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Lipid Peroxides (TBA reactive substances) and Fatty Acid Compositions
in Mouse Serum with Whole-body Irradiation
and in Tumor-bearing Mouse Serum with Local Irradiation

Goki YAMAMOTO

Effects of irradiation on lipid peroxides of mouse serum, Ehrlich solid tumor-bearing mouse serum, which
tomor cells were transplanted to the leg, and its tumor tissue were studied by a thiobarbituric acid (TBA)
color reaction in the acetic acid condition with (Fe-TBA value) or without (TBA value) ferrous ammonium
sulfate. TBA reactive substances were caluculated into the amount of malondialdehyde. Besides, fatty acid
and lipid compositions were analyzed as a substrates. Irradiated samples were isolated at 3 days after
irradiations. :

The TBA value of normal mouse serum was expressed 17nmoles/mé of serum, and Fe-TBA value gave
2.4-fold of the TBA value. Although an increase of TBA value was not observed by whole-body irradiation,
a significant increase of Fe-TBA value was measured, indicating 2.5-fold at 10Gy exposure compared with
the normal Fe-TBA value, and 5.5-fold with the TBA value. The TBA value of tumor-bearing mouse serum
was l4nmoles/mé as a low rate to that of normal serum, but the Fe-TBA value gave same magnification of
that of normal one. The TBA value of tumor-bearing mouse serum was not changed by the local irradiation
to the tumor region of leg, but the Fe-TBA value was increased 2.8 and 4.4 times at 10Gy and 20Gy expo-
sures, respectively, comparing with the non-irradiated one, and 7.7 and 10.5 times with the TBA value, re-
spectively. The TBA value of solid tumor homogenate exhibited 1.16nmoles/mg of protein, and the Fe-TBA
value pointed out 5 times as much as the TBA value. Both values slightly increased by the irradiation.
These facts suggest that a shift of TBA value of serum hard to get, but Fe-TBA value of serum distinctly
increases by the irradiation.

The fatty acid composition of mouse serum lipids showed an increment of relative percentages of linoleic
and arachidonic acids by the whole-body irradiation. The relative percentage of fatty acid compositon of
lipids from solid tumor-bearing mouse serum was similar tendency to that of normal one, and the local ex-
posure to the tumor part was not affected the each percentage. The percentage of high unsaturated fatty
acid of tumor lipids similar to that of serum lipids, and a decrease of the percentage of arachidonic acid
was accounted by the irradiation. In relative percentages of lipid compositions, the percentage of choleste
rolester of serum lipids increased by the whole-body irradiation, and that of phospholipid fraction was not
changed. In the case of tumor-bearing mouse serum lipids, an increment of the percentage of cholesterolester
was obtained as compared with that of normal serum lipids, and this percentage decreased by the local irra-
diation to tumor part with an increment of the percentage of phospholipid. The percentage of phospholipid
in tumor lipids had decreased by the irradiation. The facts suggest that a cause of the increased Fe-TBA
value of tumor-bearing mouse serum by the irradiation to tumor is due to the release of peroxidizable phos-
pholipid into serum from the damaged menbranes of tumor cells at large doses to exposure.

Key Words . Lipid peroxides, Irradiation, Mouse serum,
Tumor-bearing mouse serum, Fatty acid composition.

