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SUMMARY

A relatively simple gas chromatographic method has heen developad for the quanti-
-tative determination of hydralazine simultaneously with its acetylated metaholite,
3-methyl-s-triazolof 3 4-a]phtha!azme (MTP). The proteins were removed by means of
sulfosalicylic acid and Sure-Sep®. On treatment with formic acid, hydralazine and its
internal standard were canverted into their formylated derivatives. These derivatives, MTP
and its internal standard were extracted with toluene and determined by gas chromata-
graphy with a nitregen-selective detector. The lower limits of detection for hydralazine
and MTP were 0.13 and 0.27 amol/l, respectively.

INTRODUCTION

N-Acetylation seems to be one of the major metabolic pathways fer
hydralazine in man [1]. Measurement of both hydralazine and the acetylated
metabolite, 3-methyl-s-triazolof3,4-¢]phthalazine (MTP) is therefore of
interest.

Since hydralazine is not extractable from biological material with organic
solvents a method based on derivatization directly in the biological milieu is
needed. Many papers have been published on the measurement of
hydralazine, but only a recently published gas chromatograpaic (GC) method
has sufﬁclent specificity and sensitivity. In this GC method hydralazine is
converted into tetrazelofl, 5-x]phthalazine and detected by an electron-
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capture detector [2]. A slight modlﬁeauon of thls procedure allows s:mul-
taneous determination of MTP [3]. :

We present a GC method using a nitrogen-selective detector for the szmul-
_taneous determination of hydralazine and MTP. Hydralazine is analysed as
its formylated derivafive, s-triazolo[3,4-«]phthalazine (TP) (see Fig.1), and
detected by a nitrogen-selective detector. The described method is relatively
simple and therefore well suited for the routine determination of hydralazine
in serum from patients under treatment with this drug.

hydralazine s-triazolo [3,4-Jdphthalazine
N .
H-NH, TS
) HCOOH ‘
Pehdntubuide NS
) CH, CHy
4-crethylhydralazine 6-methyl-s-triazolo (3,4-a
phthalazine

Fig 1. Transformation of hydralazine and 4-methylhydralazine (internal standard) to
their formyl derivatives.

EXPERIMENTAL

Materials

Hydralazine hydrochloride, 4-methylhydralazine hydrochloride (intemai
standard) and 8-methyl-s-triazolo{ 3,4-a}phthalazine (MTP, Fig.2) were a gift
from Ciba-Geigy {Basle, Switserland). 3-Ethyl-s-triazolo[3,4-a}phthalazine
[ETP (Fig.2), internal standard] was synthesized as described for the analo-
gous methyl derivative by Haegele et al. [1].

. it
@/’\;{'\.ﬂ, @(’;':/Lcs{,cu,
MTP , ETP

Fig.2. Structural formulae of the acetylated metabolite of byd:alazme (MTP) and its
internal standard (ETP).
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- Serum standards were prepared every day of analysis and 10% ascorbic
acid solution added as described below for the serum samples. Stock solu-
tions of hydralazine hydrochloride (0.5 mmol/l of 0.1 N HCl) and 4-methyl-
hydralazine hydrochloride (1.7 mmol/] of 0.1 N HCIl) were kept at'2—8°C for
two and four weeks, respectively. Stock solutions of MTP and ETP (1.3
mmol/l of ethanol) were kept at —20°C for several months. All reagents were
of analytical quality. Sure-Sep® (plasma/serum separators) was purchased
from General Diagnostics (Morris Plains, NJ, U.S.A.).

Serum samples
Within 15 min of blood collection the serum was separated, 5 gl of 10%
ascorbic acid solution per ml of serum were added and the samples stored at

—-20°C.

Procedure
To 1.0 ml serum were added 100 ul of 4-methylhydralazme solution ( 16.6

emol/l), 125 pl of ETP solution (12.6 gmol/l) and 100 ul of 50% svlfosali-
cylic acid solution. The reagents were whirlimixed for 5 sec and centrifuged
(5 min at 1300 g). After adding Sure-Sep® the centrifugation was repeated.
The supernatant was decanted, 100 gl of formic acid were added, then the
test-tube was sealed and placed at 100°C for 20 min. After cooling at room
ftemperature (about 3 min), 400 ul of 5 M NaOH, 1.5 ml of 1 M carbonate
buffer {(pH 10.5) and 3 ml of foluene were added. The mixture was shaken
for 5 min, centrifuged for 5 min (1300 g) and the toluene phase transferred
to a new tesf-tube. The exfraction procedure was repeated and the combined
toluene extracts were evaporated under nitrogen at 50°C. The evaporated
samples were stored at —20°C until the GC analysis could be carried out.

