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SUMMARY 

A relatively simple gas chromatograpbic method has been developed for the quanti- 
-tative determination of hydmlazine simultaneously with its acetylated metabolite, 
3-me~yl-s-triazo?ol3,4u]~h~e (M’IP). The proteins were removed by means of 
sulfosaEcylic acid and Sure&p@_ On treatment with formic acid, hydr,. - e and its 
internal standard were converted info their formylated derivatives. These derivatives, MTP 
and i& iniemal standard were estraeted with toluene and determined by gas chromate- 
graphy with a nitrogenseleetive detector. The lower knits of detection for hydralazine 
and MTP were 0.13 and 0.27 pmol/l, respedwely. 

N-Acetylation seems to be one of the major metabolic pathways fcr 
bydmkzine in man Cl]. Measurement of both hydmkine atxd the acetylated 
metabotite, 3-me~y~~-~o~oC3,~]ph~~e (MTI?) is therefore of 
interesIL 

Since hydmlazine is not extrztckble from biological maw with organic 
solvents a method based on detiwatization directly in the bioogical milieu is 
needed. Many papers have been pubkbed on the measure ment of 
hyee, bit only a recently pubpished gas ehromatograp~hic (GC) method 
has suf+i&t specificity and sensitivity. In this GC method hydmkzine is 
converted into te~olo[1,5a]phti~e and detected by an electron- 



capture detector [2]. A slight modScation of this procedure a&ms simul- 
taxkeous determination of MTP [3]- 

We present a GC methoca using a nitiogen-sekctive dete&or for the s&n& 
taneous determination of hydmlazine and MIT. Hydra&in& is~analysed as 
itr, fomylated deatiwe, s-triazoZo[3,4a]phtbalazine (TP) (see Fig.I), and 
detected by a nitrogensefective detector. The described method is relatively 
simple and theefore weIt suited for the routine detezmination of hydrakine 
in serum from patients under treatment with this drug. 
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Hydrakine hydrochloride, 4methylhydralazine hydrochloride (internal 
sta~dzd) and 3-inetbyl-s-kiazolo[3,k]phtbalazine (MT3?, Fig.2) were a girt 
from Ciba-Geigy (Sable, Stikmland). 3-Etbyl&riazolo~3,4s Jphtbakine 
[ETP (F&B), internal standard] m synthesized as described for the an&o- 
gous methyl derivative by Haegele et al. [I]. 

MTP ETP 

Fig.2. Stnrctural formtie of the acetylatecl metabdite of hydralazine (IKTP) and its 
intemalstan~ (EtTP). 
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Serum standards were prepared every day of analysis and 10% ascorbic 
acid &u&ion added as described below for the serum samples. Stock solu- 
tions of hydra&&e hydrochloride (0.5 mmol/l of 0.1 N HCl) and 4-me+&yl- 
hydra!!&ne hydrochloride (1.7 mmol/l of 0-z N HCI) were kept at’2-8°C for 
two and four weeks, respectively. Stick solutions of WFP and ETP (1.3 
mmolfl of ethanol) we= kept at -20% for several months. Ml reagents were 
of analytical quality. Sure-Sep* (plasma/serum separatirs) was purchased 
from General Diagnostics (Morris Plains, NJ, U.S.A.). 

Within 15 min of blood collection the serum was separated, 5 ~1 of 10% 
ascorbic acid solution per ml of serum were added and the samples stored at 
-20°C. 

Procedure 
To 1.0 ml serum were added 100 ~1 of 4-methylhydralazine solution (1616 

pmol/l), 125 /JL of ETP solution (12.6 irmol/l) and 100 ~1 of 50% sulfosali- 
cylic acid solution. The reagents were wbirlimixed for 5 set and centrifuged 
(5 min at 1300 g). After adding Sure-&p@ the centrifugation was repeated. 
The supematant was decanted, 100 yl of formic acid were added, then the 
test-tube was sealed and placed at 100°C for 20 min. After cooling at room 
temperature (about 3 min), 400 yl of 5 M NaOM, 1.5 ml of 1 M carbonate 
buffer (pH 10.5) and 3 ml of toluene were added. The mixture was shaken 
for 5 min; centrifuged for 5 min (1300 g) and the tofiaene phase tmnsferred 
to 8 new test-tube. The extraction procedure was repeated and the combined 
toluene extracts were evaporated under nitrogen at 50°C. The evaporated 
samples were stored at -20°C until the GC analysis could be carried out. 

