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Introduction

Mildronate  (3-(2,2,2-trimethylhydrazinium)-
propionate dihydrate) is used in cardiology and
also as an adaptogene. It is an analogue of
biologically important betaines: +y-butyro-
betaine and carnitine (Fig. 1). Due to its ionic
properties, mildronate and its analogues pro-
duce asymmetric peaks that are difficult to
quantitate in normal-phase, reversed-phase
and ion-pair chromatography. Therefore a
novel system had to be found.

Another problem was low UV-absorbance
of the solutes that prevented their direct
detection in blood plasma samples. Thus,
derivatization had to be used to achieve the
desired sensitivity of analysis. It was shown
that common methods of carboxylic acid deriv-
atization were inefficient for betaines due to
their relatively low reactivity. Therefore some
special version of the procedure had to be
developed.

In the present paper, an HPLC method of
mildronate determination in blood plasma is
described.

Experimental

Materials

Mildronate (quality according to the tem-
porary pharmacopeal monograph) was
obtained from Grindex (Riga, Latvia)
v-butyrobetaine and carnitine from Fluka
(Switzerland). Acetonitrile used was of HPLC
grade produced either by Cryochrom (St
Petersburg, Russia) or by Reachim (Harkov,
Ukraine). The distilled water was further
purified from ionic and organic impurities with
a Milli-Q system from Millipore (France). 18-
crown-6 (purity >97%) was from Fluka
(Switzerland). The salts of analytical grade used
for buffer preparation were purchased from
Reachim (Moscow, Russia).

Instrumentation

The HPLC system consisted of the following
units from Gilson, France: a model 302 pump,
model 811 dynamic mixer, model 803C
manometric module, model 115 variable wave-
length detector, 620/704 HPLC System
Manager (Version 3.0). The samples were
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Figure 1
The compounds under study.
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injected via a 7125 injection valve, Rheodyne
(CA, USA).

The column (4.6 X 150 mm) was packed
with Silasorb 600 silica (Lachema, Czechoslo-
vakia) by Elsico (Moscow). The eluent con-
sisted of acetonitrile-0.025 M phosphate
buffer (pH 5.7) (10:90, v/v). The buffer was
prepared by dissolution of sodium dihydro-
phosphate (0.8 g) and potassium hydrophos-
phate (2.8 g) in deionized water (1.01),
followed by pH adjustment with small amounts
of KOH or H;PO,. After the addition of the
required amount of acetonitrile, the solvent
was degassed under vacuum and used at a flow

rate of 1.5 ml min™.

Preparation of samples

Blood plasma samples were prepared as
follows. A 400 mg mass of Dowex 50WX10
resin (20-50 mesh) were placed in a plastic
column (8 mm internal diameter) and flushed
with 1% of trifluoroacetic acid until the eluate
pH reached 2-3, then with 2 ml of water. A
1 ml volume of deproteinized plasma was
filtered through the prepared column. The
filtrate was neutralized with 10 pl of 25%
ammonium hydroxide, the excess of ammonia
removed by nitrogen stream until mixture pH
reached 6-8. The catalyst solution was pre-
pared from 600 pl of 18-crown-6 solution
(1 mg ml™! in MeCN), 150 ul of potassium
bicarbonate (0.1 mg ml™! in water) and 150 pl
of potassium hydrogen phosphate (0.15 mg
ml~! in water). The purified plasma sample
(100 pl) was mixed with 450 pl of p-bromo-
phenacyl bromide solution (5mg ml™' in
MeCN) and 75 pl of catalyst solution in an
amber glass vial. The vial was heated for 2 h at
70°C, and then the solvents evaporated under
vacuum. The residue was dissolved in 400 pl of
water, the solid impurities were removed by
centrifugation. The solution (50-100 pl) was
used for HPLC analysis.

Preparation of calibration graphs

In the experiments on external standard
quantitation the stock solutions of mildronate,
v-butyrobetaine and carnitine (10 mg ml™?) in
water were prepared. Aliquots of these sol-
utions were dissolved in 1 ml of deproteinized
blood plasma to produce calibration solutions
containing 5-100 pg ml™! of the compounds
under study. The samples were processed as
described. The peak areas were used to con-
struct the calibration graphs. When mildronate
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was determined using an internal standard
method, y-butyrobetaine was added to the
sample to give a 20 pg ml~! concentration.

Results and Discussion

The usual method of derivatization of acids
with p-bromophenacyl bromide [1] was not
applicable to betaines. It has been shown that
in the determination of betaines in plant
extracts the reaction could be catalysed by 18-
crown-6 [2].

It was found that the presence of crown
catalyst itself was not sufficient for the deriv-
atization of betaines in plasma. The probable
reason is that inorganic cations and some other
components of blood plasma compete with
mildronate for the active site of crown ether.
The preliminary filtration of the sample
through Dowex 50WX10 cation exchanger
allowed the reaction of betaine derivatization
to be completed in 2 h. The recovery of
mildronate from the Dowex column was
usually between 85 and 90%.

Carnitine and +vy-butyrobetaine were tested
as potential internal standards when reacted
with p-bromophenacyl bromide under the
described conditions.

The derivatization products have the prop-
erties of quaternary nitrogen bases and, there-
fore, they produce asymmetric peaks in
reversed-phase mode. The other problem was
rather poor separation of the betaine deriv-
atives from the sample matrix peaks both in the
traditional reversed-phase and in the ion-pair
chromatography.

It is known [3, 4] that sometimes peak shape
of bases obtained on unmodified silica columns
with aqueous buffers as mobile phases is much
better than that on reversed phases. This
approach turned out to be efficient in the case
of these compounds. The peak shape was quite
satisfactory. Another advantage was that
matrix peaks were eluted much closer to the
dead volume and did not interfere the peaks of
mildronate and its analogues.

Figure 2 shows a typical chromatogram of
blood plasma spiked with 20 pg ml™' of
mildronate, <y-butyrobetaine and carnitine.
The column was stable under the described
conditions and its efficiency did not decrease
considerably during 1 month of daily work.

The method of external standard can be used
for the determination of the three substances.
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Figure 2

The chromatogram of blood plasma spiked with 20 pg
mi~! of mildronate (I), y-butyrobetaine (II) and carnitine
(III). Column: Silasorb 600, 4.6 X 150 mm; eluent: aceto-
nitrile-0.025 M phosphate buffer pH 5.7 (10:90, v/v);
detector: UV (A = 262 nm).

The limits of quantitation for mildronate, y-
butyrobetaine and carnitine were 1.0, 2.5 and
0.75 ng ml™', respectively. The calibration
graphs were linear in the range 5-100 pg ml~!
for plasma with relative standard deviations at
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the 20 ug ml™! level of 6, 8 and 8% for
mildronate, +y-butyrobetaine and carnitine,
respectively.

In order to compensate the possible fluctu-
ations of mildronate recovery from the ion-
exchange column and derivatization reaction
yield internal standard method can be used. y-
Butyrobetaine is the most convenient com-
pound to be used for this purpose. The
calibration relationship is expressed by
equation

Smildronate Cmildronate

=0.13 + 1.381

S y-butyrobetaine Cy-hutyrobetaine

The relative standard deviation of mildronate
concentration for 5 and 20 wg ml™" levels in
this case was 4.5 and 3.8%, respectively.
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