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Abstract

A new method for the detection of free and total malonaldehyde (MDA) in human plasma samples based on the derivatization of MDA wi
9-fluorenylmethoxycarbonyl hydrazine (FMOC-hydrazine) in an acidic medium was developed. Derivatization was achieved after@h at 50
The derivatized samples were analyzed by HPLC using a reversed-pfaasdutnn with fluorescence detection (Ex=270 nm, Em=310nm). The
benefit of this direct injection of deproteinized plasma is to avoid the use of an internal standard. The detection limit was 0.1 pmol (4.0 nmol/l
The recovery of MDA spiked in different human plasma samples was 9%:392%; R.S.D. 5.1%) for the hydrolysation procedure. The total and
free MDA in plasma of 15 healthy male volunteers are 4229.8 nmol/L and 153 9.6 nmol/L, respectively.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction conditions used in sample preparation might generate artificial
results[8]. Another common method for the determination of
Free radicals have been known for causing oxidative damMDA is based on its reaction with 2,4-dinitrophenylhydrazine
ages. It has been suggested that they might play a part in vario®NPH) at low pH, with the formation of DNPH derivatives
pathological processés,2]. Free radicals could attack lipids to [11-13] The benefit of this method is that the derivatization
initiate lipid peroxidatior]3,4]. Due to the difficulty of directly  reaction does not require high temperature to proceed, but the
measuring the free radicals production, the measurement afssay process is not as quick as the TBA method. The DNPH
lipid peroxidation has become a commonly used technique as tmethod involves multiple liquid—liquid extractionNd1-13}
evaluate oxidative stress. The determination of malonaldehydecrystallization and purification of DNPH reagent on a daily
(MDA) is the most widely used method for the monitoring of basig14], and the samples can be very easily contaminated with
lipid peroxidation[5]. The most common method for measuring atmospheric aldehydes or impurities present in the reagents
MDA is based on its reaction with 2-thiobarbituric acid (TBA) [12]. In addition, an internal standard is required in this method.
in acidic media at a temperature of 10D and measuring Recently, it was reported that MDA in plasma was successfully
absorbance at 533 nfi]. However, TBA reacts not only with measured after its reaction with diaminonaphtalene (DAN) in
MDA but also with many other compounds that are presenan acidic medium at 37C. However, this method is not suitable
in biological sample$7,8]. Furthermore, the method exhibits for measuring MDA in urine, due to the presence of numerous
limited sensitivity and selectivity. Although the selectivity and interfering compoundgL5].
the sensitivity might be improved by using HPLC with UV or A new HPLC method to measure MDA in plasma with fluo-
fluorescence detectiof®,10], the drawback is that the harsh rescence detectionis describedinthis paper. The method is based
on the derivatization of MDA with 9-fluorenylmethoxycarbonyl
* Corresponding author. Tel.: +86 10 62557910; fax: +86 10 62559373,  hydrazine (FMOC-hydrazine) to form a FMOC-hydrazone in an
E-mail address: liugg@iccas.ac.cn (G. Liu). acidic medium.
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2. Experimental tridge kit (SecurityGuartM, Phenomené% USA) was used
) for separation. The mobile phase was acetonitrile/water (53/47,
2.1. Chemicals v/v). The flow-rate was 1.0 mL/min.

1,1,3,3-Tetraethoxypropane (TEP, 97%), formaldehyde )
(37%), acetaldehyde (99%), propaldehyde (97%), were frorﬁ'd Sample preparation
Acros Organics (USA). FMOC-hydrazine (purity >99%) was
synthesized in our laboratorfi6]. HPLC grade acetonitrile 201+ Free MDA

was purchased from Fisher Chemicals (New Jersey, USA). AItI I(;?Z'S me FTppendorf tul?e, (')ITT th gf acetor;gnle wa? adcéefl
other chemicals were of analytical grade and obtained from Beio -/ ML 0l plasma sample. The tube was then voriexed 1o
recipitate the protein in the sample. After centrifugation at

jing Chemical Reagent Factory. Triple distilled water was use .
Jing g y- 1P 4000 rpm for 10 min, 1 mL of the clear supernatant was trans-

throughout the study. . .

