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Hydrazinolysis of lipids and analysis of
their constituent fatty acids

Vishwanath P. Agrawal'

Federal Center for Lipid Research, Piusallee 68/76,
D-4400 Miinster, Federal Republic of Germany*

Summary Treatment of O-acyl lipids with hydrazine
degrades them to hydrazides of the constituent fatty acids.
These hydrazides react with acetone to yield less polar
and more volatile N'-isopropylidenealkanohydrazides,
R—CO—NH—N=C(CHjy);, which strongly absorb ultravi-
olet light and are amenable to thin-layer and gas-liquid chro-
matographic analyses. In presence of cyclopentene, reduction
of double bonds in unsaturated fatty acids with hydrazine does
not occur. The method of hydrazinolysis followed by aceton-
ization has been used for fatty acid analysis of different classes
of lipids.—Agrawal, V. P. Hydrazinolysis of lipids and analysis
of their constituent fatty acids. J. Lipid Res. 1983. 24: 216-
220.

Supplementary key words acid hydrazides  N'-isopropylidenealka-
nohydrazides ¢ lipid analysis

Degradation of biopolymers (1, 2) and synthetic fi-
bers (3) by hydrazinolysis has been described, but the
hydrazinolysis of lipids has not been reported. This com-
munication describes a method for the quantitative con-
version of O-acyl lipids to acid hydrazides. Reaction of
the hydrazides with acetone yields the less polar and
more volatile N'-isopropylidenealkanohydrazides,
R—CO—NH—N=C(CHj);. These isopropylidene de-
rivatives can be resolved by gas—liquid chromatography.
Moreover, they should be amenable to high perfor-
mance liquid chromatography using a UV detector, as
they absorb light at 229 nm.

MATERIALS AND METHODS

All chemicals were purchased from E. Merck A.G.,
D-6100 Darmstadt, Germany, except 98% hydrazine
hydrate which was from Fluka A.G., CH-Buchs S.G.,

Abbreviations: TLC, thin-layer chromatography; GLC, gas-liquid
chromatography.
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Switzerland. Glycerylphosphorylcholine and a-glycero-
phosphate were obtained from Sigma Chemie GmbH,
D-8028 Taufkirchen, Germany. Ratfish (Hydrolagus col-
liei) liver oil was a gift from Dr. D. C. Malins, Seattle,
WA 98112. 1-O-Hexadecylglycerol was prepared by
Mrs. H. Becker of this laboratory (4). Phosphatidylcho-
line from egg (E. Merck A.G.) was purified by TLC on
silica gel G using chloroform-methanol-water 65:35:4
(v/v) for development and chloroform—methanol 2:1
(v/v) for elution. Tetrahydrofuran (THF) was refluxed
with LiAlH, and then distilled. Ethanol and THF were
degassed before use.

Adsorption-TLC was carried out on activated layers
(0.3 mm) of silica gel H. Chromatograms were visualized
either by charring with H,SO, or, when the products
had to be recovered, by spraying with 0.2% 2',7"-dichlo-
rofluorescein in ethanol. Hydrazinolysates were chro-
matographed with chloroform-methanol 9:1 (v/v) as
developing solvent. TLC of isopropylidenealkanohy-
drazides was done using chloroform as developing sol-
vent and eluant. Solvent systems for TLC of phospha-
tidylcholine and 1-O-alkylglycerols were chloroform-
methanol-water 65:35:4 (v/v) and ethyl ether—water
100:0.5 (v/v), respectively (5).

Argentation-TLC of isopropylidenealkanchydra-
zides was carried out on activated layers of silica gel H,
impregnated with 2% (w/w) AgNOs, using chloro-
form-methanol 85:15 (v/v) for development. For the
recovery of the derivatives, silica gel from the appro-
priate region was scraped off and extracted thrice with
10 ml of 90% methanol containing 1% NaCl. The com-
bined methanol extracts were extracted with chloro-
form and dried over NaySOy,.

Analytical GLC was carried out using a Perkin-Elmer
Gas Chromatograph F-22, equipped with a flame ion-
ization detector and coupled to Spectra-Physics Autolab
System 1Vb Chromatographic Data Analyser. Methyl
esters and isopropylidenealkanohydrazides were ana-
lyzed on glass columns (2 m X 6.3 mm) packed with
10% and 3% Silar 10 C on Gas Chrom Q (Applied Sci-
ence Laboratories Inc., State College, PA 16801) at
185°C and 210°C, respectively; N, was used as the car-
rier gas at a flow rate 40 ml/min. Peaks were identified
using compounds of known structure.

