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=ABSTRACT=

A new microassay was proposed for the determination of serum thiobarbituric acid( TBA)
value greatly enhanced by ferric ion under anaerobic condition. One gmole of FeCl, per 10
M of serum was added to the TBA reaction mixture containing serum protein precipitate.
The reaction mixture was heated on boiling water—bath for 50min. under N, flushing.

The sensitivity of this assay was greatly enhanced by 40 times comparing with that of
Yagi’s method ( 1976). In favour of the enhancement, this test could be measured by colori-
metry or spectrophotometry with the sample size of 10—204l serum.

The sensitivity and reproducibility were also improved by means of partial dehydration
of the butanol extract with (NH, ), SO, salting—out. Serum TBA values of healthy human at
different age groups were determined by this proposed method.
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1, 1, 3, 3— Tetraethoxypropane ( TEP, Tokyo Kas-
ei )2 5mM 9| methanol §ol & R ow Fho] 24
Hell WAk, o] g snmol/ mlpffoz 3
A3lod A-g-35lg v} 2~ Thiobarbituric acid (TBA )=
Tokyo Kasei #| F-& MAAH & A g & =z
9] TBAE HE S5 5o AwaA oAa3t5F
Zsle] AAL ukEdsE Fldnz 24 TBArke o
2 & W4 9 50% methanol g A H 3k b A]#A o]
Hell A AzAR A, sFse wA el de A
gt Aelel A slgl e AA s TBAL 0.05M-NaOH
€ 42 3 0.1% §¥ow whE A aEsigc,
4 2 AL §25ok3lEHA] F-2 Maclanes and Shedlo-
vsky*? ¢ w o2 -89 KMnO,(2g/100ml ¥Wx
4}, FuA & 4% chromic oxid & Y, 4wl
= 22 g9 33 SRAYAF e, EPgrades] ME-
RCKA F2 z2gl & 2835 v} FeCl, (MERCK) =
10 #mole/ml =8 o 2 ol =i AA 3lgi e,
( NH,), SO, (Junsei) = 55 371 ¥ o33t
o} 4183}tk Phosphotungstic acid ¢} )45 Jun-
sei Al -2 AHgshg vk A4 7kA s 40%— NaOHeol| =
al %10%%) pyrogallol g3} CaCl, 3¢ E3}AA
A4 9 FEE AAL F fdAHeH, FRTE
gt vz dditzld] KMnO, & 4% Y2 A%
FRAE AHESig ek AR A2 grouad joint
7 &el QAR (18X 130mm ) o|gl om FAX A
3 TBAubgal4el A Al 343 Ag  AHgsigst
TBA¥E&-Alel = ub-e4¢ ¥+ YA Lelqa W2
(W72 Ae), 15~18cm )& ground jointg I
HAZA 1282 FAo] racke s TAAAGT Y=
Az 5 o] £3lgltt FF =+ Varian Techtron spec-
trophotometer 2, & %% = Aminco—Bowman spec-
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Diagram 1.

Procedures of TBA test for the determ-
ination of serum TBA wvalue.

SERUM 10 ¢l

PRECIPITATE

UQ

PRECIPITATE

TETRA

| Add N/12 H,SO, 4.0ml

——Add 10 % phoshotungstic acid
0.5ml

Mixing

Standing at room temp. for 5 min

Centrifuge at 3000 rpm for 5 min

¥
SUPERNATANT

(discard)

——Add N/12 H,S0, 2.0ml
——Add 10 % phosphotungstic acid
0.3 ml

4
Mixing
Centrifuge at 3000 rpm for 5 min

SUPERNATANT

{(discard)

ETHOXY

Add redist. water 2.9 ml

PROPANE!

