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ABSTRACT

A rapid and sensitive method for measuring maleic hydrazide (6-hydroxy-2H-pyridazin-3-one) residues in cured tobacco is described.
A mixture of free and bound maleic hydrazide is extracted with hydrochloric acid in which maleic hydrazide glycoside is simultaneously
hydrolysed. The free maleic hydrazide obtained is methylated using dimethy! sulphate and the derivative is partitioned into chloroform
and determined by capillary gas chromatography using a nitrogen—phosphorus detector. The limit of detection of maleic hydrazide is 5

INTRODUCTION

Maleic hydrazide (6-hydroxy-2H-pyridazin-3-
one) (MH) is a systemic plant growth regulator,
widely used for tobacco-sucker control. After appli-
cation to the upper part of the tobacco plant, MH is
transcolated within the plant where it inhibits cell
division, but not cell extension. Maleic hydrazide
can exist in three tautomeric forms [1] (I-1II) and
shows phenolic properties under physiological con-
ditions.
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Towers et al. [2] showed that about 15% of the
maleic hydrazide in young wheat leaf segments was
present as a glycoside. In tobacco, MH is gradually
converted into the bound form, mainly during cur-
ing but also during storage; conversion rates of up
to 50% were observed during curing [3].

Because of growing restriction concerning agri-
cultural chemical residues on tobacco, interest in
the determination of MH has arisen. Methods for
the determination of total MH on tobacco involve
reduction with zinc and hydrolysis with hot alkali
to hydrazine [4-9]. The hydrazine is isolated by dis-
tillation and determined spectrophotometrically as
an azine by addition of p-dimethylaminobenzalde-
hyde. The spectrophotometric procedure was
adopted by the International Organization for
Standardization (ISO) as a standard method [9]. In
addition to the low sample capacity of this method,
its major drawback is a lack of specificity and pos-
sible interferences [10]. More specific methods uti-
lizing GC have been proposed, but they are restrict-
ed to free MH [10,11] and also involve tedious sam-
ple preparation steps.

A method is presented here for the routine deter-
mination of total, i.e., free and glycosidically bound
MH on tobacco. MH glycoside is hydrolysed by
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hydrochloric acid, methylated in aqueous medium
with dimethyl sulphate, transferred into an organic
solvent and determined by gas chromatography
(GC) with nitrogen—phosphorus detection (NPD).

EXPERIMENTAL

Reagents

All solvents were of analytical-reagent grade
(Fluka, Buchs, Switzerland). Maleic hydrazide
(Riedel-de Haén, Seelze, Germany) and 6-methyl-
uracil (Aldrich, Steinheim, Germany) were of Pesta-
nal grade and 97% purity, respectively. Concentrat-
ed hydrochloric acid (32%, d = 1.16) and dimethyl
sulphate of analytical-reagent grade were obtained
from Fluka. An internal standard stock solution
was prepared by dissolving 30 mg of 6-methyluracil
in 100 ml of water. In order to obtain the extraction
solution, 400 ml of concentrated hydrochloric acid
and 20 ml of internal standard stock solution were
made up to a total volume of 2 1 with water. A
standard stock solution of MH was prepared by
dissolving 40 mg of MH in 100 ml of water. The
calibration solution was obtained by dissolving 10
ml of standard MH stock solution and 200 ml of
concentrated hydrochloric acid in 1 1 of water.

Analytical procedure

Extraction and hydrolysis. A 5-g amount of cut
filler or ground tobacco was introduced into a 250-
ml flask and extracted with 100 ml of extraction
solution for 2 h under reflux. After cooling and fil-
tration, a 1-ml aliquot was transferred into a 5-ml
reaction vessel for derivatization.

Derivatization. The 1.0-ml aliquot was made al-
kaline by addition of exactly 0.4 ml of 10 M NaOH;
an exact amount of dimethyl sulphate (200 ul) was
then added using a disposable syringe and the flask
was tightly closed and kept at 75°C for 1 h in a
heating module (Pierce, Rockford, IL, USA). At
the beginning of the reaction, the flask was shaken
regularly until the dimethyl sulphate layer disap-
peared (usually 7-10 min). After cooling, the di-
methyl derivative obtained was extracted with 500
ul of chloroform. Optimum extraction yields were
obtained by shaking in a vortex mixer for 3 min and
the final phase separation was achieved by centrifu-
gation. An aliquot (200 ) of the lower organic lay-
er was transferred into a GC vial and analysed by
GC-NPD.

J. M. Renaud et al. | J. Chromatogr. 604 (1992) 243-246

Calibration. A 1-ml volume of calibration solu-
tion was introduced into a 5-ml reaction vessel and
derivatized in parallel with the tobacco extract.
Three replicates were required.

Instrumentation. A Carlo Erba Model 5160 gas
chromatograph with split injector and a nitrogen—
phosphorus detector was used, equipped with a 30
m X 0.25 mm LD. fused-silica column coated with
2 0.25-um layer of DB-17 (J&W, Rancho Cordova,
CA, USA). A Spectra-Physics DP-700 integrator
was used for data processing. The injector and de-
tector temperatures were set at 250 and 270°C, re-
spectively. The column temperature was initially
140°C for 3 min, then programmed from 140 to
200°C at 5°C/min and from 200 to 250°C at 20°C/
min; the final temperature was held for 15 min. The
column head pressure was set at 120 kPa of
99.999% helium. A 30 ml/min flow of 99.99% ni-
trogen was used as make-up gas. A 1-ul volume of
sample was injected with a splitting ratio of 1:30.
Quantification was performed by the internal stan-
dard technique using 6-methyluracil as internal
standard.

