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Is the Thiobarbituric Acid-Reactivity of Blood Plasma Specific to Lipid Peroxidation?
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The fluorometric thiebarbituric acid (TBA) assay of blood plasma was performed under various conditions in order
to assess whether the assay reflects lipid peroxidation. The TBA-reactivity of malonaldehyde was not dependent on the
pH values of the reaction and was little affected by ters-butyl hydroperoxide (tert-BuOOH). The reactivity of
2,4-nonadienal and 2-hexenal, which was maximal at pH 3—4 and at above pH 4, respectively, was dramatically
enhanced by zert-BuOOH and ferric ion, and suppressed by ethylenediaminetetraacetic acid (EDTA). The pigment
formation from oxidized low-density-lipoprotein was maximal at about pH 5, markedly enhanced by ferric ion and
suppressed by EDTA, indicating that the TBA-reactive substances in the oxidized lipoprotein were composed of
malonaldehyde, alkadienals and alkenals originated from lipid peroxidation. The pigment formation from plasma and
its phosphotungstic acid precipitate was maximal at pH 4 and at below pH 2, respectively. The effect of terr-BuOOH,
ferric ion and EDTA was not significant. The major TBA-reactive substances from plasma may be compounds other
than malonaldehyde, alkadienals, alkenals and those in the oxidized lipoprotein. The TBA-reactivity of plasma does

not appear to be specific to lipid peroxidation.

Keywords

Free radical induced lipid peroxidation is a general
mechanism involved in cellular injury.!*? The level of lipid
hydroperoxides and related substances in plasma may be a
good indication of the development of a variety of clinical
disorders. These substances in plasma have been determined
by thiobarbituric acid (TBA) assay after hydrolysis in acidic
solvents.> 7 A red and fluorescent 1:2 malonaldehyde—
TBA pigment is produced in the assay, and various means
of its sensitive and specific determination have been
devised.?>*1%17 The origin of the TBA-reactive substances
in plasma, however, has not yet been clarified.

Recent chemical studies of the spectrophotometric TBA
assay of compounds generated in lipid peroxidation have
demonstrated that, in addition to malonaldehyde, alka-
dienals and alkenals give rise to the formation of the 1:2
malonaldehyde-TBA pigment in substantial yields.'8 29
The formation of the pigment from alkadienals and alkenals
is largely dependent on the pH values of the reaction,2¥
and is enhanced by tert-butyl hydroperoxide (zert-
BuOOH)!?~ 21 and ferric ion.2? The characteristic profiles
of the pigment formation from peroxidized edible oils??
and liver homogenate?® indicated that the major TBA-
reactive substances are alkadienals and alkenals generated
during lipid peroxidation.

In the present investigation, we attempted to characterize
the TBA-reactive substances in plasma by fluorometry in
order to assess whether they were originated from lipid
peroxidation. For comparison, the TBA-reactivities of
various aldehydes and peroxidized low-density-lipoprotein
(LDL) were measured. The 1:2 malonaldehyde-TBA
pigment produced from plasma did not appear to be derived
from malonaldehyde, alkadienals or alkenals. This assay
may thus not be suitable for measurement of the degree of
lipid peroxidation of plasma.

Experimental

Materials 2-Thiobarbituric acid (TBA) and 2,4-nonadienal were
obtained from Wako Pure Chemical Industries, Ltd., Osaka. Tetra-
methoxypropane and 2-hexenal were obtained from Tokyo Kasei Kogyo
Company, Ltd., Tokyo. tert-Butyl hydroperoxide (tert-BuOOH, 70% in
water) was purchased from Sigma Chemical Company, St. Louis, Mo.,

thiobarbituric acid assay; plasma; low-density-lipoprotein; lipid peroxidation

and its concentration was determined to be 6.9 M by iodometry. Butylated
hydroxytoluene (BHT) was from Nikki Universal Company, Tokyo.
Glacial acetic acid was a special reagent grade product of Wako Pure
Chemical Industries.

Human Blood Plasma Blood was collected from a healthy donor and
added to a citrate—phosphate—dextrose solution. Plasma was obtained by
centrifugation and stored at —20 °C before use. Four different preparations
were used. The phosphotungstic acid precipitate of plasma was obtained
according to the previous method.® Thus, to 3 ml of plasma 24 ml of 1/12 N
sulfuric acid and 3ml of 10% phosphotungstic acid solution were added
in this order. The mixture was centrifuged at 3000 rpm for 10 min. The
sediment was washed similarly and resuspended in 3ml of water by
sonication.