Preparative GLC was carried out using a thermal
conductivity detector. Helium was used as the carrier
gas at a flow rate 40 ml/min, and hexane at —20°C was
used to trap effluents from the gas chromatograph.

Spectrophotometric measurements were carried out
using a Pye Unicam SP8-200 UV /VIS Spectrophotom-
eter and methanol as solvent. In all experiments appro-
priate blanks were used.
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Acid-catalyzed transesterification of lipids was done
as described elsewhere (6).

For the preparation of N'-isopropylidenealkanohy-
drazides of individual fatty acids, a mixture of hydrazine
hydrate—ethanol-cyclopentene 2:9:1 (v/v), 3 ml, was
added to a solution of methyl esters (50 mg) in 1 ml of
ethanol. The reaction mixture was flushed with Ny for
1 min and the tube was tightly closed with a Teflon-
lined screw cap and heated at 50°C for 2 hr. After
addition of 5 ml of acetone, the mixture was heated at
50°C for a further 30 min. The solvents were removed
by a stream of N, and the resulting isopropylideneal-
kanohydrazides were purified by TLC on silica gel H
with chloroform as the developing solvent.

Procedure for the hydrazinolysis of lipids
followed by acetonization

To 50 mg of lipid in 0.5 ml of THF placed in a tube
(100 X 16 mm) is added 4.0 ml of hydrazine hydrate-
THF-ethanol-cyclopentene 1:3:3:1 (v/v) and N; is
bubbled through the reaction mixture for 2 min. After
tightly closing the tube with a Teflon-lined screw cap,
the reaction is allowed to proceed either at 40°C for 4
hr or at 50°C for 2 hr. Acetone (5 ml) is added and the
mixture is heated at 50°C for 30 min. After drying a
0.1 ml aliquot of the reaction mixture, 1 ml of methanol
is added and the solvent is evaporated off with Ny. This
process is repeated once more and the residue is dis-
solved in 0.1 ml of methanol.

Procedure for the methanolysis of
isopropylidenealkanohydrazides

The acetonized hydrazinolysate (2 ml) is dried under
reduced pressure, dissolved in 5 ml of methanol, and
dried again. The residue is transferred with 5 ml of 6%
H,SO, in methanol into a tube, flushed with Ny, and
heated at 80°C for 3 hr. In order to recover methyl
esters, the reaction mixture is extracted with chloro-
form (10 ml X 3), washed with 10% sodium bicarbonate,
and dried over Na,SO,.

For the analysis of water-soluble deacylated products
obtained by hydrazinolysis of phosphatidylcholine, the
acetonized hydrazinolysate (5 ml) was dried in a stream
of Ny, dissolved in 5 ml of methanol and dried again.
This process was repeated once more. To the residue
was added 1 ml of methanol followed by 1 ml of water.
The mixture was extracted with chloroform (10 ml
X 3) and 25-50 ul of the aqueous layer was analyzed
by paper chromatography on SS no. 2040 b paper (Carl
Schleicher & Schuli, D-3354 Dassel, Germany) using
phenol-water 100:38 (w/v) for development and so-
dium periodate-o-tolidine and 5-sulphonosalicylic acid—
ferric chloride for detection (5).

Lipid

NHy NH,/Cyclopentene
50 °C, 2h

R—CO—NH NH,

CHy CO-CHy
50 °C, 0.5h

R—CO—NH—N=C (CH3),

R—CH,~NH=N=C(CHy), R—CO~NH—NH,

Fig. 1. Scheme for preparation and reactions of N'isopropylide-
nealkanohydrazides.

RESULTS AND DISCUSSION

The observation that hydrazine converts methyl es-
ters of fatty acids to the corresponding hydrazides (7)
motivated the author to examine whether hydrazine can
cleave the ester linkage of glycerolipids as well. Initially,
soybean oil was treated with hydrazine and the degra-
dation of its triacylglycerols to hydrazides of constituent
fatty acids was suggested by the observation that TLC
of the hydrazinolysate showed one major spot with a
mobility similar to that of palmitic acid hydrazide. Cy-
clopentene was added to the reaction mixture to protect
the double bonds in fatty acids from hydrazine reduc-
tion (8) by competing for diimide produced in situ
through oxidation of hydrazine with traces of oxygen,
peroxides, or any other oxidant. Cyclopentene was cho-
sen because it is easily reduced by hydrazine, and has
a low boiling point permitting its easy removal (Fig. 1).

