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SUMMARY 

A .high-performance-liquid chromatographic method is described for the analysis of the 
anti-anginal compound !Sethoxycarbonyl-3-morpholinoaydnonimine (Mokidomine) in hu- 
man and dog plssxna The drug was extracted from plasma into chloroform and the anal- 
ysis was carried out on a reversed-phase column, the column effluent being monitored 
by UV absorption at 312 nm. The method is sensitive (2 * 0;3 ng/ml) and specific. The 
method wss applied to a study in which human volunteers received an aqueous solution 
of the drug and then, on a separate occasion, a tablet formulation. Peak plasma levels of 
20-30 ng/ml (t&let) and 10_19 ng/ml (aqueous solution) were obtained following a 2-mg 
orakdose. 

INTRODUCTION 

Molsidomine (&thoxycarbonyl-3-morpholinosydnonimine, developed by 
Takeda Chemical Industries, Osaka, Japan, and licensed to Casella Farbwerke 
Mainkur, Frankfurt, G.F.R.) is a novel sydnonhnine derivative with a mesionic 
ring. which has been shown to possess a sustained anti-auginal effect following 
oral treatment [I] _ 
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There are no reports of chromatographic methods for the- andysis~of Z&d- 
non= and, in view of the polarity of the mesionic ring sq’stem, it was consid- 
ered unlikely that a gas chromatographic method would be applicable. It was 
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decided, therefore, to develop a high-performance hq@- chroma&ZrapEc 
method which would he sufficiently sensitive and specific _ti follow the;COZl- 
~&r&O~+ime cOu&-of ‘MOl&d&Ghe-‘in pl&ma~ fouov&g- ~~fie&kti~ 
doses (l-2 mg) of the drug to human volunteers. 

This paper describes the development of such a method, tig reversed- 
phase chromatography, and its application to a human vohmtee~ study in- 
voking two different formulations of Molsidomine. 

EXPER.lM&NTAL 

Apparatus and materials 
The chromatograph consisted of a pump (constant flow syringe pump; 

Applied Chromatigraphy Systems, Luton, Great Brie), an inj&r (mod- 
ified hoke valve stop flow injector; H.S.C.P., Boume End, Great Britain) and 
a UV detector (CE 212 UV variable wavelength monitor; Cecil Ins?., Cam- 
bridge, Great Britain) operated at 312 nm, the X,,_ ‘for Molsidckupti (E = 
1.5 X 104). The separation column was a 125 X 4.5 mni I.D_stainless-steel 
tube packed with ODS Hype& (5 ym diameter, 200 m* /g; Shandon South- 
em, Runcom, Great Britain). The mobile phase consisted of a mixture of equal 
volumes of 0.1 M sodium acetate aqueous solution and methanol. 

All chemicals and solvents were of analytical-reagent grade @son% Scien- 
tific Apparatus, Loughborough, Great Britain) and were used without further 
pre-treatment. Stock solutions of Molsidomine were prepared in distilled 
water and stored in the dark at o-4”. 

Preparation of colmm2s 
The separation column was packed by a slurry technique as follows: the 

packing material (2 g) was added to a solution of SO%methanol in OJ% 
(w/w) aqueous sodium acetate trihydrate (10 ml) and the~mixture was ultra- 
sonicated for 5 mm.. The column was packed by forcing the slurry into the 
column tube by means of a constant-pressure pump (MCP 71; Olin Energy, 
Sunderland, Great Britain) set at 20,700 kPa. 