Mixing

| Add 1% TBA in 005 M-NaOH
10ml

— Add glacial acetic acid 1.0 ml

—— Add 10mM FeCl; 0.1 ml
v
Mixing

Heating with reflux and with N, flushing
\L at boiling water— bath for50mm

Cooling rapidly under running water
\L— Add n-butanol 5.0ml
Shaking vigorously

Add saturated ( NH,)SO, solu-
tion 0.5 m}

Mixing and Centrifuge at 3000 rpm for

| 5min
N7 <
n—BUTANOL LAYER| |WATER LAYER
( upper) ( lower )
( discard )

Fluorometry,(Ex.515 nm, Em. 546 nm)
Spectrophotometry, ( A max 533 nm)
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Fig. 1. Time course of TBA reaction with serum
heated on boiling water —bath under N,

atmosphere. One pmole of FeCl, was added
to 10/ of serum.
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Fig. 2. Calibration curves of tetraethoxypropane
( TEP) with and without serum
precipitate.

TEP only, ®-@;
TEP with serum precipitate, i} — .
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Table 1. Recovery of tetraethoxypropane (TEP)
added to serum precipitate.

Relative
TEP Fluorescence intensity Recovery
(0 mole) TEP only TEP with serum (%)
precipitate
0 0 21.8 -
0.5 9.1 26 .6 69.6
1.0 15.2 31.0 74.2
2.0 19.0 36 .4 76 .8
3.0 28.9 43.0 73.4
4.0 34.8 46.7 71.6
73.1£2.4%
* Mean+ SD

ol9] An ®ol A naslgict &, 1emole o FeCl,&
¥ A9l @Y o~1splilold 4 wEH DA s 4
Wxloh =eld & TBAZAYS Ayag3ke 1041
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'3) n—Butanol 2448 Y24} HFEYA o
Ax a3
TBAY-S4 482 n-butanol 2 F83l0] YB3

o] "} 221l o] FEHL FRe] T3El AlefoiA
HHEYL 93 cuvette 2 X7 & 4 F3d g8
S 3L 4 EEslolA s o)A butanol F
€ &4 o m# butanolo] 7| 5}3ta s gde] £ &
Hol we} FHLEE vjushivt M3, 2T bu-
taoole] &} B¢} G =7t 44|} butonolFe} Hof
A" FEY 37 4Esle] veed 13 o)y
3t EHL ol FFEHA He ARAA FH=
Y4 BB E Al 22 Y Axed weby
3 Al A detdor A5 S A4
& Wl e Fadt Axst | Aoldk AP
butanol 3538 FFANE skl F=)s7] K8
(NH,),SO, E3}+g8 0.5mlE 7}3lef butanol %
o i Ay EFow Boudonyd (94 EH)
butanolFe] TEFFE I ket o]l &
AAEEAR o ¥3&4 & dll butanolEe} &x
7} ¥]5 A3l5te{ & Table 26 A 9} Zbo] EetglAbo] &
AuA FEL T 4 Ak F TBALAGS S A 5
AR g Ao smly o] ¥u sml 9
butanolz 22 thg, (NH, ),S0, 7 glo] 3%
FAT & A RS AT 247 TS 3=

Table 2. Effect of partial dehydration of the butanol layer, containing TBA — MDA product, on the

relative fluorescence intensity and on the volume of butanol extract.

Volume of butanol layer( ml )

Water content of Relative
butanol layer before after 'fluoreﬁcence
extraction extraction intensity
5.0 7.2 4.82
Saturated 5.0 7.3 4352
5.0 7.2 48 .0
7.240.05 * 4.4+2.62%
Unsaturated 5.0 6.0 65.5
by(NH, ),SO, 5.0 6.0 64.6
salting—out 5.0 6.0 64.5
6.0+0.0 64.9 +£0.45
(53.8)P
*MeaniSD

