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Selective high-performance liquid chroma&ographic assays for hyddazine (I), hydrakine 
pyruvic acid hydrazone (II) and the acetylation metabolites, namely s-triazolo~3,4u]- 
phthalaxiie (V) and 3-hydroxymethyl (VI) and 3-methyls-triazolo[3,4~]phthalazine (VII) 
in human plasma were developed. Utiig the fluorescence of these compounds or their 
derivatives the Emits of detection could he extended down to 5 nmole/l (1 ng/ml) for I, 
1 nmolefl (0.2 ng/ml) for II and 0.5 nmo!e/l (0.1 ng/ml) for V-VXL The intraassay coeffi- 
cients of variation for the assays ranged from 2 to 7% over the concentration range 5.0 * 
0.05 rmole/l and the irkesassa y variabilitg 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) 
w& &so developed. On addition of I to fresh plasma at 37”, half the added I was converted 
to II within 15 min and there was no detectable level of I, 2 h after the addition. The @asma 
Ievel-time course of I, and its metabolites in a healthy volunteer (slow atetyhtor) foRowing 
separate oral and intravenous admInistrations of I indicated that I contributed only a small 
fraction (4.8 and 4.7% ~pectively) to the area under the pbma level-time curve of appa- 
rent hydrzdazine. 

INTRODUCTION 

With the %omeback" of hydmlazine (I) Elf there has b&n renewed interest 
in the measurenwnt of p&ma levels of the drug and its metabolites in man. 
Consequentiy, several phuzna assay methods have been &ported 12-41 to- 
gether with determined pharmacokinetic pammeters [5-IO]. However, it has 
been convincingly demons&rated that the available assay methods lack specifi- 
ci$y for unmetabolized hydr&zine [II-1.31. Acid labile hydrazones are con- 
verted back to byd.r&zine by the acidic conditions of the deriwatiation proce- 
dures and it is an “appa.ren$ hydraI&&’ level which isobtained. Two modifi- 
catiqms of the &@nal -quid cbromatograpbic assay have been reported 
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I. 

II. R’= Cl-l , : R2= COCH 

/R’ 
III. R’= CH,CH,COOH : R2= COOH 

NHN=C IV. R' = Cl-l, : R2= CH, 

'R= 

V. R =H 
VI. R = CH:OH 
VII. R = CH, 

N-N 
VllLR = CF, 

IX. R = l-l 
X. R = CH, 

[13, 141 and one of these [13} still lacked sufficient specificity [I51 for aceu- 
rate determin&iom of I. Many of the pharmacokinetic parameters determined 
using the non-specific hydralazine assays are therefore misleading. 

We have shown that the major hydrazone present in plasma is hydralazine 
pyruvic acid hydrazone (II) 1121, formed by chemical reaction between hy- 
draiazine 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 [IS 3. 

IIn the present report specific b&h-performance liquid chromatographic 
(HPLC) assays for the parent drug (I), its metabobtes (II, V-VU) and apparent 
hydr-alazine in plasma are described_ I and II were measured after conversion to 
the fluorescent tetrazolo- and triazolo[3,4-a J phthalazine derivatives, respec- 
tively, and V-VII detected using their native fhrorescence. 

MATERIALS AND METHODS 

Reagents and maieriak 
-Ail reagents were analytical grade and aqueous solutions were prepared using 

glessdistilhxl water. SpeciaUy purified acetonitrile (Unichrom from Ajax CXxem- 
icals, Melbourne, Australia) was used for HPLC. The synthesis of the hydral- 
azine metabolites and 3-trifhroromethyl-s-tolo[3,4-a] phthalaaine (VIII) has 
been described previously [12]. 4-Methylhydralazine was generously donated 
by Ciba-Geigy, Basle, Switzerland. 

