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ABSTRACT

A new HPLC method for determining malonaldehyde content in lipid peroxidation systems

was developed and antioxidant activities of a-, - carotene, lutein and lycopene were compared

by a newly developed HPLC analysis and by TBA value. In addition, malonaldchyde forming

ability of rar liver microsome was determined depending on thawing numbers. As results,

malonaldehyde was cluted at a retention of 5.60 min and showed a linear relationship between

peak area and concentration in standard curve. The MA content of microsome decreased

with thawing numbers possible by destruction of cellular membranes. Lycopene, lutein and

a-carotene showed stronger antioxidant activities than B-carotene or DL-g-tocopherol both
in Fe*3-ADP/NADPH and in paraquat/NADPH system. The inhibitory effects of carotenoids
and DL-a-tocopherol on Fe™3-ADP/NADPH lipid peroxidation system was similar by TBA
value and by the HPLC analysis for malonaldehyde.
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INTRODUCTION

In the past the biological activity of B-carotence
was considered limited to its provitamin A role.
Recent evaluations of its biological importance em-
phasized B-carotene function as a potent singler
oxygen scavenger and antioxidantV?. Because an-
tioxidants have substantial porential to inhibit car-
cinogenesis and other adverse processes related to
oxidative events®™%), B-carotenc is considerced to
be biologically and clinically important agent. Stu-
dies on bacteria, Salmonella typhimurium
(TAIOO)?> and animal cells such as Chinese hams-
ter ovary(CHOQ) cells® and 10T 1/2 cells® cxpo-
sed to cither ultraviolet light or by a combination

of chemical carcinogens and uleravioler light indi-

Accepted November 15, 1990.

lycopene « HPLC.

cated thar B-carotene can funcrion as 2 antimutage-
nic compound or can prevent malignant transfor-
mation. Most of the animal studies support that
dietary carotenoids can prevent chemically or UV
light/X-ray induced-skin tumor development®~?
and possibly act as immunoenhancing agents by
preventing the spread of developing rumorsi®n,
The mechanism of action of carotenoids for these
chemopreventive actions is considered as the ability
of thesc compounds to quench electronically exd-
ted species or quench radical reactions'® V). Burton
and Ingold'® suggested that B-carorenc mighe in-
teract with the peroxy radical species(LOO - )
in lipid peroxidation, thus inhibiting the propaga-
tion step of lipid peroxidation.
Malonaldehyde(MA) is one of the most studied
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products of lipid peroxidation and has been impli-
cated in aging, mutagenesis, and carcinogenesis.
The toxicity of MA is believed to be the result
of its reactivity with biological nucleophiles such
as amino acids and thiols and its ability to induce
cross-linking of proteins and nucleic acids'®). Seve-
ral methods have been developed to estimate MA
formed by lipid peroxidation. The most widely
used method is thiobarbituric acid(TBA) assay.
However, TBA method is not specific for MA
and often overestimates MA levels because some
chemicals, such as aldehydic compounds, react with
TBA to produce absorbance spectra similar to
those of the TBA-MA complex. Besides the lack
of specificity, artificial production of MA could
be occurred by heat and acid in the TBA reaction
itself1D15),

In the present study, a new HPLC method for
measuring MA content of lipid peroxidation sys-
terns was developed to obtain a shorter retention
time. Antioxidant activities of carotenoids such
as o-carotene, P-carotenc, lutein and lycopene,
which have slightly different structures, were com-
pared both by the newly developed HPLC analysis
and by TBA value. For lipid peroxidation experi-
ments, liver microsomes were frozen at — 20T
and used after thawing. Therefore, MA forming
ability of liver microsome depending on thawing
numbers was also compared.

MATERIALS AND METHODS

Materials

The marerials used in the study were obatined
from the following sources : paraquat dichloride,
nicotinamide adenine dinucleotide phosphare (NA-
DPH), adenosine 5-diphosphate(ADP), DL-a-
tocopherol, a-carotene, B-carotene, lutein, lyco-
pene, bovine serum albumin(BSA), 2-thiobarbitu-
ric acid(TBA) and 1,1, 3,3-tctracthoxypropanc

from Sigma chemical Co.(St. Louis, MO) ; Tris
(hydroxymethyl) aminomethane, Kanto chemical
Co.(Tokyo, Japan) ; Trichloroacetic acid, Junsei
chemical Co.(Tokyo, Japan) ; ferric chloride from
Fluka chemical Co.(Switzerland) ; acetonitrile for
HPLC, J.T. Baker chemical Co.(Phillipsburg, NJ)
and membrane filter(GA-8, TE-200 ; 0.24) from
Gelman sciences Inc.(Ann Arbor, MI). All other
reagents were of guaranteed reagent grade comme-
rcially available. The structures of carotenoids used
in the study are shown in Fig. 1.

