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Summary 
An automated specific and sensitive method for the simul- 
taneous determination of isosorbide dinitrate and its metabo- 
lites isosorbide-2-mononitrate, isosorbide-5-mononitrate, iso- 
mannide mononitrate, and isoidide mononitrate at concen- 
trations down to 0.5,1,3,2, and 2 nglml, respectively, in human 
plasma is described. The procedure involves the extraction of 
the drug and its metabolites together with their internal 
standards isomannide dinitrate and o-nitrobenzyl alcohol from 
plasma with dichlorornethane. 

The analysis iscarried out by fused silica capillary gas chrornato- 
graphy using a 63Ni-electron capture de1,ector. The method is 
applied to the pharmacokinetics of isosorbide dinitrate in 
humans. 

1 Introduction 
lsosorbide dinitrate (ISDN) is an organic nitrate coronary 
vasodilator found therapeutically useful in various cardio- 
vascular diseases like angina pectoris and congestive 
heart failure [ 1,2]. 

ISDN is rapidly and extensively metabolized by a gluta- 
thione-dependant enzyme system in the liver. This “first- 
pass” effect leaves only a fraction of the administered oral 
dose in blood as unchanged ISDN [3,4,5]. Its metabolites, 
isosorbide-5-mononitrate (IS-5-MN) and isosorbide-2- 
mononitrate (IS-2-MN), which both contribute to the 
pharmacological activity of ISDN, circulate in the blood in 
much higher concentrations, persist longer, and are 
probably responsible for the role of the drug as a relatively 
long-acting vasodilator [6,7]. Therefore, it is of great inter- 
est to measure plasma levels of all three compounds 
together, but only few methods have been yet described 

In five procedures, conventional pack.ed column GLC was 
used, however, neither of these assays led to satisfactory 
sensitivity and selectivity. Large sample volumes (3-5 ml) 
are required [8,11,12] and difficulties occurred with the 

[8-141. 

quantitative mononitrate determination due to peak 
interferences, mainly by IS-5-MN [l 11. In two assays no int- 
ernal standard was used [10,11]. 

Two procedures employ capillary gas liquid-chromato- 
graphy and show excellent sensitivity and selectivity for 
both ISDN and the mononitrates [13,14]: In one case [13] 
isoidide mononitrate (IIMM) and in the other [14] 
isomannide mononitrate (IMMN) were used as internal 
standards for the isosorbide mononitrates determination. 

This papershows, however, that IMMN and IlMN both occur 
in human plasma per se with peak levels of about 10% of 
that of IS-2-MN, after oral application of ISDN, particularly in 
the case of large doses. Therefore, o-nitrobenzyl alcohol, 
which is used in our method, is the better choice as an int- 
ernal standard for the ISDN-metabolites. The paper 
describes an improved simultaneous determination of 
ISDN and its metabolites in human plasma with an 
appropriate precision, specifity, and sensitivity in routine 
analysis of large numbers of samples. The method was 
used to obtain more detailed information about the 
pharmacokinetics of ISDN in humans. 

2 Experimental 
2.1 Chemicals and Reagents 

Crystalline isosorbide dinitrate (ISDN), isosorbide-2-mono- 
nitrate (IS-2-MN), isosorbide-5-mononitrate (IS-&MN), iso- 
mannide dinitrate (IMDN), and isoidide dinitrate (IIDN) were 
kindly supplied by Pharma Sanol (Monheim, West-Ger- 
many) and were checked for homogeneity by GC and TLC. 
lsomannide mononitrate (IMMN) and isoidide mono- 
nitrate (IIMN) were synthesized according to a method 
described elsewhere [15]. 

1,3-Dinitrobenzene (m-DNB) was purchased from Serva 
(Heidelberg, FRG) and was of analytical reagent grade. 
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0-Nitrobenzyl alcohol (0-NBA) was used as obtained from 
EGA-Chemie (Steinheim, West-Germany). Dichlorome- 
thane and ethylacetate (Nanograde; distilled in glass) were 
obtained from Mallinkrodt (St. Louis, USA). All glassware 
was silanized before use with Surfacil TM (Pierce, Rockford 
111, USA). 