Stock solutions of hydralazine hydrochloride (I, 50 pmole/l) and the internal 
standard, 4methylhydraWtie (16.7 pmolefi) were prepared in 0.01 N aqueous 
hydrochloric acid and stored in glass at 4”. T&se solutions were prepared fresh 
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weekly. Solutions of the hydrazones (II, III and IV) were prepared in 0.01 N 
aqueous sodium hydroxide and prepared fresh prior to each assay run or study. 
A stock solution contaiuing the metaboIites V, VI and VII (5.0 ymdIe/l each) 
was prepared. in 0.0% -N hydrochloric acid and was stable’ for several months at 
4”. The internal stand&&l for the assay of the metabolites V-VII, 3-trifluoro- 
methyl-s-triazolc[3,4_a]phthalazine (VIII) was prepared in 0.01 N hydro- 
chloric acid (5 gmole/I) and was also stabIe for several months at 4”. 

Plasma standardsof I, IIand_V-VII 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 theaddition of the standard and internal standard so- 
lutions to plasma to avoid Iosses due to reaction with endogenous keto-acids 
present in plasma. 

In all cases, peak area ratios of the drug and metabolites to 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 freatient 
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 icecold polypropylene tubes containing 126 I.U. of lithium heparin. 
The blood wss then aliquoted into polypropylene conical centrifuge tubes (TC- 
IO 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 l-ml aliquots 
put into separate glass tubes each containing 75 ~1 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 blood 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 hydmlazine and metabolites V-VII within 24 h. 

H@h-performance liquid chromatography 
‘l%e chromatograph used (Spectra-Physics Model SP 8000) was equipped 

with a ternary solvent system, helium degass and automatic data reduction 
facilities. A IO-pm alkyl phenyl reversed-phase column (pBondapak/phenyl 
from Waters Assoc., MiIford, Mass., U.S.A.) was used at a column temperature 
of 50”. The mobile phase was 1.5 m&f aqueous phosphoric acidacetonitrile 
(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 (Schoeffel, 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 full-scale 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 cbromatograph and for the processing of raw data for each assay 
were stored on disc (Spectm-Physics Model $040) and recalled as required. 



HPLcassayofI .- 
To one of the t&es containing plasma and sodium nitrite described above; 

was added the intern& standard solution (4-methylhydralazine, 150 ~1 of 16.7 
#mole/l) and 2 ml of 0.02 N aqueous hydrrhloric acid to give a final pH of 
55, The mixture was then briefly vortexed and allowed to stand for exactly 10 
miri at 20 f .I*. The entire procedure from the time of drawing the blood 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-O.6 
&f sodium tetraborate solution (pH 10) followed by chloroform (Nanograde 
from Mahinckrodt, St- Louis, MO., USA,). 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, Ill., U.S.A.) (75 X 12 mm) and evapor&kd under a stream 
of pure nitrogen at 45”. The residue was reconstituted in O-5 ml of mobile 
phase consisting of 1.5 m&I aqueous phosphoric acidacetonitrile (85 : 15) and 
50 ~1 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 w&e treated with O-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 acetyrated material VII 
which was quantitated separately. The level of II was then determined by sub- 
tEC.tiOll. 

HPLC assay of v, VIand VII 
To 1 ml of heparinkzed plasma in a glass tube was added the internal Stan- 

dard solution (VIII, 150 ~1 of 5.0 pmole/l) followed by 1 ml of an aqueous 1 N 
sodium hydroxide-O.6 M sodium t&r&orate solution (pH 10). Five ml of 
chloroform were added and the mixture shaken at 100 rpm for 5 min. The 
phases were separated by centrifugation (IO mm at 1190 g) and the aqueous 
layer removed by vacuum aspiration- The organic 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 m&f aqueous phosphoric acidacetonitriie (80 : 20) and 
SO ~1 injected into the chromatograph. 

HPLC assay of apparent hydralazine 
The method was a modification of the method of Jack et al. Cd] _ To 1 ml of 

heparinized plasma was added the internal standard solution (4methylhydraL 
azine, 150 ~1 of 16.7 pmole/l) followed by 2 ml of 2 IV hydrochloric acid and 
200 ~1 of 50% aqueous sodium nitrite solution. The mixture was vortexed and 
allowed to s&d at 20 t 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 
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vacua aspiratiou and the organic layer poured into culture tubes and evap- 
orated as before. The residue was reconstituted in 1 ml of- tiobile phase El.5 
m&f aqueous phosphoric acid--acetonitrile (85 : 15)] and 50 ~1 injected into 
the chromatograph. 

