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Colorimetric Determination of
Isoniazid with 9-Chloroacridine

JAMES T. STEWART * and DAVID A. SETTLE

Abstract O A colorimetric method based on the interaction be-
tween isoniazid and 9-chloroacridine was developed. Analytical so-
lutions are shaken for 30 min at 50°, and the absorbance is mea-
sured at 500 nm. The procedure is sensitive for isoniazid in the
105 M range. The method was applied to the analysis of isoniazid
in pharmaceutical dosage forms and found to be comparable to the
USP XVIII assay. Preliminary investigations suggested that the
procedure is useful for the determination of free isoniazid in urine
and plasma samples containing isoniazid metabolites.

Keyphrases O Isoniazid—colorimetric analysis with 9-chloroacri-
dine O 9-Chloroacridine—colorimetric reagent for determination
of isoniazid O Colorimetry—analysis, isoniazid with 9-chloroacri-
dine

The interaction of isoniazid (isonicotinic acid hy-
drazide) with 9-chloroacridine to give highly colored
solutions has been observed in this laboratory. This
observation led to the development of a new colori-
metric method for determining isoniazid with 9-chlo-
roacridine. The reagent was shown previously to be
applicable to the colorimetric analysis of primary ar-
omatic amines and aromatic hydroxylamines (1-4).

Existing analytical procedures for the assay of iso-
niazid include visible and UV spectrophotometry, po-
larography, and titrimetry. The colorimetric methods
involve the interaction of the drug with 1-chloro- or
1-fluoro-2,4-dinitrobenzene (5, 6) and/or 7-chloro-4-
nitrobenzo-2-oxa-1,3-diazole (7). Although highly
sensitive and specific, these procedures have the dis-
advantages of instability of color formation and prep-
aration of multireagent solutions. Vanillin has also
been used as a chromogenic reagent in the analysis of
isoniazid (8).

A procedure involving the hydrolysis of isoniazid
to hydrazine, with subsequent color development
with p-dimethylaminobenzaldehyde, was reported
(6). This method is subject to interference by al-
dehydes and/or ketones. UV spectrophotometry (6)
and polarography (6) also have been utilized in the
analysis of microgram quantities of isoniazid. The
USP XVIII method (9) involves an iodometric titra-
tion and is laborious and time consuming,.

This paper presents a new colorimetric method for
determining microgram quantities of isohiazid with
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Table I—Analysis of Known Isoniazid Mixtures
for. Isoniazid

Isoniazida
Mix- Found, % of
ture Components? Mx 103 Theory
1 Isoniazid 4.00 + 0.04¢ 100.00
Pyridoxine hydro-
chloride
2 Isoniazid 3.96 + 0.04 99.00
Chlorobutanol
3 Isoniazid 3.95 + 0.06 98.75
Aminosaliceylic acid
4 Isoniazid 3.98 + 0.02 99.50
Acetylisoniazid
Isonicotinic acid
Isonicotinuric acid
5 Isoniazid 3.98 + 0.02 99.50
1,2-Diacetylhydrazine
6 Isoniazid 3.95 + 0.03 98.75

N-Acetylhydrazine

@Based upon three replicate determinations of each solution. b Fi-
nal concentration of isoniazid and all other components in the mix-
ture, except ammosahcyhc acid, was 4 X 10-® M; aminosalicylic acid
was present in a final concentration of 2 X 10-5 M. ¢Confidence lim-
its at p = 0.05.

9-chloroacridine. The method has been successfully
applied to the analysis of the drug in pharmaceutical
dosage forms. In addition, preliminary investigations
suggest that the procedure is useful for the determi-
nation of free isoniazid in urine and plasma samples.

EXPERIMENTAL

Apparatus—Spectra and absorbance measurements were made
with spectrophotometers'2. Matched cells with a 1-cm optical
path were used.

Reagents and Chemicals—9-Chloroacridine® was used as the
chromogenic reagent. It was recrystallized before use by the meth-
od of Albert (10). Isoniazid* was purified by recrystallization from
80% methanol and dried under reduced pressure, mp 172-173°.
Isonicotinic acid® was used as received. Acetyhsomaznd a-ketoglu-
taric acid isonicotinoylhydrazone, pyruvic acid isonicotinoylhydra-

L Perkin-Elmer model 450.

2 Bausch and Lomb Spectronic 20.

3 Eastman Organic Chemicals, Rochester, N.Y.

4 Matheson, Coleman and Bell, East Rutherford NJ.
5 Aldrich Chemical Co., Mllwaukee, Wis.
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Table I[I—Determination of Isoniazid in Tablets by the 9-Chloroacridine Method and the USP XVIII Method

Found4, mg/Tablet

Percent of Claim

Claim, 9-Chloroacridine 9-Chloroacridine USP XVIII
Tablet mg/Tablet Method USP XVIII Method Method Method
Ab 100 101.15 + 0.35¢ 101.46 + 1.69 101.15 101.46
Bd 100 100.00 + 0.93 100.61 + 0.84 100.00 100.61

@ Based upon two replicate determinations of each solution. PDosage form contained only isoniazid as active ingredient. € Confidence limits
at p = 0.05.9d Dosage form also contained pyridoxine hydrochloride (10 mg).

zone, acetylhydrazine, and 1,2-diacetylhydrazine were synthesized
by procedures listed by Boxenbaum and Riegelman (8). Isonico-
tinuric acid was prepared by the method of Gardner et al. (11).
The melting points of the synthesized compounds were in agree-
ment with literature values. All other chemicals were commercially
available and were utilized as received.