2.2 Apparatus 

The gas chromatograph used was a Fractovap 4160 
equipped with a 10mCi 63Ni-electron capture detector and 
a Grob-type splitlsplitless injector, containing a 4 mm x 
8 cm glass liner (Carlo Erba, Milan, Italy). Injections were 
made with an automatic liquid sampler, Model ALS 3641 
(DANI, Monza, Italy), which also controlled the split flow by 
means of a solenoid valve (Brechbuhler, Schlieren, 
Switzerland). The column was a 30 m X 0.32 mm I.D. WCOT 
fused silica capillary, with a non-extractable bonded 
stationary phase DB-5 of 0.25 pm film thickness (J. & W. 
Scientific, Rancho Cordova, USA). The carrier gas was 
hydrogen and the detector was purged with 30 mllmin of 
argonlmethane (9OllO). Carrier- and purge-gas were 
always purified by an Oxisorb-kit (Messer-Griesheim, 
Frankfurt, West Germany). Injector- and detector tempera- 
tures were 1 50°C and 22OoC, respectively. Injections were 
made at an oven temperature of 6OOC with a closed split 
exit during the sampling period of 45 s. Then the tempera- 
ture was increased ballistically to 120°C with a 3 min hold 
and subsequent programming at 3"lmin to 195°C. 
Measurement of peak areas was done with an integrating 
printerlplotter (Shimadzu, Mod. CR 1 B). 

2.3 Extraction 

To 1 ml of plasma in a 15 ml glass centrifuge tube with a 
teflon lined screw cap were added 50 pl of an ethanolic 
solution, containing both the internal standards iso- 
mannide dinitrate (20 ng) and o-nitrobenzyl alcohol 
(350 ng) and the tube was thoroughly mixed for 15 s. Then 
10 ml of dichloromethane were added and the mixture was 
shaken mechanically for 30 min at 30 rpm. Aftercentrifuga- 
tion (10 min, 3000 rpm), the top layer was discarded, 8 ml of 
the organic layer were transferred to a conical glass tube 
and evaporated to dryness under a stream of nitrogen. The 
evaporation procedure took place in an ice bath in orderto 
avoid losses of the nitrate esters.The residue was diluted in 
300 pI of ethyl acetate, containing rn-dinitrobenzene 
(0.6 nglpl) as a volume-marker and transferred into the 
autosampler vials. 1 pl was injected into the chromato- 
graph. 

2.4 Quantification 

Concentrations of ISDN, IS-2-MN, and IS-5-MN were 
determined by comparing the peakarea ratio (peakareaof 
isosorbide nitrate esterlpeak area of internal standard) to 

the corresponding peakareas of the calibration curves. The 
two internal standards for ISDN and the mononitrates were 
isomannide dinitrate and o-nitrobenzyl alcohol, respect- 
ively. The calibration curves were obtained by extracting 
plasma samples as described, spiked with increasing 
amounts of ISDN (0.5 to 75 ng/ml), IS-2-MN (2 to 
175 nglml) and IS-5-MN (5 to 450 nglml). Calibration curves 
were prepared every day. 

2.5 Human Study 

12 healthy volunteers, who had not received any 
medication for 2 weeks prior to initiation of the study, and 
none besides ISDN throughout the duration of the study, 
were given one tablet of 40 mg isosorbide dinitrate as a 
sustained release formulation. Blood samples were 
withdrawn by venipuncture into heparinized tubes before 
and 0.33, 0.66, 1, 1.5, 2, 3, 4, 6, 8, 12, and 24 h after 
administration of the drug. Plasma was immediately 
separated by centrifugation and stored at -2OOC until 
analysis. 

3 Results and Discussion 
3.1 Extraction and Internal Standards 

Table 1 presents the absolute extraction recovery with 
dichloromethane and pentane as the extraction medium. 
Dichloromethane, as used by M. Ahnoff et a/. [14], is avery 
favorable solvent for all compounds listed, whereas the 
slightly polar pentane is suitable only for ISDN. 

Table 1 

Absolute extraction recoveries from plasma with dichloro- 
methane and pentane as solvents. 

