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SUMMARY

Selective high-performance liquid chromatographic assays for hydralazine (I), hydralazine
pyruvic acié hydrazone (fI) and the acetylation metabolites, namely s-triazolo[3,4a]-
phthalazine (V) and 3-hydroxymethyl (VI) and 3-methyls-triazolo[3,4¢]phthalazine (VII)
in humar plasma were developed. Utilizing the fiuorescenece of these compounds or their
derivatives the limits of detection could be extended down to 5 nmole/l (1 ng/ml) for I,
1 nmole/l (0.2 ng/ml) for B and 0.5 nmole/l (0.1 ngfml) for V—VIL The intra-assay coeffi-
cients of variztion for the assays ranged from 2 to 7% over the concentration range 5.0 to
0.05 umolefl and the inter-assay variability in the slope of the standard curves ranged from
4 to 8%. An improved method for measuring the sum of I plus all its hydrazones (apparent I)
was ako developed. On addition of I to fresh plasma at 37°, half the added I was converted
to I within 15 min and there was no detectable level of I, 2 h after the addition. The plasma
level—time course of I, and its metaholites in 2 healthy volunteer (slow acetylator) following
separate oral and intravenous administrations of I indicated that 1 confributed only 2 small
fraction (4.3 and 4.7% respectively) to the area under the plasma level—time curve of appa-

rent hydralazine.

INTRODUCTION

With the ‘“‘comeback” of hydralazine (I) [1] there has béen renewed interest
in the measurement of plasma levels of the drug and its metabolifes in man.
Consequently, several plasma assay methods have been reported [2—%] to-
gether with determined pharmacokinetic parameters [5—10]. However, it has
been convincingly demonstrated that the available assay methods lack specifi-
city for unmetabolized hydralazine [11—13]. Acid labile hydrazones arc con-
verted back to hydralazine by the acidic conditions of the derivatization proce-
dures and it is an “apparent hydralazine™ level which is obtained. Two modifi-
cations of the original gas—liquid chromatographic assay have been reported
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{13, 14] and one of these [13] still lacked sufficient specificity [15] for accu-
rate determinations of I. Many of the pharmacokinetic parameters determined
using the non-specific hydralazine assays are therefore misleading.

We have shown ithat the major hydrazone present in plasina is hydralazine
pyruvic acid hydrazone (II) {12], formed by chemical reaction between hy-
dralazine and endogenous pyruvic acid and accounts for more than 90% of ap-
parent hydralazine levels at steady-state. Other hydrazones (III and IV) have
also been identified in plasma but not quantitated [16].

In the pressent report specific high-performance liguid chromatographic
(HPLC) assays for the parent drug (I), its metabolites (II, V—VII) and apparent
hydralazine in plasma are described. I and II were measured after conversion to
the fluorescent tetrazolo- and triazolo[3,4-a] phthalazine derivatives, respec-
tively, and V—VII detected using their native fluorescence.

MATERIALS AND METHODS

Reagents and materials

Ail reagents were analytical grade and aqueous sclutions were prepared using
glass-distilled water. Specially purified acetonitrile (Unichrom from Ajax Chem-
icals, Melbourne, Australia) was used for HPLC. The synthesis of the hydral-
azine metabolites and 3-trifluoromethyl-s-triazolo{3,4-a ] phthalazine (VIII) has
been described previously [12]. 4-Methylhydralazme was generously donated
by Ciba-Geigy, Basle, Smtzerland.

Standards ] ‘ v

Stock solutions of hydralazine hydrochloride (I, 50 umole/l) and the internal
standard, 4-methylhydralazine (16.7 umole/l) were prepared in 0.01 N aqueous
hydrochloric acid and stored in glass at 4°. These solutions were prepared fresh
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weekly. Solutions of the hydrazones (II, III and IV) were prepared in 0.01 N
aqueocus sodium hydroxide and prepared fresh prior to each assay run or study.
- A stock solution containing the metabolites V, VI.and VI (5.0 gmole/l each)
was prepared in 0.01 N hydrachloric acid and was stable for several months at
4°, The internal standard for the assay of the metabolites V—VH, 3-trifluoro-
methyl-s-triazole|3,4-¢] phthalazine (VIH) was prepared in 0.01 N hydro-
chlorie acid (5 gmolefl) and was also stable for several months at 4°.

