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ABSTRACT

A reversed-phase column liquid chromatographic method was developed for analysis of isosor-
bide dinitrate (ISDN), isosorbide 5-mononitrate (ISSMN) and isosorbide 2-mononitrate (IS2MN)
and its pharmaceuticals. Chromatography is performed to Bondclone ODS column using a mobile
phase consisting of acetonitrile-P1C B6 buffer, pH 4.75 (13:87) with ultraviolet wavelength at 220
nm. The linearity calibration range was 0.05 mg/ml to 2.5 mg/ml (r—0.9999), and recoveries were

generally greater than 98.0%
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INTRODUCTION

Isosorbide dinmitrate (ISDN). Isosorbide 5-
monontitrate (ISSMN) and Isosorbide 2-mononi-
trate (IS2MN), are members of a group of vaso-

dilator drugs that are used 1 the treatment of

angina pectorts and 1schemia of skeletal muscles.
The last two are metabolites of ISDN and are
less active than parent drug'’ <. Since 1sosor-
bide nitrate esters have slow onset of action and
their duration are longer than that of nitroglyce-
rin, they are beneticial to the prevention of heart
attack but not 1in the management of acute at-
tack''’.

ISDN has been determuned by color deve-

500y

method!” 9.
and NMR"Y because those methods were un-

trophotometry' Polargraphic

able to be distinguished among the decompo-
sition products, Gas-liquid chromatography''' ™
‘21 coupled with electron capture detection, 18
most commonly used. Electron capture, though
sensitive, suffers from lack of reproducibility,
detection contamination, special techniques must
be employed to maintain linearity of the de-
tector response. Also, results in partial decom-
position of ISDN are due to its thermal nature
at elevated temperature. More recently high-per-
formance liquid chromatographic (HPLC) me-
thods have been described that for the analysis
of the cardiovascular agents including ISDN7~
if}}*

The HPLC methods eliminate interference
from the organic or 1norganic nitrates and allow
ISDN to be distinguished from its 2-mononitrate

degradation product. The study of ISDN

Correspondence 1o : Fang-Ying Tsai

271

Accepted for Publication . Sep. 12, 1994.



Journal of Food and Drug Analysis. 1994, 2(4)

and its analogues represent a distinct challenge
because of the lack of a UV chromophore in the
molecule. Ultraviolet detection at low wavele-
ngth limits the mobile phase moditier that can
be used to enhance the selectivity and peak sha-
pe. Also, the use of low-pH mobile phase results
in concerns about column hfe and method per-
formance over a period of time. The current re-
port describes methods for dealing with the abo-
ve problems and provides an assay procedure
for the determination of ISDN and its analogues
in their pharmaceuticals and bulk drug.

MATERIALS AND METHODS

[ . Chromatographic apparatus

The HPLC system consisted of a dual-pi-
ston pump and solvent delivery system (Waters
model 600E). a
(Waters model 486 E). an autosampler with uni-
versal injector (Waters 700 Satellite WISP). The
separation was performed on a 250 X 4.0 mm
i.d. analytical column containing 10 um ODS
(Phenomenex Bondclone Cix, 2320 W. 205th St..
Torrance. CA 90501 U.S.A.). The chromato-
graphic peaks were integrated (Waters. Data
Module 745B) and recorded.

tunable absorbance detector

L. Marerials

Acetonitrile and phosphoric  aad  were
HPLC grade (E. Merck). Sodium hexanesultfonic
acid was purchsed from Sigma Chemical Co. (P.
O. Box 14508 St. Lowis MO 63178 US. AL Lot
[19F35608). The internal standard. 4-aminoaceto-
phenone was analytical grade (E. Merck, Da-
rmstart, F. R, Germany).

