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A specific, high-performance liquid chromatographic technique for the mea- 
mrement of hydralazine pyruvic acid hydrazone is described. This method utilized 
reversed-phase chromatography for the separation of this hydrophilic metabolite of 

lydralazine from other fluid constituents present in serum, plasma, or urine of 
luman volunteers and rabbits receiving hydralazine. Detection of the compound of 
nterest is accomplished spectrophotometrically at 250 mu. 

NTRODUCTXON 

Each of +;le zchniques published over the years concerning the quantitative 
Determination of %ydra&ine in biological &ids has been nowqxcific_ This applies 
0 the spect~oph&ometric procedures, employing either ninhydrit9 or various aromat- 
c aIdehy/,esr-‘J and to the conver&on of hydralazine to tetrazolo-phthalaxine which 
nay subsequently be determined by gas chromatography (C-c)“. The non-specificity 
; due to the fact that hyd&azine re@ily forms hydrazones with endogenous ketones 
r viva and in vitro. Since these hydraxones are unstable at the acidic conditions which 
ave been employed for hydralax& assay, they were partially reconverted to parent 
rug. As a result the values for hych-alaxine were found incorrectly high. This fact was 
rst recognized by Zak et QL’, who demonstrated that with decreasing pH, progres- 
ively more hydmlazine became -assayable in plasma of patients treated with hydral- 
zinc. Accordingly, they designated the assay results at acidic pH as “apparent” 
ydralzine. Subsequently, it iGas shown by Reece et aLs that a high percentage of 
apparent” hydra&me may bi: composed of the pyruvic acid hydrazone (HPH). This 
tetabolite of hydmlaxine had been identified earlier in urineW” and plasma”. Since 
re pyruvic acid hydraxone is abundant in both plasma and urine and has been in- 
uded to an unknown._ extent on the results obtained from previously non-specific 

isays, we developed a s&c assay which is reported in this paper. 

* To wh~~~~~rrespo&&& should he addressed, at the following address: Centre.de Recher- 
e, MemeIl Iaernational G-Rue d’An.kam. 67084 Str&aur& France. . 



MATERIALS AND METHODS 

Synthesis 

The synthesis of HPH has been described by Druey and Ringiep and HaegeIe 
et ~2.~~. However, it was not emphasized that the pH of the reaction mixture deter- 

mines the ratio of two different products which are formed, i.e., the true hydrazone 
and a tricyclic dehydration product. The true hydrazone forms at pH > 7, and the 
dehydration product at pH < 7. Formation of the two products is illustrated in Fig. 1. 
The tricyclic product H is convertible to the hydrazone by addition of base. The 
hydrazone I cannot be readily converted to ffie tricyclic product II. However, under 
acidic conditions, hydrolysis occurs to the starting compounds and additional de- 

composition products are formed*3. 
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Fii_ 1. Formation of tme pyruvic xid hydrazone of hydrakzine (I) and the tricyck dehydration 
prodlxt (11). 

Synthesis of I. A 5-g amount (0.025 mol) hydrahxzine hydrochloride (Sigma, St. 

Louis, MO., U.SA.) was dissokxi in 50 ml 0.1 M sodium phosphate buffer pH 7.4. 
To this a solution of 11 g (0.1 mol) of sodium pyruvate (Sigma) in 30 ml of the same 
buffer was added whiIe stir&g vigorously. The solution became distinctively yellow 
almost immediately and the hydrazone precipitated slowly. After standing overnight 
at 4”, the yellow, crystalline product was filtered off and washed with cold distikd 
water. The residue was recrystahked from hot ethanol-water. Yield: 4.3 g or 70 % of 
theory. 

Synthesis of II. A 5-g amount (0.025 mof) hydklazine hydrochloride was dis- 
solved in 50 ml water and during vigorous stirringlO g (0.11 mol) of pyruvic acid 
(Eastman, Rochester, N-Y., U.S.A.) were added, resulting in a reaction mixture of 
pH 55. The light yellow precipitate was collected after a few hours and rec@alkd 
from ethanoLwater. Yield: 4.6 g or 85 % of theory_ _ 