Compound Amount Absolute extraction 
added recovery (%) 

( n g m  
CHpC12 pentane 

ISDN 10 89 82 
IS-2-MN 50 93 5 
IS-5-MN 200 90 5 
0-NBA 350 100 n. d.a) 
IMDN 20 94 60 

a) n. d. = not determined 

The application of a capillary column with its increased 
separation efficiency, compared to the conventional 
packed columns, favor the application of internal standards 
which are structurally very similar to the drug. 

Hence, for ISDN (one nitrate group in exo-, and the other in 
endo-position) the isomeric IMDN (both nitrate groups in 
endo-position) is the internal standard of choice. 
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In the case of IS-2-MN and IS-5-MN the diastereo isomeric 
mononitrates, IMMN or IIMN, respectively, appear ideal for 
internal standards and are used by several other authors 
[ 13,14,16]. 

However, after high oral doses of ISDN-.at the present time 
therapeutical doses of 100-800 mg of ISDN per day are not 
unusual [17]-two more metabolites appear in the plasma 
besides unchanged ISDN, IS-2-MN and IS-5-MN: IlMN and 
IMMN. 

Table 2 

Plasma levels of isosorbide-2-mononitrate (IS-2-MN), iso- 
mannide mononitrate (IMMN), and isoidide mononitrate (IIMN) in 
a subject after repeated oral administration of 40 mg of iso- 
sorbide dinitrate in a normal release formulation. 

Time IS-2-MN IlMN IMMN 
(h) (nglml) (ng/ml) (nglml) 

0a’ 0 0 0 
Ob’ 23.8 2.3 3.4 
0.33 71.9 9.4 5.8 
0.66 113.3 12.3 7.6 
1 116.6 11.1 7.7 
1.5 112.1 10.9 8.6 
2 99.8 7.9 8.1 
3 90.3 6.1 7.2 
4 50.5 2.9 5.5 
6 30.1 2.0 4.1 
9 11.6 n. d. 3.1 

12 5.7 n. d. 2.6 
24 2.3 n. d. n. d. 

a) Before the first application of the drug. 
b, 6 hours after the last but one application (40 mg ISDN) and 

‘) n. d.: not detectable (below 2 nglml). 
immediately before the last application of the drug (40 mg ISDN). 

Table 2 shows plasma levels of IlMN anld IMMN of a healthy 
volunteer after repeated administratioin of 40 mg ISDN as a 
standard release formulation under steady state 
conditions. 

IMMN can be determined in pasma up to 12 hours, whereas 
IIMN, due to its low elimination half life, already decreases 
after 9 hours below the detection limit of approx. 2 nglml. 
The peak levels for IMMN and IlMN were 8% and 12%, 
respectively, of those for IS-2-MN. 

Figure 1 shows the plasma level curves of the three 
metabolites IS-2-MN, IMMN, and IININ. Our results are 
confirmed by investigations of the ISDN-metabolism in rats, 
performed by Rosselet al. [3]: after oral application of ISDN, 
considerable amounts of IlMN could ble determined in the 
urine of the animals. As these authors used a packed 
column which was unsuitable for the separation of IIMN/ 

IMMN, it is quite possible that, besides IIMN, there was also 
IMMN! Even with high-resolution capillary-GLC this separa- 
tion could not be achieved in all cases as mentioned below. 

Our results clearly point out that neitherlMMN nor IlMN can 
generally be used as internal standards. However, in two 
cases these compounds can be recommended without 
hesitation as internal standards: 

1) The applicated dose of ISDN has to be low enough that 
the plasma levels of IMMN and IIMN, formed by biotrans- 
formation, remain below the detection limit of 2 ng/ml. 

2) The mononitrates IS-2-MN and/or IS-5-MN are the 
parent drugs administered and not formed by ISDN. 

For these reasons, we employed the o-nitrobenzyl alcohol 
as an internal standard for the metabolites of ISDN. Smith 
et a/. [18] were the first to use this compound for the 
determination of the isosorbide mononitrates. But these 
authors received good results on packed columns only 
after derivatization of the mononitrates. Furthermore, this 
method is not suitable to ISDN. 