The standard 1sosorbide dinitrate diluted n
60% lactose were purchased from Sigma Chem-
ical Co. (P.O. Box 14508 St. Lows. MO 63178
US.A. Lot. 16F05341). It was extracted with
methanol and filtered. The filtrate was evapora-
ted to dryness under a current of nitrogen flow
and the residue was assayed by the compendial
method™ and the potency was 99.6%.
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Isosorbide 5-mononitrate was purchased
from Tokyo Kasei Kogyo Co.. LTD. (3-1-13.
Nihonbashi-Honcho, Chuo-Ku, Tokyo 103 Ja-
pan). standard isosorbide 2-mononitrate was do-
nated by M. Carlson. Various dosage forms or
formulations in this study were obtained trom
the application process for production or free
sale licences. All excipients used in synthetic for-
mulations were reagent grade. Water was de-
ionized HPLC grade was filtered by a 0.22 um
membrane filter (Milli-Q SP Reagent Water Sy-
stem. Waters Co. LTD., 34 Maple St. Miltord
MA 01757 US.A)).

Solution A was prepared solvent compo-
sitton of acetonitrile and water (6 : 4) was pre-
pared for dissolving standard drug. synthetic
mixtures and pharmarceuticals.

. Chromatographic condition

A solution of 870 ml of 0.005 M sodium
hexanesulfonic acid and 130 ml of acetomtrile
was mixed and adjusted to pH 4.75 with phos-
phoric acid. The solution was filtered through a
membrane of 0.45 um. degassed under a helium
flow, and was used as the mobile phase for

HPLC.

IV. Inrernal standard

An accurately weighed 200 mg of 4-ami-
noacetophenone was transtered to a 100-ml vo-
lumetric flask. and about 75 ml of solution A
was added. The flask was placed i an ultrason-
ic bath for 3 min. and diluted to volume with
solution A. The resulting solution was used as
the internal standard solution.

V. Standard solution

Transtered an accurately weighed 100 mg
of ISMN. ISSMN. IS2MN and about 75 ml of
Solution A to a 100-ml volume tlask. Placed the
resulting nuxture m an ultrasonic bath and sha-
ked for 5 min.. A 10.0 ml of mternal standard
stock solution was added, and the solution was
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added to volume with solution A. This standard
solution contained 1.0 mg/ml of ISDN, 0.2 mg/
ml of ISSMN. 0.2 mg/mi of IS2ZMN and 0.2 mg/

ml of 4-aminoacetophenone, respectively.

VL. Sample preparations

Aliquots of a powder blended from 10 ta-
blets of a commercial formulation, equivalent to
5.0 mg. 10 mg. 20 mg of ISDN, slurried with 30
ml of solution of acetonitrile-water (6:4). the re-
sulting mixture was shaken well for 30 min., mi-
xed with 10 ml of internal standard stock so-
lution, and diluted with 60 ml of solution A.
Transfered aliquots of a commercial product
blended powder. equivalent to 20 mg of ISSMN
was made up with same procedure stated above.
Certain oral timed-released tablet required long-
er agitation to aid solution completely. A por-
tion of all the sample solutions was passed
through a centrifuge filter contaming a &8-mm
diameter. 0.45 um. porosity cellulose acetate
prior to injection and analyzed.

VIL Analysis

The chromatographic conditions used for
analysis were : flow rate, 1.5 ml:min.. detector.
220 nm. Att.. 128; injection volume, 10 ul of sta-
ndard preparation and the filtrate from the syn-
thetic formulation sample and commercial pro-

duct preparations: and the temperature 1s ambi-
ent.
Quantitative analysis was  determined by

comparing the peak arca response ratios of

ISDN. ISSMN and IS2MN to the 4-aminoaceto-
phenone from a sample injection to the cor-
responding arca ratio from a standard five mjec-
tion, respectively.

VIl Recovery Study

The accuracy of the current procedure was
assessed by the use of synthetic formulations.
Four plicebo  formulations  were  prepared
representing o diluted bulk drug and various ta-
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blet dosage forms containing commonly used ex-
cipient materials. These mixtures were prepared
by thoroughly blending the matenals in a porce-
lain mortar. Replicate portion of the placebo
formulations were fortified with ISDN and 185

MN at the 100 % level and carried through the
procedure of analysis.