Plasma sitandards af 1, 11 and V—V I were prepared using the above solutions
at the time of each assay run. In the case of I and II, derivatization was per-
formed immediately after the addifion of the standard and internal standard so-
lutions to plasma to avoid losses due to reaction with endogenous keto-acids
present in plasma.

In all cases, peak area ratios of the drug and metabolites fo the internal stan-
dard were determined for plasma standards and unknowns and quantification
performed by reading unknown values from a plotted standard curve.

Blood collection and plasma treatment

Special procedures were necessary and were adopted when plasma concentra-
tions of circulating levels of hydralazine were measured. Venous blood samples
(8—12 ml) were drawn quickly into plastic syringes and immediately trans-
ferred to ice-cold polypropylene tubes containing 125 I.U. of lithium heparin.
The blood was then aliquoted into polypropylene conical centrifuge tubes (TC-
10 centrifuge tube from Medical Plastics, Melbourne, Australia) and centrifuged
at 8000 g in an Eppendorf Model 5412 centrifuge for 30 sec. The plasma was
immediately transferred to a polystyrene tube kept in ice and two 1-ml aliquots
put into separate glass tubes each containing 75 ul of 50% aqueous sodium
nitrite. These samples were then immediately treated in the way described for
the assay of I and II respectively. The entire procedure from the time of
drawing the blocd to the time of derivatization should be performed in less
than 5 min. The remainder of the plasma was stored at —20° and assayed for ap-
parent hydralazine arnd metabolites V—VII within 24 h.

High-performance liquid chromatography

The chromatograph used (Spectra-Physics Model SP 8000) was eqmpped
with a ternary solvent system, helium degass and automatic data reduction
facilities. A 10-um alkyl phenyl reversed-phase column (uBondapak/phenyl
from Waters Assoc., Milford, Mass., U.S.A.) was used at a column temperature
of 50°. The mobile phase was 1.5 mM aqueous phosphoric acid—acetonitrile
(either 85 : 15 or 80 : 20) at a flow-rate of 2 ml/min and all solvent lines from
the column to the detector were carefully thermally insulated. The column ef-
fluent was monitored using a fluorescence detector (Schoeifel, Model 970) at
an excitation wavelength of 250 nm with an emission cut-off filter allowing
90% transmission at 360 nm. The fluorimeter sensitivity setting was 3.5, range
0.1 uA fullscale and time constant 4.0 sec. Samples were injected automatical-
ly using an autosampler (Spectra-Physics Model 8010). All files for the opera-
tion of the chromatograph and for the processing of raw data for each assay
were stored on disc (Specira-Physics Model 8040) and recalled as required.
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HPEC assey of I :

To one of the tubes containing plasma and sodium nitrite described ahove
was added the intern2l standard solution (4-methylhydralazine, 159 ¢l of 16.7
umolefl) and 2 ml of 0.02 N aqueous hydrochloric acid fo give a final pH of
5.5. The mixture was then briefly vortexed and allowed to stand for exactly 10
min at 20 £ 1°, The entire procedure from the time of drawing the bloaod to the
time of addition of the acid must be performed in less than 5 min. To the
acidic mixture was then added 1 ml of an aqueous 1 N sodium hydroxide—0.6
M sodium tetraborate sclution (pH 10) followed by chloroform (Nanograde
from Mallinckrodt, St. Louis, Mo., U.S.A.). Extraction was carried out by
shaking at 110 rpm for 5 min. The phases were separated by centrifugation (10
min at 1100 g) and the aqueous layer removed by vacuum aspiration. The
organic layer was poured into culture tubes (diSPo tubes from Scientific Pro-
ducts, McGaw Park, fli., US.A)) (75 X 12 mm) and evaporated under a stream
of pure nitrogen at 45°. The residue was reconstituted in 0.5 ml of mobile
phase consisting of 1.5 mM agueous phosphoric acid—acetonitrile (85 : 15) and
50 ul injected into the chromatograph.

