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Determination of hydralazine and its acetylated metabolites in urine by gas
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Hydrtalazine is becoming increasingly widely used as an anti-hypertensive drug
particularly in combination with other anti-hypertensives such as propranolol’. The
use of hydralazine in man is attended by a significant incidence of 2 lupus erythema-
tosus-like syndrome?. This adverse effect occurs almost exclusively in the slow acetyl-
ator phenotype, as determined by the sulphamethazine test. This and other evidence
has suggested that hydralazine is acetylated in man and that this acetylation is under
the same genetic control as that for sulphamethazine’.

Although the metabolism of hydralazine has been studied in man*S and a
number of methods have been devised for measurement of hydralazine in plasma and
urine’>~7, methods for measurement of methyltriazolophthalazine (MTP) and hydroxy-
methyltriazolophthalazine (3-OHMTP) suitable for the analysis of large numbers
of urine samples have not been described. Consequently it was of interest to devise
methods for measuring hydralazine and its acetylated metabolites in urine to show
whether hydralazine is indeed polymorphically acetylated in man. Furthermore it
would also provide 2 means of acetylator phenotyping patients taking hydralazine,
without stopping their therapy, as would otherwise be necessary if the sulphametha-
zine iest is used.

EXPERIMENTAL

Reagents
Hydralazine hydrochloride was obtained from Koch-Lighi Labs. (Colnbtook

Great Britain); acetylacetone from BDH (Poole, Great Britain) and bis- ethyl-
silyl(TMS)acetamide, 3-hydroxypropionic acid and trifluorcacetic anhydride (T. FA)
from Aldrich (Gillingham, Great Britain.).

f-Glucuronidase, type 2 (Helix pomatia) containing sulphatase activity was
supplied by Sigma, (Kingston, Great Britain).

Methylhydralazine, MTP and 3-OHMTP were generously supplied by bea-
Geigy {Basle, Switzerland).

Gencral meihods
‘Gas chromatography (GC) was carried out on a Perkin-Elmer F17 instrument
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fitted with a nitrogen-phosphorus detector. The column, 2 m X 1.75 mm LD. glass
packed with 1069 OV-17 on Gas-Chrom Q, 109-200 mesh (Applied Science Labs.,
State College, Pa., U.S.A.). The detector/injector temperature was set at 300° and
the nitrogen detector used at a setting of 6.0, giving a rubidium bead temperature of
approximately 600°.

High-pressure liquid chromatography (HPLC) was carried out using a Waters
Modet 600A pump and U6K injector. The column, 25 cm X 5 mm L.D., was packed
with Hypersil ODS (Shandon, Runcorn, Great Britain). The UV detector, a Pye-
Unicam Model LC UV was used at a wavelength setting of 254 am.

GC-clectron impact mass spectrometry (EI-MS) was performed on a Finnigan
320 instrument. The instrument was fitted with a 5 ft. X 2 mm LD. glass column,
packed with 10% OV-17 on Gas-Chrom Q, 100-120 mesh, with helium as carrier gas.
An emission current of 500 gA and eleciron energy of 25 eV were used.

Syntheses

Trifluoromethyltriazolophthalazine (Fi-MTP). This compound, used as an
iniernal standard (I.S.), was prepared in the manner described for the preparation of
MTBPS. Hydralazine hydrochloride was refluxed with excess TFA for 4 h. The reac-
tion mixture was reduced to dryness under vacuum and dissolved in hot ethyl acetate.
The hot ethyl acetate solution was filtered and the filtrate decolorised with charcoal.
After filtration of the solution to remove the charcoal, the product was allowed to
crystallise. Analysis by GC revealed a single peak, retention time 2.1 min at 250°.
GC-EI-MS similarly revealed a single peak, giving m/e:238 (M*); 141, 129, 128, 115
(M—123; base peak).