Low-Density-Lipoprotein (LDL) LDL was obtained by preparative
ultracentrifugation.?> Aliquots of 6.5ml of plasma mixed with ethylene-
diaminetetraacetic acid (EDTA) at 1 mM were measured into Hitachi
12 polycarbonate ultracentrifuge tubes (1.6 x7.5cm), and 3.25ml of a
solution with density of 1.006 solution was layered over the surface. The
tubes were centrifuged (Hitachi model 55P-72) in a Hitachi RP65T rotor
at 22000 rpm (31000 g) and 16 °C for 30 min. The bottom 6.5ml layer was
again overlaid with 3.25ml of density 1.006 solution and centrifuged at
40000 rpm (115000¢) for 6h. Into the bottom 6.5ml layer was mixed
3.25ml of density 1.182 solution and the mixture was centrifuged at
40000 rpm for 8 h. The top 2.0 ml layers from 2 tubes were combined and
mixed with diisopropylfluorophosphate at 1 mmM and sodium azide at
0.01%, and finally with 4.0ml of density 1.182 solution. Density 1.006
solution (2.0 ml) was layered over the surface. The tube was centrifuged
at 40000 rpm for 6 h. The 3—4 ml layer at the top of the higher density
solution was collected.

Protein content of the layer was 2—3 mg/ml as determined by Lowry’s
method using bovine serum albumin as a reference standard.?® Sodium
dodecylsulfate-polyacrylamide gradient gel electrophoresis?” and sodium
dodecylsulfate-glycerol polyacrylamide slab gel electrophoresis®® of the
layer revealed a single protein band corresponding to apolipoprotein B-100
in Coomassie brilliant blue R-250 staining. The layer was stored at 4°C
for later use.

Oxidation of LDL.  Oxidation of LDL was performed according to the
method of Parthasarathy et al.2®) The LDL fraction (2.0 ml) was dialyzed
against 200 ml of sodium phosphate buffered saline (pH 7.4). The LDL
fraction was diluted with the buffer to make a protein concentration at
2.0mg/ml and mixed with CuSO, at S um. The mixture was incubated at
37°C for 4h, and the reaction was stopped by addition of BHT at 50 um.
The mixture was dialyzed against 100 ml of saline several times, and diluted
with saline to make a protein concentration at 0.2—0.3 mg/ml.

TBA Assay by Fluorometry TBA assay was carried out by the following
four methods: method A from Kosugi e al.,>® method B from Buege and
Aust,3® method C from Uchiyama and Mihara,?? and method D from
Ohkawa er al.®? Sodium dodecylsulfate used in the original method of
Ohkawa er al.3? was eliminated since the introduction of the salt produced
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a substantial amount of pigment. In each method, 0.01% BHT was
introduced to prevent undesirable autoxidation during the assay.?*?%
tert-BuOOH,1? 212324 ferric chloride?? and EDTA?? were introduced
in order to characterize the TBA-reactivity. Each method was performed
by the two-step reaction mode which involved keeping the reaction mixture
at 5°C for 60 min prior to heating at 100°C.*° 2123 Major differences
of these methods were the solvents employed and thus the pH values of
the reaction mixtures.

The reaction mixture was extracted with 4.0ml of n-butanol and
centrifuged at 3000rpm for 10min. The fluorescence spectra and the
intensities at excitation (535nm) and emission (550 nm)* of the n-butanol
layer were measured on a Hitachi 650-60 spectrophotometer. The amount
of pigment (pmol) produced was calculated assuming that tetramethoxy-
propane was quantitatively converted into the pigment in each method:
[RFI (sample)—RFI (blank)/RFI (tetramethoxypropane 800 pmol)—
RFI (blank)] x 800, where RFI is a relative fluorescence intensity.

High performance liquid chromatography (HPLC) analysis®*® was
carried out using a Hitachi L-6000 pump equipped with a column (4.6
i.d. x 250 mm) of YMC-A303 ODS (Yamamura Chemical Laboratories,
Kyoto, Japan). A 50 ul aliquot of the n-butanol layer was injected, and
the column was eluted with methanol-0.04 M acetate buffer (pH 5.5) (4: 6,
v/v) at a flow rate of 0.8 ml/min. The fluorescent peak was detected at
excitation (515nm) and emission (550nm) by a Shimadzu RF-530
fluorescence spectrofluoromonitor. The fluorescent peak due to the 1:2
malonaldehyde-TBA pigment appeared at a retention time of 5.8 min. The
amount of pigment (pmol) produced in the reaction was calculated
assuming that tetramethoxypropane was quantitatively converted to
pigment: [peak height (sample)—peak height (blank)/peak height
(tetramethoxypropane 800 pmol) —peak height (blank)] x 800.