HPLC assay of II

The method employed for the assay of metabolite II was identical to that
described for hydralazine itself except that plasma standards and samples con-
taining II were treated with 0.1 N hydrochloric acid rather than 0.02 N pro-
viding a final pH of 3.9. Again the entire procedure from the time of drawing
the blood to the time of acid treatment should be performed in less than 5 min.
The level determined by this procedure included the acetylated materia! VII
which was quantitated separately. The level of II was then defernrined by sub-
traction.

HPLC assay of V, VI and VII

To 1 ml of heparinized plasma in a glass tube was added the internal stan-
dard solution (VIII, 150 ul of 5.0 pmole/l) followed by 1 m!l of an aqueous 1 N
sodium hydroxide—0.6 M sodium tetraborate solution (pH 10). Five ml of
chloroform were added and the mixzture shaken at 100 rpm for 5 min. The
phases were separated by centrifugation (10 min at 1190 g) and the aqueous
layer removed by vacuum aspiration. The organie layer was poured into culture
tubes and evaporated as before. The residue was dissolved in 0.5 ml of mobile
phase consisting of 1.5 mM aqueous phosphoric acid—acetonitrile (80 : 20) and
20 ul injected into the chromatograph.

HPLC assay of apparent hydralazine

The method was a modification of the method of Jack et al. {4]. To 1 ml of
heparinized plasma was added the internal standard solution (4-methylhydral-
azine, 150 pl of 16.7 pymole/l) followed by 2 ml of 2 N hydrachloric acid and
200 gl of 50% aqueous sodium nitrite solution. The mixture was vortexed and
allowed to stand at 20 + 1° for 15 min. An amount of 2.5 ml of 4 N aqueous
sodium hydroxide was then added followed by 5 ml of chloroform. Extraction
was carried out by shaking at 100 rpm for 5 min and the phases were separated
by centrifugation (10 min at 1100 g). The aqueous layer was removed by



431

vacuum aspiration and the organic layer poured into culture tubes and evap-
orated as before. The residue was reconstituted in 1 ml of mobile phase [1.5
mM aqueous phosphoric acid—acetonitrile (85 : 15)1 and 50 gl m]ected into
the chromatograph.

Reproducibility end recovery

The intra-assay reproducibilities for the hydralazine and metanohtes assays
were determined by assaying five replicate plasma samples containing added
amounts of drug and metabolites at concentrations ranging from 0.05—5.0
umole/l.

Inter—assay reproducibility was not determined directly because of the rapid
reaction of the parent drug with «-keto acids in plasma which precluded storing
a batch of frozen samples and assaying one within each assay run. However the
variation in the slopes of the standard curves for each assay was determined for
five consecutive runs on different days. Recoveries of the methods were deter-
mined by injecting known amounts of IX and V—VII into the chromatograph
and comparing the peak areas with those obtained for plasma standards of
known concentration.

Specificity of the HPLC asscys

The hydralazine hydrazones {II—-IV) were added to plasma to give a final
concentration of 5.0 umole/l and assayed for hydralazine by the method de-
scribed above. If conversion of the hydrazones to I cccurred, the percentage
converted was determined in each case. The hydralazine metabolites (V—VII)
and a number of relevant and representative fluorescent drugs and their metab-
olites propranolol, 4-hydroxypropranolol, N-desisopropylpropranolol, quini-
dine, dihydroquinidine, 3-hydroxyquinidine, imipramine and desipramine were
added to plasma and subjected to the conditions of the hydralazine and hydral-
azine pyruvic acid hydrazone assays. If a peak was obtained the retention time
was recorded. Similarly, the hydrazones II—-IV and propranolol, quinidine, imi-
pramine and their metabolites were added to plasma and checked for infer-
ference in the assay for V—VIL.