R LR 2 R AL R 2 B B O e AT 2



i U &

SR RAIRRFEE OB LT IIREBEN, &
YIEMICEE A b o TW B D s, A DS
DEHORN LW LRI B 2 BRR{LIEE I
L BEEICH L PSS ER SN, BRI
MiEBBLIEEOLEEIER ST b, £FA
THONLBEALIEE DER, S, R
AL ZLEMIZITbhTwbsEEZLNS
A0 MBI AR aR e LT
WIRPIIKIEDIRIE E LCEamaINTHB Y, Thic
BEREREOTBME, B LAOE, lkte
B EOLBEREESIYE TN D, BRELEE
BERRNESRBOELLIATRELD B, F0D
TERO—E05h 7% L MBOBEOREE L HHI
HUDWTHD, BERLIEE OZH A ORH,
OB E R TIREOTREASTRE I TKY
%9, MiE GRS S OWEOMA D IZE
BE54oEme LT, MEREAELYIIHiE
EOBEY LT 5 BRILFEWIBEL ) D 51
Bl EE LT, ZLDERBIZOVWT, MEREA
Eeiv = OFRIE & LT TBA Fn#4 (TBARS) %
R$ TBA HOZEBAHE ST WA %, miF
TBA EORER L EEAK L DRFRIIEIZFEES
NLLERS S,

BEHRIBEHC X 2B bmEE & U Ol a8t
RIS ans»? 10 & gmatc k) Ess
MR B L CME I BBRILEE OIS A b Tw
5o L2°L, BEEMBOBSTREE & miE At
REMEROMEBRIEHL » TR L, X, BE
A ARG G R O M iF BB LA B IR A EEs
3w, BAFHEBRE IS W TRSHRIGERT
% ILiE TBA EOMETHHE 2 Y, w0
BE L RET S EEDICHIETICET O TBA &
DER#HTNLHAS, BFICLHESHIHLHST
vy,

Te B i 38 Ic s s vz & S Mifad &
LC@E'?, mutiEEREUOMBESEH S
TwaY®, ZoHh 5 b RERBE IS B
{LEDEHIBERHICHIEETH S, AT
i, BETREET & iE AL E O EEOMGE Y
BG5BT, 25 BEIEONC Ehrlich B

RIS (RBRER) < 7 2 OEEBRFTRATIHE ) W&
WELIE B DL E) % XTI TBA f€, Fe-TBA
fE: LTRET L, BEE U TOIRRRIE ICIEE
ML Z 00T L7z £ DORER, Fe-TBA fEAMIRTRE
EDREE LD D BURENIH O N O THET
%,

ERMERUOHE

1 EBR#HY  ICRARYIA (M) ZBAL, EE
R (MF @A) =2 ¥ VD) CHE, fRE
40 g RIED D DB EERIIH LI,
2 EEERE CROKFHIIOVWT, —H5 LT
EEBRETY, XBBHE=EE Db D% RHE
(X-3D) & L7,

1) IEE~ AFIME,

2) BEHES R (2, 4, 6, 8, 10Gy) #FILiE,

3) Ehrlich BRI % 45 K BRET ~4E L,

ERETER S, BEOEENE L Z

1emKIZ7% o 7238~ 7 ABEME

4) FIEEEIIN U CRPTRIIC R RS

(10, 20Gy) L7-EREIBEIMIE

5) BB 0 Z DRRS (20Gy) B,
3 RETRERSTRE | REELKXC-19 BRIEEIGHE
BAXBREEEY B TXELTRE U, B4
i3 EEIE 200kVp, HEIK 25n4, JEBHK 0.5mm
Cu + 0.5mmAl, FSD50cmT, #EZH 46R/min IZ
BE L,
4 MFEOTE . F< T AR T — T IVEREE, B
BHARCOUTIC & D BRIM, BL3HE L, MiEHRELL
770
5 FeE @R tY (TBA fi, Fe-TBA ) DifllsE :
TBA(FA /W EY — VB IZX B REHE 2
BEEEET, REOMHT L7z, A LEMSHER
FIZMFEO. 2ub % FR D B AIE K3 . 8m 2N X, 4mé
&L, 0.67% TBA I OKBEER R E AT ICE
BRAMUAE) 22, shome LEMLAZ, &
Nx PR TS HMEARE I 2%, EhiZ
Kok CHE, 40%=HALEERE % 1 el 2 IR,
2,500rpm, 104-ME-LL, LiEZ/R2, #0L
B2 DOV T 532nm & 600nm 12 BT BEBE % 5
S ER (B, UV-200) CillE L7,