Method A In a 13-ml test tube with a screw cap, 4.5 ml of 0.44% TBA
in water, 0.5 ml of water (or water containing the sample), 0.10 m! of 0.5%
BHT solution in glacial acetic acid (or the solution containing the
aldehyde), and 10 ul of 30 mM tert-BuOOH in acetic acid were placed in
this order. The pH value of the reaction mixture was 2.1. The mixture
was kept at 5°C for 60 min and then heated at 100 °C for 20 min.

Method B In a tube, 2.0ml of 0.375% TBA in 15% trichloroacetic
acid/0.25 N hydrochloric acid, 1.0ml of water (or water containing the
sample), 0.05 ml of 0.6% BHT solution in glacial acetic acid (or the solution
containing the aldehyde), and 10 ul of 16 mM ters-BuOOH in acetic acid
were placed in this order. The pH of the reaction mixture was 0.7. The
mixture was kept at 5 °C for 60 min and then heated at 100 °C for 15 min.

Method C In a tube, 1.0 ml of 0.6% TBA in water, 0.5 ml of water (or
water containing the sample), 3.0 mi of 1.0% phosphoric acid, 0.05ml of
0.9% BHT solution in acetic acid (or the solution containing the aldehyde),
and 10 ul of 28 mM sert+-BuOOH in acetic acid were placed in this order.
The pH value of the mixture was 1.8. The mixture was kept at 5°C for
60min and then heated at 100 °C for 45 min.

Method D 1In a tube, 1.7ml of 0.71% TBA in water, 0.8 ml of water
(or water containing the sample, SmM ferric chloride and 5mm EDTA),
1.5ml of 20% acetic acid adjusted at pH 3.5 with 10N NaOH, 0.05ml of
0.8% BHT solution in acetic acid (or the solution containing the aldehyde),
10 ul of 22mM tert-BuOOH in acetic acid were placed in this order. The
mixture was kept at 5°C for 60 min and then heated at 100 °C for 60 min.
For ivestigation of the effect of pH, 20% acetic acid solution was adjusted
at the indicated pH value with 10N NaOH.

Results

Four variations of the TBA assay for liver homogenate
were applied to the fluorometric TBA assay of plasma:
method A from Kosugi et al.,?> method B from Buege and
Aust,*® method C from Uchiyama and Mihara,?? and
method D from Ohkawa et al.>* Major differences of these
methods were the solvents employed and thus the pH values
of the reaction mixtures. The blank reaction mixtures of
these methods exhibited significant fluorescence with spectra
similar to that of the 1:2 malonaldehyde-TBA pigment.*
The intensities were increased by introduction of tzert-
BuOOH and ferric ion, and decreased by the introduction
of EDTA. The blank values may have been due to the
contaminated aldehydes in the reaction mixtures, and were
not reduceable even if the solvents and the reagents were
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Fig. 1. Standard Calibration Curves of the Pigment Formation from
Tetramethoxypropane in Method D (pH 3.5) without (—) and with 50 um
tert-BuOOH (-——-) by Direct Fluorometry (@) and Fluorometry after
Separation by HPLC (Q)
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Fig. 2. Dosc-dependent Pigment Yield from 2,4-Nonadienal (A) and
2-Hexenal (B) in Method D (pH 3.5) without (—) and with 50 um
tert-BuOOH (——-), I mM Ferric Chloride (—-—) and | mm EDTA (---)
by Direct Fluorometry

purified. These blank values were taken into account in all
the fluorometric TBA assay methods.

