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Abstract 0 Hydralazine shows intense fluorescence at 353 nm in
concentrated sulfuric acid when excited at 320 nm. This fluores-
cence can be utilized for the quantitative analysis of the drug in
dosage forms.
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Hydralazine (1-hydrazinophthalazine) has been
used in the treatment of hypertension for many
years. It apparently lowers blood pressure by inhibit-
ing the enzymes responsible for the decarboxylation
of amino acids to pressor amines and exerts a periph-
eral vasodilating effect through a direct relaxation of
vascular smooth muscle.

Most methods for hydralazine analysis are spectro-
photometric and are based on (a) its UV absorption
in the 260-270-nm region (1), (b) condensation of
carbonyl compounds with the reactive hydrazino
group to yield hydrazone derivatives (2-8), or (c) the
complexing and reducing property of hydralazine
(9-11). The spectrophotometric method of analysis
based on the reaction of hydralazine with ninhydrin
(5) gave incomplete recovery and variable results (6),
so an alternative method was developed based on the
condensation of hydralazine with p-hydroxybenzal-
dehyde. This procedure was modified later to obtain
reproducible results (7).

Recently, Zak et al. (8) found that neither the orig-
inal (6) nor the modified (7) method afforded satis-
factory reproducible results. They developed a new
spectrophotometric method based on the reaction of
hydralazine with p-methoxybenzaldehyde. In this
procedure, the absorbance values were proportional
to the concentration of hydralazine in the 0.1-5.0-
ug/ml range, but the derivatization reaction required
30 min at elevated temperature for completion.

To date, no fluorometric method for hydralazine
analysis has been reported. Because of the usual sen-
sitivity and simplicity of fluorescence methods, the
present study was undertaken to develop such a
method for hydralazine.

EXPERIMENTAL

Reagents and Equipment—The pH measurements were made
on a pH meter! with a combination silver—silver chloride glass elec-
trode. Electronic absorption spectra were taken in 1-cm silica cells
on a grating-type spectrophotometer?. Fluorescence spectra and
intensity measurements were taken on a fluorescence spectropho-
tometer? whose monochromators were calibrated against the
xenon line emission spectrum and whose output was corrected for
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instrumental response by means of a rhodamine-B quantum coun-
ter.

Hydralazine hydrochloride* was purified by recrystallization
from 95% ethanol. Sulfuric acid (18 M) and sodium hydroxide were
of analytical grade®, and anhydrous methanol® was of spectroscop-
ic quality. Formaldehyde solution®, acetaldehyde’, and benzalde-
hyde® were used as supplied. Sulfuric acid solutions were prepared
by dilution with distilled deionized water, and the corrected Ham-
mett acidity scale of Jorgenson and Hartter (12) was employed to
calibrate these solutions. Solutions in the 0-3 pH region were pre-
pared by appropriate dilution of 1 N sulfuric acid. Trace amounts
of the acid or sodium hydroxide were used to adjust the pH of so-
lutions in the pH 4-10 region. Solutions with higher pH were ob-
tained by appropriate dilution of 1 N NaOH.

Standard Curves—A 1.0 X 1072 M stock solution of pure hy-
dralazine hydrochloride was prepared in 50% methanol. Appropri-
ate dilutions of the stock solution were made with 50% methanol to
give a range of concentrations. For the fluorescence standard
curve, 0.1 ml of hydralazine hydrochloride solution of the appro-
priate concentration (concentration = 100 times the final desired
concentration) was delivered to a 10-ml glass-stoppered volumetric
flask, which was then filled to the mark with concentrated sulfuric
acid.

The acid solution was shaken and transferred to a stoppered
1-cm? silica cell, and its fluorescence intensity was measured at 353
nm with the excitation monochromator set at 320 nm. The back-
ground intensity due to concentrated sulfuric acid alone was also
measured and subtracted from the intensity obtained for the drug
solution. The corrected intensities for different concentrations
were plotted against the respective concentrations.

For the absorption (UV) standard curve, 0.1 ml of hydralazine
hydrochloride solution of the appropriate concentration (concen-
tration = 100 times the final desired concentration) was delivered
to a 10-ml glass-stoppered volumetric flask. The flask was then
filled to the mark with 50% methanol. The absorption of this solu-
tion at 270 nm was measured with 50% methanol as a reference.
The absorption of several standard solutions were measured and
plotted against their respective concentrations.

Tablet Extraction and Analysis—For individual tablet analy-
sis, a tablet of hydralazine® was crushed in a glassine paper and the
powder was quantitatively transferred to a 250-ml erlenmeyer
flask. Exactly 100 ml of 509% methanol then was added, and the
flask was shaken in an ultrasonic bath for 20 min to effect the dis-
solution of hydralazine hydrochloride. The solution was filtered
through a sintered-glass funnel, and the first 5 ml of the filtrate
was discarded. The filtrate thus obtained for a tablet whose la-
beled content is 50 mg of the drug would be 0.5 mg/ml.