Stability of derivatized plasma samples to storage

I and II were added to plasma to provide a concentration of 5.0 umole/l each
and 1-ml aliquots placed in polystyrene tubes containing 75 ul of 50% aqueous
sodium nitrite. The internal standard, followed by 2 ml of 0.1 N hydrochloric
acid were then added and the tubes allowed to stand at 20 + 1° for 10 min. An
amount of 1.0 ml of 1 N aqueous sodium hydroxide—0.6 M sodium tetraborate
(pH 10) was then added to all tubes and of these, five were immediately ex-
tracted with chloroform in glass tubes and assayed for I and II. Of the remain-
ing tubes, five were left at 20 + 1° and extracted 24 h later. Another five were
stored at 4° for 4 h before extraction and assay. The remainder were frozen and
stored at —20°. A number of these tubes were thawed 24 h, 1 week and 2 weeks
after the initial treatment and assayed as before.

Reaction of I in plasma in vitro at 37°
Fresh venous blood from a non-medicated normal volunteer was heparinized
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and centrifuged immediately. To the plasma was added hydralazine to provide
a final concentrstion of 1.1 gmeolefl and the mixture maintained at 37° in 2
water bath. Samples (1 ml) were taken at times 5, 16, 20, 30, 40, 60, 80 and
120 min after the addition and assayed for I, Il and apparent hydralazine by
the methods described. Measurement of 1 was also performed using 0.1 N
hydrochioric acid treatment in order to compare with the resulfs obtained
using 0.02 N acid.

Pharmacokmetzc studies

A healthy volunteer (87 kg) was acetylator phenotyped [17] and given an
oral (1 mg/kg) and an intravenous (0.375 mg/kg) dose of hydralazine on sepa-
rate occasions three weeks apart. The approximate oral dose (correct {o the
nearest 5 mg) was made tg of a suitable combination of whole or fractions of
50- and 25-mg Apresoline® tablets and was administered with 150 m! of water.
Blood samples were drawn at times 0, 10, 20 min and 0.5, 0.75, 1.0, 1.25, 1.5,
2, 2.5, 8, 4, 6, 8 and 10 h aiter the dose. The exact intravenous dose (Apre-
solme‘Ib for Injection) was diluted in 20 ml of sterile water for injection and ad-
ministered as an infusion over 5 min. Blood samples were drawn from an ante
cubiial vein at times 0, 5, 10, 15, 20, 25 min and 0.5, 0.75, 1.0, 1.25, 1.5, 2,
2.5, 3, 4, 5, 6, 7 and 10 h after commencement of the infusion. All blood sam-
ples were treated in the manner described earlier and assayed for I, II and

V—VIL
RESULTS

HPLC assays for hydralazine and metabolites

Chromatograms obtained for the assays of I, II and V—VII and appzrent
hydralazine are shown in Figs. 1—3. The intra-assay coefficients of variation for
the assays are shown in Table i, variations in the slope of the standard curves in
Table II and recoveries for each of the assays in Table III. The limits of detec-
tion (determined at peak height twice noise) were 5 nmole/l (1 ng/ml) and 1
nmole/l (0.2 ng/ml) for I and II respectively and 0.5 nmole/l1 (0.1 ng/ml) for
metabolites V—VIL

TABLE 1

INTRA-ASSAY REPRODUCIBILITY FOR THE ASSAYS OF HYDRALAZINE AND
METABOLITES

Drug/metabelite Caoefficient of variation (%) at concentrations® (zmole/l)