Analysis of plasma samples 
To 0.5 ml of plasma were added 2.0 ml of chloroform and the mixture 

was agitated using a Vortex mixer for30 sec.Afk~centzifugkg(3OOOgfor 
10 mini to separate the layers, 1.5 ml ofthe chloroform phase was Texans- 
ferred to a tapered tube and evaporated to dryness in a stream of nitrogen. 
The residue was dissolved in 50rlofthe mobile phaseundersonication and 
20 ,~l was injected into the column.The above procedure was duplicated-for 
each plasma sample. The Molsidomine peak height was measured and the 
plasma concentration calculated by reference to a standard curve obtained 
by processing control plasma containing known amounts of Molsidomine as 
described above. Peak height was plotted against plasma concentration over the 
range O-10 ng/ml (human samples) and O-10 pg/ml (dog samples). Plasma 
was stored gt -20” until required for analysis. 
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RESULTS AND DISCUSSION 
.- 

-_-Aqueous buffer, systems- to which had been added Molsidomine (10 pg/ml) 

were -e&ra&zd and analysed: as destibed above -for. plasma (Table I). The 
perckntage- extracted .was kakulated by comparing the @a?~ heights obtained 
following extraction of these buffered solutions with the peak heights of 
corresponding aqueous standard solutions. From pH 4 to 11 .&he recovery of 
the drug was virtwdly quantitative. 

TABLE I 

RECOVERY OF MOLSIDOMINE FROM AQUEOUS BUFFER SOLUTIONS 

PH Molsidomine extracted (%) 

2.0 65 
3.0 94 
4.0 96 
4.9 97 
6.3 97 
7.1 97 
7.9 97 
9.9 97 

10.2 97 
11.3 96 
12.4 94 

. 

Recovery from plasma 
Molsidomine was added to control plasma to give six replicate samples at 

five concentrations (2-10 ng/mZ). This is the concentration range typically 
found in the plasma of human subjects following a therapeutic oral dose of 
2 mg. The samples were processed as described and the recovery determined 
by referring the peak heights to a calibration curve obtained by analysing 
standard aqueous solutions of the drug (Table II). Single samples were analysed 
over a much wider concentration range (0.02-2.0 pg/ml) and the results 
indicate no significant dependence of recovery on concentration (Table II). 

RECOVERY OF MOLSIDOMINE FROM PLASMA AT pH 7.4 

C.V. = Coefficient of variation. 

Mokidomine Percent extracted -.MoIsidomine Percent extracted 
concn. (sag/ml) % C.V. concn. (rg/ml) 

10 79r 6 2.0. 87 
8 79t 7 1.0 88 
6 83= 5 0.5. 88 
4 85224 .0.2 84. I 
2 ” 85514 0.1 85 

0.05 ‘. a4 
0.02 83 
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Chmnato~hy ..-_. *.- .-. _I. .L’. . .._ I-.... .;.: :.. ____ .-. 
Normal-phase chromatography on LiChrosor~ SI 100 using 1,24ichloru- 

eElxuw-mef3wnol (95:5) as mobile phase Was Bg-.tie.Mo&domi.ue. 
peak. elut&g on the tail of a: large plasma componen% : LFigi. la]. Good_, sep- 
aration of Mokidomine from - the -- endogenous -ma&ix- was obtained :ou: an 
octadecylsilyl reverse+phase column (Fig. lb), eluting wit.bn~acetate buffer- 
methanol mobile phase. 

-_ 
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Fig. 1. Chromatogram of an~extmct of human ‘control plasma &‘&i& had been added 
MoJsidomine to give a plasma concentration ok-10 ng/ml, a, LiC,h&eb SI 100 column 
(0.005’a.u.f.s.); b, ODS Hypersil column (0.01 a.&f.s.). 

. 
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A plasm& &once&ration of 3.6 ng/ml gave a signal-to-noise ratio of 8 (Fig. 2). 
Ektmpdating to a Signal&hoise ratio of 3 would yield a limit of detection of 
approxihately 1.5 kg/ml. In practice, the precision of the method & a plasma 
concentration of 2 ng/ml (six replicates) was t 16% (Table III). 

