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Abstract O A rcliable, sensitive, and specific assay for isosorbide dinitrate,
pentaerythritol tetranitrate, and erythrityl tetranitrate in sublingual, uncoated,
sustained-release, and chewable dosage forms, using high-performance liquid
chromatography, is described. The nitrate ester dosage forms were dissolved
in mcthanol, filtered, and injected directly into the liquid chromatograph. A
variable-wavelength UV detector, operated at 220 nm, and a reverse-phase
Cg microporous silica column were employed. The mobile phase was meth-
anol-water (40:60). The proposed method is quantitative and reproduc-
ible.
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Isosorbide dinitrate (1), pentaerythrito! tetranitrate (11),
and crythrityl tetranitrate (111) are members of a group of
vasodilator drugs that are uscful in the treatment of angina
pectoris and ischemia of skeletal muscles. Since these nitrate
esters have a slower onset of action and their duration is longer
than nitroglycerin (1V), they arc bencficial in the prevention
of attacks, but not in the management of the acute attack
().

Nitrate esters have been determined by polarographic (2--4),
IR, spectrophotometric (5-8), and colorimetric (9-11) pro-
cedures. The basis for several procedures (12, 13) is nitration
of phenoldisulfonic acid with the nitrate moiety of the ester and
subscquent formation of a colored ion in a basic solution. These
standard methods are time consuming and complex, and the
colorimetric method is nonspecific for the active ingredient.

The objective of this investigation was to devise a simple,
rapid, and specific procedure that would be applicable to the
three nitrate esters cited above and to the majority of other
nitrate esters. High-performance liquid chromatography
(HPLC) as a determinative technique offered the best ap-
proach (14, 15). This straightforward procedure has alrcady
been successfully used to quantitatively determine 1V (16, 17).
This paper presents a method for the analysis of 1, 11, and 111
in various dosage forms by reverse-phase HPLC with IV as the
internal standard. This method is simple, rapid, and repro-
ducible.

EXPERIMENTAIL SECTION

Reagents and Materials- HPIL.C-grade methanol! and water! were used.
All other chemicals and solvents were reagent grade and were used without
further purification. Ten percent of 112, 10% of 1113, and 25% of 14, all as lactose
triturates, were used as reference standards; H and 111 were assayed by the
USP phenoldisulfonic acid method (18). A 10% 1VS triturate was used as an
internal standard.

1J. T. Baker Chemical Co., Phillipsburg, N.J.

2 Atlas Chemical Industries, Wilmington, Del.

3 Burroughs Wellcome, Rescarch Triangle Park, N.C.

4 USP Reference Standard, United States Pharmacopeial Convention, Rockville,
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5 IC1 Americas, Wilmington, Del.
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Instrumentation—The liquid chromatographic sysiem consisted of a
dual-head reciprocating piston positive-displacement pump®, a septumless
syringe-loaded loop injector with a 20-uL loop’, a variable-wavelength UV
detector®, operated at 220 nm, and a 10-mV recorder®. A 30 cm X 3.9-mm
i.d. 10-um C,g microparticulate column'® with a 4 cm X 4.6-mm guard col-
umn packed with pellicular octadecyl reverse-phase material'! was used at
ambient temperature. The mobile phase was methanol- water (40:60). The
flow rate was 1 ml./min with a pressure of 1600 psi.

Solution Preparation--The internal standard, 1V, was prepared as a 75-
ug/ml. solution in methanol and filtered through 0.7-um filter paper!2. To
prepare a standard solution, 1 mg of I, 2 mg of 11, or 3 mg of 111 was accurately
weighed into a 50-mL glass-stoppered Erlenmeyer flask and diluted with 10.0
ml. of internal standard solution. The desired solution was sonicated for 2 min,
mechanically shaken for 30 min, and then filtered through 0.7-um filter
paper!2. Samples of each drug werc prepared by weighing and finely pow-
dering 20 tablcts. An accurately weighed portion of the powder, cquivalent
10 1 mgof I, 2 mgof I, or 3 mg of 111, was transfered to a 50-mL glass-stop-
pered Erlenmeyer flask and diluted with 10.0 mL of internal standard solution,
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Figure 1 —Chromatogram of nitrate ester mixture. Key: (1) isosorbide dini-
trate; (1V) nitroglycerin; (11} pentaerythritol tetranitrate; (11} erythrityl
tetranitrate.