5.0 2.5 1.25 0.5 0.25 0.125  0.05
I 2 3 3.5 3.5 - - 4
I 3 3 3 35 - - 7
v - - - 3 2 3 3
VI - - - 2 4 3 2
Vil - - - 3 2 3 g

*Five replicate determinations at each conceniration.’
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Fig. 1. Chromatograms obtained for the assay of I and II at (a) pH 3.9 and (b) pH 5.5. A=
blank plasma; B = plasma standard containing I and I (1.25 and 5.0 zmole/l for a and b
respectively); C = plasma from a volunteer following an intravenous dose of hydralazine
{0.375 mg/kg) and containing £ (2.9 umole/l) and II (1.4 umole/l). Peaks: 1 = IX, derivative
of I; 2 = VII, derivative of II; 3 = X, derivative of the internal standard.

Fig. 2. Chromatograms obtained for the assay of the hydralazine metaholites V—VIH. A =
blank plasma; B = plasma standard containing 0.25 umole/l each of V, VI and VII; C =
plasma from a volunteer following an oral dose of hydralazine (1 mg/kg) and containing VII.
Peaks: 1 = VI; 2 = V; 3 = VII; 4 = intemal standard VIIL .

TABLEIT

VARIATION IN THE SLOPE OF THE STANDARD CURVES FOR THE HYDRALAZINE
AND METABOLITE ASSAYS

Drug/metabalite Coefficient of variation® (%)
1 8

11 8

v 5

Vi 6

vii [

Apparent hydralazine .4

*Deter'fz_ﬁned from five consecutive standard curves on different days for each assay.
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Fig. 3. Chromatograms obtained for the assay of apparent hydralazine, i.e. hydralazine plus
hydrazones. A = blank plasma; B = plasma standard containing 5.0 zmole/l of I; C = plasma
from a volunteer following an oral dose of hydralazine (1 mg/kg) and containing 0.34
umole/l of apparent hydralazine. Peaks: 1 = {X; 2= VI[;3 = X.

TABLE ITI

RECOVERIES FOR THE HYDRALAZINE AND METABOLITE ASSAYS

Drug/metabolite Concentration range Recovery (%)
fumole/fl)

I 1.25 — 5.0 75

n 125 — 50 88

v 0.125— 0.5 298

Vi 0.125— 0.5 60

vil 0.125— 0.5 28

Apparent hydralazine* 1.25 —10.0 86

*Recovery of I or II added to plasma.

Nitrous acid generated using 0.02 N hydrochloric acid (pH 5.5) converted
more than 75% of the hydralazine in plasma to the derivative IX but only part-
ly converted H to VII (17% recovery). Nitrous acid generated using 61 N
hydrochloric acid (pH 3.9) resulted in almast 90% conversion of II to VH and
after subtraction of the endogenous plasma level of VII allowed accurate quan-
titation of H. However, reduced accuracy can be expected if levels of VII are
much greater than II. The conversion of II to VII was confirmed by gas chro-
matography—mass spectromeiry where the spectrum obtained for the product
was identical to that of an authentic sample of VII. Although no conversion of
II to IX occurred, the stronger acid conditions (pH 3.9) converted 70% of 11
and 5% of IV added to plasma (5.0 pmolefl) to IX and therefore interfered in
the determination of the parent drug. Separate conditions were therefore re-
quired for the estimation of I and ii, that is, 0.02 N and 0.} N hydrochlorie
acid providing pH 5.5 and 3.9 respectively. Metabolite Il was not cyclized with
weak nitrous acid to a triazolo[3,4-a] phthalazine in the same way as metab- -
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olite L. The peak obtained for II in the hydralazine assay was characterized by
ifs retention time and spectral properties which were identical to those of IX.

. The use of 4-methylhydralazine pyruvic acid hydrazone [12]. as infernal
standard for the quantification of metabolite II rather than 4-methylhydral-
azine bad no advantages in terms of accuracy or precision and resulted in con-
siderably longer assay time due to the longer retention time of its derivative.