In order to circumvent the problems that could arise
in the analysis of the hydrazides due to their high reac-
tivity, polarity and low solubility, they were converted
to the corresponding isopropylidene derivatives by
treatment of the hydrazinolysate with acetone. TLC of
the acetonized hydrazinolysate of soybean oil showed
one major fraction that had the same mobility as pal-
mitic acid isopropylidene hydrazide (Fig. 2). This in-
dicated that the triacylglycerols were degraded in quan-
titative yields to a class of compounds that were iden-
tified as Cy6.0, Ci1s:0, C18.1, Cia:2, and C, g5 isopropylidene
hydrazides by GLC of the TLC fraction (Fig. 3). The
structures of the various constituents were substantiated
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Fig. 2. Thin-layer chromatogram of N'-isopropylidenealkanohydra-
zides. A, soybean oil; B, acetonized hydrazinolysate of soybean oil.
Chromatograms were developed with chloroform as described in the
Materials and Methods section.

by mass spectrometry of individual compounds obtained
by argentation TLC and preparative GLC. The spectra
showed the characteristic mass ions (70 eV): M*, 2-32%
of the base peak at m/e 72; M*-CH;, 3-11%;
m/e 127, 7-20%; and m/e 114, 20-30%. The inten-
sities depended upon the degree of unsaturation of the
acid.

Similarily, TLC of acetonized hydrazinolysate of rat-
fish liver oil indicated that 1-O-alkyl-2,3-diacylglycerols
were deacylated by hydrazine to 1-O-alkylglycerols and
fatty acid hydrazides.

Paper chromatography of the water-soluble fraction
of the acetonized hydrazinolysate of phosphatidylcho-
line revealed only one spot, which migrated between
glycerylphosphorylcholine and glycerophosphate. A
prior treatment of the water-soluble fraction with an
equal volume of 1 N NaOH had no effect on the mo-
bility of this spot. On the other hand, when this fraction
was treated with an equal volume of 1 N HCI at room
temperature for 30 min and then neutralized to pH 7
with NaOH, the R; of the spot was similar to that of
glycerophosphate. These results, along with the consid-
eration of the high pH (>11) of the hydrazinolysis mix-

ture and nucleophilic nature of hydrazine suggested
that this fraction might be due to the N'-isopropylidene
derivative of glycerophosphoric acid hydrazide, which
could be formed by nucleophilic attack of hydrazine on
phosphorus of cyclic glycerophosphate.

These results, as well as those obtained by TLC of
the acetonized hydrazinolysate of phosphatidylcholine,
indicated that it was fully degraded by this method to
isopropylidene hydrazides of constituent fatty acids and
glycerophosphoric acid. Attempts to hydrazinolyse wax
esters at 50°C were not successful.

In order to test the feasibility of using hydrazinolysis
followed by acetonization for fatty acid analysis, ace-
tonized hydrazinolysates of various lipids were prepared
and subjected to GLC, without prior purification. The
results of fatty acid analyses of different lipids as iso-
propylidene hydrazides were found in excellent agree-
ment with those obtained by transesterification (Table
1). The observation that the results obtained by meth-
anolysis of acetonized hydrazinolysates of lipids to
methyl esters were very close to those obtained by trans-
esterification showed the practicability of analyzing fatty
acid isopropylidene hydrazides after converting them
to the corresponding methyl esters. When hydrazino-
lysis was carried out in the absence of cyclopentene,
values obtained for C,s.5 were about 10% lower than
those obtained in its presence (data not shown). This
result indicates that cyclopentene protects polyunsatu-
rated fatty acids from reduction.

Since the method described here does not involve
any strong acid treatment, and since the unreacted hy-
drazine is destroyed by acetone while other reaction

Detector Response

s

TIME (min)

Fig. 3. Gas-liquid chromatogram of N'isopropylidenealkanohydra-
zides derived from soybean oil by hydrazinolysis-acetonization method.
GLC was done on 3% Silar 10 C at 210°C, as described in the Materials
and Methods section.
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TABLE 1. Gas~liquid chromatographic analyses of constituent
fatty acids in lipids after hydrazinolysis and acetonization

Percent Composition (w/w)

