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Malonaldehyde (MA) IS useful as an mdmator of lipid peroxldatlon, cellular 
agemg and free radical damage, and has been determmed by high-performance 
hquld chromatography (HPLC ) m the free form [l-5] or derlvatlzed with 2- 
thlobarblturlc acid (TBA) [6-121, dansylhydrazme (DNSH) [ 13,141 or by 
the Hantzsch reaction [ 151 On an ODS column, free MA IS eluted shortly 
after or within the void volume, and many compounds present m blologlcal 
samples can therefore interfere with the MA peak On the other hand, reac- 
tions with TBA or DNSH require hot and acnhc condrtlons and the HPLC of 
the reactlon products requires the use of detection m the visible usage 

Recently, an HPLC technique using 2,4-duutrophenylhydrazme (DNPH) 
as a derlvatlzmg reagent has been developed for the determmatlon of MA m 
urine [ 16,171, but its application to human serum has not been reported Re- 
action with DNPH proceeds readily at room temperature and HPLC with UV 
detection can be used This paper describes a modified HPLC method that IS 
simple, sensitive and specific for the determmatlon of MA u-r serum as the 
DNPH derivative. 

0378-4347/89/$03 50 0 1989 Elsevler Science Publishers B V 



236 

EXPERIMENTAL 

Materzals 
HPLC-grade acetomtrlle was purchased from Wako (Osaka, Japan) and 

1,1,3,3-tetraethoxypropane, DNPH and 2-mtroresorcmol from Tokyo Kasel 
(Tokyo, Japan) 

Preparatzon of MA standard solutzon 
1,1,3,3-Tetraethoxypropane (1 mmol) was dissolved m 100 ml of 0 1 M hy- 

drochlorlc acid and the mixture was heated at 50” C for 1 h This MA stock 
solution was kept at 4 O C m the dark and the appropriate standard solution 
was made by dilution with 0 1 M hydrochloric acid The concentration was 
calculated by assuming 100% conversion to MA. 

HPLC 
A Model 5A high-performance liquid chromatograph (Shlmadzu, Kyoto, Ja- 

pan) equipped with a UV spectrophotometrlc detector set at 310 nm and a 
Model 7125 syringe-loadmg sample InJector (Rheodyne, Cotatl, CA, U S.A ) 
was used for quantification of MA The HPLC separations were performed on 
a Develosll ODS-5 column (250 x 4 6 mm I D ) (Nomura Chemical, Alchl, Ja- 
pan), with a mobile phase conslstmg of acetorutnle-0 01 M hydrochloric acid 
(45 55, v/v) at a flow-rate of 15 ml/mm at room temperature 

Procedure 
(a) MA standard solutzon A 0 5-ml volume of MA standard solution was 

reacted with 0 2 ml of DNPH solution (0 5 mg/ml m 1 M hydrochloric acid) 
contaming an appropriate amount of Z-nltroresorclnol as an Internal standard 
(IS) at room temperature for 1 h An ahquot of the reaction mixture was m- 
Jetted mto the HPLC column 

/b) Serum To 0 4 ml of serum m a 15-ml centrifuge tube were added 0 1 ml 
of 1% sodmm hydroxide solution and 0 5 ml of acetomtrlle, and the well mixed 
solution was mcubated at 60°C for 30 mm in a heating bath After centnfu- 
gatlon at 2000 g, 0 1 ml of 1 M hydrochloric acid was added to 0 5 ml of the 
supernatant and the mixture was reacted with 0.2 ml of the DNPH solution 
contaming an appropriate amount of 2-nitroresorcmol as IS at room temper- 
ature for 1 h After centnfugatlon, if necessary, an allquot of the reaction mix- 
ture was InJected into the HPLC column 

RESULTS AND DISCUSSION 

MA reacted readily with DNPH m an acl&c medmm to give l- (2,4-dmltro- 
phenyl)pyrazole and its structure was confirmed by mass spectrometry The 
mass spectrum agreed precisely with that reported by Ekstrom et al [ 161, 
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having M+ at m/z 234, the base peak at m/z 158 [M - N0,N02] + and an ion 
at m/z 204 [M-NO] + The effects of the pH of the reaction mixture, reaction 
temperature, reaction time and DNPH concentration on the reaction yield 
were examined by using the ratio of the peak height to that of the IS Acidity 
m the reaction mixture hardly affected the yield of MA with DNPH m the pH 
range 0 5-2 0 At pH > 3, the yield decreased gradually The condensation re- 
action proceeded readily at room temperature to reach the maximum ratio m 
30 mm The final conditions are described m Procedure a above 

The method was applied to the determmation of MA m serum In all pre- 
vious papers on the reversed-phase HPLC of MA, neutral aqueous solutions 
contammg an organic solvent such as methanol or acetomtrile were used, 
whereas we used an acidic solution contammg acetomtrile as the mobile phase, 
allowmg the presence of large amounts of existmg compounds m serum De- 
creasing the proportion of acetomtrile m the mobile phase resulted m longer 
MA retention times, but the resolution of MA from unknown peaks m serum 
was improved. Acetomtrile-0.01 M hydrochloric acid (45 55, v/v) was chosen 
as a suitable mobile phase, taking mto account sufficient resolution from m- 
terfermg peaks Moreover, the use of 2-mtroresorcmol as an IS made the reh- 
able trace determmation of MA possible Acetomtrile was added at a concen- 
tration up to 50% (v/v) m order to deproteuuze the serum sample As reported 
previously [4], it has been assumed that MA undergoes reactions with bio- 
molecules such as ammo acids, proteins or nucleic acids and MA is released 
from the bound form of MA-biomolecule complexes by alkali treatment at 
60°C for 30 mm The final conditions adopted are described m Procedure b 
above. 

An UV trace from the HPLC analysis of serum after treatment with DNPH 
reagent is shown m Fig 1A Fig 1B shows the separation of MA standard 
solution and Fig. 1C shows a chromatogram of the same serum sample as m A, 
but spiked with the MA standard 

The recovery of MA was measured by using various known amounts (1440, 
144 and 72 ng/ml) of MA added to serum prior to deprotemization with ace- 
tomtrile and carrying them through the entire procedure The recovery was 
86 O-90 0% (compare Fig 1B and C ) The calibration graph was linear up to 
18 ng/ml MA m serum and the detection limit at a signal-to-noise ratio of 3 
was 10 ng/ml m serum with a 20-~1 inJection The mean relative standard 
deviation for replicate assays (n = 5 ) using an identical serum sample spiked 
with 72 ng/ml MA was 4 6% Fig 1A shows that there is no detectable free or 
bound MA m normal human serum. 

Another advantage of the present method over that of Ekstrom et al [ 171 
is its simphcity They extracted the derivative with an orgamc solvent prior to 
mJection mto the HPLC system and employed gradient elution, whereas m our 
method the reaction mixture is mlected directly and isocratic elution is used 
Therefore, the method is suited to routine cluncal use and appears to be prom- 
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Fig 1 El&on profile of MA after treatment with DNPH reagent (A) Control human serum, (B) 
MA standard solution (144 ng/ml) with 250 ng of Z-mtroresorcmol as IS, (C) as A, but w&h 
added MA standard (final MA concentration m serum, 144 ng/ml) Peaks 1 =IS, Z=DNPH, 
3 = MA For HPLC condltlons, see Experlmental 

lsmg for the determination of MA m blologlcal materials with respect to sen- 
sltlvlty, speclficlty and reproduclblhty 
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