TBA 1L ODsg2am 7 & ODegoonm % 72 LGV 72
WHES S, MiEmL), FhngBEAEEYY L
LT, WEY Ly wa s 77 F(MDA)
25 L TBA RICHHHEWHE (TBARS) & L THH
L7

fin, FRRIC ZAMEATAE T OMEARBETIT:,
B L PE L, B, Fe-TBA {fi& L TEEM
L7co “fSkIEHimEE —8k7 v =7 4 (B
0.1mM, FHERAE) % HV,

BEREALO TBA KInid, £EAEKFTK
EVFARALLLDREAEE 2 —SmEHAWT
ERRFIMRETT L7z,

6 EHEOTEE 4MmiFET VT I (Armour
Laboratories, F-V) # E# ¢ L C¥E¥a2— 1 v b
BT X D IE L7z,

7 PEE MY : Forch 5 HES IC# L TEE
I DIREERHE L, HREEYVHEIRRE
MEO.2 % &, Z7uaskiVa C A% =) (2
1, v/vEmz2m & L, L RME, —
B U ESHEATICRE L7z KIS TIEE, 20
WX L0258 D0.73% b F M) v 2% E
&, &&, —HRICKE 25 B, Ky —
FEMABK, (B THEA, BRTEETAT
TEME, BREELD, RETRIEEE LT
L.

8 MEWFERDSHT : BEE % Stoffel 5Dk Iz
LTS BIEEAY ) —VEROWTAFIVIAT
MEL7-0b, ZOREMBgT ATV EEEIE-
To~FHr THBRHEL, FxAr7uvhsrs
74— (BES, GC-4B) (2 f& 5 5 (ITG-2A4,

IDC-2A) #8H L2 b D% A\, 20% DEGS-1%
)OS T ATHM L, sl s FE -2
DL T BRI 2 B L7,

9 BEREMROGH (EEI/uv T 74—T
SE L7 PUBTFIVG Merk) g % %
L, &AL, RIRE % %A, HMHRYE 5 bR
BRE LT, nnFY Ly nF - —F)b B
B (53 17 10.66v/v/v) 5/, BRL 7, &Rk,
KEH A THE, BEST2 L-0b, SHEAH,
Fr o aBmRBED I TESR, BEL, HxHE
Rz,

B ®

TBA f,, Fe-TBA EDOMESY | KUEFMEFT
O TBA #8134 $ 5 skKF 08 1:, TBAE
12DV TIE605 F TEAWICHEIML, Z0%RDKR
IR IEE T 5 IZ¥iNAsi2d 5 i, Fe-TBA
fEI3605 F CTHEBYIZEEML, #OROBMIIA
5h{, Fvi/z Fe B TCOFHEIZ605ETHT &
E2le TOZEDLBIEMITZCONINERILEZ
vz,

EF~ Y AMFEBRILIEEE O 5 AT
Eh(&E1) ©

KPEEETHOEE <7 ZMiED TBA B,
MDA 2B F3g{E & LT 17nmoles/ml 2S5x I N7z,
SHhIZHx L, FeTBA HIZFHE L L T
40nmoles/mé 55N, TBAED2.3TH 572,

S RETO TBA BB BRI L 581k
O LN Do 7275, Fe-TBA {HIZIRHHEDE
mcfE- T, L HEMoEmS A LR, BEHE

Table 1. Lipid peroxides (TBA, Fe-TBA value) in serum from mouse 3 days after

whole-body irradiation in different single doses. TBA color reactions
were carried out in 0.2mé of serum per 5mé of the acetic acid condition
with or without 0.1mM Ferrous ion in boiling-bath for 60min.