9 4 ferred to a 1.5mL Eppendorf tube. A 5.0 of sulfuric acid
was then added to the supernatant to obtain a mixture contain-
ing 1% sulfuric acid. Subsequently, a 0.3 mL of the mixture and
Peripheral blood samples were collected in Heparin Vac@ 120uL of 1.0 mmol/L FMOC-hydrazine solution were added

uettes (Greiner, Austria) from 15 healthy male volunteers (20—4§1t0 & 1.0 mL PTFE bottle with a screw-on lid. Then, the bottle
years old, nonsmokers). Blood samples were taken daily anf@s incubated for 4h at S@. The derivatized samples were

plasma was separated within 1 h with centrifugation (4000 rpnf€utralized with 5.0 mol/L NaOH prior to its analysis. The sam-
for 10 min at 4C). ple injection volume was 2fL.

2.2. Sample collection

2.3. Preparation of reagents and calibration standards 2.6.2. Total MDA
For hydrolysis of protein bound MDA, 0L of sulfuric acid
FMOC-hydrazine was prepared at 1.0 mmol/L in acetonitrile was added to 1.0 mL of plasma in a 1.5mL Eppendorf tube
stored at 4C. NaOH solution (5.0 mol/L) was prepared and (final concentration of SOy in the solution was 0.182 mol/L).
stored at 4C. The mixture was incubated for 60 min at room temperature.
Standard stock solution of TEP (1.0 mmol/L) was preparedrhen, 0.2 mL of the mixture, 0.2 mL of 1% sulfuric acid and
by dissolving 25.L TEP in 100 mL of water. This stock solution 400p.L of 200 nmol/L FMOC-hydrazine solution were com-
was stored at 4C and freshly prepared on a weekly basis. MDA bined in a 1.0 mL PTFE bottle with a screw-on lid. The bottle
stock solution (final concentration ca. @tol/L) was obtained was incubated for 4 h at 5@ and the derivatized samples were
daily by hydrolysis of 1 mL TEP stock solution in 50 mL of 1% centrifugated at 14 000 rpm for 10 min. The clear supernatant
sulfuric acid and incubation for 2h at room temperatil’é]. =~ was adjusted to neutrality with 5.0 mol/L NaOH before injec-
Standard solutions of MDA were prepared by further dilutiontion with 25u.L of solution.
of MDA stock solution with 1% sulfuric acid to get the stan-
dard curve and to spike plasma samples for determination of th® Results and discussion
recovery.
3.1. Optimization of derivatization conditions
2.4. Derivatization of MDA
The reaction of FMOC-hydrazine with aldehyde groups is

Solutions of 0.4mL each of MDA standard and EMOC- an addition reaction (shown ikig. 1). The product of this
hydrazine in various concentrations were placed into 1.0 miadditionreactionreleases water toform a stable product, FMOC-
PTFE vials with screen-on lid. The solutions were prepared iflydrazone. Therefore, increasing the molar ratio of FMOC-
acetonitrile and the ratio of MDA to FMOC-hydrazine was main- hydrazine to MDA would be of benefit to improve the yield of
tained at 1:20. The solution was heated atG@or 4 hinawater MDA-FMOC-hydrazone. The derivative yield was investigated
bath, then cooled to room temperature. The solution was neutraivith the molar ratio in the range of 2:1 to 100:1 (d&g. 2).
ized with 5.0 mol/L NaOH, and 25L of solution was injected ~ The results showed iRig. 2indicated that the derivative yield

into the HPLC system for analysis. reached a high level when the molar ratio is above 20:1, so the
derivatization was completed at the molar ratio of 20:1.
2.5. HPLC analysis The reaction temperature and time are always the important

factors on the derivative yield (sé&g. 3). FromFig. 3, it can be

The HPLC analysis was performed with a Shimadzu HPLCconcluded that, at low temperature (e.g.; @), the reaction was
system including a LC-10ATvp pump, a 7725i Rheodyneslow, whereas at higher temperature (e.g.S@)) the reaction
injector, a FCV-10ALvp mixer, a DGU-14A degasser, a RF-reached near completion in 3h. However, at higher tempera-
10AXxI fluorescence detector (excitation at 270 nm, emission aure, both the solvent and the MDA evaporated easily, so that
310nm) and a WDL-95 chromatography workstation (Dalianit was difficult to maintain the concentration of the derivatives.
Institute of Chemical Physics, Chinese Academy of Sci-At 50°C, the reaction also reached near completion within 4 h.
ences, Liaoning, China). A Nucleo®urCig column (5um,  Therefore, the preferred reaction temperature and time is chosen
250 mmx 4.6 mm, Macherey-Nagel, USA) with a guard car- to be at 50C and 4 h.
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Fig. 1. The derivatization of malonaldehyde with FMOC-hydrazine.

