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Figure 5—Enviroxime concentration in dog plasma (ng/ml) after oral
administration of an 8-mg/kg dose.

terminable as early as 10 min after oral dosing to as long as 5-8 hr post-
dose. A second example illustrates the value of a chemical assay, as
compared with the original plaque reduction assay. The amount of I
found in the plasma of dogs following oral dosing with I was usually very
small, between 5 and 10% of 1. However, when Il was administered orally
to dogs, I was still the major peak found in plasma. Thus, either by me-
tabolism or by acid-catalyzed isomerization in the GI tract, the two iso-
mers tend to form an equilibrium mixture in the plasma, in which I pre-
dominates.

NOTES

The proven versatility of the methodology here points out the power
of the coupling of liquid chromatography with electrochemical detection
for determining oxidizable drugs in biological matrixes.
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Abstract D A series of 4-hydrazino-5H-pyridazino(4,5-b)indoles (VIII)
and their potential metabolites (3,4-dihydro-4-oxo-5H-pyrid-
azino(4,5-b)indoles (V) and 11H-1,2,4-triazolo(4,3-b)pyridazino-
(4,5-b)indoles (IX) were investigated for antihypertensive activity in
spontaneously hypertensive rats. All compounds showed antihyperten-
sive activity at 25 mg/kg ip. Compound VIII was the most active, and the
most toxic.

Keyphrases 0 Antihypertensive agents—synthesis of pyridazino-
(4,5-b)indole derivatives, rats, metabolites 0 Metabolites—synthesis
of antihypertensive agents, pyridazino(4,5-b)indole derivatives, rats O
Pyridazino(4,5-b)indole—derivatives, synthesis of antihypertensive
agents, hypertensive rats

In connection with work related to the preparation and
study of new products as potential antihypertensive
agents, a series of pyridazino(4,5-b)indole derivatives (1-3)
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related to the well-known antihypertensive agent hy-
dralazine! (I), as well as its metabolites (4, 5) were syn-
thesized. The metabolism of these compounds takes place
essentially (5, 6) through N2-acylation (formyl, acetyl) of
the hydrazino group and further cyclization to triazole
derivatives (II), as well as the hydrolysis of the hydrazino
to give the oxo derivatives (I1I).

The results of a preliminary evaluation in spontaneously
hypertensive rats of Compounds V, VIII, and IX (see
Scheme) are reported. All of these compounds are struc-
turally related to hydralazine (I)! and its metabolites.

Some preliminary data for Compound VlIla in normo-
tensive and hypertensive (renal fistula), anesthetized

1 Apresoline (1-hydrazinophtalazine).

0022-3549/ 82/ 1200-1406$01.00/0
© 1982, American Pharmaceutical Association



Table I—Antihypertensive Activity in Spontaneously Hypertensive Rats for Pyridazino (4,5-b)indole Derivatives V, VIII, and IX

V Compounds VIII Compounds I1X Compounds
Falls® Falls¢ Falls
Compounds Dose LDso 3hr 5hr 25 hr Dose LDso 3hr 5hr 25 hr Dose LDso 3 hr 5hr 25hr
a 254 1000 16 19 — 56 225 92 84 32 258 794 1 — —
a 2,58 66 61 36
a 1,0¢ 47 44 38
a 0,5 48 3 1
a 5b 50 92 65
a 2,50 33 28 4
a 5¢ 80 60 20
a 2,5¢ 61 30 10
b 25¢ 100 18 20 6 5¢ 105 21 16 8 25¢e 200 14 4 1
b 2,6¢ 19 16 8
b 59 22 17 9
b 2,5¢ 14 10 6
c 25 758 28 30 19
d 25¢ 224 67 44 15 259 1000 8 13 2
19 16 12 3
e 10¢° 1000 1 19 15 10¢ 970 12 31 1 10¢ 1000 3 18 4

@ Dose, mg/kg, ip (spontaneously hypertensive).  Dose; mg/kg, oral (spontaneously hypertensive). ¢ Dose, mg/kg, ip (desoxycorticosterone-saline rats). ¢ Falls in
systolic blood pressure at the indicated times after the indicated doses (average for four rats 190 + 5 mmHg).

(thiobarbital), and nonanesthetized dogs have been re-
ported (3).