IX. Lincarity

A calibration curve based on the peak re-
sponse ratios of ISDN, ISSMN and IS2MN to
the 4-aminoacetophenone internal standard ver-
sus ISDN. ISSMN and IS2MN concentrations
was constructed to determine the linearity of the
chromatographic response. Standard solutions
containing 0.05. 0.1, 1, 2, 2.5 mg/ml of ISDN,
[SSMN and IS2MN. each having an internal
standard concentration of 0.1 mg/ml, were used.

RESULTS AND DISCUSSION

Lincarity

Linearity of ISDN and its analogues were
evaluated at low and high concentration ranges.
Dilute standards of nitrate esters over a range of
0.05-2.5 mg/ml were verified by injection five so-
lutions respectively. It provided a straight line
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Figure 1. Standard curve for isosorbide 2-mononi-
trate. The points of curve are at 0.05. 0.1, 1.0, 2.0,
and 2.5 mg/ml.
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with good coefficient of determination for n=>5
injections and good %RSD. As shown n Figure
1. 2.3 v=0.9999 [y = 4.1021 x + (0.0355)],
and a RSD of 0.05% for IS2MN, v=0.9999 [y
= 4.2493 x + (-0.0250)] and RSD of 0.08% for
ISSMN, v= 0.9998 [y = 5.5759 x + (-0.0011)]
and RSD of 0.48% for ISDN. From the data
observed on the figures, v>0.9998 and RSD <
0.5%. this demonstrated the linearity of respo-
nse for standrard solution in the studied me-
thod.

Reproducibility of those nitrate esters for
both within-day and the between-day assay were
evaluated. The coefficient of variation at the
amount of 10 ug, on the basis of peak area ra-
tios for standard IS2MN, ISSMN, and ISDN
six replicate injections in the within-day assay.
IS2MN was from 0.1 to 0.5%, ISSMN was be-
tween 0.06 to 0.4% and ISDN was between 0.1
to 0.5%. The coefficient of variation in between-
day assay (n=35) was 0.23 % at same amount.
As expected, the within-day RSD in the range
from 0.16 to 0.5% were much lower, because 1t
was not affected by as many variables.

Recovery study
The recovery percentage for four synthetic
mixtures were determined on the Table 1. 15 ra-
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Figure 2. Standard curve for 1sosorbide 5-mononi-
trate. The points of curve are at 0.05, 0.1, 1.0, 2.0,
and 2.5 mg/ml.
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Table 1. Recovery of ISSMN. IS2ZMN and ISDN

from synthetic formulation

Formulation
mg mg %% (n=35) Y
added mean FCCOVETY .V
1 ISDDN 4 3.97 99 .2 ().09
R ISSMN 4 4.03 HOO.R (J.0¥
3 IS2MN 3 295 9K.6 .10
4 ISDN 5 492 08 4 0.13

nged from 99.0% to 100.8% and the C.V. value
ranged from 0.08 to 0.13%. According to the
configuration of ISSMN. 1t has electron withdra-
wing group at equatortal and oxygen atom at
same plane, which is further distance than that
IS2MN of same group at axial. Thereby. the ad-
sorption of IS2MN 15 less than that of ISSMN,
the C.V. ISSMN
ISDN, and eluated with short retention. The fa-
reest C.V. value for ISDN might be produced

value was smaller than and

by prolonging heat during sample preparation
and eluting slowly with 28.5 min due to higher
polarity. Becuase the avaerage recovery was >
99.0% and C. V. value was < 0.13%. obvious-
ly. no interference due to the excipients could
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Figure 3. Standard curve for isosorbide dimitrate.
The points of curve are at 0.05. 0.1. 1.0, 2.0, and

2.5 mg/ml.
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not be detected. The results indicated that the
proposed method 1s relatively unaftected by the
sample matrix. The mean dewviation of three ni-
trate esters, ISZMN, ISSMN and ISDN., was
0.01, 0.02 and 0.07. respectively. On the basis of
recovery range. low RSD of reproducibilities
and mean deviation demonstrate that the de-
scribed HPLC method 15 good precision. Five
samples of commercial formulations, cluding
diluted bulk and various tablet dosage forms.
were determined in the replicate for ISDN and
ISSMN by the proposed HPLC procedure.
Preliminary chromatographic studies during
the development of the proposed methodology
explored the use of various non-buftered mixture
60 % 40%
water) that was employed as same extract solv-