The occurrence of IMMN and IlMN in human plasma after 
high ISDN-doses is of interest not only from the analytical, 
but also from the pharmacological point of view: 

Bogaert et a/. [6] reported the vasodilatory potency of llMN 
in the dog, which was approximately equivalent to those of 
ISDN and corresponds to about two to three times those of 
IS-2-MN at the same dosage. 

This and our results lead to the suggestion that the 
pharmacological activity of ISDN is due not only to the 
parent drug ISDN, IS-2-MN, IS-5-MN, but in addition, at least 
in the case of large ISDN doses, also to IlMN and IMMN! 

3.2 Recovery and Precision 

The within-day reproducibility was checked on 5 identical 
plasma samples, which were analyzed by the described 
method, each spiked with ISDN, IS-2-MN, and IS-5-MN in 
various concentrations. 

The internal standard for ISDN was IMDN and o-nitrobenzyl 
alcohol for the mononitrate metabolites. The results are 
shown in Table 3. 

The between-days reproducibility was checked during 
8 days, on plasma samples, spiked with several different 
amounts of these three compounds.The results are shown 
in Table 4. 

Tables 3 and 4 show the excellent reproducibility and 
accuracy of the method for the simultaneous determina- 
tion of ISDN and its metabolites. However, these tables also 
demonstrate the lower day-to-day reproducibility of the 
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PLASMALEVELS OF IS-2-MNI IMMN, IIMN 

Concentration (ng/mll IS-2-MN Concentration ing/nl) IIMN 

IS-2-MN ____ 
Plasma levels of IS-1-MN, IMMN, and llMN after repeated oral 
administration of 40 mg ISDN (normal release). 

IIMN - - _  

IMMN .-.-.- 

lo - 

0 -  

0 2 4 6 8 10 12 

Table 3 

Precision and recovery in the within-day determinations of ISDN, IS-2-MN, and IS-BMN in spiked plasma. 

Compound Amount Mean amount No. of c. v." c. V.b) Recovery 
added found deter- ( 3 3 0 )  (*YO) % 
(ns/rnl) (ndml) rninations 

ISDN 2 
10 
50 

IS-2-MN 10 
50 

100 

IS-5-MN 50 
200 
400 

2.1 5 
9.8 5 

50.1 5 

11.8 5 
46.7 5 

101.4 5 

54.3 5 
192.4 5 
403.2 5 

1.7 
1.8 
3.6 

5.0 
4.5 
1.8 

3.6 
2.6 
2.3 

2.9 
3.9 
6.7 

7.6 
9.1 
8.5 

8.3 

a. 7 
9.8 

105.0 
98.0 

100.2 

118.0 
93.4 

101.4 

i 08.6 

100.8 
96.2 

a) Quantification with internal standards. 
b, Quantification with external standard m-DNB. 

assay for IS-5-MN, compared to its satisfactory within-day In Table 3 the relative standard deviations are given with 
precision. This might be due to pronounced adsorption of m-DNB as an external standard which was added to the 
IS-5-MN on active glass surfaces, and for this reason we sample after the extraction procedure. In any case the 
strongly recommend the daily preparation of calibration precision is essentially poorer than with the internal 
curves. In this context, it is of immense importance to standards which were added to the sample before 
keep the glass liner of the injector in a clean condition. extraction. 
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Table 4 

Precision and recovery in the day-to-day determinations of ISDN, IS-2-MN, and IS-5-MN in spiked plasma. 

Compound Amount Mean amount No. of c. v. Recovery 
added found determinations (+YO) (YO) 

(nglml) (ngiml) 
- 

ISDN 5 
10 
20 

IS-2-MN 10 
25 
50 

IS-5-MN 50 
100 
200 

4..6 8 
9.7 8 

19.3 8 

11.0 8 
23.8 8 
50.2 8 

511.1 8 
97.4 8 

2011.5 8 

3.3 Calibration Curves and Sensitivity 

The calibration curves are linear in the range 0.5-75 nglml 
ISDN, 2-1 75 nglml IS-2-MN and 5-450 nglml IS-5-MN. They 
can be described by the equation y = ax -t- b with alb for 

0.019l-0.015 and with the coefficient of correlation r2: 
0.9996l0.9995l0.9988. 

