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Studies on the Significance of Taurine in Acute Radiation Injury
by

Mitsuyuki Abe

Department of Radiology, Kyoto University, Medical School
(Director: Prof. Dr. Masasi Fukuda)

In this experiment the relationship between the process of urinary excretion of taurine and the morta-
lity-rate of mice was shown after irradiation witha sublethal dose.

From the 10 th day after irradiation taurine excretion increased markedly. This increased
excretion of tarueine ran parallel with the increase in the mortality-rate of irradiated mice. This
finding suggests that the loss of taurine in irradiated mice may have some important influence upon the
radiation-induced death of mice.

Various doses of taurine were given to mice under various time fractors. Its therapeutic effect in the
sense of the increase in the survival-rate was observed when it was given from the 2nd post-irracliation
day. The therapeutic effect of taurine was especially pronounced when it was given on the 4th day
after irradiation. It is worthy of note that the amount of urinary excretion of taurine was minimum on
the same day. This means that the therapeutic effect of taurine is most prominent if’ it is given when
the taurine-level in the body reaches minimum.

Tt was also observed that the administration of taurine after irradiation promoted the recovery
from radiation-induced leucopenia.

Many informations were given on the mechanism of the increased excretion of taurine after whole
body irradiation.

From these informations it can be assumed that the initial increase in the urinay taurine is based upon
the increase in the oxidation of SH groups, the block of taurine transformation and the release of taurine
from lymphoid tissues, leucocytes and thrombocytes. The latest has an important meaning in radiation
injury.

The decrease in taurine-level in the liver or mauscle was little pronounced by irradiation, on the
contrary the taurine content in the spleen decreased markedly from the 2nd day after irradiation.

The amount of incorporated taurine-S% into the spleen was greater than that into the liver or
muscle and the incorporated taurine-S% into the spleen of irradiated mice was greater than that into
the spleen of non-irradiated normal mice.

As it can be considered that taurine may play an important role for the maintenance of the structure
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of lymphocytes, leucocytes and thrombocytes, the mechanism on the therapeutic effect of taurine may

be tenatively assumed that the administration of taurine enhances the taurine level in lymphoid tissues,

leucocytes and thrombocytes which loss taurine possibly because of the radiation-induced damage to the

cell membranes.
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Fig. 1. Relationship between the urinary excre-
tion of taurine and 25 death of irradiated
mice.
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Fig. 2. Changes in the amount of urine and
concentration of taurine after irradiation.
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Fig. 3. Diagram of the synthesis and excretion
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Fig. 4. Formation of taurine from cysteine.

— AT —



472

ERSHEEINBE (19), (46) B 0EIEP—
EEF2 b DI LT3, ZDEERTIE taurine
% AR BN B ORE 2 DA # 5 U 7= AR R
WA 7 BN R T B RRET L.

B2H EBRAE

£EBET0H O Hannover SR<v 2 % v, &
SET1 HE, REEL, 2,3,4,5, 7T®Wz9
H Bz taurine 11mg3 0.3 ml DFEFATED L
JEEPZIESS L7z, Yric taurine 2 mg 3 AR HR
HEE2, 430 NT 6 BEWHES L, BElc—gaciz 1
ngEMRS%E3, 4, 5, 6, THRU8HE6EM
S L\ h 30 HAEFR PR B
LR & oFiE 2 B L7, BN ORS00 535
VETH 5. fgHsk Fa. C.H.F. Miller, Ha-
mburg, Typ M.G. 1%%%L5%R1Bé§ﬁ
H 707, FRAARME 8132 £« TR
t@tﬂu?55.&kV?xw%%£lt%%
@ taurine ZHHE 3 H 2 % Freiburg <7 %
TRV, HMOICREEEZ -0 (690R : L
D%/5) JEHE4 BEEIWC2, 5, 108~ 20mgm
taurine 3 WIS L b B i 2 v 7.
2 OFER20MERE DY AR b BETFRBEZ 12720
T (Tab. 2), WHHE1, 2, 3, 4 x5H
H!Ctaurine 20mg % ¥4 Uik b AR 2 3R ER %
Tz, 3Ty BREIR CR R D B0 2B
& 690R (L D%/y), 640R (L D%/;), 590R
(LD®%/y) DHELZHMEZRN LEDZL DA
TR, BHFERVCRMX Z DR 58
U@ TH 5. ERRMpENI#BaF124200 TR
TOHED 2R L.