composition  (1¢.. acetonitrile
ent. Analysis of standard solution under those

conditions resulted in consistently low resolution
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Figure 4. Chromatogram of 1sosorbide S-mononi-
trate and 1sosorbide dinitrate preparations. (A)20
mg ISSMN tablet: (B) 5 mg ISDN Tablet: (¢) 10
mg ISDN Tablet: (D) 20 mg ISDN retarded tablet:
(E)yworkime standard. Peak 17 ISSMN: 2=4-anu-
noacetophenone: 3 = ISDN: 47 IS2MN.

of three nitrate esters. Therefore, a mobile phase
composition of 0.005 M sodium hexanesulfonic
acid. pH 4.75-acetonitnile (87:13, v/v%) was per-
formed to analyze all tested solution. Typical
chromatograms of the ISSMN and ISDN com-
mercial dosage forms are shown in Figure 4.
The retention time was 4.5 min for ISSMN, 5.8
min for 4-aminoacetophenone, and 28.5 min
for ISDN. When compared with that obtained
from standard mixture shown in Figure 5, no
additional peak eluated as in the chromatogram.
Table 2 was shown the results of varomus com-
mercial pharmaceuticals the diluted bulk prepa-
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Figure S. Chromatogram of a mixture preparation
of IS2MN. ISSMN. ISDN and internal standard 4-
aminoacetophenone under condition: Mobile phase:
acctonitrile-20 mM PIC B6 (13:87) Column temper-
ature was ambient; Peak identification A = IS2MN
(2 ug). B = IS5MN (2 ug). C = Internal standard,
4-aminoacetophenone (2 ug), D = ISDN (2 ug).
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Table 2. Recovery of ISSMN and ISDN from various commercial formulation Formulation

mg mg Y% (n=23) %
labelled Average
claimed found recovery rCCOVery
A Tablet ISSMN 20 19.94 99.7 99.5
19.9] 99.5
19.88 99 .4
B ISDN 5 4. 98 99 4 995
4.97 99.4
4.98 99.6
C ISDN [0 9.96 99.6 99 4
9.95 99.5
9.92 99.2
D ISDN * 20 19.90 99.5 99.6
9.96 09.§
9.95 997
E  Bulk ISDN** about
40 4(0.4 101.0 100. 1
40,2 100.0
3981 995

*ISDN as retard tablet

**Bulk ISDN was diluted with lactose and contained about 40% ISIDN

ration. We found, including bulk drug, the reco-
veries were from 994 to 100.1% for tnplicate
injections. It was tound to be fallen in the offici-
al requirement of 95% to 105% based on the la-
belled claim. Excipient from commercial for-
mulations did not certainly interfere the results
according to these recoveries.

It required extra time to agitate the tablet
of retard formulation than usual oral tablet may
that produce heating during shaken 1n the ultra-
sonic bath. The estimated sample preparation
temperature and time for ISDN retarded tablet
using shake in the ultrasonic water bath was de-
termined to 44°C after three hours while normal
tablet 1s accomplished in minutes. After sample
of retarded tablet was heated, chromatogram of
Figure 4-D was yield by performance the resul-
ting mixture. As compared with the chromat-
ogram, no additional peaks eluated at 3.8 min.
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for IS2MN that might be decomposed during
heating as shown in Figure 5. The heating step
required for one retarded product for matrix
disposal did not affect the recovery of ISDN at
all (1.e., no ewvidence of degradation) as 1ll-
ustrated in Table 1. The overall mean recovery
from four different tormulations was 99.6%.