Calibration curves of the TBA-reactivities of standard
aldehydes that are generated during lipid peroxidation®?
were estimated by the fluorometry of method D (pH 3.5).
The reactivity of tetramethoxypropane estimated by direct
fluorometry (Fig. 1, closed circles and solid line) and by
fluorometry after separation on HPLC (Fig. 1, open circles
and solid line) increased linearly up to 1000 pmol of the
reagent. Introduction of tert-BuOOH did not affect the
reactivity throughout the doses except for the blank (Fig.
1, closed circles and dashed line). The reactivities of
2,4-nonadienal and 2-hexenal estimated by direct fluo-
rometry increased with dosage but not linearly (Fig. 2A,
B, solid line). The yields of pigment were 5—10% for
2,4-nonadienal (Fig. 2A) and less than 0.2% for 2-hexenal
(Fig. 2B). Introduction of terz-BuOOH enhanced the
reactivities in all doses of the compounds (Fig. 2A, B, dashed
lines). Introduction of ferric ion markedly increased the
reactivities (Fig. 2A, B, chained lines), and introduction of
EDTA completely suppressed the reactivities (Fig. 2A, B,
dotted lines). The TBA-reactivities of glucose, galactose,
deoxyguanosine, deoxyadenosine and deoxyuridine, which
are not due to lipid peroxidation, were lower (data not
shown).

The TBA-reactivity of tetramethoxypropane estimated
by the direct fluorometry was little affected by the pH values
in method D, and fert-BuOOH slightly decreased the
reactivity throughout the pH ranges (Fig. 3A). In contrast,
the reactivity of 2,4-nonadienal was highly pH-dependent
and maximal at pH 3—4 in both direct fluorometry and
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Fig. 3. pH Profiles of the Pigment Formation from Tetramethox-
ypropane (A), 2,4-Nonadienal (B) and 2-Hexenal (C) in Method D without
(—) and with 50 um tert-BuOOH (---) by Direct Fluorometry (@) and
Fluorometry after Separation by HPLC (Q)

A, relative fluorescence intensity from tetramethoxypropane (760pmol) after
subtracting the blank value was plotted versus pH values. B and C, amount of the
pigment from 2,4-nonadienal (3.6 nmol) and 2-hexenal (42 nmol) was plotted versus
respective pH values.

TABLE 1. Pigment Yield from 2,4-Nonadienal in Methods A, B, C and
D (pH 3.5) by Direct Fluorometry

Reaction mixture Pigment

Method ) | Nonadienal ferBuOOH  Amount  Yield
(nmol) (50 um) (pmol) (%)
A 72 - 566 7.9
+ 694 9.6
B 3.6 - 1 0.3
+ 62 1.7

C 3.6 - 0 0
+ 2 0.1
D 3.6 - 282 7.9
+ 494 13.7

(pH 3.5)

the fluorometry after HPLC separation (Fig. 3B, closed and
open circles, solid lines). ter--BuOOH enhanced the reactivi-
ty throughout the pH ranges (Fig. 3B, dashed line). The
reactivity of 2-hexenal was maximal at above pH 4, and
enhanced by tert-BuOOH (Fig. 3C).

The TBA-reactivity of tetramethoxypropane was similar
in methods A, B, Cand D (pH 3.5), and it slightly decreased
by tert-BuOOH in each method (data not shown). In
contrast, the pigment yields from 2,4-nonadienal were
different depending on the methods applied: more than 7%
in methods A and D (pH 3.5) and less than 0.3% in methods
B and C (Table I). The differences may be due to the pH
values of the reaction mixtures used. The pigment yields
were increased by tert-BuOOH in all methods. Thus, method
D (pH 3.5) may be the most suitable for the fluorometric
determination of standard aldehydes that are generated
during lipid peroxidation.

LDL isolated from plasma was oxidized by a common
procedure.?? A representative pH-profile of the TBA-
reactivity of the oxidized LDL in method D estimated by
direct fluorometry is shown in Fig. 4. The pigment was
identified as 1:2 malonaldehyde-TBA adduct by compar-
ison of its fluorescence spectrum with that of standard
pigment from tetramethoxypropane. The reactivity was
moderately pH-dependent, and was maximal at above pH
5 (Fig. 4, solid line). tert-BuOOH slightly enhanced the
reactivity at higher pH values (Fig. 4, dashed line). Ferric
ion dramatically enhanced and EDTA significantly
suppressed the reactivity throughout all pH ranges (Fig. 4,
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Fig. 4. pH Profiles of the Pigment Formation from Oxidized LDL in
Method D without (—) and with 50 um ter--BuOOH (-—-), 1 mM Ferric
Chloride (—-—) and 1 mM EDTA (---) by Direct Fluorometry

A 0.1 m} portion of the oxidized LDL solution containing 29 ug protein was used
for the assay.