2Became turbid during transfusion into the cuvette for fluorometry.
DRelative fluorescence intensity if the volume is corrected to 7.2 ml.
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o) B glow] FAo FETEE 4| wE bu-
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Table 3. Efect of the purification of TBA and
acetic acid on the relative fluorescence
intensity of the reageant blank for TBA

test.
Relative
fluorescence
Reagent Sources intensity o
reageat blank
Tokyo Kasei _ 45
A nem 1ds Purified 19
Dongyang 3
. chem co., -. 7.
Glacial Korea Purified 1.9
acetic
acid MERCK,
W. Germany — 1.6
(E.P. grade)

0.20 -

0.16

0.05~

L1 1 1
2 4 6 8

—

Tetraethoxypropane (n mole)
Fig. 3. Calibration curve of tetraecthoxypropane by

spectrophotometry.
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nmql E4¢ Yoz YMDA == TEPY 34&& =
shA ek A9k TBAX g Aldg o AL A
A 5] & A6 ulsh Table 36l A2} o] reagent
blank &] §3 =7} 4.5014 1.98 slxs] F4&sct
( 1.0nmole TEP &] TBA u}-3-A4 4 &3 H=>} 33.1
olgith). Takanos ® = A1-83k TBA 9} A Fo| vz}
reagent blanks] HHEs} oS BHE B ohizh AE
o] B75E FEZ ol ¢ A Jehthe AS 9=
3 nwsgeh 282z TBAA G 4= AAAE
5S¢ HAE sl 78 A ST LFHolgn
T T U+

YA TBAuLE|A) A}gE= WAL 2 4E
noh 3R g 4 9 sialic acid?] yaE A
£ 59 o1l ¥ gint aey} BB ofd EEEol
TBAs} ub-33led H4E Jehd % glcl zeldld F
A9} SEEA S W24 33 54 BAsgR 6
Table 3ol A} 2} o] reageat blank®] FBFx 7} 7.34]
A4 1.92 &3 z4sigieh §dA EPF MERCK
A EL a2 AFE3ledE reagent blank Zto] 1.6-%
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Table 4. Spectrophotometric determination of plasma TBA value in the proposed assay.
FeCl, Spectrophotometry Fluorometry
Pla?x:ia )tested added MDA flfelatlve (mrI:/‘l)]l)e?ml)
uorescence
( umole) Absorbance (nmole/ml) intensity
10 1.0 0.072 283.6 23.5 257 .8
Plasma a 15 1.5 0.110 288 .9 36.0 263 .3
20 2.0 0.143 281 .7 47.9 262 .8
10 1.0 0.061 240.3 20.2 221 .6
Plasma b 15 1.5 0.094 246 .9 31.1 227.5
20 2.0 0.125 246 .2 43.0 235.6

et 2eee Ha4s £5F F £4FY A
& AU skAY 98] YA st Ahgstodok sl

5) u] o &gt ¥ TBAAH

ol %] EAE AHEshe Yagi 5ol A TBA H1-$
o] UAE fhonE AY AT+ grh 2y
FeClg9] 37tz =7t 40oe) S7hd £ A 3ol
Ae 10018 PR BT YYqRL Ao Fox
Al A4HE 5 giEl ol TBAURSAAESY APE
PHASAE oz} vl e g s sF5slAl 4tk Tables
= ¥4 10p¢1% FeCly 1#moled 7lsted TBAWHS-S
A7 F Y o PP o FHF Aol o] W)
AR TEPE ot §45aole] AuTL Fig 33
7Zo] 6amoles 7}x| ol A wj9 £ 24 A B Byt
T 5359 @A 2F ZA5 ¥R FHEL 3
A 7} vl $- v & 2o]g o MDA nmole/mlz 1}ejud
TBAZE A9 A Usiel 22la g3y g7
TBA 3} vlmsld F @4l 2F F10%4E ¥
Al Vel o) M o] FFEAu)
(specificity) o] Heis)7] wFql Aoz gt ¥
YA A8 YL Wpl2s AseAw 15~
2015 283 Fed,; Bg vjsldes o o F
o FFEst $71Eel(0.1~0.15) ¥4 ER 9] e iiA
o] 74 zelet o|z g Table42) Az
ST @A A Aolzte A Y 3
& QAR Ao} &, FeCly A71%2 1 pmole =
LAARE o WY F5) TBAUSALES) SEA0]
A HHF 0~1547R] 0l At AAdAA S BolI 20
plo) Ao A QAR & FEE QT a8
v} FeCly & 94 10#1% 1pmole® Qo] TBAHIE-L