3-Hydroxyethylitriazolophthailazine (3-OHETP). This compound, used as LS.,
was synthesised ir a similar manner to 3-OHMTP®. Hydralazine hydrochloride was
refluxed at 100° with excess 70% aq. hydroxypropionic acid for 14 h. After refluxing
the reaction mixture was washed into a separating funnel with chloroform, neutralised
with excess sodium bicarbonate solution and then filtered through phase-separating
paper and the volume reduced. On addition of toluene a solid precipitated. After
filtering off the solid was twice crystallised from boiling toluene and the pale cream
solid further recrystallised from ethylacetate. After silylation with bis-TMS-acetamide
the compound gave a single peak on GC at 270° with a retention time 6.8 min.
GC-£EI-MS of the silyl derivative similarly revealed a single peak, giving m/e: 286
(M+); 285 M —1); 271; 255; 196; 73 (M —213; base peak).

Hydralazine pyruvic acid hydrazone. This metabolite of hydralazine was pre-
pared by reacting equimolar amounts of hydralazine hydrochloride and sodium
pyruvate at 30°, pH 5, in water. The hydralazine sodium pyruvate hydrazone pre-
cipitated and was filiered off. The yellow solid was dissolved in water at pH 7.0 and
the aqueous solution extracted three times with methylene chloride. The aqueous
solution was adjusted to pH 4, the pyruvic acid hydrazone precipitated and was
filtered off and dried in a dessicator. GC of the hydrazone as a solution in ethyl
acetate yielded a single peak, retention time 3.9 min (250°). This peak was found to
have an idenmtical retention time to methyliriazolophthalazine. GC-EI-MS of the
hydrazone yielded one peak which gave the mass spectrum of methyltriazolophthala-
zine: 184 (M*, base peak), 156 (M—28); 155 (M—29), 115 (M—69). GC-EI-MS of
the hydrazone methyiated “on-column” with trimethylanilinium hydroxide yielded a
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single peak, retention tizme 9.4 min. (240°, 1094 OV-17), m/fe: 258 (M*), 199 (M—59,
base peak), 158 (M —100) 146, 144, 143, 131, 117. . o

Assay zrocedures
Hydralazine. The assay for hydralazine was based on derivatisation with

acetylacetone to form a pyrazole which could be assayed by GC as described by
Smith et 2l.”. However, it was discovered that MTP, one of the metabolites of hydral-
azine, had an identical retention time to the hydralazine pyrazole derivative on GC.
Therefore, it was necessary to remove this MTP by pre-extraction of urine. Hydral-
azine in urine wiil be present mainly in the form of hydrazones with a-keto acids.
The pyruvate hydrazone of hydralazine was found to be extracted at acid pH, therefore
for removal of MTP, extraction at an alkaline pH (pH 9.5) was necessary.
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Fig 1. Metabolites and internal standards measured.

Duplicate urine samples (10 ml) were adjusted to pH 9.5 and extracted with
methylene chioride (1 X 30 ml). The extracted urine was adjusted to pH 0.1 and the
LS., methylhydralazine was added. After reaction with excess acetylacetone for 1 h at
room temperature the urine was readjusted to pH 9.5 and extracted with methylene
chloride (1 X 30 ml). The extract, fiitered through phase-separating paper, was then
reduced tv dryness and the residue dissolved in ethylacetate (1.0 ml). Aliquots of the
ethyl acetate solution were injected into the gas chromatograph (103 OV-17, 250°,
nitrogen flow-rate 35 mi/min), fitted with a nitrogen specific detector.

The ratio of the peak heights of the hydralazine (HP) and methylhydralazine
derivatives (MeHP) was determined. A standard curve was constructed by spiking
blank urine samples with hydralazine hydrochloride, and internal standard, reacting
with acetylacetone at pH 0.1 and extracting as described above. Also a known amount
of synthetic pvruvic acid hydrazone was added to blank urine and carried through the
assay.
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HMTP. This metabolite (Fig. 1) was measured underivatised by HPLC. To
duplicate urine samples (10 ml), F5;-MTP, the L.S. was added and the pH adjusted to
9.5. The urine was then extracted with methylene chloride (1 X 3C i), the extract
filiered through phase-separation paper and then reduced to dryness. The residue,
taken up in methanol (1.0 ml) was assayed by HPLC. Aliquots (1-5 ul) were injected
into the chromatograph and eluted with methanol-water (60:40), 1.5 ml/min.
MTP and the LS. were detected by UV absorption at 254 pm and the ratio of peak
heights determined. A standard curve was constructed by spiking blank wurine with
known amounis of MTP.