6 Model 100A: Altex Scientific, Berkeley, Calif.

7 Madel 210 injector with 210-06 loop: Altex Scientific, Berkeley, Calif.
¥ Model 155-40; Altex Scientific, Berkeley, Calif.

2 B-D-41; Kipp & Zonen, Dclft, The Netherlands.

10 y-Bondapak Cyy (10 um); Waters Associates, Milford, Mass.

'l u-Bondapak Cg/Corasil: Waters Associates, Milford, Mass.

12 Gilman Instrument Co., Ann Arbor, Mich.
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Table I—Assay Results for Tablet Forms

Table IT—Precision of HPLC Assay of Isosorbide Dinitrate

Tablet Percent of
Dosage Form Conc., mg Found, mg Found, % Tablet Absorbance? Found, mg Label Found

Isosorbide Dinitrate ) o2e00 2 o
Sublingual 2.5 2.34 93.6 3 0.5694 2.5 100.4
Sublingual 2.5 2.40 96.0 4 0'5793 756 102.4
Sustaincd-rclease 40 40.57 101.4 5 0‘5657 2~50 |00.4
Sustained-release 40 38.53 96.3 6 0.5616 2.48 99.2

Pentacrythritol Tetranitrate 7 0.5656 2.50 100.0

Uncoated 10 9.04 90.4 Mean 99.8
Uncoated 10 10.05 100.5 SD (g) = 1.56
Uncoated 10 9.17 91.7 RSD® 1.57%
Sustained-release 80 84.00 105.0

Erythrityl Tetranitrate @ Factor = 4.4145. » RSD derived from 100 (0/X).
g:;l‘:’::;‘;! }g }g?g }8?2 of 1.56% (n = 7) (Table I1). The overall percent recoveries (+SD) from the
Sublingual 10 1036 103.6 spiked sample mixtures were 100.8 (£1.4) for I, 101.1 (£0.5) for I1,and 101.5

sonicated for 2 min, mechanically shaken for 30 min, and filtered through
0.7-um filter paper!2,

Assay of Standard and Sample— Using the HPLC parameters described,
three 20-uL portions of the standard and sample filtrates were chromato-
graphed. The calculation of the peak area ratio, R, was determined from the
arca of 1/the area of internal standard peak. The concentration of 1 (C) was
then determined from:

Csample = Cstandara X (Rsamplc/ Rsundard)
The percent of 1 was determined from the percent of label = (sample con-
centration/theoretical sample concentration) X 100.

Precision and Accuracy Studies—Twenty tablets were weighed and tritu-
rated to a fine powder. From this powder, seven samples were weighed and
treated as described above. Triplicate injections were made of each sample.
The spiked samples of each dosage form were prepared using standard addition
procedures. Weighed amounts of the triturate werc added to previously as-
sayed dosages containing the active ingredient. These preparations were then
analyzed as described (19).

RESULTS AND DISCUSSION

Figure 1 shows a typical chromatogram of a mixture of 2 ug of I, 4 ug of
11, and 6 ug of 111, using 1.5 ug of IV as the internal standard. The retcntion
time with 40% methanol in water was ~10 min for 1, 14 min for [V, 25 min
for 11, and 30 min for 111.

During the development of this method, a number of variations were tried.
Methanol was chosen as the extracting solvent because of its ability to solu-
bilize the nitrate ester from its excipients in the various dosage forms. Meth-
anol and acetonitrile performed equally well as the mobile phase; however,
methanol was chosen because it is less costly. Compound 1V was chosen as
the internal standard because it does not interfere with the nitrate esters or
any of the excipients present in the various dosage forms.

The various nitrate esters were separated by the HPLC method described.
Detection with 220 nm gave twice the sensitivity with quantitative results
compared with those obtained at 254 nm. Commercial preparations were
analyzed by the proposed HPLC method. Results are given in Table I.

Quantitation was based on the nitrate ester-to-internal standard peak area
ratio. Linearity was obtained between 0.2-40 ug of I, 0.4~50 ug of 11, and
0.6-50 ug of 111. The correlation coefficients were 0.9980, 0.9999, and 0.9999
for [, 11, and 11, respectively. The precision of the method showed an RSD
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(20.6) for I11.

The HPLC assay provides a rapid, sensitive, and specific method for the
determination of the nitrate esters in the various dosage forms. This method
is faster and more specific than the present official methods.
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