Ci6:0 Cis.o Cis:1 Cis:2 Cis:s
Soybean oil A) 10.1 4.5 22.1 53.8 9.4
B) 10.1 4.5 21.8 53.8 9.8
o)) 10.3 4.5 21.8 54.3 9.1
Linseed oil A) 5.1 3.0 15.8 16.2 59.5
B) 5.0 3.2 16.4 15.7 59.6
C) 5.1 3.2 16.3 15.8 59.5
Olive 0il  A) 10.5 2.7 78.0 7.6 0.5
B) 10.9 2.7 76.1 8.6 0.9
Q) 11.1 2.6 77.8 7.5 0.8
Egg lecithin A) 33.14 18.1 26.5 16.1
B) 33.5 17.9 27.8 15.7
Ratfish liver A) 15.1% 5.2 52.3
oil B) 15.3 4.5 51.9

Experimental procedures are described in the Materials and Meth-
ods section.

A, Isopropylidene hydrazides obtained by the hydrazinolysis—ace-
tonization method.

B, Methyl esters obtained by transesterification of the lipids.

C, Methyl esters obtained by methanolysis of acetonized hydrazino-
lysate of lipids.

2 The other component representing about 5% could not be iden-
tified.

b Components representing the remaining 27% could not be iden-
tified, except C1g.1 which comprised 9.1% of the total acids.

products do not interfere with GLC analysis, the ace-
tonized hydrazinolysate need not be purified by TLC
before GLC. Moreover, fatty acid isopropylide hydra-
zides were stable for at least 6 months when the crude
reaction mixture containing them was stored at 4°C.

Argentation chromatography on silica gel H impreg-
nated with 2% (w/w) AgNOj allowed a satisfactory sep-
aration of saturated, mono-, di-, and tri-unsaturated iso-
propylidene hydrazides from each other. When chlo-
roform was used as a developing solvent, the
isopropylidene hydrazides of saturated and unsaturated
fatty acids did not migrate at all on layers of silica gel
containing 1% (w/w) or more AgNOj;. This indicated
that silver ions, in addition to binding to olefins, also
complex with the C=N bond of the isopropylidene hy-
drazides. This property can be utilized for purification
of isopropylidene hydrazides by column chromatogra-
phy. A polar solvent, such as 90% methanol containing
1% NaCl, is required to elute isopropylidene hydrazides
from the absorbent; chloroform or methanol alone does
not elute them in good yields. Use of a higher per-
centage of AgNQO; in argentation TLC does not im-
prove the resolution of isopropylidene hydrazides, but
adversely affects their elution.

Hydrolysis of isopropylidenealkanohydrazides to fatty

acids can be carried out by refluxing with 3 N HCI in
90% methanol for 30 min. For their conversion to hy-
drazides, isopropylidenealkanohydrazides are treated at
room temperature with 1% acetic acid in 99% methanol
for 24 hr. They are converted to methyl esters upon
heating with 6% HySO, in methanol. Their reduction
is carried out by refluxing with LiAlH, in either for 30
min; excess LiAlH, is decomposed with water and the
resulting hydrazones R—CHy;—NH—N=C(CH3); are
extracted with chloroform.

Spectrophotometric measurements showed that fatty
acid isopropylidene hydrazides strongly absorb UV light
in the 210-240 nm range, with a maximum at 229 nm.
The molar extinction coefficient of palmitic acid iso-
propylidene hydrazide was calculated to be about
10,5600 M~ lcm™! at 229 nm. The absorbance of Cig.0
isopropylidene hydrazide at 229 nm was rapidly elimi-
nated by the addition of dilute HCI, but was unaffected
by dilute NaOH. Addition of dilute acetic acid slowly
decreased the absorbance by about 80%; the residual
absorbance was due to palmitic acid hydrazide.

CONCLUSIONS

Based on the results described, it can be concluded
that O-acyl lipids are degraded by hydrazine to fatty acid
hydrazides that are amenable to gas-liquid chromato-
graphic analysis after conversion to their isopropylidene
hydrazides. The validity of this method for fatty acid
analysis by GLC has been demonstrated by a good
agreement of the results with those found by transes-
terification.

The high absorbance of isopropylidene hydrazides
at 229 nm makes it possible to use a UV detector in
high performance liquid chromatographic analysis of
fatty acids in lipids, using the present method.

Since hydrazinolysis can be carried out at relatively
lower temperatures and does not require any kind of
acid catalyst, this method could be used in situations
where acid- or heat-labile moieties are involved.

Adequate precautions should be observed in using
hydrazine hydrate, because some hydrazines are sus-
pected to be carcinogenic (9).88
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