Gas chromatography-mass spectrometry 

AlI newly synthesized materials were routinely analyzd by combmed GC- 
mass spectrometry (MS) (Hewlett-Packard GC-MS computer system 5710-h 598OA 
and 5933A). Approximately 200 pg of the compounds were dissolved in 5c ~1 dry 
pyridine- To this a solution of 50 ~1 of BSTPA ~(trim&hykilyl)trifluoacetamide~ 
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Regis, Morton Grove, Ill., U.S.A.] was added and the so2uticn heated in a heating 
block at 80” for 15 min to efliect trimethylsilylation of potentiahy present starting 
materials and to form the trimethy2silyl GMS) ester of I. A l-pi vo2ume of this 
solution was then injected onto the CC c&uun (3 ft. x 2.5 mm I.D. coiled glass 
column, packed with 3% OV-17 on Gas-Chrom Q; App2ied Science Labs., State 
College, Pa., U.S.A.). The column was kept at a starting temperature of 150” and was 
programmed at SO/nun to 250”. The injector was kept at 250” and the temperature of 
the ionization source remained at 190-200”. Samples were run in the electron impact 
(Er) mode of ionization with an ionization energy of 70 eV using he2ium as the carrier 
gas (flow-rate 40 ml/min). In the chemical-ionization (Cl) mode, methane was used as 
carrier and reagent gas at a flow-rate of 15 ml/mm. For positive proof of the absence 
and detectability of hydralazine iu synthetic I, the sample was spiked on a weight 
basis with 0.1, 1 and 5% of hydra2azine and analyzed analogously. Since 3-methyl- 
triazolo-phthalazine (MTP) was identified as a metabonate arising from I (ref. 13), 
the amount of MTP present in the samples was quantitated by using &-MTP as au 
internal standardlo. 

Assays of HPk by high-performance Iiquid chromatography (HPLC) 
General techniques_ Since HPH may potentially exist in vivo in forms I and 11, it 

was necessary to develop au analytical procedure allowing determination of both 
compounds. The instability of I at pH < 7, required that the salt character of I had 
to be retained throughout any work-up, i.e., the pH had to be > 7. HPLC was chosen 
to analyze the two compounds. A Varian UV-visible variable-wavelength. spectro- 
photometer with an S-p1 f2ow cell was used for the detection of these compounds at 
350 ML The detector was interfaced to a Waters Model 6CKlO dual pump high-per- 
formance liquid chromatopph, complete with a Model 6UK septum2ess loop in- 
jector and a Model 3OOO solvent programmer for gradient elution. We selected a 
Waters stainless-steel column (30 cm x 3.9 mm) packed with ~Bondapak C1* (re- 
versed-phase column chromato,qphy). The eluting solvent which resulted in good 
separation of compounds I and II from serum components was 35% of methanol 
(Burdick & Jackson Labs., Muskegon, Mich., U.S.A.) in 0.1 M potassium phosphate 
buffer pH 7.4 containing 10 mM EDTA. The solvent flow-rate was 2.0 m2/min. For 
regeneration of the column, methanol-water (1 :l, v/v) was pumped through the 
column overnight at a flow-rate of 0.5 ml/min. A22 solvents were routinely filtered 
through a 0.45~pm Mi22ipore titer membrane (Millipore, Bedford, Mass., U.S.A.). 

Analysis of phsnm smpks~ After hydra2azine administration, blood samples 
from human volunteers and male New Zealand white rabbits were collected in 
heparinized vacutainers and the plasma separated by ceutrifugation. To 1 ml of 
freshly prepared plasma, 1 ml of the phosphate buffer pH 7.4 and 6 m2 of methanol 
were added and thoroughly mixed. This was followed by centri&tgation at 850 g. The 
supematant was transferred to a 5O-ml round-bottom flask and evaporated at 35” on 
a rotary evaporator. The residue was redissolved in 1 ml eluting solvent and atered 
through a 0.4~pm filter iu a Sweeney Ghration adapter; 100 p2 of this reconstituted, 
filtered solution was then injected onto the liquid chromatographic column via the 
loop injector. A standard curve in the range O-1-2.5 pg/rn2 was obtained analogously 
by spiking plasma with a freshly prepared solution of I and II in methanol. Potential 
chromatographic interference of hydralazine and its metabolic products 3lhydroxy- 



metiyl-mlephme, triazoloph~e, 4-hydroxy-hydrahine, phthalazine 
and phrhdazinone was inves@ated, even though none of these products absorbs 
signiscantry at 35Omn. Potential chromatographic -interference from other hydra- 
zones was e xamined in spiked buffer ehmnt, namely the hydrazone derivatives of 
hyWe with other abundant endogenous ketones, e.g. acetone* ac&aMehyde, 
a-ketoglutaric acid, a-ketoisovaI&c acid and cl-ketoisocaproic acid. 