For fluorometric analysis, 0.1 ml of the tablet extract was trans-
ferred to a 10-ml glass-stoppered volumetric flask, which was then
filled to volume with concentrated sulfuric acid. The fluorescence
intensity of the acid solution was measured in the same way as for
the standard solutions. For absorptiometric analysis, 0.5 ml of the
tablet extract was transferred to a 25-ml glass-stoppered volumet-
ric flask, which was then filled to volume with 50% methanol. The
absorption of this solution at 270 nm was measured with 50%
methanol as a reference.

Analysis of Hydralazine Hydrochloride Injection—Exactly
0.5 ml of hydrazine hydrochloride injection® with a labeled content
of 20 mg was transferred to a 25-ml volumetric flask and diluted to
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volume with 50% methanol. The expected concentration of this so-
lution would be 0.4 mg/ml. For fluorometric analysis, 0.1 ml of the
solution was added to a 10-ml glass-stoppered volumetric flask,
which was then filled to the mark with concentrated sulfuric acid.
The intensity measurements on the acid solution were carried out
in the same way as for the acid solution of the tablet extract. For
absorptiometric analysis, 0.5 ml of the solution of the injection was
transferred to a 25-ml glass-stoppered volumetric flask, which was
then filled to volume with 50% methanol. The absorption of this
solution was measured at 270 nm with 50% methanol as a refer-
ence.

The background fluorescence intensity near 350 nm largely de-
pends on the concentration of sulfuric acid because of a fluorescing
impurity in the latter. This impurity is present in the analytical re-
agent grade sulfuric acid from essentially all commercial suppliers.
Moreover, the sulfuric acid concentration affects the amount of
fluorophore produced (Fig. 2); therefore, to avoid absorption of at-
mospheric moisture by the acid, it should be kept tightly stop-
pered in a dry place. When a fresh bottle of sulfuric acid is used or
if the concentration of sulfuric acid is suspected to have changed, a
new standard curve should be prepared. It is desirable to carry out
the intensity measurement on at least one standard solution (pref-
erably having a final concentration close to that of the unknown
solution) of the drug at the same time that the unknowns are mea-
sured, so as to check any variation in the concentration of sulfuric
acid.

RESULTS AND DISCUSSION

Since hydralazine does not fluoresce in aqueous solution in the
pH 0-14 range, an attempt was made to make a fluorescent deriva-
tive of hydralazine. First, the benzaldehyde hydrazone of hydrala-
zine was prepared by condensation of hydralazine with benzalde-
hyde in water. The product obtained had fluorescence at 358 nm
when excited at 296 nm. However, the reaction was very slow, was
dependent on the initial concentration of hydralazine in the reac-
tion mixture, and required the use of heat for completion in a short
time. Therefore, it was unsatisfactory for analytical use.

Next, the acetaldehyde hydrazone was prepared by condensa-
tion of hydralazine with acetaldehyde using a 1% aqueous solution
of the latter. The product obtained in situ had fluorescence at 410
nm when excited at 320 nm. The reaction could be taken to com-
pletion with concentrations of hydralazine as low as 2 ug/ml by
heating at 70° for 20 min. The fluorophore obtained was stable for
94 hr. Fluorescence intensity varied linearly with the concentra-
tion of hydralazine over the 2-10-ug/ml range. However, the main
disadvantage of this procedure was the instability of the aqueous
acetaldehyde solution, whose concentration was found to affect the
sensitivity of the analysis.

An attempt was made to prepare the formaldehyde hydrazone of
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Figure 1—Absorption spectra of hydralazine (1 X 1074 M). Key:
N, neutral; M, monocation; and D, dication.

hydralazine. When hydralazine was directly reacted with a 10%
aqueous solution of formaldehyde at room temperature, no fluo-
rescence resulted. On heating the reaction mixture, the hydrazone
was generated and showed a broad fluorescence band at 345 nm
when excited at 275 nm. However, the reaction did not go to com-
pletion even after heating at 80° for 40 min. The fluorescence in-
tensity kept increasing with the amount of heat, which made it un-
suitable for analytical use.

Hydralazine has four basic nitrogen atoms. However, only two of
them show protolytic equilibria, involving three distinct species, in
the acidity range of ~10-10. These species, along with their 'L,
and 'L, absorption bands, and the pKa values corresponding to
their interconversion are presented in Scheme 1. The absorption
spectra of the neutral molecule, monocation, and dication are
shown in Fig. 1.

The neutral molecule and doubly protonated cation yield broad
long wavelength absorption bands with blurred vibrational struc-
ture. The spectral features of these species, given in the scheme,
correspond to the band maxima. The monocation, however, exhib-
its some vibrational structure in the absorption band, but the most
distinct and intense vibrational features of the absorption bands
are given. The ground-state pKa’s were determined absorptiome-
trically.