127 as described above. The recovery of MDA was 95R1%
A A A (n=25). Within the same run, the variations of two samples
104 were 4.7% and 4.1%, while the between-run variations for two

different samples were 5.8% and 4.5%.

The stability of the MDA-FMOC-hydrazone was tested by
81 A re-analysis of the same samples stored at room temperature
(22-32°C) for 72 h. The percent changes were less than 4.7%.
6 A This indicated that the derivatives are stable for at least 72h
when stored at room temperature.

The derivatization reagents, FMOC-hydrazine and DNPH
possessidentical hydrazine group, which are strong nucleophiles
and react readily with aldehydg48,19] This characteristic
2 : : N : - facilitated the rapid derivatization reaction at mild acidic con-

0 20 40 60 80 100 dition and lower temperature. These conditions suppress the
FMOC-hydrazine / malondialdehyde formation of undesired artificial aldehyde, which are produced
Fig. 2. Effect of molar ratio of FMOC-hydrazine to MDA on the derivatization during the sample preparation. Unfortunately, the assay with

Peak Area x10-°
~

yield. DNPH involves multiple liquid-liquid extractionNd 1-13]due

to the excess of unreacted DNPH, which was difficult to be sep-
3.2. Selectivity, recovery, reproducibility and stability of arated from MDA-DNPH20], and the DNPH requires purifi-
MDA-FMOC-hydrazone cation on a daily basis because of its instab{lit¥]. By adding

additional extraction steps, the separation and sensitivity can be
In Fig. 4, the representative chromatograms of the FMOCJmproved[19], but at the same time, factors like recovery, repro-
hydrazine derivatives are shown. The HPLC method we useflucibility and precision will suffer. The extraction process is not
resulted in excellent separation of the MDA-FMOC-hydrazoneonly time consuming butalso difficultto keep the precisionin the
from the other short-chain water-soluble aldehydes derivative§peratior{21]. In order to minimize the shortcomings of extrac-

namely formaldehyde, acetaldehyde and propaldehyde. tion process, using an internal standard is a necessity for this
In these experiments, different specimens of plasmras)  Kind of method. As for our method, on the contrary, a baseline
obtained on five different days were divided in two aliquots andseparation of the MDA from the interfering peak was achieved
one of them was spiked with 4.0 nmol of MDA. Each speci-directly as seenifig. 4. In other words, the excess of unreacted

men was analyzed in five replicated preparations for total MDAFMOC-hydrazine reagent did not affect the separation and the
guantitation of MDA. The method benefited from this excel-

lent separation character, so that the extraction procedure from

124 s sample preparation was completely eliminated. This helped to
A__’-—A . . . -
—— .__.\.__' simplify the procedure and enhance the recovery, reproducibil-
10 A ity and precision of the established method. Furthermore, the
2 / / MDA-FMOC hydrazone was stable for at least 72h at room
X g s / temperature. This is also an important factor for developing a
g / / precise and accurate quantitative method.
< o / * / —=—40°C
©
& / —e—50°C 3.3. Calibration curve and sensitivity
4 / —a—60°C . I . - o
A typical calibration curve is shown iRig. 5. It is linear up
o to 10 nmol/mL. The detection limit, measured on the real sam-
0o i 2 3 4 5 6 7 8 9 ples (mean baseline noid€3S.D.), is calculated to be 0.1 pmol
h (4.0nmol/L). A comparison of sensitivity among the recently

Fig. 3. Effects of time and temperature on the derivation of FMOC-hydrazinéPUblished methods is given fable 1 The summarized results
with MDA. The concentration of MDA was 4.82 nmol/mL. prove the high sensitivity of FMOC hydrazine method.
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Fig. 4. Typical chromatograms of blank, standard MDA and plasma specimen after derivatization with FMOC-hydrazine. Conditions of derivatezstesaibed

in Section2. (A) Reagent blank; (B) standard MDA (2.41 nmol/mL); (C) chromatographic separation of MDA and the short-chain carbonyls. Abbreviations of
FMOC-hydrazine derivatives with: formaldehyde, FA (0.5 nmol/mddetaldehyde, ACT (0.5 nmol/mL); propaldehyde, PRA (1.0 nmol/mL); malonatiie DA

(2.0 nmol/mL). (D) Plasma specimen; (E) the same plasma specimen spiked with 4.0 nmol MDA.