Reproducibility and recovery 
The Sra-assay reproducibiIities for the hydralazine and meta.bolites assays 

were determined by assaying Eve replicate plasma samples containing added 
amounts of drug and metabolites at concentrations ranging &om 0.05-5.0 
Crmole/l. 

Inter-assy reproducibiliw was not determined directly because of the rapid 
reaction of the parent drug with cr-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 bf 
known concentration. 

Specificity of the HPLC ~~cys 
The hydralazine hydrazones (II-IV) were added to plasma to give a final 

concentration of 5.0 pmole/l and assayed for hydralazine by the method de. 
scribed above. If conversion of the hydrazones to I occurred, 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- 
elites propranolol, 4.hydroxypropranolol, N-desisopropylpropranolol, quini- 
dine, dihydroquinidine, 3-hydroxyquinidine, imipramine and desipramine were 
added to plasma and subjected to the conditions of the hydmlazine 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 inter- 
ference in the assay for V-VII. 

Stability of derivatized plasma samples to storage 
I and II were added to plasma to provide a concentration of 5.0 pmole/l each 

and l-ml aliquots placed in polystyrene tubes containing 75 ~1 of 5Q% 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 t 1” for 10 min. An 
amount of 1.0 ml of 1 N aqueous sodium hydroxide-O.6 M sodium tetraborate 
(pH 10) was then added to all tubes and of these, five were immediately ex- 
&acted with chloroform in glass tubes and assayed for I and II. Of the remain- 
ing tubes, five were left at 20 f 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 -2OO. 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 tzt 37” 
Fresh venous blood from a non-medicated normal volunteer was heparinized 
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and centrifug& immediaWy. To the plasma was added hy-k&zing to provide 
2finall.cancentrationofI~~~ole/land the-Wxturem&~d& 37”ina 
FRatef.~ti. Samples (1 ml) were taken at times 5,10,20,30,. 40,60,90 and 
120 tin after the addition and assayed for I, II and apparent-hydrakine by 
the methods dexribed. M easurement of I was aiso performed using 0.1 N 
hydrochloric acid treatment in order to compare v&h the results obtained 
using 0.02 N acid. 

Pkamacokineric studies 
A &&thy volunteer (87 kg) was acetylator phenomed [I71 and given an 

oral (1 mg/kg) and an intravenous (0.375 mg/kg) dose of hydrakine on sepa- 
rate occasions three weeks apart. The approximate oral dose (correct to the 
nearest 5 mg) was made 

3 
of a suitable combination of whole or &actions of 

50- and 25mg _4presoline tablets and was adminis- with 150 I& of w&x. 
Blood samples were drawn a% times 0, lo,20 min and 0.5,0.75,1.0,1.25,1.5, 
2,2.5 

& 
3,4,6,8 and 10 h after the dose. T&e exact intravenous dose (Apre- 

soline for Injection) was diluted in 20 ml of sterile water for injection and ad- 
minis&red as an Infusion over 5 min. Blood samples were drawn from an ante 
cubital 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. AU blood sam- 
ples were treated in the manner descrii earlier and assayed for I, II and 
v-VIlL 

RESULTS 

HPLC assays for hydrdazine ami meMwlifes 
Cbromatograms obtained for the assays of I, II and V-VfI and appzrenf 

hydr&zine are shown in Figs. 1-3. The intra-assay coefficients of variation for 
the assays~m shown in Table I, w&&ions in the dope of the standard curves in 
Table fI and recov&ies for each of the assays in ‘Fable III. The limits of detec- 
tion (determined at peak height fzvice noise) were 5 mole/l (1 ng/ml) and 1 
nmoleJl (0.2 ng/ml) for I and If respectively and 0.5 nmole/l (0.1 ng/ml) for 
metabolites V-VII. 