The dry residue was dissolved in 30 ~1 of toluene and 2 pl were analysed 
by GC. The serum concentrations of hyd,&azine and M’I’P were calculated 
on the basis of the peak-height ratios of hydr&zine/4_methylhydr&zine 
and MTP/ETP by reference to the graphs obtained by analysing se-rum 
&mdards simultaneously. 

A Model- 583OA gas chromatograph eqtdpped with a nitigen-selective 
detector (Hewlett Packard, Palo Alto, CA, U.S.A_) was used witi the fol- 
lowing operating conditions: a 2.0 X 2 mm I-D_ glass colrrmn was packed 
with 1% SP 1000 on chromosorb W 80-100 mesh; the carrier gas (helium) 
flow-rate was 30 ml/m& the air flow-rate 50 ml/min and the hydrogen flow- 
rate 3 ml/m@ injector temperature was 22O”C, detector temperature 300°C. 
The oven was programmed from 220 to 250°C at l6”C/min. The voltage of 
the rubidium bead was set at 16-20 V. 

Eualwfion of fhe iw2dytikalpmcedure 
Fig.3 shows chromatigrams obtained from serum analysis. Plots of the 

Standard curve of hy&alazine over the range l-15 pmd/l were linear and 
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Fig.3. Ckaroado~ of hmnzn serrun cLsc* analysed as described irkthe text_ 
A, Serum; B, senxm to v&kh hydrakcke aad MTJ? were added (2.5 and I.2 rmal& 
respectively); C, serum from a patient, tkrapeuticaNy treated witi l&rahGe- I-i = 
Eiy~e, M 7 kTiTP, 1~ = internal standaxd fos WFP, 1~ = inferpal stidard for 
hydrskzine- 

passed throw the origin. The standard curve of MTP was linear over the 
same range but did not pass t&rough the origin. The blank vms from 0.05 to 
0.15 pnloifl, 

The lower knits of detection for hydrahziue and MTP were 0.13 and 0.2’7 

RRPRODUCIHLXTY OF REPLICATE ANALYSRS OF HYDRALAZNE AND MTP 
ADDED TO EnJrdANsERuM 

‘I&e serum ssmples were stored at -2O’C fkom one day to seven weeks and analysed at 
random on different days_ 

Compwmd Serum coacept&ion* Coefficient of 
@moW) variation (5s) 

Hyckahzine 9.92 4.9 
3.30 3-4 
0.50 7-7 

14.64 6.4 
4.36 4-a 
0.88 9.4 

fMean vsltxes *rn ei&xt duplicate samples of each concer&ati~ 
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ymol/l, respectiely (25 and 50 &I)_ The reprodncibility was determined 
using spiked sernm samples analyzed at random on different days. These 
spiked sermn sampIes were stomd at -20°C from one day ti seven weeks. 
The reasonable reproducibility shown in Table I demonstrates that 
hydralazine and MTP are &abIe for weeks under the conditions mentioned 
above. The stabili~ of hydrahxine at -20°C is confirmed by the results in 
Table & where both patient serum samples and spiked samples were cieter- 
mined twice witi a time interval of from six weeks to seven months. 

Table III compares results from analyses of patient serum samples by 0~1: 
GC method and another GC method [4]. 

Application of the adytical procedue 
Venous blood samples from 32 patients, therapeutical& tzeated with 

50-200 mg (0.25-LO mmol) of hydralazine per day, were co&cted just 
before and 1 h after the first morning dose. 