TaBLE II. Pigment Formation from Oxidized LDL in Methods A, B, C
and D (pH 3.5) by Direct Fluorometry

tert-BuOOH Pigment
Method (50 un) (nmol/mg protein)
A - 7.20
+ 9.20
B - 3.51
+ 6.84
- 3.97
+ 5.75
D — 7.83
+ 8.85

(pH 3.5)

A 0.1ml LDL solution containing 22 ug protein was used for the assay.

chained and dotted lines). Similarly, the reactivity of the
oxidized LDL was moderately dependent on the methods
used, and was highest in method D (pH 3.5) (Table II).
tert-BuOOH slightly enhanced the reactivity in each
method.

The TBA-reactivity of plasma in method D was estimated.
The fluorescence spectrum of the reaction mixture exhibited
an excitation maximum at 535nm and an emission
maximum at 550 nm. HPLC analysis of the reaction mixture
revealed a single fluorescent peak with a retention time at
5.8min. The pigment was identified as 1:2 malon-
aldehyde-TBA adduct by comparison of its fluorescence
spectrum and retention time with those of the standard
pigment produced from tetramethoxypropane. The
amounts of the pigment estimated by direct fluorometry
were identical with those estimated by the fluorometry after
HPLC separation. The yields were found to be maximal at
pH 4 (Fig. SA), and those at pH 2 and 5 were one third
that at pH 4. Since the lipid fraction of plasma can be
purified by precipitation together with proteins using
phosphotungstic acid,* the TBA-reactivity of the phospho-
tungstic acid precipitate was similarly estimated. The
pigment was also identified as 1:2 malonaldehyde-TBA
adduct by its spectrum and retention time. The reactivity
was maximal at below pH 2 and decreased at higher pH
values (Fig. 5B). It is interesting to note that the
pH-dependence of the precipitate differed greatly from that
of plasma.

Similar pH dependence of the TBA-reactivity was
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Fig. 5. pH Profiles of the Pigment Formation from Plasma and the
Phosphotungstic Acid Precipitate in Method D by Direct Fluorometry
(@) and Fluorometry after Separation by HPLC (Q)

A, plasma sample 1 (sample size: 0.1 ml); B, the precipitate from plasma sample
1 (sample size: 0.2ml); C, plasma sample 2 (sample size: 0.1 ml) without (—) and
with (——-) 50 um fert-BuOOH; and D, the precipitate from plasma sample 3 (sample
size: 0.2 ml) without (—) and with (——-) 50 um tert-BuOOH; were measured. The
amounts of the pigment in C and D were expressed by the average values +S.D. (C,
n=>5; and D, n=3).

TaBLE III. Pigment Formation from Plasma and Phosphotungstic Acid
Precipitate in Methods A, B, C and D (pH 3.5) by Direct Fluorometry

Phosphotungstic acid precipitate

Pl le 2
asma sample from plasma sample 4

Method  Reaction mixture Reaction mixture

" Pigment T Pigment
Plasma tert-BuOOH (nmol/ml Plasma fert-BuOOH (nmol/ml
(ml) (50 pum) plasma) (ml) (50 M) plasma)
A 0.2 - 0.48 04 - 0.19
+ 0.71 + 0.26
B 0.1 — 1.74 0.4 — 027
+ 3.17 + 0.38
C 0.1 — 2.65 0.4 . 0.27
+ 3.55 + 0.40
D 0.1 - 3.02 0.4 - 0.24
(pH 3.5) =+ 3.39 + 0.13

observed with different preparations of plasma and the
precipitate (Fig. SC, D, solid lines). Introduction of tert-
BuOOH into plasma increased the pigment formation at
pH ranges lower than 3, but not at ranges higher than 4.
(Fig. 5C, dashed line). Introduction of the hydroperoxide
into the precipitate increased the pigment formation at
pH ranges lower than 2, but dramatically suppressed it at
ranges higher than 3 (Fig. 5D, dashed line). Introduction
of ferric ion and EDTA into plasma and the precipitate
did not cause any significant changes in the reactivities
(data not shown).
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The TBA-reactivities of plasma and the precipitate were
dependent on the assay methods used. The reactivity of
plasma was highest in method D (pH 3.5) and that of the
precipitate was highest in method B or C (Table III); these
differences may be due to the pH values of the reaction
mixtures. The effects of rert-BuOOH were pH-dependent.