Solutions were prepared by dissolving weighed amounts of isoni-
azid in water or ethanol and the remaining compounds in ethanol.
The reagent solution of 9-chloroacridine was prepared by dissolv-
ing a weighed amount in tetrahydrofuran® and storing in a light-
resistant volumetric flask’.

General Procedure—A quantity of an aqueous or ethanolic so-
lution’ containing isoniazid was placed in an appropriate volumet-
ric flask. A tetrahydrofuran solution containing an approximate
twofold excess of 9-chloroacridine was added to the flask. The so-
lution was acidified with 2 drops of a 5% (v/v) aqueous hydrochlo-
ric acid solution and shaken in a constant-temperature water bath—
shaker® at 50 £ 1° for 30 min. Ethanol was added to volume so
that the final concentration of isoniazid in the flask was equal to or
greater than 4 X 1078 M. The absorbance was measured at 500 nm,
and measurements were corrected for reagent blanks in the proce-
dure.

Analysis of Solid Dosage Form—Tablets were weighed and
powdered, and a weighed aliquot was dissolved in distilled water
by shaking vigorously for 5-10 min and filtering, if necessary, to
give a 1072 M solution. Then 1 ml was removed and assayed ac-
cording to the General Procedure.

RESULTS AND DISCUSSION

9-Chloroacridine interacts with isoniazid in the analytical proce-
dure to yield a highly colored orange solution. The absorption
curve in the visible spectrum for an analytical solution of isoniazid
shows an absorption maximum at 500 nm (Fig. 1).

The interaction between 9-chloroacridine and isoniazid is af-
fected by the temperature and time of heating and the quantity of
acridine reagent utilized. Adherence to the Beer~Lambert law was
not observed for various concentrations of isoniazid at room tem-
perature for 30-45 min (Fig. 2). However, when the analytical solu-
tions were heated at 40, 50, and/or 60° for 30-45 min, linearity was
observed. The results showed that 50° represented the lowest tem-
perature at which both maximum sensitivity and linearity could be
obtained. Thus, it was chosen as the desired temperature for the
analytical procedure.
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Figure 1—Absorption spectrum of reaction product at isoniazid
concentration of 4 X 1075 M.

6 J.'T. Baker Chemical Co., Phillipsburg, N.J.
7 Low actinic volumetric flask (Corning No. 55640).
8 Model 2156-1, Warner-Chilcott Instruments Division.

1404 / Journel of Pharmaceutical Sciences

The minimum heating time was then determined by following
the color development. Absorbance values increased through 30
min and then stabilized. A heating period of 30 min at 50 + 1° was
satisfactory for reproducible readings. The color produced ap-
peared to be stable for at least 1 day after the heating. Under these
conditions, the reference blank was colorless.

The intensity of the color produced was directly affected by the
concentration of 9-chloroacridine employed. Higher absorbance
values were obtained up to a twofold excess of the reagent. Quan-
tities of the acridine beyond the twofold excess did not effectively
increase the absorbance readings for isoniazid. The stability of the
9-chloroacridine reagent solution was discussed previously (3, 4).

Standard curves can be prepared by plotting observed absorb-
ance readings versus volumes taken of equimolar concentrations of
isoniazid.

The analysis method is a microprocedure, and sensitivity is in
the 0.6-5-ug/ml range (10~% M) of isoniazid. Reagent preparation
is simple and rapid since 9-chloroacridine is commercially avail-
able and easily purified. The time involved in the actual analysis
procedure is about 45 min; some existing colorimetric and titrimet-
ric methods involve longer heating and sample preparation times
(5-7,9).

Data from several systems (Table I) reveal that this procedure
permits the determination of isoniazid in mixtures containing
drugs, preservatives, and isoniazid metabolites which might be
present in commercial dosage forms or biological samples contain-
ing the drug. Aminosalicylic acid interferes with the analysis meth-
od if it is present in final concentrations greater than 2 X 10~5 M.
Since aminosalicylic acid is normally present in greater quantities
than isoniazid in dosage forms and biological fluids where the
drugs are given concurrently, it would be desirable before analyz-
ing for isoniazid by this method to separate the two drugs via some
type of separation technique or to employ the technique of simul-
taneous spectrophotometric assay. The latter technique should be
possible since both aminosalieylic acid and isoniazid interact with
9-chloroacridine to produce maximum absorption at 435 and 500
nm, respectively. )

Results obtained by applying the assay procedure to commer-
cially available isoniazid tablets are shown in Table II. The meth-
od is comparable to the USP XVIII procedure (9). Extraction of
the drug from tablets by shaking the tablet mass with distilled
water for 5-10 min at room temperature appears to be as efficient
as the USP extraction procedure utilizing heat and methanol. In
addition, the colorimetric method is quicker and requires the prep-
aration of only one reagent solution.
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Figure 2—Effect of temperature on color development and line-
arity of various isoniazid concentrations. Key: X, 30-45 min at
room temperature; O, 3045 min at 40°; and @, 30—-45 min at 50°
and also at 60°.