The ranges of the serum levels of hydmlazine were found to be < 0.13-7.6 
and 0.50-12.7 ccmol/l, respectively (<25-1500 and IOU-2500 Erg/i). 

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

TABLE lIl 

COMPARISON OF RESULTS OF ANALYSIS OF PATIENT SERUM SAMPLES BY 
OUR GC METHOD AND ANOTHER GC METHOD C41 

Sample 
NO_ 

our resuks Resub from another GC method f4] 

Hydrahzine concentratioo “Apparent” hydrahine concentration 
(rmoIP] (w&I] 

1 4.6 5.3 
2 5.5 3.9 
3 1.9 2.9 
4 4.8 3.2 
5 13.1 9.2 
6 0.6 0.2 

DISGIJSSION 

Several authors have mentioned the instability of hydralazine in human 
serum during storage [2,5]. In consequence, Jack et al, [2] recommend 
d&vat&&ion before cold storage. We found t&at, after the addition of 
ascorbic acid, serene samples were stable at -20°C for at least seven months 
(Table II). Furthermore, we have discovered &at the ascorbic acid prevents 
cleavage of hydG!azine in the analytical procedure. The use of sulfos&cylic 
acid as denaturatig agent and separation of the denaturated proteins by 
means of Sure-Sep~ have been shown to &move the proteins so completely, 
that no interfering peaks appeared in the chromatogram. 
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Wehavetestedmanyderivatives of hydralazinesu&astetrazolo~1,5_cr]- 
pbthalazine 121 and formaldehyde, acetaldehyde and acetone hydmzones of 
hydrazine, but we found neither as sensitive at the nitrogen-sensitive detee- 
tar as the formyl derivative of hydmlazine (TP), 

The yield .of the derivatization was found ko be ahout 50% by comparison 
with TP, prepared on an ana&tical scale as described by Haegele et al. [Sj. 
Diffent reaction conditions have been studied to optimize the derivatiza- 
tion of hydralazine. An elevated temperature was necesszy; aoo”c was 
chosen to complete the reaction tithin IO--2O~mi.n. Neither a Longer Eeaction 
time (60 min) nor more formic acid (500 ~1) improved ‘the yield. Both TP 
and MTP appeared to be rather stable. No loss of ‘IT or MTP was observed in 
evaporated samples, neither after standing at 50°C for 15 min nor after 
storage for one week at -20°C. The yield of one extraction with toluene was 
only about 50%. Consequently, ko extractions raised the yield to about 
75%. 

SP 1000 turned out to be the best stationary phase since phases as OV-I.7 
and SE-30 resulted in extreme tailing. Although the peaks are rather close 
(Fig.3), the separation has proved satisfactory to obtain a reasonabie preci- 
sion (Table I). A column 3 m long improved the separation, but not the 
precision. 

Earlier published GC methods [2,3] used an electron-capture detector, 
but recently a method using a ni~ogen-sekctive detector has heen published 
171. It is our opinion that a nitrogen-sensitive detector is mire suited for 
tontine analysis. In our laboratory nitrogen-sensitive detectors have been 
used without problems by different technicians during the past fou years. 

TP has been identified as a metabo&e in rat urine [l] and recently in 
human urine, too [6]_ But like Haegele et al. [6] we did not find any detect- 
able amount in the serum from patients th~rapeusically treated with 
hydrakine. 

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

In view of the acid conditions in our derivation procedure (pH <I) these 
conjugates are most likely codetermined in our analysis. A comparison of 
OUI method with &other GC method (Table III) indicates that this actually 
is the case, because our results are in reasonabIe agreement with the “appar- 
ent” hydralazine concenkations (hydralazine with co-determination of the 
acid-hydro~ysable conjugates). 

Great individual variations in serum concentrations of hydralazine and 
MTP were found in patients therapeutically treated with almost the same 
dose of hydralazine. It has already been shown that the different extent of 
acetylation of hydr&zine in man [3,10] is an ihnporknt determinant of the 
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