- The use 'of excess strong acid (2 N} in the apparent hydralazine assay re-
sulted in complete conversion of the hydrazones II—IV to the hydralazine deriv-
ative (IX) which was quantitated. This assay therefore provided an estimate of
the hydralazine plus hydrazones level. if a smaller volume or more dilute acid
was used relative to the plasma volume, some conversion of I to VII occurred
and the total or apparent level was under-estimated. .

" The chromatographic and fluorimetric conditions for the assay of I, II and
apparent hydralazine were identical and for the assay of metabolites V—VH,
only a slight change in the mobile phase, agueous phosphoric acid—acetonitrile
from 85 : 15 to 80 : 20 was required for the chromatography. Using pre-pro-
grammed chromatographic condifions the injection and quantitation of large
numbers of samples containing I, I and V—VII was carried out automatically

overnight.

Specificity of the HPLC assays

Using 0.62 N hydrochloric acid, there was no interference by the hydralazine
hyvdrazones (II and IV) in the hydralazine assay. The a-ketoglutaric acid
hydrazone (III) was converted to the hydralazine derivative to the extent of
10%, however since plasma levels of this metabolite appear to be less than 10%
of the apparent hydralazine level this represents an insignificant interference.
The retention times of the other known fluorescent metabolites of hydralazine

TABLE IV
RETENTION TIMES (sce)
Derivative/metaholite Mobile phase
(1.5 mM phosphoric acid—acetonitrile)
85 :15 80 : 20
Metabolite VI 230 160
3-Hydroxyquinidine 230 160
Metabolite V 310 230
4-Hydroxypropranolol 350 270
Tetrazolo[3,2-a] phthalazine (IX)* 400 -
N-Besisopropylpropranolol . 430 310
Quinidine 430 310
Metabeolite VII 430 320
Dihydroquinidine 530 350
-Methyltetrazolo[f:! JA4-a]phthalazine (X)** 600 -
Propranolol 920 T 620
3-Trifluoromethyl-s-triazolo[3.4a}- - . 680
phthalazine***
Desipramine - 1450
Imipramine ‘ . — 1650

*Hydralazine derivative from nitrous acid treatment. -
- ** 4 _Methylhydralazine derivative from nitrous aeid treatment.
***nternal standard for the assay of metabolites V—VIL
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and propranolol and quinidine and their metabolites in the hydralazine and
hvdralazine pyruvic acid hydrazone assays are shown in Table IV. Quinidine
eluted between IX and VIH and dihydroquinidine eluted between VI and X. If
present in high levels, quinidine and its metabolites could therefore interfere in
the assays for I and II. In the assay for the metabolites, 3-hydroxyquinidine
had a retention time similar to VI and interfered in the determination of this
metabolite. Imxpram:tne and dwpramme eluted after the mtemal s&e.nda.rd in all

assays.

Smbzkty of denvatxzed scmp!es to storagge

As a result of the rapid disappearance of hydralazine in fzeshly drawn blaod
samples, derivatization had to be performed within 5 min of collection and the
actuai time elapsed noted. However, after nitrous acid derivatization and basifi-
cation pilasma samples could be stored for considerable lengths of time in poly-
styrene tubes at a variety of temperatures without a reduction in recox.ezy

(Table V).

TABLE V- .
STABILITY OF DERIVATIZED PLASMA SAMPLES TO STORAGE IN THE ASSAYS OF
IANDI

The added amount was 5.0 umole/l for I and 1.

Storage conditions Level obtained {(emole/l)
: 1 11

Immediate assay 5.1+01% 51 ¢ 0.2*

24 h at 20° 5.2 = 0.3* 5.0 = 0.2*
4hat 4° 51 0.2" 5.0**

24 h at —20° 51 01* 5.2 + 0.5%
1 week at —20° 4.9** 5.1**
2 weeks at —20° 5.0%* 5.3%%

*Five determinations.
**Qingle determinations. .