Table III—Analysis of Isoniazid Mixtures in Urine
for Isoniazid

Isoniazida
Mix- Found, % of
ture Components, 4 X 10 M M x 1073 Theory
1 Isoniazid 4.00 + 0.040 100.00
Acetylisoniazid
Isonicotinic acid
Isonicotinuric acid .
2 a-Ketoglutaric acid 4.03 £ 0.18 100.75
isonicotinoylhydra-
zone¢
Pyruvic acid isonico- 3.95 + 0.21 98.75
tinoylhydrazone¢
4 Isoniazid 3.95 + 0.01 98.75
1,2-Diacetylhydrazine
5 Isoniazid 3.93 + 0.04 98.25

N-Acetylhydrazined

aBased upon three replicate determinations of each solution. Per-
cent recovery of isoniazid from urine was 99.38 + 0.26%. b Confi-
dence limits at p = 0.05. ¢Hydrazones were hydrolyzed to isoniazid
by treatment with 0.2 N HCl in a 52° water bath for 60 min; the
solution was adjusted to pH 5 with aqueous potassiuym carbonate
followed by the addition of a 9-chloroacridine solution, € Final con-
centration in mixture was 2 X 1075 M.

A preliminary investigation of the analysis of isoniazid in urine
and plasma was performed utilizing the 9-chloroacridine method.
The biological fluids were spiked with various combinations of iso-
niazid and its metabolites. For each assay, freshly prepared isonia-
zid standards in urine and plasma were run concomitantly with the
mixtures.

In the determination of isoniazid in urine, isoniazid can be
quantitated satisfactorily in the presence of its metabolites (Table
III). Since the amounts of a-ketoglutaric acid and pyruvic acid iso-
nicotinoylhydrazones present in the urine are usually expressed in
terms of free isoniazid (8), urine samples containing each hydra-
zone were quantitatively hydrolyzed to isoniazid using the proce-
dures of Hughes et al. (12) and Short (13). After adjusting the so-
lution pH to 5 with aqueous potassium carbonate, 9-chloroacridine
was added and the color developed. Results indicate that the 9-
chloroacridine method will detect isoniazid released from hydroly-
sis of the hydrazones. However, the method will not allow the de-
tection of free isoniazid in the presence of the hydrazones since
acid present in the analytical solution promotes hydrolysis of the
hydrazones during the color development period.

For plasma samples, the results (Table IV) indicate that isonia-
zid can be successfully analyzed in mixtures containing its metabo-
lites. The spiked plasma samples were denatured with equal vol-
umes of 5% trichloroacetic acid and centrifuged. A portion of the
supernatant liquid was transferred to a volumetric flask, and the
pH of the sample was then adjusted to approximately 56 with
aqueous potassium carbonate before addition of the 9-chloroacri-
dine solution. Any cloudiness in the final solutions was clarified by
centrifugation.

The color produced from the interaction of isoniazid with 9-

Ql CONHNH,
QRO -Q =
N N
NHNHCO—@N

Scheme I

Table IV—Analysis of Isoniazid Mixtures in Plasma
for Isoniazid

Isoniazide
Mix- Found, % of
ture Components, 4 X 105 M Mx 1075 Theory
1 Isoniazid 3.96 = 0.040 99.00
Acetylisoniazid
Isonicotinic acid
Isonicotinuric acid
2 Isoniazid 3.93 £ 0.04 98.25

1,2-Diacetylhydrazine
N-Acetylhydrazine

@ Based upon three replicate determinations of each solution. Per-
cent recovery of isoniazid from plasma was 82.70 + 1.15%.0 Confi-
dence limits at p = 0.05.

chloroacridine suggested that a free amino function in the mole-
cule is necessary for the reaction. This finding is in agreement with
previous results from this laboratory concerning the interaction of
primary aromatic amines and/or aromatic hydroxylamines with
the acridine (1-4) to form highly colored solutions. The latter
functional groups produce maximum absorption around 435 nm
compared to isoniazid at 500 nm. Therefore, it should be possible
to analyze for isoniazid in the presence of any drugs containing pri-
mary aromatic amines and/or aromatic hydroxylamine moieties
with the use of the simultaneous spectrophotometric assay.

Present studies indicated that amides, phenols, heterocyclic
amines, alcohols, carboxylic acids, and hydrazines did not produce
any color with 9-chloroacridine under the analysis conditions
(Table I). Although one cannot exclude the possibility that these
other functional groups react with the acridine in typical nucleo-
philic displacement reactions, only isoniazid produced any colored
product under the conditions of the analytical reaction. Therefore,
it is concluded that the reaction between isoniazid and 9-chloro-
acridine under the experimental conditions likely proceeds as de-
picted in Scheme I.
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