Calibration and preparation of the malonaldehyde
standard

A malonaldehyde stock solution(10mM) was
prepared from malonaldehyde tetracthyl acetal(1,1,
3, 3-tetracthoxypropane). One millimole(220mg)
of the acetal was dissolved in 100ml of 1% (v/v)
sulfuric acid. After Zhr standing at ambient tempe-
rarure, 1ml of the solurion was brought to a vo-
lume of 100ml with 1% (v/v) sulfuric acd and
the malonaldehyde concentration was checked by
measuring the UV absorbance at 245nm(e=13,
700). For HPLC calibration curve aliquots of a
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Fig. 1. Structures of carotenoids used i the study
(1) B-carotene (2) g-carotene (3) lutein (4)
lvcopene.
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10 mM stock solution was diluted with 0.1M Tris
buffer(pH7.4) to give a final malonaldehyde con-
centration in the range of that present in the pero-
xidized microsomal suspension, preferably 20.0X
107 M.

HPLC system and condition

Dionex basic chromatography module(Dionex
Co., Sunnyvale, CA) connected with SP4270 com-
puting integrator(Spectra-physics Co., San Jose,
CA) and Applied Biosystems 1000s diode array
detector(Ramsey Analytical Div., San Jose, CA)
was used. The column was a Lichrosorb NH, co-
lumn (10pm particle size ; E. Merck, Darmstadt,
FR. Germany). A sample of microsomal suspen-
sion or malonaldehyde standard solution was seria-
lly filtered with a membrane filter(0.45um and
0.2um) and injected into HPLC with a 50ul Hami-
Iton syringe(Hamilton Co., Reno, Nevada). HPLC
chromatographic condition is shown in Table 1.

Preparation of liver microsome

Livers from male Sprague-Dawley rats( 200~ 250
g) were homogenized and centrifuged at I,SOOxg
for 20min in 2 refrigerated centrifuge. The-super-
natant was further centrifuged at 20,000xg for 10
min and 120,000xg for 60min to harvest microso-
mal fraction. The pellet was suspended in 0.1M
Tris-HCl buffer, pH7.4'®). Protein concentration

of microsomal suspension was measured by the

Table 1. HPLC condition

Malonaldehyde analysis

Merck Lichrosorb NHp column
(10um, 25cm X 4.0mm)

0.IM pH7.4 Tos buffer/acetonit-

Condition

Column

Mobile phase

rile

91, vv)
Flow rate lml/min
U.V. detecion 270mn
Pressure 900psi
Temperature  ambient

method of Lowry et al'”).

In vitro microsomal lipid peroxidation

Two kinds of enzymatic lipid peroxidation sys-
tems were used | FeT3-ADP/NADPH system and
paraquat/NADPH system. The former system con-
tained microsomal protein(1mg/ml), 1.7mM ADP,
0.1mM FeCl;, 0.1mM NADPH in 0.1M Tris-HCI
buffer(pH7.4) and 100pM carotenoids or DL-a-
tocopherol dissolved in absolute ethanol. Incuba-
tions were carried out at 25C for 30min'®). For
the latter system, reaction mixtures contaiming lmg
protein/ml of microsome, 0.2mM paraquat, 0.5mM
NADPH, 150mM KCl in 0.1M Tris-HCl buffer,
pH7.4 and 100uM carotenoids or DL-a-tocopherol
in ethanol werc incubated at 37C for 1hr!®. Lipid
peroxidation was determined by the formation of
the TBA-reactive
(MDA) using a method of Fairhurst et al’®, For
malonaldehyde(MA) determination by HPLC, mi-

crosomal suspensions after incubation were filtered

material, malondialdehyde

and directly injected to HPLC system.

RESULTS AND DISCUSSION

HPLC procedure for standard curve of MA

The spectrum of MA stock solution showed
a maximum absorption at 270nm, which was in
agreement with Esterbauer et al'®). They detected
MA at a retention time of 7min but MA was eluted
at 5.6min in the present system(Fig. 2) by simply
changing the concentration of the cluent which
was also used in the system of Esterbauer et al'?).
The stock solution of MA was diluted with 0.1M
Tris-HCI buffer, pH7.4 to achieve 2 final concent-
ration in the range 5.0X107% to 75.0X107°M
for the preparation of the standard curve(Fig. 3).
There was 2 linear relationship between peak area
and MA concentration. Recovery of standard MA
in this procedure, after the addition to the known

— 436 —



Kim(Jun), Hyeyoung

o
©
Te]
0.5 L
0.4 L
I [
S S o3l
I~ <T
o &
|_
< § 0.2 |-
=} <
Z 5
o I( 0.1k
- —
Q o
gg )
=€ | ! ! !
220 250 280 310
WAVELENGTH(nm)
o 2 4 6 5 10 12 14 16
TIME(min)

Fig. 2. HPLC elution profile for standard malonaldehvde(MA), which was prepared from tetracthoxyvpro-
pane. Retendon dme is given above the peak in minutes. Inset shows the on-line spectrum of

the MA as taken during its elution from the HPLC column 3 the absorpton maximum is indicated
at 270nm. AU indicates an Absorbance Unit

concentrations similar to those present in the mic-
rosomal suspension, was above 96%.