Dose nmoles TBARS/mé Protein nmoles TBARS/mg

(Gy) TBA Fe-TBA (g/de) TBA Fe-TBA

Non 17.69%+2.27 40.56+ 5.00 8.1+0.5 0.218%0.028 0.500+0.077
2 17.824+2.13 39.06+11.60 7.9%£0.3 0.224+0.026 0.494%0.147
4 18.85+1.78 48.27+£10.40 7.7+0.6 0.244+0.027 0.628+0.134
6 17.69+40.55 48.72+12.95 7.9+£0.9 0.224+0.007 0.610%0.167

8§ 18.84+0.94 55.38+15.52
10 17.194+1.10 100.51+16.38

7.3£0.5 0.256%+0.013 0.756%0.212
7.0£0.3 0.244%+0.019 1.436=£0.231
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Table 2. Lipid peroxides (TBA, Fe-TBA value) in serum from mouse bearing
Ehrlich solid tumor 3 days after single irradiations (10Gy, 20Gy) at the

tumor region of leg.

Dose nmoles TBARS/m¢
(Gy) TBA Fe-TBA

Protein nmoles TBARS/mg
(g/d0) TBA Fe-TBA

non 14.74%1.61 35.13% 5.54
10 12.83+1.27 98.58+47.01
20 14.62+2.20 153.38%78.92

7.5£0.5 0.197+0.022 0.468+0.073
7.2+£0.5 0.178%+0.018 1.396+0.653
7.6+0.9 0.192+0.029 2.018+1.038

Table 3. Change in lipid peroxides (TBA, Fe-TBA value) of Ehrlich solid tumor

3 days after 20Gy irradiation.

nmoles TBARS/mg Protein

TBA Fe-TBA
Control Control X-3D
Solid tumor 1.160+0.359 1.494+0.359 5.801+£1.340 6.448+1.417
Ascites cells 0.231+0.103 4.045+0.429
Muscle 0.6031+0.026 2.49410.564
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Table 4. Changes in fatty acid composition of serum lipids from normal and Ehrlich
solid tumor-bearing mice, and solid tomor 3 days after irradiation. Normal
mice were irradiated whole-body 10Gy and solid tumor-bearing mice were

20Gy in the tumor region of leg.

Relative percentage of fatty acid composition

Normal serum

Tumor-bearing serum
Control X-3D Control

Solid tumor
X-3D Control X-3D

Cis:0 30.8%6.1 31.3x2.0 31.1%3.9
Cig:o 9.9%+2.3 10.5+x1.4 10.0%1.4
Cig:1 21.3%1.2 14.4%0.9 20.0=%1.5
Cig:z 28.9%5.8 30.3%£4.5 29.3%£3.6
Cao:a 9.0+1.5 13.5%1.6 9.6+1.9

30.2£5.8 23.840.7 24.4%0.7
9.3£5.8 18.8+0.7 16.7x2.4
22.3+2.8 21.8+1.2 23.8%3.4
30.2£7.2  25.4%0.7 26.4%x0.6
8.0+2.5 10.3%+0.8 8.6+1.5

Table 5. Changes in lipid composition of serum lipids from normal and Ehrlich solid

tumore-bearing mice, and solid tomor 3 days after irradiation. Normal mice
were irradiated whole-body 10Gy and solid tumor bearing mice were 20Gy

in the tumor region of leg.

Relative percentage of lipid composition

Normal serum

Tumor-bearing serum
Control X-3D Control

Solid tumor
X-3D Control X-3D

PL 30.3%+5.3 31.5+1.8 26.9%3.1
Ch 13.8£0.5 11.5+2.0 14.5%4.5
FFA  13.6x2.5 10.2%+2.2 12.2%2.2
TG 15.6+2.3 15.3%1.0 12.242.2
ChE  26.7£0.1 31.5%+1.8 34.3%5.7

30.2£9.9 18.9x1.5 13.4%x1.5
13.6+1.8 26.3+4.1 21.84+3.6
11.740.1 18.1+1.5 14.2%1.0
19.3+1.0 19.8+2.4 33.9%3.5
25.2+£5.2 16.9%1.7 16.8+0.4

PL ! phospholipid, Ch . choresterol, FFA [ free fatty acid, TG . triglyceride,

ChE : choresterol ester
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