Buffer concentration

The buffer concentration was found to be a
key parameter for controlling the separation of
isosorbide dinitrate and its analogues. Some ob-
servations indicate that HPLC method employ-
Ing an aqueous-organic extraction solvent with
similiar mobile phase without a buffering agent
17 may not be suitable for the assay of diluted
bulk ISDN, nor for the finished dosage torms.
[t was not only possible to control the retention
of 1sosorbide nitrates using buffer solution to
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adjust eluent solvent strength, but also to shor-
ten retained peak obtained. Plots of retention
volume of ISDN, IS2MN, IS5SMN and internal
standard, 4-aminoacetophenone versus butler
concentration ranged from 0 to 40 mM were
shown in Figure 6. Lower polanty of ISSMN
and IS2MN they are, their almost flate plots
were no remarkable variation at buffer concen-
tration range from 0 to 40 mM, except at SmM.
To all analytes at buffer concentration from 0
mM to 40 mM, the retention volume were near-
ly no significant change. Higher polanty of
ISDN and internal standard were dramatically
fallen from buffer concentration between 5 and
20 mM, this illustrated that > 20 mM PIC Bs
not improved the retention. The peak shape of
ISDN was broad while analyzed under condi-
tion containing without buffer reagent, but 1t
improved increasingly with increase of butter
concentration. Although, without buffer addi-
tion, good separation and bad tailling of four
compounds interested were observed. Expected-
ly, its retention was improved faster than that of
no buffer and kept almost no change at buffer
concentration larger than 20 mM. In contrast,

87
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Figure 6. Effect of buffer concentration on retention
volume of IS2MN. ISSMN., ISDN and 4-aminoace-

tophenone

R

RETENTION VOLUME

the plots for the nitrate esters and internal sta-
ndard were almost paralleled to the axis, except

for ISDN.

pH Value

The pH dependence of separation was tll-
ustrated by the plot of retention volume versus
pH at constant buffer concentration in Figure 7.
Besides pH at 3.25, the pH effect of IS2ZMN was
almost no change. For this effect of ISDN and
[SSMN, the plots looked like “sigma” that
they might be dissolved within pH 3.25 and
5.25. For pH 2.75, the longest retention for ana-
lyte was obviously longer than at 4.75. As has
been observed with ISDN, increase in pH pro-
duced longer retention with ammonium acetate
buffer'’>. Four analytes separated completely,
however, it took longest retention at pH 3.25.
Expectedly, pH had an effect on shortening
ISDN retention from pH higher than 3.25 to 4.
75. Mobile phase pH value within 3.25 and 5.25
was necessary for optimum resolution and peak
shape. As has studied, slight decrease in pH
produced longer retention and broader shape for
ISDN than Better peak shape was

others.

57 7

Figure 7. Eftect of pH on retention volume of 152
MN. ISSMN, ISDN and internal standard 4-ami-

noacetophenone.
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also observed at lower pH value for nitrates. As
expected, pH 2.25, four analytes were dissolved
with a shortest retention. Another concern ab-
out the mobile phase pH should be careful to

perform at very low pH, because too lower

might damage the column at pH 2.25.

CONCLUSION

The conclusion 1s a reversed-phase column
HPLC successfully separated Isosorbide dinitrate
and 1ts analogues. The separation was rapidly
achieved within 30 mun. by using a pH 4.75 PIC
B6 butfer solution and acetonitrile on a Bo-
ndclone ODS column. The method was faster
than a method B, described by M. Carlson''?,
with a mobile phase composition of 0.2 M
aqueous ammonium  acetate-methanol-water
(100:200:700.v/v/v%). pH 5.6, on 5 um column.
Also, the current method separated four analytes
interested better than that compendial method

L |
2
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() ! 16 24 30

Figure 8. Chromatogram of a mixture of 1sosorbide
S-mononitrate, wsosorbide 2-monomitrate, 1sosorbide
dimrtate and mternal standard 4-ammoacetopheno-

ne under condition: (Aymobile phase of 20 mM PIC

ter (10:55:55)
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16 was performed with mobile phase compo-

sitton of 0.05 M ammonium acetate, pH 4.75-
methanol-water(10:55:55, v/v/v%) as shown n
Figure 8. It 1s also a specific and stability-indica-
ting in regard to the ISSMN and IS2MN de-
gradation product. It can be applied to most
currently marketed pharmaceutical products
containing ISDN and ISSMN at minimum con-
centration of 0.05mg/ml (0.05 ug). The PIC B«
butter concentration and the pH could mainly
control the retention time and the peak shape of
ISDN. However, there are less buffer effects on
the other nitrate esteres study.
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