Reaction of I in plasma in vitro at 37°

Hydralazine (I) reacted rapidly with endogenous pyruvic acid in plasma at
37° to form II and as the level of I fell, there was a corresponding rise in the
level of II (Fig. 4). The sum of the levels of I and I at any time was not signifi-
cantly different from the apparent hydralazine level measured simultaneously
and none of the metabolites V—VII were formed. Levels of I determined specif-
. ically at pH 5.5 declined to 0 umole/l in 2 h, however estimations of the hy-
dralazine level at pH 3.9 plateaued at 0.06 pmole/l probably due to interfer-
ence by a small level of hydrazone IH which was converted to IX. At sampling
times up to 1 h there were no significant differences between the levels of 1
measured using the different acid strengths.

Pharmacokinetic studies

The plasma level time courses of I and its metabolites following separate oral
and intravenous administration of the drug to a fasting healthy volunteer are
shown in Fig. 5a and b respectively. The areas under the concentration—time
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Fig. 4. Reaction of I (1.1 pmole/l) in fresh plasma at 37°. o———o0 = I measured at pH 3.9;
s—=a = | measured at pHH 5.5; e———e = II; o———a = apparent hydralezine; V... v=1I+ IL
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Fig. 5. Plasma level—time course of hydralazine and metaholites following an orzal dose of
hydralazine (1.0 mg/kg) to a healthy volunteer (slow acetylator) (a) and following an intra-
venous infusion (over 5 min) of hydralazine (0.875 mglkg) to the same volunteer (b).
a——a=J; v---v =1 ¢ ... 0 = VII; A—a = apparent hydralazine.

curve (AUC) for each component are summarized in Table VI. The subject was
a slow acetylator of suifamethazine.

Following oral administration, the AUC for I constituted only 4.3% of the
apparent hydralazine AUC. A very rapid disappearance of I in plasma was ob-
served with no detectable level being found 5 h after the dose. The major com-
ponent of the apparent hydralazine present was II which accounted for 100%
of the apparent hydralazine at times beyond 4 or 5 h after the dose. The only
triazolo[3,4¢] phthalazine metabolites observed were VI and VI with only
traces of the former.

" Following intravenous administration of hydralazine, the levels of I declined
rapidly paralleling the in vitro loss of I at 37° in fresh plasma. Again the major
component of the apparent hydralazine present was I and at times greater than
4 h after the dose constituted 100% of the apparent nydralazine level. Metab-
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TABLE VI

ATIEAS UNDER CURVE (AUC) FOR HYDRALAZINE AND METABOLITES FOLLOW-
ING ORAL (1 mg/kg) AND INTRAVENOUS ADMINISTRATION (0.375 mg/kg) TO A
HEALTHY VOLUNTEER

Drug/metabolite AUC (zmole/l/b)
Oral Infravenous
Apparent hydralazine 17.8 11.51
1 0.77 0.54
b1 4 11.30 996
VI 0.24 (1]
Vil 1.87 0.65

olite VII was the only triazolophthalazine metabolite observed affer infra-
venous administration of the drug. In both the oral and intravenous dose
- studies, the levels of metabolite II slowly increased and then declined with a
haif-life of 2.0 and 3.0 h respectively. In the intravenous study, the levels of
apparent hydralazine did not decline in a simple mono- or bi-exponential
fashion but showed fluctuations.