Analysis of u&e sampies. Urine samples were processed simiiarEy: 1 ml of 
urine was mixed with 1 ml of the pH 7.4 buffer solution, followed by 6 ml of methanol. 
After centrifugation, the supernataut was evaporated to dryness and reconstituted in 
f nil of the eluting solvent- A LOO@ volume was injected onto the chsomatographic 
cohurnn. A standard curve was obrtied from spiked urine samples in the conce&ra- 
tion range of 1 to 5OG pg/nll. 

Sability of I and II. The chemical stability of I and II was investigated in fresh 
human and rabbit plasma, as well as iu pH 7.4 buffered human urine, rabbit urine 
@H 8.0 to 8.5) and in pH 7.4 phosphate buffer alone. The corzlpounds were added 
separately to yield a final oncentration of 1 rg/ml. The peak heights derived from 
the HPLC auaIysis were compared as a function of time at 37”. 

Iiz -v&0 fornzzfi~on of I from hydmh.zzhe in phma. The formation of I fron 
hydmlazine in spiked humau and rabbit plasma was investigated as a function of 
time. The plasma samples were incubated in a water bath kept at 37” aud subseque&ly 
analyzed by HPLC. 

RESCXFS A?93 DISCUSSION 

Fur&y of syizthesized materials is the prerequisite for their use in analytica! 
proczdures. In addition these products were used for in viva and in virro testing of 
hypetetive and vascular smooth muscle relaxant efkts, respectklyy”. These ap- 
@ations required close smutiuy for other pbarmacologicalIy active products, 
es_pecially the starting material hydr&zine. With the exception of MTP, ne impurities 
were found upon direct-probe MS nor in combined CX-MS u&g BSTFA as the 

m/e 

Fis. 2. Ei mass sixtrum of the p_yrutic acid hydrazone of hydraladne 0. TMS ester de&ative 
mewti-blmrd 59980 A, 5933 A GC-MS-computer tit; conditions as desaii in text). 



derivatikg agent for compoumis such as hydmlaxine. MTP was pn~ent in I zt a 
level of 0.78% (w/w). Spiking I and II with 0.1, 1 and 5% of hydmlazine yielded 
clearly detectably levels of hydmlaxine. Based on this calibration, compound I con- 
mined 0.03% (w/w) hydmlaxine and none was detectable in compound II, Fig. 2 
shows the EI spec&un of I, with m/e 302 as the molecular ion of the TMS ester 
derivative. L&s of -COOTMS results in the base peak of the spectpum at m/e 185. 
Fig. 3 shows the EI specbum of II, with the molecular ion and base peek & mje 212. 
This molecular weight is conkned by CI, producing MIP at m/e 213, MC,lIso at 
m/e 241 and rOrC&I~o 2t m/e 253. Elimination of CO fkom m/e 212 yields m/e 184. The 
genesis cf other fragment ions has been discussed pmviou~ly~~. 

m/e-- 
Rg_3_EFrr7assspe&rum of the tricyclic dehydration product formed from hydralazbe and p_yruvic 
acid at pH 4.5 (II). 

The stability of I and II was examined in phosphate buffer, plasma and urine 
by spiking the various fluids with 1 pg/ml. The urine was diluted 1 :l with pII 7.4 buffer 
to adjust the pH. !&mples were analyzed at 5,15,34 60,90,120 and 240 min and did 
not show any decomposition of I or II as judged by the corresponding peak heights 
resulting from the HPIC analysis. During incubation, samples were shielded from 
light bjr using alum&mm foiL Without this protection significant and kreproducible 
loss of I was observed. Stability studies of I Ln acidic buffers, pII 6.2 and 5.4, resulted 
in crmsiderable loss of I (Fig. 4) as measured over a time petiod of 4 h. It was fumer 
determined that no chromatographic intefiemnce occurred from other metabolites or 
proposed rnekbolites of Oydralkne (see _4rr~Zysis ofph.smz sampks). 

