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SUMMARY

‘A high-performance liquid chromatographic method is described for the analysis of the
anti-anginal compound 5-ethoxycarbonyl-3-morpholinosydnonimine (Molsidomine) in hu-
man and dog plasma. 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 was 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 (tablet) and 10—19 ng/ml (agqueous solution) were obtained following a 2-mg
orakFdose.

INTRODUCTION

Moisidomine (5-ethoxycarbonyl-3-morpholinosydnonimine, developed by
Takeda Chemical Industries, Osaka, Japan, and licensed to Casella Farbwerke
Mainkur, Frankfurt, G.F.R.)is a novel sydnonimine derivative with a mesionic
ring: whlch has been shown to possess a sustamed antx-angmal effect followmg
oral treatment [1]
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There are no reports of chromatographlc methods for the analyszs ‘of Syd-
nones and, in view of the polarity of the mesionic ring system, it was consid-
ered unlikely that a gas chromatographic method would be applicable. If was
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decided, therefore, to develop a high-performance hqmd chromatographlc
method which would be sufficiently sensitive and specific fo follow. the.con-
centration—time course “of ‘Molsidomine in "plasma  following therapeutxc
doses (1—2 mg) of the drug to human volunteers.

This paper describes the development of such a method, usmg reversed-
phase chromatography, and its application to a human volunteer study in-
volving two different formulations of Molsidomine.

EXPERIMENTAL

Apparatus and materials

The chromatograph consisted of a pump (constant ﬂow synnge pump;
Applied Chromatography Systems, Luton, Great Britain), an injector (mod-
ified hoke valve stop flow injector; H.S.C.P., Bourne End, Great Britain) and
a UV detector (CE 212 UV variable wavelength monitor; Cecil Instr., Cam-
bridge, Great Britain) operated at 312 nm, the A, for Molsxdomme (e =
1.5 X 10%). The separation column was a 125 X 4.5 mm LD. stainless-steel
tube packed with ODS Hypersil (5 gym diameter, 200 m? /g; Shandon South-
ern, Runcorn, 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 (Fison’s 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 0—4°.

Preparatlon of columns

The separation column was packed by a slurry techmque as follows: the
packing material (2 g) was added to a solufion of 80% methanol in 0.1%
(w/v) aqueous sodium acetate trihydrate (10 ml) and the mixture was ulira-
sonicated for 5 min. The column was packed by forcing the slurry into the
column tube by means of a constant-pressure pump (MCP 71; Ohn Energy,
Sunderland Great Britain) set at 20,700 kPa.

Analysis of plasma samples

To 0.5 ml of plasma were added 2.0 mi of chloroform and the mlxture
was agitated using a Vortex mixer for 30 sec. After centrifuging (3000 g for
10 min} to separate the layers, 1.5 ml of the chloroform phase was trans-
ferred to a tapered tube and evaporated to dryness in a stream of nitrogen.
" The residue was dissolved in 50 ul of the mobile phase under sonication and
20 a1 was injected into the column. The above procedure was duplicated for
each plasma sample. The Molsidomine peak height was measured and the
plasma concentiration 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 conceniration over the
range 0—10 ng/ml (human samples) and 0—10 ug/ml (dog samplas) Plasma
was stored at —20° until reqmred for- analys:s .
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RESULTS AND DISCUSSION

Recovery from aqueous systems o ' :

--Aqueous . buffer systems to which had been added Molsxdomme @ao pg/ml)
were exfractéed and analysed as deseribed above :for plasma (Table I). The
percentage: extracted ‘was calculated by comparing the peak heights obfained
following extraction of these buffered solutions with the peak heights of
corresponding aqueous standard solutions. From pH 4 to 11 the recovery of
the drug was virtually 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
8.9 97
10.2 97
11.3 96
124 64

Recovery from plasmea

Molsidomine was added to control plasma to give six replicate samples at
five concentrations (2—10 ng/ml). 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 ug/ml) and the results
indicate no significant dependence of recovery on concentration (Table II).

TABLE II

RECOVERY OF MOLSIDOMINE FROM PLASMA ATpH 74
C.V. = Coefficient of variation.

Molsidomine Percent extracted - Molsidomine Percent extracted
concn. (ngfml) + C.V. conen. (xg/ml) - -

10 79 6 2.0 - 87

8 79+ 7 10 88

6 83+ 5 . 0.5 88

4 8524 - - 0.2 : . 84

2 85+14 ST 01 o - -85

0.05 - g 84

0.02 83
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Chromatogmphy : ' Tm

Normal-phase chromatography on LlChrosorb SI 100 usmg 1,2-d1chloro-
ethane—methanol (95:5) as mobile phase was unsatisfactory, the Molsidomine
peak. eluting on the tail of a-large plasma component-[Fig. la}. Good sep-
aration of Molsidomine from: the endogenous matrix. was obtained .on:an

octadecylsilyl reve:sed-phase column (Flg lb), elutmg mth an. acetate buﬁfer—
methanol mobxle phase.

& “ (6]
131
Z
=
o
a
w2
-1
o
=

w

CE

o

a

@

-

<)

=

I .
oiééi%oéié"éﬁ)
— min ——mm

Fig. 1. Chromatogram of an extmct of human control plasma to whlch had been added
Molsidomine to give a plasma concentration of 10 ng/ml, a, InChrosorb SI 100 column
(0.005 a.u.f.5.); b, ODS Hypers:l column (0. 01 aun.fs.).