FE3IW #H R

Hannover <9 X TIT07 58 b B 5 2 7%
¢ (Fig. 5, Tab. 1) m4SEi1 HE LU RS
1 HH, 3 HHEW taurine 35 L7414
FRIZZBERED A, BEH2, 4,5, 7
B\ id 9 B BCiRE LB RN 2 6
By 2. B4 HEWBWOR D THRED
35.6%12% L72.4% T&HD7-. X 11g taurine 3
N3, 4,5,6,7, 8HEBEEN LSS
HAELEROMBFEAD b h-, taurine 2mg3#y
L L7 d RS 4 H B BR D B D35 6

HAREZRHRE LSS #2668 ®59

Survival rate
% ———— Frelburg strain
90,

=~=== Hannover strain

go. 590R + 20mg taurine

/ \x_.---"'

70 / - f’
\im*_lJng _taurine

60-

40 R+20mg _taurine
: \/ﬁ

50-—-—-—.L___

40] /

/\_ _890R 20 mg tourire
&

~X
o/

10

1 2 3 4 5 7

~Irradiation only Day of taurine injection after irrad.

Fig. 5. Effect of taurine on the survival rate of
irradiated mice. Therapeutic effect of taurine
in the sense of an increase in the survival rate
is most prominent when it is given on the
4 th day after irradiation.
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Tab. 1. Effect of taurine on the survival-rate of irradiated mice. (Hannover strain)

Taurine Img. i.p. injection Survival-rate ' P-value
1st day before irradiation with 590R 39.3% 11/28 0.2 — 0.1
1st day after o % 48.3%  14/29 0.3 -0.2
2nd day after ” ” 69.0%  20/29 0.01— 0.001
3rd day after ” ” 48.29 1327 0.3 — 0.2
4th day after " " T2.49  21/29 0.01— 0.001
5th day after ” # 68.92  20/29 0.01— 0.001
Tth day after w ” 67.9%  19/28 0.01— 0.001
9th day after #” " 72.4%  21/29 0.01— 0.001
T.ait::;réeiaatlir;f ::r:t l;hseggﬁ_é».&ﬁ.'?.and 8th days afier 66.0%  33/50 0.01— 0.001
Taurine 2mg on the 2nd day after irradiation 44.0%  22/50 0.5 — 0.3
Taurine 2mg on the 4th day after irradiation 65.29%  64/98 P << 0.001
Taurine 2mg on the 6th day after irradiation 34.0%  17/50 0.9 — 0.8
Control: Irradiation with 590R without taurine 35.6%  21/59

Tab. 2. Effect of taurine on the survival-rate of irradiated mice. (Freiburg strain)

;.?::l?fi;;?::‘it(:gn“g?hég&{hh day Survival-rate P-value
‘Without taurine (Control) 20.0%  10/50
Taurine 2mg 26.5%  13/49 0.25— 0.2
Taurine 5mg 24.0%  12/50 0.35— 0.3
Taurine 10mg 32.6%  16/49 0.1--0.05
Taurine 20mg 41.7%  20/48 <0.01
Irradiation with 590R without taurine 58.025  29/50
Taurine 20mg 1 day after irradiation 58.0%  29/50
% 2 days after ” 70.0%  35/50 0.15—0.1
" 3 days after # 78.0%  39/50 0. 05—0.025
” 4 days after ” 74.09%  37/50 0.05—0.025
” 5 days after ” T6.09%  38/50 0. 05—0.025
{ Irradiation with 640R without taurine 50.09%  25[50
Taurine 20mg 1 day after irradiation 50.09%  25/50
T 2 days after  « 48.0%  24/50
" 3 days after " 56.09%  23/50 0.8 —0.25
# 4 days after ” i 64.095  32/50 0.1 —0.05
” 5 days after ” 48.0%  24/50
Irradiation with 690R without taurine 16.49%  24/146
Taurine 20mg 1 day after irradiation 16.09% 8/50
" 2 days after ” 14.095 /50
” 3 days after ” 14.0% /50
” 4 days after ” 28.095  42/150 <0.0125
o 5 days after ” 22.0%5  11/50 0.2 —0.15