Fig. 5a shows a calibration curve, obtained by injection of increasing amounts 
of a solution of I in IIPLC eluting solvent. The stidard curve showed excellent 
linearity over the range of 10 ng to 10 pg (ffie range of IO ng to 1 pg is pictured only, 
due to space limitation). Fig. 5b shows the calibration cmve obtained from spiked 
human plasma over a range of LOO ngknl to 2.5 pg/ml. Minimum detectable concen- 
tration ranged from 10 to 25 ng/ml of I in hmmzn OF rabbit plasma and from 5O-100 
s&ml in mine, with a peak-to-noise ratio of 3 :l. Table I ilk&rates the mean and dis- 
petiOQ around the mean of I as determined for spiked plasma samples on six consec- 
utive d?ys. 

A typical chromatogmm, showing the analysis of I and II in a human plasma 



176 . . 

O,..,,, 
Tii (min) 

Fig. A Stability of J in diEcnt buffer of time. 

sample spiked with 200 r&ml of each is shown in Fig. 6a. A blank plasma is shown in 
Fig. 6b_ Fig_ 6c shows the IIPLC chromatogmm obtained from a plkxna sample of a 
human volunteer, who had received 1 mg/kg bodyweight of hydralazine hydro- 
chloride orally. The sample was collected 35 min after dosing. The concentration of 
I was determined to be 630 ng/nl. It is evident that no peak corresponding to com- 
pound II waS observed in Fig. 6c. In addition, no peak for II was obseerved in any 
other urine or plasma sample after either intravenous or oral administration of hydral- 
azinetosixhuman volunteers. Accordingly compound I, but not compound II, is a 
metabolite of hydralazine in humans_ Absence of II was also established in plasma 
and urine of rabbits when dosed with hydralazine intravenously. 

The ease of formation of I in plasma is illustrated in Fig. 7. Rabbit plasma was 
incrlbated at 37” with hydra&&e hydrochloride at a concentration of 10 rg]ml_ 
Aliquots for analysis were taken at 5, 15, 30, 60 and 120 min and processed for 
HPLC analysis. The rapid formation of I is evident since even at 5 min, I is already 
present in the sample. At 120 min a 33.5% conversion of hydralazine to I had oc- 

Fig-. (a) HPLC calibration m obtained by injation of _ increasing amounts of I dissoived in 
the eluting buffer system_ 0 HPLC calibration am-e of I obtaiaeci form spiked human playzra 
kIlpk% 
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PEAK l2EKim (mm) 
peak height is normal&d for an absorbance rauge of the W-VIS recorder of O.OS.- 

Anhurt of raoSd to Memt Smn&rd rkviation Number of Coefici..nt of vcriation (%) 

1 rniPbn= kl R (S. D.) mrnlyses SD. 

(4 
--R-M 

x 

0.1 4.37 0.2888 6 0.6 
0.2 7 86 0.114 5 I.5 
1.0 36.25 1.317 6 3.6 
2.5 90.67 2.724 6 3.0 

cnrred calculated on the basis of mol-to-mol conversion. It was documented that the 
addition of methanol and subsequent workup of the samples did not prevent the 

further formation .of I from the hydralazine present. The incubation of hydralezine 
for 120 min with two samples of human plasma obtained from different donors 
yielded 79.5 and 50.8% molar conversion of bydralazine to I, when hydralazine was 
present in initial concentrations of 2.5 and 10 &nl, respectively. Different yields of I 
obtained after incubation of the plasma samples may reflect differences in the excess 
of pyruvic acid present, in respect to the concentration of added hydralazine. 

In practice, the continuing formation of I from hydraiazine was shown not to 
pose a significant problem for the determination of I in the plasma of human volun- 
teers receiving orally administered hydralaxine hydrochloride. Continued formation 
of I from hydr&zine during workup would not make a major contribution to I, since 

(a) 

2 4 6 6 

Tie (min) Time (raid 

Fig. 6_ (a) EiPLC cbromatogram cbtained from a human plasma spiked with ZOO n&ml each of I 
and II. Ji~jection corresponds to l/10 of tbe total, reconstituted solution obtained after workup. 
(b) HPLC cbromatogram obtained from 2 blantr human plasma saq$e_ (cj HPLC cbromatogram 
ofahuman plasma sample co&c& from 2 voh~*ker 35 min after or-A administration of 1 mg/kg 
bodyweigbt of hydrakine hydrochIoside_ 



(a) hydralazke was present in concentrations which were CoasiderabIy Iower than 
presriously reportpd’L, (b) hydrakine became undetectable in plasma 45 min after 
dosir@, whZe I was present in measura ble conq&rations for at least 6 h (p&se 
refer to Fig. 8) and (c) the hydra&&e level in human volunteers never exceeded 15% 
of the conmtition of I when measured 20 min aRe? do~ig+~. 