GC-MS apparatus and conditions. A Hewlett-
Packard Model 5988 GC-MS system was used. The
chromatographic conditions were identical with
those mentioned above. The spectra were recorded
in the electron impact mode with the following con-
ditions: interface temperature, 250°C; source tem-
perature, 190°C; and ionization energy, 70 eV. Ions
were detected at m/z 140 (92%, M), 112 (36%), 82
(29%), 80 (47%) and 69 (100%).

Nuclear magnetic resonance. '"H NMR spectra
were recorded in deuterated chloroform at 200
MHz on a Bruker WP 200 spectrometer. Tetra-
methylsilane was taken as the reference for the cal-
culation of chemical shifts, The 'H NMR chemical
shifts were 3.6 (s, 3H), 3.8 (s, 3H) and 6.9 ppm (s,
2H).

RESULTS

The chromatogram of an extract of flue-cured to-
bacco is shown in Fig. 1. The retention times of
methylated MH and 6-methyluracil are 5.32 and
14.29 min, respectively. A recovery of 95% was de-
termined on tobacco samples fortified with 80 ppm
of MH. The precision of the method was deter-
mined at two concentration levels by analysing two
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Fig. 1. Gas chromatogram of a Virginia tobacco extract contain-
ing 209 ppm of MH.

different tobacco samples containing 70 and 150
ppm of MH. At both levels the relative standard
deviation based on eleven replicates was 3%. The
detection limit, corresponding to a signal-to-noise
ratio of 3, was 5 ppm.

The linearity of MH detection was examined for
standard solutions and for fortified tobacco ex-
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Fig. 2. Linearity of MH detection in standard solutions.
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Fig. 3. Linearity of MH detection in fortified tobacco extracts.

tracts between 10 and 550 ppm (Figs. 2 and 3). The
amounts detected by the GC method increased line-
arly in the range considered for both the standard
solutions and the tobacco extracts with a good cor-
relation (r* = 0.999 and 0.997, respectively).

The method was further validated by comparing
the amounts of MH detected by the GC procedure
with the amounts detected by the ISO reference
method [9]. Thirty tobaccos with MH contents
ranging from 0 to 300 ppm were analysed and, as
shown in Fig. 4, an excellent correlation was ob-
tained (r> = 0.9775).

DISCUSSION

The very low solubility of MH in non-polar or-
ganic solvents and the necessity to hydrolyse the
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Fig. 4. Correlation between MH residues determined by GC and
by spectrophotometry by the ISO 4876 method [9].
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Fig. 5. Electron impact mass spectrum of the methylated deriv-
ative of MH.

MH glycoside require and aqueous medium for the
initial step. Under such conditions, the tobacco ma-
terial gives a very complex mixture that is not com-
patible with any direct chromatographic analysis.
Therefore, the “in situ” methylation with dimethyl
sulphate presented several advantages: free MH is
converted into its dimethyl derivative, which can be
quantitatively extracted from the aqueous phase
with chloroform; the partitioning into the organic
phase, associated with specific GC detection, was
sufficient to ensure an interference-free analysis. On
decreasing its polarity by methylation, MH was al-
so made more suitable for GC analysis.

Although MH can exist in three tautomeric
forms (I-III) [1], methylation with dimethyl sul-
phate produces only the derivative of one isomer
(II, 6-methoxy-2-methylpyridazin-3-one). Positive
proof of the identity of the derivative was obtained
by GC-MS and 'H NMR.

In the 'H NMR spectrum, the two signals (single-
ts) at 3.6 and 3.8 ppm correspond to methyl groups
in different environments, i.e., CH3-N (3.6 ppm)
and CH;—O (3.8 ppm). In addition, the measured
chemical shifts are in accordance with values re-
ported by Katritzky and Waring [1], i.e., 3.53 and
3.78 ppm for CH3—N and CH;-O, respectively, in
6-methoxy-2-methylpyridazin-3-one.

The mass spectral data (Fig. 5) are in agreement
with the fragmentation of pyridazine reported by
Porter [12]: The molecular ion at m/z 140 loses a
molecule of CO, producing the signal at m/z 112,
and this ion loses CH3 N, resulting in the base peak
at m/z 69 and the signal at m/z 43. Fragments at m/z
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80 and 82 orginate from the ion at m/z 112 by loss
of methanol and formaldehyde, respectively.

CONCLUSIONS

A GC method for the routine determination of
MH residues in tobacco has been presented and val-
idated. The method is specific, rapid and requires
little manual labour. Including the hydrolysis step,
which is the most time-consuming step in the meth-
od, 20 samples can be processed daily. The use of an
internal standard added to the hydrolysis solution
at the beginning of the procedure guarantees a high
precision, as it allows corrections for occasional
losses during sample preparation, variations in in-
jection volume and changes in detector sensitivity.
However, owing to the efficiency of the extraction
procedure (>95% recovery) and the stability of the
NP detector, these corrections were minor.
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