4% taurine OIHHIRMEECIIT B /ERR I 2R TRR2EN S, 1) SHILAWOHK

#HIlCo20T Bz X AEA(E, 2) taurine ¢ transformation

Bl # B DFEE, 3) VU o583 b oo 3 on# 2

BOBRIASS I X 3 taurine o R kRN O bbb, ZoOR 1) RU 2) s v
— 49 —
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T DRI BEATR 2R IWEEALN
3. &M By 5 Y vosEBoEENE
B, ZIEDSKOTENLHELNTHS. D
TY v 580 5 o taurine frH, HEECERK
BEEYRZTTCHEH I EHZABNS. BIET
fRPN taurine-level ALK 27227z K¢ taurine #
BET 3 LEARIENT 2H 2B~ TOfE
P 2 <2 Bk 4 oDFEZIEL, £
DEZRZITOWTHE L.

1. Jichdde X b AE#RPY taurine-pool a5 ta-
urine AU ¥ B3, A4 BAERRD b &
LT v,

2. taurine % [EIRPNCES LR AR AR
Wi & OBRERIR I h B .

3. taurine {X XOHEICE VA I NPTV

4. EIERERE AT 2 BRIR R KT .

B2 EBRAE

W1 RO, [Pl #5A8 o taurine
EEROEIL

AH70H O dd Rife<v 2 10508 % vy, B4
6 HXEo PR, [Fi, FiAR taurine § OZR) %
F7e. JRESHERXRE 630R 7 1 LR L
7z, MSTRMEGAERIE 173KV, SEIT20mA, i
BHT 0.5 mmAl+ 0.5 mmCu, 3RyEBHEEHES
cm, #EEER3s R/min., 1 [ taurine fjfl5%E D&
RV ZOHAXI5PE T H B, [HiFRA taurine
DEREE D M1 707z, 15LD<T A b
g, FEERUHSRZHEETS. Zh 5 maTo
SVYEIKTUR L7z 1ml ¢ ethanol gz A
hig?sER » W% 5. homogenize | 2.5ml
® ethanol % Jn X 1043 fifli#6,000 X & TP d 5.
% b DEEET 505 ethanol 4,5ml } diet-
hylether 4.5ml 3 NAZ—&EHET 5. WizZh
%#910,000x ¢ THEPLL LWz & > T1oml @
chloroform 21 7 43 1o AhT B HRS.
chloroform J& ##%C ether 10 ml i1 2 T X (&
%. 91 WeffifikiE L ether J§ #3575, ZRY DI
S EPBAEIC L Y desicator OHITHIET 5. Z
N1271%® ethanol 0.5ml %fnX, ZH % Sch-
leicher und Schiill Nr. 2043 b ¢ paper chromato-

graphy JR&EICFE T4 %. —Ikic#% butanol «

BAE FHRE L% H26% W5 S

BResk4 : 1 : 5 % REBARHEE L C14peRi/EEE ¥
3 (FHHE). Zhi# 70~80°C THMRLIIZ2 &
5¢% phenol+buffer ( 100€ phenol 2 6.3%
Na,HPO,, 3.7% KH,PO, 20ml %/mZx %) #&
BEVAME & U CIRRTERE 3 3 (TR, R
ninhydrin ¥53% 2 W% L CF6 X @ taurine J24H
M4 B2 H VLY T1% ethanol 5ml T
L 575mp @ Spektrophotometer "CHI%ET 5. Z
DO FETEMEE 1 24 o taurine S % EE
LIRS o & ER o> taurine it 2102 L RHED
flix Z vy BAERME & LT plot L7-.

%21 taurine DERATALE

4470 H 0 Freiburg SRl <7 Z40PC & Fv-10
Ly o3 —8E LTERRy—YICAN S, RIS
4 HE taurine 20mg/ 0.3 ml ZE¥pk % [EEEA
12ES L5 HEORMCHRESh % taurine i %
WE LRI S h % taurine Ji 2 HE5E L7z,
By Fa. C.HLF. Miller, Hamburg, Typ
M.G. 150 % Fiv X 1 [4:4 690R RS L 7=,
RS U R taurine g & 5 1 TEOL;
ALEULTH 3. YciiPi4 B 12 taurine 20
ng % BEPEPN V2 YA L 5 B B s  fis LT
taurine 4756 & Ml L, 690R DA &[G L7z
<Y 275 HE DA taurine S5 & LT
ZHINC L b taurine 3 EOEEMBIBIRE N B
nFWEL .