The dry residue was dissolved in 30 gl of toluene and 2 gl were analysed
by GC. The serum concentrations of hydralazine and MTP were calculated
on the basis of the peak-height ratios of hydralazine/4-methylhydralazine
and MTP/ETP by reference to the graphs obtained by analysing serum
standards simultaneously.

Gas chromatography

A Model 5830A gas chromatograph equipped with a nitrogen-selective
detector (Hewlett Packard, Palo Alfo, CA, U.S.A.) was used with the fol-
lowing operating eonditions: 3 2.0 X 2 mm I.D. glass column was packed
with 1% SP 1000 on Chromosorb W 80—100 mesh; the carrier gas (bhelium)
flow-rate was 30 ml/min, the air flow-rate 50 ml/min and the hydrogen flow-
rate 3 ml/min; injector temperature was 220°C, detector temperature 300°C.
The oven was programmed from 220 to 250°C at 16°C/min. The voltage of
the rubidium bead was set at 16—20 V. -

RESULTS
Evaluation of the analytical procedure

Fig.8 shows chromatcgrams obtained from serum analys:s Plots of the
standard curve of hydralazine over the range 1—15 umol/l were linear and
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Fig.8. Chromatograms of human serum extracts, analysed as described in the text.
A, Serum; B, serum to which hydralazine and MTP were added (2.5 and 1.2 pmol/l,
respectively); C, serum from a patient, therapeutically treated with hydralazine. H =
Hydralazine, M = MTP, Iy = internal standard for MTP, Ig = internal standard for
hydralazine.

passed through the origin. The standard curve of MTP was linear over the
same range but did not pass through the origin. The blank was from 0.05 to
0.15 pmolfi.

The lower limits of detection for hydraiazme and MTP were 0.13 and 0.27

TABLE I

REPRODUCIBILITY OF REPLICATE ANALYSES OF HYDRALAZINE AND MTP
" ADDED TO HUMAN SERUM

The serum samples were stored at —20°C from one day to seven weeks and a.nalysed at

random on different days.

Compound - Serum coneen;:ahon Coefficient of
(zmolfl) variation (%)

Hydralazine 9.92 : ’ 4.9

3.30 34

0.50 7.7
MTP 14.64 6.4

4.88 48

0.83 _ 3.4

*Mean values from eight duplicate samples of each concentratian. =
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umol/l, respectively (25 and 50 pg/fl). The reproducibility was determined
using spiked serum samples analysed at random on different days. These
spiked serum samples were stored at —20°C from one day to seven weeks.
The reasonable reproducibility shown in Table I demonsirates that
hydralazine and MTP are stable for weeks under the conditions mentioned
above. The stability of hydralazine at —20°C is confirmed by the resulfs in
Table II, where both patient serum samples and spiked samples were deter-
mined twice with a time interval of from six weeks to seven months.

Table IIl compares results from analyses of patient serum samples by our
GC method and another GC method [4].

Application of the analytical procedure

Venous blood samples from 32 patients, therapeutically treated with
50—200 mg (0.25—1.0 mmol) of hydralazine per day, were collected just
before and 1 h after the first moming dose.

The ranges of the serum levels of hydralazine were found to be <0.13—7.6
and 0.50—12.7 umol/l, respectively (<25—1500 and 100—2500 ugfi).

The MTP levels were <27 and <0.27—8.2 umol/i, respectively (<50 and
<50—1500 ng/ml).

TABLE It

COMPARISON OF RESULTS OF ANALYSIS OF PATIENT SERUM SAMPLES BY
OUR GC METHOD AND ANOTHER GC METHOD [4}

Sample Our results Results from another GC method [4]

No.
Hydralazine conceniration  ‘“Apparent’ hydralazine concentration
(zmolfl) (zmolfl)

i 4.6 5.3

2 5.5 3.9

3 1.9 2.9

4 4.8 3.2

5 13.1 9.2

6 0.6 0.2

DISCUSSION

Several authors have mentioned the instability of hydralazine in human
serum during storage [2,5]. In consequence, Jack et al. [2] recommend
derivatization before cold storage. We found that, after the addition of
ascorbic acid, serum samples were stable at —20°C for at least seven months
(Table II). Furthermore, we have discovered that the ascorbic acid prevents
cleavage of hydralazine in the analytical procedure. The use of sulfosalicylie
acid as denaturating agent and separation of the denafurated proteins by
means of Sure-Sep® have been shown to remove the proteins so completely,
that no interfering peaks appeared in the chromatogram.
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. We have tested mapy derivatives of hydralazine such as tefrazolo[1,5-«]-
pbthalazine [2] and formaldehyde, acetaldehyde and acetone hydrazones of
hydrazine, but we found neither as sensitive at the nitrogen-sensitive detec-
tor as the formyl derivative of hydralazine (TP).