o=

A7) Table 46] 4 B3 20pl6] 2#moles] FeCl,

S0l 4
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Table 6. Comparison of serum TBA values det-
ermined by the proposed and Yagi’s
methods in parallel.

Serum TBA value (MDA amole/m! )**

Proposed method Yagi’s method

a 266.6 +14.7% 6.40 +1.67%
b 254.9 +33.3 6.63 +1.16
c 219.6 + 6.7 5.79 +0.83
d 321.0 £11.7 6.98 £3.61
e 248.1 +16.7 4.70 +0.22
f 201.8 +20.8 3.56 +0.83
g 191.84 9.2 2.60 +0.60
h 175.0 + 0.50 4.10 +0.37
i 204.1 + 8.2 2.8240.35
i 218 4 +16.4 3.87 +1.45

*Mean+ SD of triplicate determinations
»x Correlation coefficient(r) between two methods

was 0.8166(p< 0.01).
= ‘égc‘ﬂ; TBA y}-S Y A8 %71 &4 1041
o] TBA g3 AEY 5o 22 vdA g4 g
+ & D}

6) Yagi o] 2J3F TBA gtzle] v =

Table 5& 107} 9] TBAZS X W3} Yagi
Hgoz FAd 34 4k FH5t wlas 2 Aol
5 Azt Apolal A=A F r=0.8166(P (0.01) 24
3 o AtglalAl & vehl o glel 29s MDA
nmole/ ml & EA|5l TBA gko] £l A Yagi 3
o] Al me}l 3T 43.39 ( 37.9~52.7% )} Al gt
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Table 6. Serum TBA values of healthy subjects at four age groups

Age Average Number TBA value { MDA nmole/ml )}
group age of case

Mean SD SE
20-27 2.4+2.6% 14 (M8, F6) 27932 54.6 14.6
35 -45 39.4 3.7 0 (M7, F3) 340" 54.9 17.4
50 65 59.6 +6.3 9(M 5, Fa) 304.1° 68.2 22.7
70 - 74.1 +4.3 7(M 2, F5) 437.1 75.4 28.6

* Mean+SD

abcd Significances of the differences between a and b, b and ¢, and ¢ and d were p{ 0.1, p<0.05, and

p<0.1, respectively.

®
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Fig. 4. Distribution of serum TBA values of healthy
subjects at different age groups.
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TEAS] APl A& Felgoll oa] {A Esi=
o] TBA chromogen2 A Ao 24 TBA9} wrijul-2-
<+ 2 T U7 2 A= FHAL 53] YA

Auge] Bxslxutalo 24 linoleic acids} F3
ABo] =0 ) linoleic acide] hydroperoxide =
Yagi 3§} 5 7]€4 TBA RS A A& A9 w48}
ket ™, Kenaston 54 AL s TEe] 7
< linoleic acid$} linolenic acid & TBA WIS A7
{1 linoleic acid®] A4 4-€L linolenic acid?)
1/60~1/100 A %o E3}siqivta ¥ 23l o} o 7o
Hojgo] Hrl=gl & Wl linoleic acid ] Tp4ls}Eo] o}
T Ex A4l SAstEs e 50 2P TBA

S wge] Mg oed A Y9 TBAZe] Table

50l 4 HE Zulg Ao s e 4 1t} Linoleic
acid hydroperoxide®] TBAWE = pHel| &ls]A
E #9dvte 23%7) gedl & A%dsl  Yagiy
8] TBA4H3-8o¢] pHE B5 2802y Sq3l)