31 taurine-S* A4 S DG, FE
BN ORI

dd FfE <7 22 XE5 630 R RS L 24REREEE T
taurine-S%5% L IERRPNICEES S B, FEAIEE6 HE
YEORgg, JFFIE, AP S* i I LIRSS
BEEDFN & g L7z, taurine-S% (ca.104Ci)
# 5Mge taurine [Z{Y 0.3ml DZEBEIIIED)
LCEST %, S* ol Pirie  (47) ORI
et dk (R b R i vV R ® nembutal
FRER T CWTEESINSE € Lo Mg + A& L
S8 IEZRA~ DA T B I O FEEE T e
Vs, BSR4 ES 1 E TR0 LET
ThD. HiEE1 gwox20ml o Pirie I (A

# The Radiochemical Center, Amersham, Eng-
land, Radioactive taurine-S¥ # F\-fz.
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W3A & B 1 EDBEAWE, (B 1L Al HNO,
3% +60% HCIO, 1%, B¥K: AW % REH T
MLz D) #inA Kjeldahl £z Ah Toi—
F—T 200~ 280°C, 8 ~10R:fIiNZAY 3. Wik
A7z 0 2 G NEEERR AR S ¢ 2ECBRD
BNy H 50 L EIWCHEKEEM L L HRTE
RILT 2. WOEHEIFEEHCZLEE2E
BNE B2 BokBERbr 5, TOHEKFHL
LT HCIO, %52\ LAREE T 3. ik
WEEE 1N HCl 10 ml 2@ L CHU NS
EETS. InEABKTROBECHLTEET
%, JH¥Ec benzidine 3K ( 0.1 M benzidine
dihydrochloride in (,4N HCI) 10 ml ###
BRLMA 5. 105MHBECHE T 5 & HER
DET B, BB RDGERE carrier kLT Nay
SO, 10 mg/ml FEHE1~2ml 30 XHARDOFH
JE2R 2.5~10.0mg/em? 223 k31T 5. &
VT aceton F25%1274 5 X SITINAKEIC 1 EE
EPLPE L Rk X ¢ 5. ZHIMEZ WK 0 Lo
D1z 509 aceton 20 ml, 5\~ G959 aceton 20
ml TP L7z 5 UbBE LT w3k
ILCRIE 12280 4. 9cm®) |2 F O Pkl 3 #¥) aceton
R E UTRIMRIT e R & e, B—%
S%-benzidine sulfate D@ 2> THET 3. Lk
TR p Rl 2 7u— v vy — (Nuclear
Chicago) THl5E L7z, Gk #4175 ki S%-
benzidine sulfate ¢ HoWIEIESE + Ek 4
ZR\CHEEZ D cpm ¢ taurine-S%  Z -~ TEM
M_kCRE= OJE S O¥y—fF & e TRl L7z,
FRBNEGE 1 158> TH 3.

Ykiz taurine RN 72 B T CIERIEZS I AR X
N 20 TTRDE, taurine-S% 2 <% 2 O EIERN
VA UMEREE 1 BB BRBE, FREEL i 2
U5 4 F58 2 8 1 TH T 3B ~7: Kk © 2 kT?
paper chromatography % 47-2-C actigraph (Nuc-
lear Chicago) ChislBEISE 2 #§-<7=. actigraph
DZf1i% slit */; inch, countrate range 150 cpm,
time constant 4()sec, scan speed @ inches/hour
Th 3.

WAE REEOBEMBRRIET 2R

AH708 B dd R~ 7 2 60PLIC XA 500R
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PAH—NRI LS, Th2Bchbd 18
SRR E Lo 1# g% 1 BR X DEH I 4 [
1mg taurine/ 0.3ml Z&Wk & PSP IEEST L C,
fRESIER28 H e FMBRE D25 B & HolE U7z, K
HEPRITT 3 & v ZARBFEC LFDHEO B Bk
G A Y B B VX Ob D
LRDINLAMAEETH D, E2TFHET L
BEET, »ofs %k TR L LT
500R A 72, JRSSRMIE 4 2255 2 {88 1 1
LERETE S, Hiud <7 X DR » 8 Ul L
TiT27-.