TABLE1 

INTRA-ASSAY REiPROlXJCIF3IJXTY FOR THE ASSAYS OF HYDR_MAZHE AND 
ik%EXAROLITEs 

Drug/m&&&te Caeffbzient of variation (5%) at concentr&ions* (rrmolefl) 

5.0 2.5 1.25 0.5 0.25 0.125 0.05 

I 2 3 3.5 3.5 - - 4 

IT 3 3 3 3.5 - - V - - - . 3 2 3 I 
VI - - - 4 2 
VII - - - f 2 x 2 

*Five replicate Crete rminatiorts at each concentratioon. 
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Fig. 1. Cbromatograms obtained for tbe assay of I and II at (a) ph’ 3.9 and (b) pH 5.5. A = 
blank plasma; B = plasma stadard con-g I and Ii (1.25 and 5.0 gn;ole/l for a and b 
respectively); C = plasma from a volunteer following an intravenous dose of hydralazine 
(0.375 m&kg) uld containing I (2.9 rmole/l) and II (1.4 pmole/l). Peaks: 1 = IX, derivative 
of I; 2 = VII, derivative of II; 3 = X, derivative of the internal standard. 

Fii. 2. Cbmmat~grams obtained for the assay of the hydralazine netabolites V--VII_ A = 
blank plasma; B = &ma standard containing 0.25 rmolefl each of V, VI and VII; C = 
plasma from a volunteer following an oral dose of hydmlazine (I mg/kg) and containing VII. 
P~:l=VI;2=V;3=VLI;4=in~ernalstandardVm. 

TABLE 11 

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

Dmglmetabolite Coefficient of variation* (W) 

8 8 
V 5 
VI 6 
VII 
Apparent hydrakine 2 

l DetGnined from five consecutive standard curves on different days for each assay. 
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Fig. 3_ CZromatograms obtained for tke assay of apparent bydraksine, i.e. kydralazine plus 
hydrazones. A = blank plasma; B = plasma standard containing 5.0 pmole/l of I; cj = p&ma 
from a volunteer foRowing an oral dose of kydr&zine (1 mg/kg) snd containing 0.34 
rmo!e/l of apparent kpdrakuine. Peaks: 1 = Ix; 2 = VII; 3 = X. 

TABLE III 

FSCOVERIESFORTHEHYD- AND =ABOLITE ASSAYS 

Drug/metsbolite Q=oncentration range 
!pmole/l) 

I 1.25 - 5.0 
II I25 - 5.0 
V o-125- 0.5 
VI o-125- 0.5 
VII o-125- 0.5 
Apparent kydrz&zine* l-25 -10.0 

*Reevery of I or II added to plasma_ 

Recovery (W 

75 
88 
98 
60 
98 
86 

Nitrolls acid generated using 0_02 N hydrochloric acid (p_H 5.5) converted 
more thean 75% of the hydrakAne in plasma to the derivative lX but only part- 
ly converted II to VII (17% recovery). Nitrous acid generated using Cl AT 
hydrochpoxic acid (pH 3-9) resx&ed in almost 90% conve&on of 11 to VII and 
after. subtraction of the enclogenous p&ma level of VII allowed accurate quan- 
tit&ion of El_ However, reduced afxuracy can be expected-if levels of VIE are 
much getter than IL The conversion of 11 to VII was conkned by gas cbro- 
matographylnass spectrometry where the spec&um obtained for the product 
was identical to that of an authentic sample of VII. AEhough no conversion of 
II to IX occurred, the stronger acid conditions (pH 3.9) converted 70% of XlI 
and 5% of IV Added to plasma (5.0 pmole/l) to M and therefore interfered in 
the detezmina tion of the parent drug_ Separate conditions were therefore re- 
quired gor the estimation of L and II, that is, 0.02 N and 0;1 N hydrochloric 
acid providing pH 5-5 and 3.9 respectively. Met&o&z EEF was not cy~lized with 
weak nitrous acid td a triazoIof3,4-a~phthalazi~~e in ‘th@ same way z&tie&h- 
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elite. H. The peak obtzdned for III in the-hydr&zine assay was characterized by 
its retention time and spectzal properties which were identical to those of Ix 
’ The Use of 4methylhydrdazke pyruvic acid- hydrazone [123. as internal 