A3 Bl €A 4h3kE R @ Aoy
A, ofuicAlF-E FAksA o] A& FeClgrl A
7ksje] £ TBA chromogen 9] Aol 83t 7} = 3}
A e A 2o a8 gAY e Sk A
3 AbslE 0|99 o} E FHAstE-2 FeClyol os) TBA
s ul-go] FeiEo] o] ¥ FATBAZ 2=yl
< 7Fede]l o 3ld o] F 2 slAES} HErkske
A £ A4 FToloF & Zol ok 3 Shimizu®§
£ prostaglandin ¢ 1 7+E2q]l endoperoxides} MDA
E A48l Yagi el 3k JAYTBAZS] 50%E =}
A\ gk B & o gle)

5 abdel g ¥4 TBAZ2 25 3¢ 4H¥an
o FFozA o] W CV& EygdelA JT 4.4
%, Yagi §jeij A 3T 22.8 %ol vt Yagi g nr} Ay
g9 o] €% dzsictx szl

7) EATBAZS ¥ 37l wtg H3}
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TP o A4 HTBAZS 23 ¥ &
At 2 FEAE 4y dF T TEY AAE
Fig. 49 Table 6 3} Zet 2L od# oA = TBA gt
< vekshl et glov) dAle & T 5
5 33 TBA o] A5ste A%E Holx ¢l Yagi
U 71€8 o= 23 dATBAZE %371
8} Al Folske Aow RusI Yo, 7048 R
33 ddol el A e v tagivhe asl g
B g8y X ZA4e A= A8 47t 2
312l Ealzial 704 olate] 1 FelA 3 TBA
el = AW EE By AR ol AS FUHA
< 29 IHE oz AXE 37 (BE) TY
hydrocarbon gases &3¢ ols) A= AW =2 4
3l s4be]l ¥ ( 32704l 3 ) AAE A% Ay
A4e 2o g 2L A8 E Yagigoz 54
of £33t TBA g2 713st 3 Solsbebsh 32744
AAE 4 F2E n9cha gk
Yagi] 5 71E9ji o2 243 o 4x)0 @5 TBA
24 d¥ Skl o WY, Fa] nHAA wy)
&3 AYe ¥4 J(Fo) 55 825 sxI=
UFEst 23 A Aslgats A3 dAstn goh
o] AL AL FHstshe G AESWHAA YR 24
3hs 60~150#g/100ml 8] Hoj2o| o] TBALA
of Fa% A% vA2 &L FARHL T F 9
o} Ao] njFoz=s TBAWLSH] o|mlgh ol 3k8- Fof
A 1micgy 50~100ngs) 3o)ee s gtozy
TBAzLe] 2wz %715 o) & R4 oln] =o3tu}
At zezE 2W3AA Vet 7|y 93
dA TBAZS Aste FQF9 A5 i 7
B &Y 4 QAT olely FEE uRe
FeCly & w2 #Hslshe & A4 €49 IF4i3%
2 39 47 TBA chromogen-g Ao zy =
£3] 2 TBAZE T+ 29 30A S ¥ TBA 3ol
AL SR Aes Asy

2 of

"M ZAYAA FeClyel o3 Zxisl TBA w3
€ o) d3le BAF H4AE S5 YT A2y
ETAHE AAsg 5, AW Bl dey
TBAYRZ-Etle] &3 10417 1.0 #moled] FeCl; &
AR o AL FEAA 5087 B Bl T
o,

o]

e

A 4l2 ot 3y gddk TBAYwT)
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400} Foisigl o weld =Fe] A & (10~204))
25 TBAuRSHAEL] 55 o] vjddjozx s

Fslg vt ze]li TBA WA 4 E2] butanol ZZof

4 (NH,),S0, g4 08 RaepAglogddny ¢

Aaddol MY T A=t o EAYE ol-fsld F

A AAUEY ¥4 TBAZL %8 QHTUd4+E 5

74she A gt
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