Discussion

The spectrophotometric TBA assay has been shown to
be useful to measure total degree of lipid peroxidation of
edible oils and liver homogenate.?!-2329 Malonaldehyde,
one of the lipid peroxidation products, produces the 1:2
malonaldehyde-TBA pigment quantitatively without de-
pendence on the pH values and the presence of organic
hydroperoxides and ferric ion.*® =24 In contrast, other lipid
peroxidation products, alkadienals and alkenals, produce
the same pigment in lower yields with different character-
istics.’®~ 2% The reactivities of alkadienals are maximal at
pH 3—4 and those of alkenals at above pH 5. Both are
enhanced by zer-BuOOH and ferric ion. The spectrophoto-
metric assay of peroxidized edible oils suggested that the
major TBA-reactive substances are aldehydes other than
malonaldehyde,?® and the assay of liver homogenate
showed that the substances are alkadienals.?®

In the present investigation, the fluorometric assay of
various aldehydes generated during lipid peroxidation3?
was standardized in order to assess the TBA-reactivity of
plasma with low concentration of the TBA-reactive
substances. The TBA-reactivities of these standard
aldehydes estimated by fluorometry were similar to those
estimated by spectrophotometry. Thus, malonaldehyde
produced the pigment without dependence on the pH values
or the presence of tert-BuOOH. The pigment formation
from 2,4-nonadienal and 2-hexenal was maximal at pH
3—4 and above pH 4, respectively, was enhanced by fert-
BuOOH and ferric ion, and was suppressed by EDTA.

The fluorometric assay of the pigment from the oxidized
LDL showed that the pigment was produced in a maximum
yield at above pH 5. This pH-dependence resembled that
of 2-hexenal. fert--BuOOH had little effect on the reactivity,
but this fact did not imply the lack of effect of the
hydroperoxide because the oxidized LDL may contain a
substantial amount of endogenous lipid hydroperoxides
which may have potentiated the reactivity. The enhancing
effect of ferric ion on the reactivity may be reasonably
ascribed to the presence of alkadienals and alkenals in the
oxidized LDL. The suppression effect of EDTA was
significant but not total, which may suggest the presence
of malonaldehyde together with alkadienals and alkenals.
This result coincided with the previous observation made
using different methodology in which oxidized LDL was
found to contain malonaldehyde, alkadienals, alkenals and
alkanals.®>* Hence, the TBA-reactivity of the oxidized LDL
may be the result of a mixture of malonaldehyde, alkadienals
and alkenals originated from lipid peroxidation.

The fluorometric assay of the pigment from plasma and
its phosphotungstic acid precipitate revealed that the
fluorescent pigment was the 1:2 malonaldehyde-TBA
pigment. This indicates that the assay reflects the pigment
and no other pigments derived from interfering substances
such as sialic acid.® The pigment formation from plasma
and the precipitate was pH dependent, but the pH-
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dependences were quite different. The pH-dependence
profiles from plasma (Fig. 5A, C, Table III) were similar
to that of 2,4-nonadienal (Fig. 3B) but not to those of
malonaldehyde (Fig. 3A), 2-hexenal (Fig. 3C) or the
oxidized LDL (Fig. 4). The pH-dependence profiles from
the precipitate (Fig. 5B, D, Table III) did not resemble any
of the profiles from malonaldehyde, 2,4-nonadienal,
2-hexenal or the oxidized LDL. The characteristics of the
pigment formation from plasma and the precipitate were
greatly different from those of peroxidized edible oils?*’ and
those of liver homogenate,?* whose TBA-reactive sub-
stances may be alkadienals and/or alkenals generated during
lipid peroxidation. Limited enhancing effect of tert-BuOOH
(Fig. 5C, D, Table III) and no effect of ferric ion or EDTA
on the reactivities of plasma and the precipitate indicated
that alkadienals and alkenals contributed little to the
pigment formation.

It has been shown that plasma or its precipitate contains
malonaldehyde at a level between 0.6 and 47 nmol/ml on
the basis of the amount of red pigment produced in various
TBA assay methods.3”!” The present investigation
demonstrated a similar level of red pigment (0.19—9 nmol/
ml) under various conditions (Fig. 5, Table III), but it
appeared unlikely that the pigment was derived from
malonaldehyde, judging from the pH-dependence profiles.
This result was compatible with the observation that no
free malonaldehyde was detected in plasma by direct
HPLC.?>

Hence, the TBA assay of plasma may not be specific to
the aldehyde species due to lipid peroxidation, and the assay
may also measure unidentified components other than those
due to lipid peroxidation. It is important to note that
although the TBA assay of plasma may reflect lipid
peroxidation it may also measure other irrelevant
components. The assay may thus not be appropriate for
estimating the degree of lipid peroxidation of plasma.
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