&an--for the quantification- of metabolite II rather than 4-methylhydral- 
azine had no advantages in terms of accuracy or precision and resulted in con- 
sider&@ longer assay time due to the longer retention time of its derivative. 

The use of excess strong acid-(2 Nj in the appmnt hydmlzwineassay re- 
suEed 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 hyd_Wazine plus hydrazones level. IE a smaller vohn& or more dilute acid 
was used relative to the piasma volume, some conversiqn of 11 to VII occurred 
and the total or apparent level was under-estimated. 

The chromatigraphic and fluorimetric conditions for the assay of I, II and 
apparent hydraIazine were identical and for the assay of metabolites V-VII, 
only a slight change in the mobile phase, aqueous phosphoric acid-acetonitrile 
from 85 : 15 to 80 : 20 was required for the chromatography. Usingpre-pro- 
grammed chromatographic conditions the injection and quantitation of 1-e 
numbers of samples containing I, 11 and V-VII was carried out automat&xUy 
overnight. 

Specificity of the HPLC assays 
Using 0.02 N hydrochloric acid, there was no interference by the hydralazine 

hydrazones (II and IV) in the hydralazine assay. The ar-ketoglutaric acid 
hydrazone (III) was converted to the hydralazine derivative to the extent of 
IO%, however since plasma levels of this metaholite 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 
REFFATI~N TIMES (set) 
Derivative/rnetabolit Mobilephase 

(1.5miZiphosphoricatid~cetonitrile) 

85:L5 80:20 

Metabdite VI 230 160 
3-Hydroxyquinidine 230 160 
MetaboE.te V 310 230 
4-Hydrox~rpmpraoolo1 350 270 
Tetmzolo[3,4u]phthaiazilazine(IX)* 400 - 

N-D&sopropylpropra~olol 430 310 
Quiniiine 430 310 
MetaboiiteVII 490 320 
Dibydraquinidiie 530 350 
6-MethyItetm.mlo[3,4-cr]phthilazine(X)** 600 
Pi-QpG3SXQbl 920 620 
3-'Riflu?~e~~~hyls-triazolo13,4_al- 680 
@a 
Desipramine - 1450 
knipramine - 1650 

fHyiFralazinederi~tivefromnitrousacidtreatment. 
**a-~ethyfhydralezined~~~vefromnitrousacid treatment. 

'ff~~rnals~~forthe~yofmetaboiites V-VII. 

.- 
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and- propranolol and quinidine aEd their metabolites in -the hydra&&e. aud 
hydrala&e ~PJrmvic acid hydrazone. assays are sh~wn:i~ Table w; G&.i.ni*e 
elnted between.Ix and VII and dihy&oqGnidine eluted between VII 8Lzd X. If 
pxzsent in high levels, quXdine and its metab&tes could therefore. inwere in 
the assays for -I and II. .&I the assay. for the metabolites, 3-hydroxyquinidine 
had a retention Eme-similar to VI and interfered in the dekrmination of this 
metabolite. Imipramine and desipramir-e eMed after the internal &ndard in all 
assays. 

SMXlity of derivatized samples to storage 
As a result of the rapid disappearance of hy&alazine in freshly drawn blood 

sampIes, derivatiation had to be performed witbin 5 min of collection and the 
actuai time elapsed noted. However, after nitro~ls acid de&at&&ion and basifi- 
cation plasma samples could be stored for considerable Iengtbs of time in p&y- 
styrene tubes at a variety of tempezattzes without a reduction ia. recouzy 
(Table V). 