469

Ltmzt of detection '
- A plasma concentration of 3.6 ng/ml gave a signal-to-noise ratio of 8 (Fxg 2)
’ Extrapolatmg to a sxgnal-to-noxse ratio of 3 would yicld a limit of detection of

£al 1R
approximately 1.5 ng/ml. In practice, the precision of the method at a plasma

concentratmn of 2 ng/ml (six replicates) was * 16% (Table III)

Speclﬁclty

The specificity of the method was imparted by the chromatographlc system
and the ulfraviolet detection wavelength. Evidence for the specxﬁcxty was ob-
tained from an experiment in which two beagle dogs were given an intravenous
dose of 6 mg/kg of [*C]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 the chromatogram was collected and the radioactivity
content determined. Specific activity was obtained by dividing the micro-
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Fig. 2 Chromatogram ‘of ‘a‘plasma’ extract obtamed from a human volunteer 45 min after
. receiving'a p.o.-dose of 2 mg. of -Molsidomine. The Molsidomine peak conesponds to.a

plasma -concentration .of. 3.6 nglml (0.01:a.ufs. ).:- -~ -, Contral plasma extraet: —_
plasma extraci; from volunteer receiving Molsxdomme ’ : .
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Fig. 8. The elimination of Molsidomine from the plasma of three human volunteers recennng
2 p.o. dose of 2 mg. ——a, Tablet formulation; a- - -a; aqueous solutlcn .

curies in the collected peak by the numbe: of :mlhgrammes of Mols:dommo
to which this peak corresponded. The mean specific: -activity for all sample
was 0.65:+ 0.069 (10.6%) uCi/mg; this is in goed. agreement: with the specific
: actlvr.ty of the Molsidomine -used ‘in the- experiment (0.60 ©Cifmg). The total
radioactivity in the plasma sampl&s, m ﬁerms of the eqmvalent welght of Mo!s
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TABLE III

PRECISION OF THE METHOD ‘AND REGRESSION ANAYLYSIS (S‘I‘ANDARD CURVE)
s= sfandard demtzon. :

- Molsidomine . - . Peak height (cm). at o Regreem'on anglysis s - . Precision
conen. (ng/ml)  0.01 a.ufs. : o & B
St oo s - defleetion -~ - - Fitted - -Departy : ) -
SRR S valuec © (95%
.. econfidence)

100 2.36
- 1.98
2.20 {- ;- _ , ..
2.20 - T 2.20 - 0.099 0.15 6.9
2.10 o v :
2.38

8.0 ‘ 2.00
" 157
177 { _
191 1.8 ©0.071 0.15 8.5
1.66 . ’ . ' .
1.83

6.0 1.34
‘1.43 1 o : :
1.29 - 1.35 0.060 0.08 5.7

148 ) SR oo e o
S 1.34
40 114
09 { . - , .. : _
0.67 S 093 0.074 0.25 28.0

1.36 B : - :

0.78

2.0 054 ) A
o o54°f .. T : o ‘ :
045 } - o 050 - ~ 0.104 - - 0.08 16.0 .
045 § R S -
~0.36

domine, was greater than the Molsidomine .concentration as determined by
the method, indicating the presence of metabolites in the plasma:extract,
whlch dld not however, mterfere in the assay of Molmdomme._

;Precxszon o :
This was evaluated f::om the data obtamed fzom the samples used for the

determination of recovery. The precision was calculated for each concentra-
tion (Table II). The calibration line was described by the regression equation:
y = 0.2132 x + 0.0726, where y is the Molsidomine peak height and x is the
. plasma- concentration.: The :correlation coefficient was-0.985; .this describes
the “goodness of at” of the expenmental data mth the regreesxon hne. S :

C’alzbratwn '
Due to vanatmns in response of the column and detector system cahbratmn :
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TABLE IV

MOLSIDOMINE AND “C CONCENTRATIONS IN DOG PLASMA FOLLOWING AN INTRAVENOUS DOSE- -
OF 6 mg/kg

ND = not detectable (< ng/ml). For both dogs, mean specific actxvxty 665(s= 0 069). specx.ﬁc nctivity of :
specxf'c ax:hv:ty Molsxdomme dosed = 0 60. . )

Time after Dog A . T DOEB

dose Lo _
Molsidomine '“C (ugequiv. Calc. specif- Molsidomine  '*C (zg equiv. Cale. specif-
(zg/ml) of Molsxdomme ic activity (zg/ml) of Molsidomine ic activity
" per ml { anImg) per ml (uCifmg)
plasma) : plasnta)
5 min 5.5 12.1 0.69 7.9 11.2° 0.731
10 min 8.4 151 0.68 6.0 9.5 0.71
15 min 5.1 115 0.69 52 9.0 . 0.59
30 min - 37 . 104 0.60 4.0 8.1 . 0.67
45 min 2.4 94 0.65 3.2 7.4 0.64
1h 16 9.0 0.72 2.2 70 0.70
1.5h 0.8 8.1 0.60 1.2 6.4 . 0.62
2h 0.3 73 0.45 0.6 6.1 0.73
3h 0.07 6.3 0.66 0.1 4.8
4h ND 4.8 0.07 3.8
6h ND 3.8 0.02 2.6
24h ND 2.5 ND 2.0
54 h 2.3 ND 19
4 days 24 1.8
8 days 16 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 + 4%. The response of the column/detector
system was linear from 2 ng to (at least) 2 ug 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.o. dose of a tablet

formulation, and (b) a 2-mg p 0. dose of an aqueous solution to three volun-
teers (Flg 3).
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