DISCUSSION

Selective and convenient HPLC assays for hydralazine (i), its pyruvate hy-
drazone (II) and metabolites (V—VII) in plasma were developed. I was guanti-
tated using 4-methylhydralazine as internal standard after selective conversion
to the respective tetrazolo[3,4-e¢] phthalazines (IX and X) using dilute nitrous
acid at final pH 5.5. Il was converted to VII in high yield with nitrous acid at
pPH 3.9 and was quantitated after subtraction of the endogenous plasma level of
VII. The native fluorescence of tetrazolo{3,4-a] phthalazine (IX) and V—VII al-
lowed the sensitive detection of very iow plasma levels after oral and intrave-
nous dosage. Other assay methods for I were investigated without success. For
example, the addition of propionic anhydride to buffered plasma under a vari-
ety of conditions only partly converted I t¢ 3-ethyl-s-triazolof 3,4-a] phthalazine
(<25%).

For the guantification of apparent hydralazine levels, that is, hydralazine
plus all hydrazones, strongly acidic conditions were employed. This procedure
was similar to that published [4] with the exception that excess acid (relative
to the plasma volume) was used to ensure that complete conversion of the hy-
drazones to hydralazine was accomplished. Measurement of the released hy-
dralazine was carried out by conversion to IX followed by HPLC with fluores-
cence detection and using 4-methylhydralazine as the internal standard. Pub-
lished methods [4, 13] have offen under-estimated the apparent hydralazine
level due to incomplete conversion of the hydrazones. For example, only 50%
recovery of II was observed using the method described by Zak et al. {13], the
remainder probably being converted to VIL.

The experiment we reporied in an earlier publication [12]} in which I was
added to fresh plasma and the levels of I, I and apparent hydralazine were
measured, was repeated at 37° using the simplified methods described present-
ly. The reaction was noticeably faster at 37° and after 15 min half the hydral-
azine was converted to II with no measurable level of hydralazine in plasma
after 2 h.
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The very rapid reaction of hydralazine with pyruvic acid in plasma indicates
the necessity to derivatize samples immediately after drawing the blood. This
was accomplished by preparing tubes containing the required amount of so-
dium nitrite, rapidly centrifuging blood (30 sec) and immediately adding the
infernal standard and acid. Derivatization occurred very rapidly trapping hy-
dralazine as the stable tetrazolo[3,4-¢]phthalazine derivative (IX) and I as
derivative VIL. Following basification, the samples were stable to storage for
long periods.

In the case of the metabolites V, VI and VII and apparent hydralazine it was
adequate to freeze the plasma samples immediately (—20°) and assay them the
next day. No significant decrease in the level of apparent hydralazine occurred
over 24 h at —20°. Previous observations that the apparent hydralazine level de-
clines slowly even at —20° may be misleading due to the incomplete conversion
of Il using the methods published.

In the pharmacokinetic studies hydralazine constifuted only a small fraction
of the AUC of apparent hydralazine with hydrazone II accounting for all the
apparent hydralazine 4 h after the oral and intravenous doses. This result is
consistent with our earlier observation that more than 20% of the apparent hy-
dralazine in plasma from patients taking oral hydralazine at steady-state is pres-
ent as the pyruvate hydrazone. At times immediately following the doses there
was a fraction of the apparent hydralazine which was not hydralazine or its
pyruvate hydrazone. Using the combined levels of I and 70% of III obtained at
pH 3.9 a significant fraction of this material was estimated to be the «-keto-
glutaric acid hydrazone III.

Acetylation has been described as the major route of hydralazine elimination
[5] and it is therefore important in pharmacokinetic studies £t0 measuvre metab-
olites V—VI1I all of which are derived from acetylation. Wagner et al. {18] have
reported that the major urinary metabolite of hydralazine in man is conjugated
VI. Only small levels of unconjugated metabolite VI were observed in plasma
and attempts to measure levels of conjugated material were seriously hampered
by interference from relatively large amounts of fluorescence material present
in several different commercial preparations of the mixed glucuronidase—sul-
phatase enzymes [19].

Recently published work {20, 21] has confirmed our observation [11] that
the pyruvic acid hydrazone of hydralazine is inactive when administered intra-
venously to animals, however, the activities of this metabolite and the other hy-
dralazine metabolites still await investigation in man.
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