Fii 7. ,Gz pitro formation of I in rabbit &ma., afk spiking tkc p&ma with 1Olrglml of hydra- 
lazke hydrochloride. 

Fig. 8 i&.strates the time course of 1 in pksma of a human vohdee~_ &rid 

plasma sampks were colkcted for 6 h after hydra&ine intake and were anaIyzd as 
described. Levels of L teached a peak concentration of 25 nrnoI/mI OF 655 ng,lml at 
25 min after dosing. The wncentration of I subsequently rapidly declined in a first 
order fashion with a half life of 106 min. “Appanznt= hydrakine plasma levels were 
also determined using methods descrii6~8_ It is evident that the reJ&tive ratios of 
“apparent” hydra&&e to I were not constant but cba.nged over a wide range. The 
decay of “apparent” hydralake was first order, with a hake of 47 min. From these 
findings, it is evident that the decay of “apparent” hydrakine does not parallel the 
decay of I and therefore is no a good measure of the comxntration of I in body 
kids, again illustrating the m@rement for specifk methods. 

ACRNOWLEDGE- 

This work was supported by NIH/NXGM!S grant No. GM 24092, the Veterans 
Admin.&&on, NIH/NIGMS grant No. GM 07014 and an American Heart As- 
sociation, Texas AfEliate grant. Tore Taketh is a recipient of a Merck, Sharp & 
Dohme Lntemational FeUowsEip in Clinical Phatmaco logy. T&e techniczLl assk3ta.n~ 
of Mrs. Susan B. Ktiaad Ms. Kay BaU&er, as welt as the semeta&I heIp of I!&. 
Barbara Boyle and Ms. Diana Resemiez is most grat&Wy appreciated. 

1 Ii. M. Pktty, .r. A&5. cl% Med. 41<1953) 56s. 
2 A. R sdzw Am%_ ,?iw-PV 131 (1961) l_ 
3 R. Zzest and J. KoEh-weser, C&L PF dz?macuL nier., L3 (1972) 420. 



ANALYSIS OF HyDRALAzLNE PYRUYIC AClD HYDRAZUNE 179 

4 M. Reidenberg, D. Drayer, J. Martin, A. L. cfekfarm and C. ‘IT. BeHo, CEIL Pkarma.d IRer., 
14 (1974) 971. 

5 S. B. Z&, M. F. BartIe& W. E. Wagner, I’. G. Gil&-an and G. L&as, J. Pkczrm. SC& 63 (1974) 
225. 

6 D. 33. Jack, S. BrechbOkIer, P. HI. Degas, P. zkk&n and W. Ribs, J. Chromztogr., 115 (197.5) F_ 
7 S. B. i%k, 6. IA&Z and T. G. GiIkran, Drrcg Afefab. D&p., 5 (1977) 116. 
8 P_ A. Rtzce, P. E. Stanley and R. i%cest, L Phmm. Se& 67 (1978) 1150. 
9 W. M. Mchac and M. Kanda, J. Pkarm. E-q_ Tker.., I43 (1964) 7. 

10 EC. D. ETaegeI.=, EL R S-t, N. W. Robie, D. L&m and J. L_ McNay, J. Chmmatogr., 126 

(1976) 517_ 
11 ZE D_ JZu&e, A J_ Mcllean, P. duSou.ic&, K. Barion, I Laquer, J. L. McNay and 0. carrier. 

Brit. J. C&z. Pkarmaa L, 5 (1978) 489. 
12 J. Dmey and B. HI. Ringis, H&v_ Ctdm RC.QZ, 34 (1951) 195. 
13 T_ Take&, K. D. Eke&z, W. k Qementi and J. L. McNay, subm&ted for publication. 
14 A. M. M_ Skepherd, T_ M_ Ludden, K_ D_ Haege!e, T. Talsetk and J_ L_ McNay, submitted for 

pubfication 
15 T. M. Luddetn, K- L. Goggk, J. L. McNay, K. D. Hasgele and A. M. M. Skephesd, J. Pkarm. 

Sd. in press. 


