.09 6 .33  3.38 0.43 14.23 

2 0.55 10.86 23.18 9.86 0 .63  44.53 
(isosorbide) 

3 0.64 1.90 2.78 1 .11  0.26 6.05 
(unknown) 

4 0.75h 8 .83  2.69 1 .45  0 .24  13.21 

1 0.10 11.92 4.59 1.62 0.30 18.43 
Subject 2: 

(D-sorbitol) 
. 2  0.55 22.60 18.73 7 .81 0.83 49.97 

(isosorbide) 

(unknown) 
3 0.64 2 .60  1 . 5 5  0 .71  0.19 5.05 

4 0.75b 6.20 1.67 0 .83  0.21 8 .91  

a Solvent system b. RJ values: dinitrate, 0.81; 5-mononitrate, 0.76; and 2-mononitrate, 0.74. 

Detection and Identification of Metabolites-The proportions 
of metabolites excreted in the urine of human subjects following 
oral administration of 14C-isosorbide dinitrate are shown in Tab- 
les 1-111. Isosorbide 5-mononitrate, isosorbide 2-mononitrate, and 
isosorbide were identified by cochromatography with authentic 
compounds. 

More than 80% of the radioactivity was excreted in the urine as 
polar material and only about 4% corresponded to the 5-mononi- 
trate (11) and 1% to the 2-mononitrate (111) (Table I). Unchanged 
isosorbide dinitrate (I) was only detected in trace amounts in the 
0-3-hr urine (Table 11). Incubation of the methanolic urinary ex- 

tracts with a 0-glucuronidaselaryl sulfatase preparations or acid 
hydrolysis suggested that isosorbide 5-mononitrate was excreted 
partly conjugated, whereas isosorbide 2-mononitrate was excreted 
only as the free compound. The results (Table 11) indicated that 
about 8% of the dose was excreted as conjugated isosorbide 5- 
mononitrate (V).  

Most polar material was excreted as conjugated isosorbide (VI) 
produced by complete denitration of isosorbide dinitrate (Table 

eType H-2, Sigma Chemical Co. Ltd., Kingston, Surrey, England 
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Scheme I-Possible biotransformation of isosorbide dinitrate in 
humans (gluc represents glucuronic acid) 

111). Since sulfates of isosorbide (IV) or isosorbide 5-mononitrate 
would not be expected to  be hydrolyzed by the enzyme prepara- 
tion used, which contained an aryl sulfatase, it may be concluded 
that the conjugates are glucuronides (Tables I1 and III). 

An unidentified metabolite, which was less polar than isosor- 
bide (IV), accounted for about 6% of the dose and a more polar 
metabolite for about 16%. (Table III). This latter polar metabolite 
was chromatographically similar to D-sorbitol (VII), which would 
be produced by ring opening of IV. Further characterization of the 
metabolites by mass spectrometry was precluded by the low dose 
administered resulting in only small quantities of metabolites. 

DISCUSSION 

Denitration of organic nitrates bas been extensively studied (7, 
15-21). In animals, denitration is the major biotransformation 
route of isosorbide dinitrate (5-8, 22-24) and this is so in humans 
(Tables 1-111). 

Identification of the radioactive components excreted in the 
urine showed that only traces of isosorbide dinitrate, the parent 
drug, were excreted (Table II). Both isomeric mononitrate metab- 
olites were excreted, the 2-mononitrate more rapidly and in 
smaller amounts than the 5-mononitrate (Tables I and 11). Great- 
er production of the 5-mononitrate (endo) than of the P-mononi- 
trate (exo) cannot be explained on the basis of sterically assisted 
enzymic denitration since the chemical displacement of the 5- 
endo group is more facile (25). 

Isosorbide 5-mononitrate was excreted partly conjugated and 
isosorbide (IV) was excreted completely conjugated, probably 
with glucuronic acid. In dogs, isosorbide glucuronide (VI) was ap- 
parently derived from isosorbide 5-mononitrate glucuronide (V) 
and not from isosorbide (IV), which was excreted unchanged 
when administered to the dog (22, 23). Since IV is also excreted 
unchanged by humans (22, 26), VI was probably derived from V 
in humans (Tables I1 and 111) and not from isosorbide (IV) itself. 
A possible metabolic pathway for isosorbide dinitrate in humans 
is shown in Scheme I. 