3-OHMTP. This metabolite (Fig. 1) is present in urine mainly in the form of
conjugates which must be hydrolysed with fg-glucuronidase/sulphatase before the
assay.

Duplicate urine samples (10 ml) were adjusted to pH 5 witk acetate buffer
(0.01 27) (10 ml) and incubated with S-glucuronidasefsulphatase for 24 h at 37°.
After the incubation, the I.S., 3-OHETP was added, the urine adjusted to pH 2.5 and
extracted with methylene chloride (1 X 30 ml). The extract, filtered through phase-
separating paper, was reduced to dryness and silylated with bis-TMS-acetamide at
60-80° for 1 h. The excess silylating agent was removed under nitrogen and the residue
taken up in ethyl acetate (1.0 ml). Aliquots were injected into the gas chromatograph
fitted with a nitrogen specific detector, oven temperature 270°, carrier-gas flow-rate
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Fig. 2. (@) Chromatogram of extract of urine containing hydralazine. Peaks: 1 = 1<(3,5-dimethyl-
pyrazele)phthalazine; 2 = 1(3’,5-dimethylpyrazole) 4-methylphthalazice (I.S.). (b) Chromatogram
of extract of urine containing MTYP. Peaks: 1 = MTP; 2 = F;-MTP (L.S.). (¢) Chromatogram of
extract of urine contianing 3-OHMTP. Peaks: 1 = 3-OHMTP-TMS derivative; 2 = 3-OHETP-
TMS derivative (I.S.). Lower traces are chromatograms of blank urine extracts.
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The peak heights of the 3-OHMTP-TMS derivative and L.S.-TMS derivative
viere measured and the ratio computed. A standard curve was ptepared by spiking
blank urire with known amounts of standards.

RESULTS AND DiSCUSSION

The methods described for the determination of hydralazine, MTP and 3-
OHMTP are relatively straightforward and specific.
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Fig. 3. Caiibration curves for measurement of metabaolites in urine. (@) Hydralazine. (b) MTP. (c)
3-OHMTP. Peak height ratio (metabolite/L.S.) plotted against concentration. Standard curves were
pmpamdbytpikmgurmcwnhmetabohtsandl.s.Eachpomtxsthcmnofatmsttwode-
terminations in duplicate.
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As can be seen from the chromatograms in Fig. 2 adequate separation is
achieved between each derivative and 1.S. to permit quantitation and no interfering
peaks are present in blank urine.

The standard curves, prepared by spiking blank urine with various known
amounts of the compounds in question and LS., are shown in Fig. 3. They are linear
over the concentration ranges assayed. The standard curves were fitted by regression
analysis and the regression coefScients and accuracy of the method are shown in
Table L. Studies of urine from patients treated with hydralazine have indicated that
the methods described are suitable for the determination of these metabolites which
are within the concentration ranges of the standard curves'®. Methods are being de-
vised for the determination of hydralazine in the presence of MTP so that free
hydralazine as well as the pyruvate hydrazone can be determined.

TABLEY

ACCURACY AND SENSITIVITY OF THE ASSAY METHODS

Compound Conc. range of Regression Stardard  Sensirivezy
standard curve coefficient deviation (ugfml)
(pgiml) (r?) (peglml)*

Hydralazine 1-5 0.98 +004(1) 05 -

Methyltriazolophthalazine 2-20 1.00 2006(5) 0.5

3-Hydroxymethyltriazolophthalazine 2-15 0.99 +005(@) 0.5

* Standard deviation calculated for ome point on curve, coacentration in brackets.
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