Csallany et al®® reviewed HPLC methods for
the quantification of MA. They found that none
of these methods satisfied the need for a simple,
sensitive and specific method for quantification
of bona fide MA in tissues because of the require-
ment of a large amount of tissue, low recovery
or unidentification of the questioned peak. Bird
ct al?) attempted to separate TBA-MA complex

but could not eliminate the possibility of some

other TBA-aldehyde complex eluting with TBA-
MA complex. Csallany ct 212 separated free MA
in biological systems specifically but retention time
was too long as 49.9min. Recently TBA-MDA (ma-
londialdehyde) adduct was quantirated with a fluo-
rescence detector and picomole quantities of MDA
in plasma and liver samples were detected with
4.9min™. Even though the lower detecrion limit
of MA in present system has not been checked,
the present HPLC method can be easily applied
for the detection of MA in biological systems when
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fluorescence detection is not available.

MA forming ability of liver microsome depending
on thawing times

After 30min-incubation in Fe13-ADP/NADPH
system, liver microsomes were pcroxidized and
peak area of MA was increased at a rerention of
5.60min (Fig. 4). Earlicr peak was identified as ni-
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Fig. 3. Standard curve for HPLC of malonaldehyde
(MA) on a Lichrosorb NHs column : Peak
area vs injected amount in pM. Absorbance
at 270nm.

Table 2. Malonaldehvde(MA) concentration in li-
ver microsome depending on thawing nu-
mbers

No. of thawing MA concentration %

{(nmole/mg/min)

0 0.723+ 0.007 100.0
1 0.518+ 0.004 71.7
2 0.475£ 0.002 65.7
3 0.383+ 0.004 53.0
4 0.327+ 0.004 45.2

Values represent meanz: SD of five microsomal sus-
pensions incubated in Fe™3-ADP/NADPH lipid pero-
xidation systemn. Each value was significantv different
from one another by Student’s t-test, P<C0.005.

cotinarnide(3.14min) present both in normal mic-
rosome and reaction mixtures while later peak
could not be identified but surmised as a reaction
product of lipid peroxidation other than MA. MA
concentration in liver microsome was significantly
decreased with thawing numbers(Table 2). This
result suggested that repeated thawing may destroy
microsomal membranes, thus the process of Lipid
peroxidation from cellular membranes including

endoplasmic reticulums might be decreased.

Antioxidant activity of carotenoids and DL-o-to-
copherol by TBA value

One of the most extensively employed methods
for the detection and analysis of peroxidation is
the TBA test, predicated upon the reactivity of
a colorless aldehyde end-product of lipid peroxida-
tion, malondialdehyde( MDA), with TBA to pro-
duce a red adduct. MDA is considered to be deri-
ved from lipid peroxides of polyunsaturated fatty
acids with three or more double bonds?). In spite
of nonspecificity of TBAs chemical reactivity and
the low efficiency of fatty acid hydroperoxide
breakdown to MDA, this method is sdll widely
used because of its convenicnce, ease, and rapidity.

Carotenoids and DL-q-tocopheral showed an-
toxidant activitics by inhibiting MDA formartion
induced by FeT?-ADP/NADPH and paraquat/
NADPH system(Table 3). Their antioxidant acti-
vities showed similar trends in both systems 5 ly-
copene, lutein and a-carotene had more inhibitory
cffect on lipid peroxidation than B-carotene or
DL-a-tocopherol, known physiologic antioxidant
at the concentration of 1X107*M. As shown in
Fig. 1, the structural differences in carotenoids
are cyclization, addition of hydroxyl group on B-
ionone ting and cis-trans isomerization. From Ta-
ble 3, structure-activity relationship can be propo-
sed. 1) a-carotene showed more antioxidant acti-

vity than B-carotene ; ds configuration on B-io-
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Fig. 4. HPLC separation of malonaldehyde in normal and peroxidized microsomal suspension (1mg pro-
tein/ml) incubated in Fe™*-ADP/NADPH system at 37C for 30min. Retention times are given above
the peaks in minutes ; nicotinamide(8.14), and malonaldehyde(5.60).

none ting may better trap radical species than trans
form. 2) Lutein had similar antioxidant activity
as a-carotene ; hydroxyl group at the 3 and 3’po-
sition on ionone ring does not affect the activity
of a-carotene. 3) Uncyclization on the carotenoid
structure shows cfficient antioxidant activity. Se-
cond proposal about lutein and o-carotene is in
agreement with vety recent presentation by Park
24 He found the B-carotene and zeaxanthin(p,
B-carotene-3, 3'diol) possessed similar antioxidant
activities. It was also suggested that canthaxanthin
and astaxanthin which bave oxo group scem to
be more effective than B-carotene and zeaxanthin

by stabilizing the trapped radicals®®.