At higher plasma concentrations, a corresponding dilution 
of the extraction residue with up to 600 1.11 ethyl acetate has 
to be undertaken prior to the injection into the gas 
chromatograph. Alternatively, smaller plasma volumes 
(< 1 ml) are to be analyzed in order to :stay within the linear 
part of the calibration curve. This is particularly true for 
IS-5-MN, which reaches concentrations higher than 
450 nglml after therapeutical doses of ISDN of 80 mg and 
more. 

The lower limits of detection were 0.5 nglml of plasma for 
ISDN, 1 nglml for IS?-MN, 2 nglml for IllMN and IMMN, and 
3 nglml for IS-5-MN, if 1 ml of plasmawas extracted and the 
final volume was 300 PI. 

ISDN, IS?-MN, IS-5-MN: 0.051l-O.Ol3, 0.027/-0.046, 

3.4 Chromatographic System 

The sample injection process is always a critical step in 
quantitative high-resolution GC analysis. Fortrace analysis, 
splitless injection is a sampling technique which can be 
performed with an autosampler, thus permitting day and 
night operation. Using an autosampler, 36 samples can be 
analyzed per 24 h. 

The chromatograms shown in Figures; 2,3, and 5 were run 
on a fused silica capillary column with a TZ of 36 and a 
coating efficiency of 95.7% for methyl decanoatelrnethyl 
undecanoate. At a carrier gas veloci1.y of 38 cmls, IMMN 
and IlMN are not separated, whereas ,all other compounds 

5.7 92.0 
5.6 97.0 
3.9 96.3 

3.7 110.0 
4.6 95.2 
4.1 100.4 

11 102.2 
10 97.4 
14 100.8 

are sufficiently separated from endogeneous plasma 
peaks. IMMN elutes together with IlMN at a temperature of 
138OC. 

Figure 4 shows a chromatogram of the same sample as 
shown in Figure 3 on a second column of the same 
manufacturer with a TZ of 36.6 and a coating efficiency of 
97.3%. Increasing the carrier gas velocity to 71 cmls causes 
IMMN and IlMN to elute as well separated peaks with an 
elution temperature of 123OC and 124OC, respectively. 

A well-known disadvantage associated with packed 
columns are irreversible adsorptions of the mononitrates 
by active surfaces of the GC supports [11,14,18]. Efforts 
were made to overcome this difficulty, in one case by 
utilizing a highly loaded (30% SE-30) column [l l] ,  but 
problems then arose with detector fouling due to increased 
bleeding of the liquid phase [18]. In another case, the 
moninitrates were derivatized in order to improve their 
chromatographic properties [18]. The essential features of 
fused silica capillary columns include not only an increased 
resolution power but also a high degree of inertness. The 
capillaries used in the present study are sufficiently inert to 
detect even a few picograms of underivatized mononitrate 
injected into the gas chromatograph! 

In order to avoid undesired phase stripping at the column 
entrance using the splitless injection technique, we recom- 
mend capillaries with non-extractable “bonded phases 
rather than columns with normal coated phases. 

The excellent properties of bonded phase fused silica 
capillaries after more than 400 splitless injections of 
plasma extracts are demonstrated by Figure 6: only aslight 
increase of tailing of the IS-5-MN-peak is detectable. The 
only manipulation of the chromatographic system 
necessary was daily cleaning of the glass-insert of the 
injector. 
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I VI 
I VI 

r 

I 

! VII 

I VII 
IVtV 

k 1 IVtV 

r iu 
c 

0 4 8 12 16 
min 

Figure 2 

Human predose plasma extract. Column: 30 m 
X 0.32 mm I.D. fused silica capillary, coated 
with 0.25 pn bonded film of DB-5 (equivalent 
to SE 54); splitless injection, absence of 
internal standards. 
U H ~  = 38 cm/s. 

0 4 8  12 16 
1 I 

min 
Figure 4 

Human plasma extract after oral ISDN 
administration. 
Sample: same as in Figure 3. 
Column: same as in Figure 2 but with an 
increased separation efficiency for IMMN and 
IIMN. 
U H ~  = 71 cm/s. For peak identification see 
Figure 5. 