TAELE V 

~~~OFDERNATIZE;I)PLASMASAMPLESTOSTORaGEENTHEASSAYSOF 
IANDII 

Theadded~ount~S.OlrrootenforIand11. 

stoxageconditions Lewlobtained (mnole/l) 

hmediatf2 assav 
24hat20" - 
4hat 4" 

24hai;-20" 
lure&at-20" 
2weeksaat-20" 

*Fivedeterminations. 
**Singledeterminations. 

5.1: 01" 5.1 %.2* 
5.2 f 0:3* 5.0 f 0.2* 
5.12 0.2* 5.0** 
5.1 f O.Ef 5.2 f 0.5* 
4.9** 5.1** 
5-o** 5.3** 

Reaction of I in plasma in vitro at 37” 
Hydrabzine (I) reacted rapidly with endogenous pyruvic acid in pla.Ga 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 II at any time was not signlfi- 
cantty different from the apparent hydralazine Ieve measured simultaneously 
and none of the met&o&es V-VII were formed. Levels of I determined specif- 
ically at pH 5.5 declined to 0 pmole/l in 2 h, however estimations of the hy- 
dmlazine level at pH 3.9 plateaued at 0.06 gmole/i probably due to interfer- 
ence by a small level of hydrazone III wbicb was converted to IX At sampling 
times up to 1 h there were no significant differences between the levels of I 
measured using the different a&d strengths. 

Phannacokinetic studies 
The plasma level time courses of I and its metabolites foRowing separate oral 

and intravenous adm..Mon of the drug TV a f&&g healthy vohmteer are 
shown in Fig. 5a and b respectively. The areas under the concentration-time 



Fig.4.Reaction ofI(1.1 pmole/l)in fresh plasma at3P. nu = I measured at pH 3.9; 
--=Imeasured~tppH5.5;-- =l&r-=apparenthyti . _ e;v.._v=ItII._ 

” AFTER DOSE H AFTER DOSE 

Fig. 5. Plasma level-the cow of bydmlazine and metabolifxs following an oral dose of 
hydralazine (1.0 mg/kg) to a healthy volunteer (slow acetylator) (a) and following an intra- 
venous infusion (over 5 min) of hydra&sine (0.375 mg/kg) to the same volunteer (b). 
.-=I; F---V=n;O.._O=~;A-= apparent hydmlazine. 

curve (AUC) for each component are summarized in Table VI. The subject was 
a slow acetylatir of stiame&azine. 

F@owhg or@ ztdmhMmtioa, the AUC for I constititi only 4.3% of the 
apparent hydrakine AUC. A very rapid disappearance of I in plasma was ob- 
serrred witi no detectable level being found 5 h afker the dose. The major com- 
ponenk of the apparent hydrakzine present was II which accounted for 100% 
of the apparent hydrakine at tines beyond 4 or 5 h afkx the dose, The only 
kk~zolo~3,4~~ph~halaSne metabolites observed were VI and VII with only 
traces of the former. 

Fol!hving intravenous adminis&&ion of hydrakzine, the levels of I declined 
rapidly paralleling the &I v&o Zoss of I at 37” in fresh plasma. Again the major 
component of the apparent hydra&We present was If and at times greatir than 
4 h after the dose constituted 100% of tie apparent raydralazine levkl. Metab- 
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TABLE VI 

AESAS UNDER CURVE (AUC) FOR HYDRALAZENE ANDMlTmRO~ FOLLOW- 
ING ORAL (1 m&kg) AND INTRAVENOUS AD &LINISTRlbTION (0.3’75 x&kg) TO A 
HEALTHY VOLUNTEER 
Drug/rnetabolite AUC (rmole/l/h) 

Inkavenous 

Apparent hgddazke 17.6 11.51 
I 0.77 0.54 
II 11.30 9.96 
VI 0.24 0 
VII 1.87 0.65 

elite VII was the only triazolophthalazine metabolite observed after intra- 
_ _ 

venous zdmuustition of the drrrg. In both the oral and intravenous dose 
studies, the levels of metabolite IP slowly increased and then declined with a 
ha-life of 4.0 and 3.0 h respectively. In the intravenous study, the levels of 
apparent hydralazine did not decline in a simple mono- or b&exponential 
fashion but showed fluctuations. 

DISCUSSION 

Selective and convenient HPLC assays for hydrakxine (I), its pyruvate hy- 
draxone (II) and met&o&es (V-VII) in plasma were developed. I was quanti- 
tated using 4-methylhydrakine as internal standard after selective conversion 
to the respective tetraxolo[3,4-~]phthalaxiues (IX and X) using dilute nitrous 
acid at final pH 5.5. II was converted to VII in high yield with nitrous acid at 