EXPERIMENTAL

Chemistry’—Compounds V-IX have been prepared according to
Scheme L. The following compounds have been previously reported: Va
and VI1Ilg (3); Vb (mp 283-285°, and erroneously reported mp 218°) and
Ve (7); IXa and IXb (2); Ve (8,9) and Vd; VIIId and IXd (9). Compounds
VIIIb, VIlle, and IXe were prepared by metheds similar to those previ-
ously reported (2, 3, 9) but these compounds had not been reported
previously.

4-Hydrazino-5-methyl-5H-pyridazino(4,5-b)indole (VIIIb)—
Compound VIIIb was prepared from Compound Vb (7) in a similar way
to that reported previously (3) for Compound VIlla. Yield: 90%; mp =
178-180°; (ethanol), white crystals IR (potassium bromide): v (cm~!) =
3200 (bs, NH); 1625 (s, C=N); 765 (s, 1,2-aromatic disubstituted) 'H-
NMR (dimethy! sulfoxide-dg): & = 3.40 (sb, 2H, NH,); 4.25 (s, 3H, CH3);
7.10-7.90 (m, 3H, Hg_g); 7.85-8.30 (dd, Hy); 8.50 (sb, 1H, NH); 9.95 (s,
H,).

Anal.—Calc. for C1gH1oNs: C, 61.7; H, 5.62; N, 32.7. Found: C, 61.9;
H, 5.61; N, 32.7.

4-Hydrazino-8-benzyloxy-5H-pyridazino(4,5-b)indole (VIIle)
—Compound VIlle was prepared from Compound Ve (7) in a similar way
to that reported previously (3) for Compound VIla. Yield: 80%; mp 340°
(N,N -dimethylformamide-water). Light brown crystals formed. IR
(potassium bromide): ¥ (em~1) = 3000-3200 (m) and 3280-3399 (m)
(NH); 1645 (s, C=N); 830 (m, 1,2,4-aromatic trisubstituted); 700 (s, ar-
omatic monosubstituted) !H-NMR (dimethyl sulfoxide-dg): 6 = 5.30 (s,
2H, CHy—O0); 6.00-7.00 (bs, 3H, NH,—NH—); 7.20-7.65 (m, 7H,
H5,7CGH5—-—); 7.85 (dd, Hg); 9.20 (S, H]).

Anal.—Cale. for C17H15N50: C, 66.9; H,4.91; N, 22.9. Found: C, 66.5;
H, 4.75; N, 22.5.

11-H-1,2,4-Triazolo(4,3-b)pyridazino(4,5-b)-8-benzyloxyindole
(IXe)—Compound IXe was synthesized from Compound VIlle in a
similar way to that previously reported (2, 9) for Compounds [Xa,b,d.
Yield: 90%; mp 340° (N,N-dimethylformamide). White crystals formed.
IR (potassium bromide) » (cm~1) = 3080-3120 (m, NH), 1640 (s) and 1625
(s) (C=N): 820 (s, 1,2,4-aromatic trisubstituted) TH-NMR (dimethyl
sulfoxide-dg): 6 = 3.20 (s, 3H, CHj3); 5.40 (s, 2H, CHs—0); 7.40-7.55 (m,
7H, H6_7CGH5); 7.85 (dd, Hg); 9.60 (S, Hl).

Anal.—Calc. for C1gH15N50: C, 69.3; H, 4.59; N, 21.3. Found: C, 69.5;
H, 4.82; N, 21.4.

Pharmacology—Compounds were evaluated for antihypertensive
activity in unanesthetized spontaneously hypertensive, 8-week-old male

2 All melting points were determined in a Gallenkamp apparatus in glass capillary
tubes and were uncorrected. Analysis included microanalysis of samples dried in
vacuum on phosphorus pentoxide (2-3 hr, 60-70°). Where a molecular formula is
given, analytical results are within 0.4% of the theoretical values. IR spectra were
recorded in a Perkin-Elmer model 681 apparatus. The TH-NMR spectra were re-
corded in a Perkin-Elmer model R-32 spectrometer (90 MHz) at room temperature,
with tetramethylsilane as an internal reference: s, d, t, for singlet, doublet, triplet;
bs = broad signal; dd = deformed doublet.