L 4 8 !2 16 
min 

Figure 3 

Human plasma extract after oral ISDN 
administration. Absence of internal standards. 
Column: same as in Figure 2, U H ~  = 38 cm/s, 
IMMN and IlMN not separated. For plasma 
concentration of compounds: see Figure 5. 

After analyzing of more than 2000 plasma samples on the 
same capillary column, non-linearity of the calibration 
curve for IS-5-MN occurred as a result of increased 
adsorption of this compound, whereas linearity for IS-2-MN 
and ISDN still remained satisfactory. 

- -  I 
VII 

I -  

:v t v  
/ 

Table 5 

Mean plasma levels of isosorbide dinitrate (ISDN) and its meta- 
bolites (IS-2-MN, IS-5-MN) after single oral application of 40 mg 
isosorbide dinitrate in a sustained release formulation (mean of 
12 human subjects). 

Time ISDN') IS-2-MNa' IS-5-MN" 
(h) (nglml) (nglml) (nglml) 

0 0 0 0 
0.33 2 . O f  0.9 3 . 4 f  1.1 7 . 7 1  3.4 
0.66 3 . 6 f  1.4 7 . 5 1  2.0 19.7 f 6.8 
1 5.3 f 2.6 13.4k 5.5 38.1 f 11.6 
1.5 6 . 6 f  5.5 21.1 1 9.5 69.6 f 18.3 
2 8.6+ 6.2 29.9 & 12.1 11 1.4k 36.5 
3 9.0 f 5.2 41.3 1 12.5 165.4 f 40.0 
4 9.2 f 6.7 49.0 1 13.5 239.1 f 86.2 
6 6.4 + 3.7 50.9 f 14.9 267.5 f 75.2 
8 2.1 f 0.7 36.1 f 7.2 232.9 1 61.4 

12 0.4+ 0.3 12.4-t 2.6 142.3 f 44.2 
24 0 1.7+ 1.0 36.8 i 18.4 

a) Mean k S. D., n = 12. 

I 3'/min c 

0 4  1,2 1,6 9 
mln 

Figure 5 

Human plasma extract after oral ISDN administration. Plasma sample: 
same as in  Figure 3 but with internal standards. Column: same as in 
Figure 2, U H ~  = 38 cm/s. I = IS-2-MN (121.7 nglml); II = o-NBA 
(internal standard); 111 = m -DNB (volume marker); IV = IMMN, V = IIMN; 
VI = IS-5-MN (595.7 ng/ml); VII = ISDN (25.9 nglml); Vlll = IMDN 
(internal standard). IMMN and IlMN not separated (21.7 ng/ml both 
together). 
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VIII VIII 

Figure 6 

Splitless injections of human plasma extracts 
chromatographed on a 30 m X 0.32 mm I.D. 
Durabond DB-5 column (J & W Scientific). 
UH? = 56 cm/s. Internal standard IMDN: 
40 ng/ml. 
For peak-identification see Figure 5. 
A: GC run on a freshly installed new column. 
B: GC run after more than 400 injections of 

plasma extracts. 

i 
i L  

, 3 ' / m 1 n  I 3 ' / m i n  
1 2 0 O  

0 4  8 12 16 

c 
120O 
4 8 12 1,6 

I 
0 

m in rnin 

PLASMALEVELS OF ISDN, IS-5-MN, IS-2-MN 
lean over subjects 

Concentration (ng/anl) IS-5-HN, IS-2-PIN Concentration (ng/ml) ISDN 
300 

200 IS-2-MN 

IS-5-MN .-.-. 
100 10 

B 

6 

4 

2 

0 0 

0 2 4 6 8 10 12 14 16 18 20 22 24 

Time (h) 

Figure 7 

Mean plasma levels of ISDN, IS-2-MN and IS-5-MN after single oral administration of 40 mg ISDN (sustained release) to 12 volunteers. 
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3.5 In vivo Studies 

Table 5 shows the results of plasma level determinations of 
ISDN, IS-2-MN. and IS-5-MN in human volunteers according 
to the method described. The sensitivity of the method 
allowed detection of ISDN in plasma even 8-1 2 h after oral 
application of the drug. 

The mean plasma levels of all 12volunteers are depicted in 
Figure 7. 
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