3.4. Human studies But they are higher than the values measured with DAN tech-
niqueq15]. However, the total MDA concentrations we obtained
Concentrations of total and free MDA in plasma of healthyare in agreement with those reported by Romero ¢26], Sut-
volunteers were measured. Plasma levels in 15 healthy male vdhar et al.[27] and Carbonneau et 428] measured with TBA
unteers were 424 29.8 nmol/L and 153 9.6 nmol/L for total  techniques. Bound MDA in plasma samples can only be mea-
and free MDA, respectively. The concentrations of total MDA sured after acid or alkaline hydrolysis of the samples. With our
are generally lower than the values measured with recently pultrethod, samples were measured after acid hydrolysis (final con-
lished HPLC-UV method with DNPH derivatizatigi2,25] centration of HSQy in the assay =0.182 mol/L) for 1 h at room
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251 specific signal for MDA. Since centrifuged sample is injected
directly, aninternal standard is not required. These are important
advantages for analyzing MDA content in samples with complex
biological matrix. The advantages also enhance the certainty to
measure true MDA as a main end-product of lipid peroxidation.
In this paper, it is observed that the derivatization yield was
lowered in the presence of urea based on the recovery result
(<70%). The mechanism whereby urea influenced the deriva-
tization was unknown but we found no evidence that it bound
to FMOC-hydrazine. Similar results were also observed using
the DNPH method21]. Urea is the main organic component
in urine, whose concentration may vary from one specimen to
. . . . ‘ . another due to differences in urinalysis. This new method is not
0 2 4 6 8 10 12 convenient to measure MDA in human urine, but it is specific
Concentration of MDA (nmol/ml) and advantageous to measure MDA in plasma.

y = 2.215x - 0.2502
20+ R2 = 0.9985

15}

10}

Peak area x10-8

Fig. 5. Calibration curve.
4. Conclusions

temperature. The free MDA concentrations we measured are A new method for MDA measurement in human plasma

in agreement with those reported f_o_r MDA by Cighetti et al'Was developed. The method is based on the addition reaction
_[24’29] and Lepz_ige et a[30]. In_ addition, the results are a'S‘? of MDA with 9-fluorenylmethoxycarbonyl hydrazine (FMOC-

in agreement with the conclusion that values of free MDA 'nhydrazine) to form a FMOC-hydrazone in an acidic medium at
human plasma must be very low (<0.2nmol/mLp]. Stong 540 The derivatization conditions are mild and the derivatives

acidic conditions can lead to the release of bound MDA fromare stable. After centrifugation, the derivatized solution could

its bind_in_g form S0 we have tgken precautions_ by us_ing On%e analyzed using ai@ column with fluorescence detection.
acetonltnle_ to _preC|p|tate p_rotems before the aC|d|f|cat|on: The detection limit, measured on the real samples (mean base-
. Dete.rrr_nnatlon .Of MDA_'S cpmmonly used for the monitor- line noiset 3S.D.), is 0.1 pmol (4.0 nmol/L). The advantages
ing of lipid peroxidation in biological samples. However, (0 1, ,sing this method give great potential on the investigation

eSt'mate the MDA in plasma is difficult due to _the comple.>§ of lipid peroxidation and the identification of the differences
matrix. The TBA method, although easy to use, is not specific

and often gives results that are not reproducible and artificiiﬂe'\t/lh?)gsl_evas' which are not distinguishable by other assay
[31]. The DNPH method, although does not require high tem-

perature to proceed the derivatization reaction, involves multipl
liquid—liquid extractiong11-13] The DNPH method also can-
not quantitate any free MDA in normal human plasma since the

. . This work was supported by National Natural Science Foun-
signals observed were below the lowest calibrator of the assay_ on of China (20435030, 90408018) and Chinese Academ
[12]. Even the use of sophisticated and complex methods like i y

GC-MS does not guarantee reproducible results. Our goal we?sf Sciences (KJCX2-SW-HO6).

to develop a simply method for MDA determination with higher
sensitivity and selectivity, and fits for routine analysis. Using
the F_MOC-_hydrazme me_thod, the dgrlvatl_zgtlon of_s_amples Was[l] 3. Kehrer, Crit. Rev. Toxicol, 23 (1993) 21.

relatively simple and rapid under mild acidic condition at rela- [2] S.M. Edgington, Biotechnology 12 (1994) 37.

tively lower temperature and the resulted derivatives are uniqugs] B.A. Wagner, G.R. Buettner, C.P. Bums, Biochemistry 33 (1994) 4449,
for a given aldehyde. Furthermore, these derivatives are stabl@] J.S. Bus, J.E. Gibson, Rev. Biochem. Toxicol. 1 (1979) 125.

at room temperature and could be separated by HPLC to get &] H-S. Lee, A.S. Csallany, Lipids 22 (1987) 104.
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