. The yield -of the derivatization was found to be about 50% by compa.nson
with TP, prepared on an analytical scale as described by Haegele et al. [6].
Different reaction conditions have been studied to optimize the derivatiza-
tion of hydralazine. An elevated temperature was necessary; 100°C was
chosen to complete the reaction within 10—20 min. Neither a longer reaction
time (60 min} nor more formic acid (500 pl) improved the yield. Both TP
and MTP appeared to be rather stable. No lass of TP or MTP was observed in
evaporated samples, neither after standing at 50°C for 15 min nor after
storage for one week at —20°C. The yield of one extraction with toluene was
only about 50%. Consequently, two extractions raised the yield to about
T5%.

SP 1000 tumed out to be the best stationary phase since phases as OV-17
and SE-30 resulted in extreme tailing. Although the peaks are rather close
(Fig.3), the separation has proved satisfactory to obtain a reasonabie preci-
sion (Table I). A column 3 m long improved the separation, but not the
precision.

Earlier published GC methods [2,3] used an eleciron-capture detector,
but recently a method using a nitrogen-selective detector has been published
[7]. It is our opinion that a nifrogen-sensitive detector is more suited for
routine analysis. In our laboratory nitrogen-sensitive defectors have been
used without problems by different technicians during the past four years.

TP has been identified as a metabolife in rat urine [1] and recently in
human urine, too [6]. But like Haegele et al. [6] we did not find any detect-
able amount in the serum from patients therapeutically treated with
hydralazine.

Some authors have postulated the existence of some acid-hydrolysable
conjugates of hydralazine [4,7,8]. These findings are confirmed by Haegele
et al. [6], who identified acetone, pyruvate, and «-ketoglutarate hydrazones.
In vitro activity studies, however, have shown that these hydrazones are at
least as active as parent hydralazine [6,9]. During the last few years it has
been shown [4,7,8] that earlier published methods [2,5]) involving acidic
tfreatment of the samples do not distinguish between hydralazine and its
acid-hydrolysable conjugates, but recently Degen [7] has described a GC
method for the specific determination of unchanged hydralazine.

In view of the acid conditions in our derivation procedure (pH <1) these
conjugates are most likely co-determined in our analysis. A comparison of
our method with arother GC method (Table III) indicates that this actually
is the case, because our resulis are in reasonable agreement with the “‘appar-
ent” hydralazine concentrations (hydralazine with co-determination of the
acid-hydrolysable conjugates).

Great individual variations in serum concentrafions of hydralazine and
MTP were found in patients therapeutically treated with almost the same
dose of hydralazine. It has already been shown that the different extent of
acetylation of hydralazine in man [3,10]} is an important determinant of the
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plasma level of hyd!alazme but many other factors may equally be the
causes of the great variations in bioavailability of hydralazine. -

- Earlier investigators - [10] have shown that the hypotensive effect of
hydralazine is proporfional fo its plasma concentration. Our preliminary
results from blood pressure measuremenis and serum concenfration deter-
minations: scem: t0 show correlation, too [1]. This indicates that the de-
scribed method may be a useful guide to a2 more rational angd safe dosage of
hydralazme.

ACKNOWLEDGEMENT

The authors thank Arne Hanson, Malmo Allmanna Sjukhus, Sweden, for
his great help with the correlation results (Table III). '

REFERENCES
1 K.D. Haegele, H.B. Skrdlant, N.W. Robie, D. Lalks and J.L.. McNzay, Jr., 4. Chro-
matogr_, 126 (1976) 517.
2 D.B. Jack, S. Brechbihler, P.I1. Degen, P.Z. Binder and W. Riess, J. Chmmatogr., 115
(1975) 87.
3 T. Talseth, Clin. Pharmacol. Ther., 21 (1977) 715.
4 S._B. Zak, G. Lukas and T.G. Gilleran, Drug Metab. Bispos., 5 (1977) 116.
5 A.R. Schulert, Arch. Int. Pharmacodyn. Ther., 132 (1561) 1.
6 EK.D. Haegele, AJ. Mclean, P. du Souich, K. Barron, J. Laquer, 4.L. McNay and
O. Carrier, Brit. J. Clin. Pharmacol., 5 (1978) 489.
7 P.H. Degen, J. Chromatogr., 176 (1979) 375.
& P.A.Reece, P.E. Stanley and R. Zacest, J. Pharm. Sei., 67 (1978) 1150.
9 K. Barron, O. Carrier, K.D. Haegele, A.J. Mclean, J.L.. McNay and P. du Souich, Brit.
d. Pharmacol., 61 {1977) 345.
10 R. Zacest and J. Koch-Weser, Clin. Pharmacol. Ther., 13 (1972) 420.
11 H.R. Angelo, J.M. Christensen, M. Kristensen and A. McNair, Scand. J. Clin. Lab.

Ianvest., Suppl. 152 (1979) 42.