These data are qualitatively similar to those obtained from rats 

(24) and dogs (22, 23), except that  Sisenwine and Ruelius (23) did 
not detect isosorbide 2-mononitrate (III) in dog urine whereas 
Reed et al. (22) did. However, larger doses were administered to 
the animals than the clinical dosage used in the present studies. 

REFERENCES 

(1) .J. W. Berry, R. Carney, and H. Lankford, Angiology. 12, 

(2) H. I. Russek, Amer. J .  Med. Sci., 252,9(1966). 
(3) R. E. Goldstein, D. R. Rosing, D. R. Redwood, G. D. Beis- 

(4) M. G. Bogaert, Arch. Int. Pharmacodyn. Thcr. .  Suppl.. 

(5) A.  J. Dietz, ,Jr., Biochem. Pharmaco(., 16,2447(1967). 
(6) E. M. Johnson, Jr . ,  A. B. Harkey, D. .J. Blehm, and P. 

(7) P. Needleman and F. E. Hunter, Jr., Mv1. Pharmacol., 1. 

(8) P. Needleman, S. Lang, and E. M. dohnson, ,Jr., J.  Phar- 

(9) Y. Kobayashi and D. V. Maudsley, Methods Bioclaem. 

(10) M. S .  Patterson and R. C. Greene, Anal. Chpm.. 37. 

(11) J .  D. Lewis, Int. J .  Appl. Radiat. Isotopes. 23,39( 1972). 
(12) H. E. Dobbs, A n d .  Chem.. 35.783(1963). 
(13) L. F. Chasseaud, D. R. Hawkins. R. D. Cameron, B. . J .  

Fry, and V. H. Saggers, Xenobiotica, 2,269(1972). 
(14) F. J .  DiCarlo, J .  M. Hartigan, and G.  E. Phillips, Anal. 

Chem., 36,2301(1964). 
(15) P. Needleman and J. C. Krantz, Jr . ,  Riochem. Pharma- 

col., 14,1225(1965). 
(16) F. J .  DiCarlo, L. J. Haynes, M .  D. Melgar. and M. C. 

Crew, Biochem. Biophya. Res. Commun.. 31, 738(1968). 
(17) F. J. DiCarlo, M. C. Crew, L. J. Haynes, and M. Wilson, 

Biochem. Pharmacol., 18, 1985( 1969). 
(18) F. J .  DiCarlo, M. D. Melgar, L.  J .  Haynes, R. L. Gala, 

and M.  C. Crew, J .  Pharmacol. Exp. Ther.. 168,235( 1969). 
(19) M. H. Litchfield,J. Pharm. Sci., 60, 1599(1971). 
(20) N. H. Lee and F. M. Belpaire, Biochem. Pharmacol.. 21, 

(21) L. F. Chasseaud, Drug Metab. Reu., 2,185(1973). 
(22) D. E. Reed, J. F. May, L. G. Hart, and D. H. McCurdy, 

Arch. h t .  Pharmacodyn. Ther., 191,318(1971). 
(23) S. F. Sisenwine and H. W. Ruelius, J .  Pharmacol. Exp. 

Ther., 176.296(1971). 
(24) M. T. Rosseel and M. G .  Bogaert, Biochem. Pharmacol., 

22,67( 1973). 
(25) A. C. Cope and T. Y. Shen, J .  Amer. Chem. Soc., 78, 

31i7( 1956). 
(26) J. H. Nodine, K. N .  Modi, M. Rhodes, V. Paz-Martinez, 

L. Ibarra, and R. J. Santos, Clin. Pharmacol. Thrr.. 14, 
196( 1973). 

254( 1961). 

er, and S. E. Epstein, Circulation, 43,629(197lj. 

196,25( 1972). 

Needleman, J .  Pharmacol. Exp .  Ther.. 182,56( 1972). 

77( 1965). 

macol. Erp. Ther., 181,489(1972). 

Anal., li, 55(1969). 

854( 1965). 

3171( 1972). 

ACKNOWLEDGMENTS AND ADDRESSES 

Received December 6, 1973, from the Department of Metabo- 
lism and Pharmacokinetics, Huntingdon Research Centre, Hun- 
tingdon, United Kingdom. 

Accepted for publication March 25, 1974. 
The authors express their gratitude to Dr. A.  Schrey of Sanol- 

Arzneimittel Dr. Schwarz GmbH, Monheim, Germany, for his 
help and interest and for the opportunity to do these studies. 
They also thank Dr. D. D. Cracknell for medical supervision of 
the subjects. 

x To whom inquiries should be directed. 

Vol. 63. No. 7, July 19741 1149 