R R’ R
IV-IX:  a) ...... H H H
IV-IX: b) ...... H CH, H
IV-V:  ¢) ...... OH H H
IV-IX: d) ...... cl H H
IV-IX: e) ...... H H CsH;—CH,—0—

rats (spontaneously hypertensive)3, of the Okamoto strain weighing
300-350 g and with systolic blood pressure levels >180 mmHg. Changes
in the arterial pressure were measured by mechanical transduction* and
registered on paper. A dose was given to each of four animals and blood
pressures were measured at 3, 5, and 24 hr. The tested compounds were
administered (2.5 ml/kg ip) either dissolved or suspended in normal saline
containing 0.2% carboxymethylcellulose and 1% polysorbate 80.

The initial dose was 25 mg/kg. The more active compounds were tested
at lower concentrations, as shown in Table I. The most active compound

3 Navarra University Farms.
¢ W+W, BP Recorder 8005.
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(VIlIa) was also similarly tested in desoxycorticosterone-saline rats
(intraperitoneally) (10).

Acute toxicities were determined in male mice weighing 20 +2 g. A dose
was given orally to each of five animals and mortalities were recorded 1
week later. The LDso was calculated according to a previous procedure
(11).

RESULTS AND DISCUSSION

Table I summarizes the results of the pharmacological assays. All the
compounds studied showed appreciable activity in the spontaneously
hypertensive rat assay. In decreasing order of activity they are: VIIla >
VIIId > VIIIe > VIIIb > V¢ > Va > Vb > Ve > IXe > IXb > IXd >
IXa.

The hydrazino group is not essential for activity although it does
considerably increase antihypertensive activity and toxicity. Group VIII
compounds are thus the most active and the most toxic. Furthermore,
the antihypertensive activity of V compounds may be related to that of
other non hydrazine antihypertensive compounds (12, 13). It seems that
this is the first report of antihypertensive activity in the oxo and triazole
metabolites of pyridazino-hydrazine antihypertensives.
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Abstract O Two techniques are described for the treatment of dissolu-
tion rates to estimate the percent disintegrated-time data for tablets and
capsules. The first is an extension of an equation derived previously with
the assumption of first-order disintegration and dissolution processes;
whereas, the second involves the determination of the rate constant from
the terminal segment of the curve and the use of numerical derivatives
according to a disintegration kinetics-independent approach. The dis-
solution data of six commercial tablet and capsule formulations were
treated according to the described techniques. Good agreement was found
between the percent disintegrated—time data estimated by the second
approach for an acetaminophen tablet and those obtained by a well-
established model where a Weibull function was employed.

Keyphrases O Dissolution—tablets, simple methods for estimating
percent disintegrated-time data O Disintegration—tablets, simple
methods for estimating percent disintegrated-time data, dissolution

There are few methods available for utilizing dissolution
rate data to estimate the fraction disintegrated as a func-
tion of time for tablets (1, 2). These techniques, however,
lack simplicity and require computer programs which may
not be available.

A simple method was described recently for the disin-
tegration—dissolution analysis of percent dissolved-time
data (3). The technique is based on a biexponential
equation with the assumption of first-order disintegration
and dissolution according to a simple dissolution model.
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The present report describes two approachs that can be
used to estimate the percent disintegrated-time data for
tablets and capsules. The first is an extension to the above
report (3), whereas the other is based on disintegration
kinetics—independent approach. Both techniques are
simple and rapid and allow computations to be carried out
manually.

THEORETICAL

Estimation of Percent Disintegrated-Time Data (Approach I)
—Assuming first-order disintegration and dissolution processes, if A,
Ap, and A; represent the amounts of drug in dosage form, small particles,
and solution, respectively, at any given time, and it is assumed that the
disintegration and dissolution are first-order processes whose apparent
rate constants are kg and k;, respectively, or:

k, kg
A >4,

first-order disintegration

)As

first-order dissolution

Scheme I

the following equation can be derived (3):

100 kg
100—f, = —hst —
fs kg ~ kg €

100 k&, .
kd - ks

where f; is the cumulative percent dissolved at time ¢.
Based on Scheme I, the following also can be derived:

—hat (Eq. 1)
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