The 1Ly band in hydralazine is broad and occurs in the same
spectral region as in phthalazine (13). However, the 'L, band
moves from 260 nm in the latter to 273 nm in the former. This dif-
ference indicates that the substitution of the hydrazino group in
the 1-position does not affect the !L, band of phthalazine but, as
expected, shifts the !L, band to a longer wavelength due to the
charge transfer from the hydrazino group to the ring.

In the first protonation, the proton undoubtedly goes on the
more basic ring nitrogen. In the case of 1-hydroxy- and 1-mercap-
tophthalazine, Albert and Barlin (14) showed that the first proton
goes on the ring nitrogen in the 2-position of phthalazine. In hy-
dralazine, however, the positive charge can be located at the pro-
tonated ring nitrogen (I) or at the imino nitrogen of the hydrazino
group (IT).

If the positive charge was on the ring nitrogen, a red shift in
both the 'L, and 'L, bands would be expected. Alternatively, if
the positive charge resided on the amino nitrogen of the hydrazino
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Table I—Results of Analysis of Commercial Hydralazine Hydrochloride Preparations

UV Absorption Method

Fluorometric Method (NF XIII)
Labeled Average Average
Contents, mg Found4, mg % Found4, mg %
Hydralazine hydrochlorided 7 50 4:).2 + 2 9;2 + 4 488+ 2 o *797.6 + 4
H}tf?ibr!;igzine hydrochloridec 20 20.0+ 0.5 100 + 2.5 20.2+ 0.5 101+ 2.5

injection (0.5 ml analyzed)

@ Based on five samples from a 10-tablet or a 10-injection batch. ? Apresoline, Lot 10064. € Apresoline, Lot 37022-402.

group, the 'L, band should show a blue shift because the conjuga-
tion of the hydrazino group with the ring is less extensive in the
excited state than in the ground state of the monocation. The ob-
served blue shift of 13 nm in the 'L, on the first protonation of hy-
dralazine indicates that II is the more plausible representation of
the monocation. A similar amidine-type structure was also sug-
gested for 2-aminoquinoline (15).

In the second protonation, which would be the protonation of
the terminal nitrogen of the hydrazino group, there is no ambigu-
ity about the location of the two positive charges, and the dication
can be represented as shown in Scheme I. Just as in the case of the
protonation of quinoline, the second protonation of hydralazine
causes the 1L, band to red shift and overlap the !L; band (Fig. 1).
The red shift, which is anomalous for the protonation of the hydra-
zino group (16), is caused by the restoration of the aromaticity of
the heterocyclic ring by partial withdrawal of the lone pair of the
hydrazino group due to attraction by the positive charge on the
terminal nitrogen of the same group.

No fluorescence could be detected from the neutral molecule or
the singly protonated species. However, a slight fluorescence was
detected in the hydralazine solution of Hammett acidity of —5.
Therefore, a fluorometric titration in the Hammett region was car-
ried out, and the titration curve is shown in Fig. 2. Since the ab-
sorption spectra showed no change in very concentrated sulfuric
acid, the fluorescence must occur as a result of an excited-state
protolytic process. The fluorescence band at 353 nm is thus due to
either the doubly protonated hydralazine, which is more acidic in
the excited state, or a triply protonated hydralazine, which is more
basic in the excited state. Which one of the two species is responsi-
ble for fluorescence at 353 nm cannot be ascertained at this time.

Agx =320 nm

Aqm™ 353 nm
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Figure 2—Relative fluorescence intensity, Iy, versus the Ham-
mett acidity of the hydralazine solutions (1 X 10~* M).
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The fluorophore can be generated instantly in concentrated sul-
furic acid; the amount of the fluorophore produced and, hence, the
fluorescence intensity at 353 nm directly depend on the concentra-
tion of sulfuric acid (Fig. 2). The fluorescence is quite strong at
Hammett acidity of —10, and the intensity remains unchanged at
least for 24 hr. Heating the acid solution of hydralazine followed
by cooling at room temperature did not alter the fluorescence in-
tensity. Strict temperature control of the sample compartment was
not necessary because of the insensitivity of the fluorescence in-
tensity to small changes in the temperature of the solution.

The relative fluorescence intensity of the acid solutions varied
linearly with the concentration of hydralazine hydrochloride in the
2-8-ug/ml range. The limit of detection, based on the amount of
hydralazine hydrochloride required to yield a fluorescent intensity
greater than twice that of the background, was 0.15 ug/ml.

Table I shows the results of analysis of hydralazine hydrochlo-
ride tablets and injections. The method is very reproducible, and
the agreement between the analyses of several tablets and injec-
tions is excellent. To confirm the results, the same tablets or injec-
tions were analyzed by the UV absorption method similar to that
recommended in NF XIII (1) (Table I). The agreement between
the fluorometric method and the UV method is excellent.

This method of analysis is very simple and is the first reported
method using a fluorescence technique. It is relatively fast and in-
volves only one easily available reagent. This fluorometric method
should be useful for doing fast assays on small quantities of hy-
dralazine.
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