Comparison of HPLC analysis with the TBA va-
lue

The concentrations of TBARS and MA in nor-
mal microsomes were almost same as 0.721 and
0.701 nmole/mg protein/min, respectively. Inhibi-
tory effects of carotenoids and DL-a-tocopherol
were also similar when measured by TBARS or
by MA. This result demonstrared thar lipid peroxi-
dation system stimulated by Fe™3-ADP/NADPH
forms only free MA and no significanr amournts
of other MA-like substances. Therefore, TBA value
seems a2 good indicator for lipid peroxidation in
this particular system.

Antioxidant activities of carotenoids and DL-a-
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Table 3. Effect of carotenoids and DL-a-tocopherol on Fe*-ADP/NADPH or Paraquat/NADPH induced

lipid peroxidation by TBA method

Treatment Fet3-ADP/NADPH System Paraquat/NADPH  System
MDA nmole/mg/min % Control MDA nmole/mg/min % Control
None 0.740+ 0.049 100 0.290+0.021 100
O-carotenc 0.466% 0.048** 63 0.203%£0.019** 70
B-carotene 0.592+ 0.052™* 80 0.238+0.016%" 82
Lutein 0.496+ 0.053** 67 0.194+0.015*" 67
Lycopene 0.429+ 0.031** 58 0.194+ 0.014%% 67
DL-a-tocopherol 0.651+ 0.040% 83 0.2444+ 0.020%* 84

Rat liver microsomes(lmg protein/ml) were incubated with 100uM carotenoids or DL-g-tocopherol in
lipid peroxidation systems in vitro. % control indicates percentage of MDA (malondialdehyde) produced
by control with no treatment. Values represent the meant SD of five determinations. Asterisks indicate
values significantly different from none-treatnent value by Student’s t-test. *p<C0.01, **p<C0.005.

Table 4. Comparison of inhibitory effect of carotenoids and DL-a-tocopherol on Fe™?-ADP/NADPH
induced lipid peroxidation by TBARS and malonaldehyde contents.

Treatment TBARS Malonaldehyde
nmole/mg/min % Control nmole/mg/min % Control

None 0.721%0.059 100 0.701x£ 0.063 100
Q-carotene 0.454+ 0.062* 63 0.491+0.054 70
B-carotene 0.577% 0.058%" 80 0.561+0.048 80
Lutein 0.483+ 0.0677%% 67 0.484+ 0.051*=* 69
Lycopene 0.418£0.061*=* 58 0.455+ 0.049%%* 62
DL-o-tocopherol 0.654+ 0.048™ 88 0.57540.059%* 82

Rat liver microsomes were incubated with 100uM carotenoids or DL-a-tocopherol in Fet3-ADP/NADPH
peroxidation system. TBA reactive substances(TBARS) were determined by colorimerric method and
malonaldehyde was measured by HPLC. % control indicates percentage of control value with no addition.
Values represent the meant SD of five determinations. Asterisks indicate values significantly dilferent

from none-treatment value by Student’s t-test, ==p‘<0.05, '“"p<0.01, “*"p<0.005.

tocopherol were compared by TBA value(contents
of TBA reactive substances) and HPLC analsys
(Malonaldehyde content in peroxidized liver mic-
rosomes). In Fe™3-ADP/NADPH lipid peroxida-
tion system, B-carotenc and DL-a-tocopherol sho-
wed similar antioxidant activities. Lycopene had
more efficient radical-quenching activity than lu-
tein and a-carotene both by TBA reactive substan-
ces(TBARS) and by malonaldehyde(MA) analysis.

Conclusively, in present study the antioxidant
activitives of carotenoids were compared with rela-

tion to their structures and their antioxidant acti-
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vities were also compared with that of DL-a-toco-
pherol, natural antioxidant largely present in cellu-
lar membranes, by means of HPLC analysis(MA
content) and TBA value. a-Tocopherol acts as
an antioxidant by cleavage of the chroman ring
system to 4 quinonczs). The specific chemical reac-
tions of carotenoids has not been clarified except
that the polyene chain is broken when carotenoids
interact with radical species?®. Further researches
should be concentrated on the mechanism of action
of cach carotenoid for its biological functions ei-

ther antioxidant activity which contributes to anti-
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cancer and antimutagenic effects or others.
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