pH 3.9 and was quantitated after subtraction of the endogenous plasma level of 
VII. The native fluorescence of tetraxolof3,4-a]phthalazine (IX) and V-VII al- 
lowed the sensitive detection of very low plasma levels after oral and intrav~ 
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 tc- 3-ethyl-s-triazolo]3,4-a] phthalazine 
(<25%). 

For the qua&Cation of apparent hydralarine levels, that is, hydralaxme 
plus all hydrazones, strongly acidic conditions were employed. This procedure 
was similar to that published [4] with the exception that excess acid Qrehtive 
to the plasma volume) was used to ensure that complete conversion of the hy- 
drazones to hyclrakine was accomplished. Measurement of the released hy- 
drakzine was carried out by conversion to IX followed by HPLC with fluores- 
cence detection and using 4methy~hydmlaxine as the internal standard. Pub- 
lished methods [4, 131 have often underestimated the apparent hydrah&ne 
level due to incomplete conversion of the hydrazones. For example, only 50% 
recovery of II was observed using the method described by Zak et d. [23), the 
remainder probably being converted to VU. 

The experiment we reported in an earlier publication 1121 in which I was 
added to %sh plasma and the levels of I, II and apparent hydralazine were 
measured, was repeated at 37’ using the simplified methods described present- 
ly. The reaction was noticeably faster at 37O and after 15 miu half the hydral- 
azine was converted to II with no measurable level of hydrakine in &.sma 
after2h. 
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The very rapid reaction of hydralazine with pyruvic acid in plasma indicates 
the n ecessiQ to derivatie samples immediately after drawing the blood. This 
was accomplished by preparing tubes containing the required amount of so- 
dium nitrite, rapidly centrifuging blood (34) set) and immediately adding the 
internal standard and. acid. Derivatization occurred very rapidly trapping hy- 
dmlazine as the stable tetrazolo]3,4a]phthalazine derivative (Ix) and II as 
derivative VII. Following basification, the samples were stable to storage for 
long periods. 

Fn the case of the metabolites V, VL 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 hydmlazine occurred 
over 24 h at -2OO. Previous observations that the apparent hydralazine level de- 
clines slowly even at -20” may be misleading due to the incomplete conversion 
of II tig the methods published, 

In the pharmacokinetic studies hydralazine constituted only a small fraction 
of the AUC of apparent hydralazme with hydrazone II accounting for all the 
apparent hydmlazine 4 h after the oral and intravenous doses. This result is 
consistent tith our earlier observation that more than 90% of the apparent hy- 
dmlazine 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 hydra&me which was not hydmlazine or its 
pyruvate hydrazone, Using the combined levels of I and 70% of IDI obtained at 
pH 3.9 a signScar& k&ion of this material was estimated to be the cr-keto- 
glutaric acid hydrazone III, 

Acetylation has been described as the major route of hydralazke elimination 
153 and it is therefore important in pharmacokinetic studies to measure metab- 
olites V-VII 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 smah levels of unconjugated metabolite VI were observed in plasma 
and attempts to measure levels of conjugated material were ieriously hampered 
by interference from relatively large amounts of fluorescence material present 
in several different commercial preparations of the mixed glucuronidase-sul- 
phatase enzymes [Is] _ 

Recently published work 120, 21) has confirmed our observation [ll] that 
the pyru*vic acid hydrazone of hydr&zine 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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