The specificity of the method was imparted by t@ ch&matographic system 
and the ultraviolet detection wave&q$h. %tidenCe for the specificity w” ob- 
tained from an experh+ in which kvo beagle dogs were given an intravenous 
dose of 6 mg/kg- of_ [‘4C] Molsidomine. Blood samples were collected and total 
plasma radioactivity was determined by scintillation counting. Molsidomine 
concentrations were determined as described (Table IV). The’ peak correspond- 
ing to Molsidomine-in th~chrorn~X~gra.m was collected and the Pxlioactkity 
content determined. Specific activity was obtained by dividing tie micro- 

._ ^ 

_c -- 





8.0 2.00 
1.57 
1.77 
1.71 
1.66. 
1.33 

I- 

6.0 

2.0 : 0.54 
0.54' 

:. ^ 

.0;36 1 

~0.46 ‘- 
. 0.45 

1.78 0.071 1 

1.35 0.060 0.08 5.7 

0.93 0.074 0.25 28.0 

0.50 .- ~0.104. 
_- 

0.15 6.9 

0.15 8.5 

0.08 16.0 

domine, was greater than. the Molsidoniine .concentration as determined by 
the method, indicating’ the presence of meta&Sites in the. .pissma:extract, 
which did not, however, interfere in the assay of Molsidomine.. 

.:..:,-- j 
&&&tin. ~ _.. _ .- _. ., ~.‘L -. -. 

‘R&i was ev&.ded ikom the data obtai&d from &e.~s&&&..med for the 
dkkrsnination of recovery. The precision wa& cakulated for each concentra- 
tion (Table III). The cali&ation line was described by tie won equatioq: 
y =: 0.2132 x +,0.0726, where y is the Molsidomine peak height and z i&the 
plasma~..cqncentrationncentration,- The : cogek&ioi~ coefficient. was. 0;985; :.th.is dksqibes 
the “goodness of fit” of the experimental data with the-regreision-line; : 

: ’ 
_. .: 

CdibmtiA 
Due to variation in response of the cohmn and detector &s&n, calibration 
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TABLBlV 
; -. 

MOLStiBfINB ANIX “C CONCEN’kATIONS LN -DOG P- WLLGWlNGANINTRAVEtNOUSDGSE~_ 
OF6~@k3 

ND = not detectable (< ngfml). For both dogs,meanspedfic activity= 0.65(s=0.069);&&&~ activiti if . 
.speifi&a&ivity MaL&dominedctsed= 0.60. 

DogB 

Mohidomine "C(pgequk_ caIc_specif- Mo!sidomine '~C(irge&iv. cakspecif- 

(rgld) ofMokidomineica&itity (@g/mu of!ldolsidomineicactivity 
perml (rCi/mg) perd (PWmp) 

smin 
10 mia 
15mikl 
30& 
45lniz.t 
lh 
1.5 h 
2h 
3h 
4h 
6h 

24h 
54h 
4w 
3dws 

5.5 
a.4 
5.1 
3.7 
24 
1.6 
0.8 
0.3 
0.07 

R 
ND 

12.1 
15.1 
11.5 
10.4 
9.4 
9.0 
a.1 
7.3 
6.3 
4.8 
3.8 
2.6 
2.3 
2.4 
1.6 

0.69 

0.68 
0.69 
0.60 
0.65 
0.72 
0.60 
0.45 
0.66 

7.9 

6.0 
5.2 
4.0 
3.2 
2.2 
1.2 
0.6 
0.1 
0.07 
0.02 

ZE 

11.2 0.71 
to5 

i3:1 

0.59 0.71 

0.67 
7.4 0.64 
7.0 0.70 
6.4 0.62 
6.1 0.73 
4.8 
3.8 
2.6 
2.0 
1.9 
1.8 
1.0 

samples were always analysed on the same day as the unknown samples. The 
data presented in Tables II and III were obtained during one working day. 
Over a period of two weeks, during which time calibration samples were 
analysed daily, it was found that the variation of the. slope of the standard 
curve about a mean line was f 4% The response of the column/detector 
system was linear from 2 ng to (at least) 2 fig injected. . 

Application 
The method has been applied to the analysis of Molsidomine in the plasma 

of dogs receiving an intravenous dose of 6 mg/kg (Table IV), and to the anal- 
ysis of the drug in human plasma following (a) a 2-mg p-0. dose of a tablet 
formulation, and (b) a 2-mg p-0. dose of an aqueous solution to three vohm- 
leers (Fig. 3). 
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