B3w 4 R

1. Fig. 6 2550504, MEBEE10H
ORI, I AR taurine S5 THh
PIEEMELLE & 2208, 2 BE»SERRD LIER
ELCF &2 %, FFHE, BFIR9 o> taurine 45 ik
VR E BZERE R nT RS 6 B BiTiisie
ERECRS R, BN taurine 44 FIR
LIEEEO#70~85% % T4 5.

2. JR4ItE4 BB taurine o JR rE L AL

—spleen
e liver
cm——— Muscle
[ -]
=2
o
-
o =l
= e L
k] —— P
o \\x;_T:::-\ ----- ~
° el /
1 \/ . &
el
61
0 | 2 3 4 5 6

days after Irradiation

Fig. 6. Relative amount of taurine in the spleen,
liver and muscle after irradiation. (Normal
value : 10)
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VIEET B FR taurine 20mg A fEEEANICEN LS BE
DR taurine FfifE 2 159 % & 14. 10 TH D
Jz. ZO=YZOEFERITEY 3 taurine @R
Hlik R OEEEDHY 2 18T H B b#y 8 mgo tau-
rine PPN E N -Fz B (Fig. 7). B
H20mg taurine FYESTT 2 & Z D40% RN
BREh5., —FHRSE 5 BE © g1 ¢ ho
taurine §ix 7967 TH B, M4 HEIC ta-
urine 20mg% ¥4 LT 5 H B0t o4EFE Y
BT 2 L1 8%023247 TH B39 b AN
IR & 7z taurine #920% 23l X h
T EFWT S (Tab. 3).

20mg
taurine
690R %_\
T
T /mouse ™
/ € \’\,_
4000
@
E
5
2 3000
k-1
=
__E’: T=20043 R=79mg
(4]
5
8 g
2000 E
t‘ -
5 by
g A
Ll E: == -
ooy ™ | ™
IS )
\ SFEIELE NF
1000 s8] Io)=
1 234 567
After irradiation (day)

Tig. 7. Amount of taurine absorbed into irra-
diated mice after the administration of 20
mg taurine.

Tab. 3. Amount of taurine absorbed into the
spleen of irradiated mice.

| Armount of taurine
in spleen

690R

690R420mg taurine

T96y/g spleen ‘
2324~(g spleen I

Taurine was given on the 4th day after
irradiation and measured on the 5th day
after irradiation

BARE EHUHEY: S0 268 H55

3. Fig. 8, 9, 101X taurine-S¥ Dffifg Ff
8 BARSTREEZRLIZIDOTHS. [,
AN~ taurine-S% g3 RS~ %, JE
gt =y 23 EFBEETH 32, BEoORE
AR 3 B3GR~ v X o g O 5 A IERSS
EH=T 2 X &y, taurine-S* JEHHEE1H
B2 R2 LBz D £ MDA TR (ca 5000
cpm/g), YoZfEfE (ca. 3800 cpm/g), A (ca.
1100cpm/g) DJEIZ 3, L L2 HLEE X vF
[EiPN taurine-S%  FHix oo idd LIRS tauri-
ne-S% £ ¥ DI A B, —FiEA o taurine-Si
WIS e A 2 BUTHA » b8,
Wz taurine JAOfi7e BB CHARICIRDIA T L B
2 #15R4T actigraph 12k S% JEM: 2l
L7z + 25, taurine |2 L % spot |Z—3F L ChL
HHEEETERFED b Wb icid & @D b h i
Mofz. LA taurine RBED T I 0 TE CHEEE
WEREN 2 EEFL O 5,

4. Fig. 11, Tab. 4 2 &5 272401 { , taurine
EHHR AT B 13RS © BIERRAD wixgh

XICFcpm/gl

i Spleen
404
35 1
a
304 b
25-
204 ]
15 \\
. \
10 QH_ ll:___ - S
I

| 2 3 4 5 6
Days after Injection

Fig. 8. Difference in the amount of absorbed
taurine-5* into spleens of irradiated (a) and
non-irradiated mice (b). Vertical line rep-
resents standard error.

— 52 —
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Fiochm‘/g
50 1

45

Liver

: ————
3 4 5 6

Days after injection

Fig. 9. Difference in the amount of absorbed
taurine-S* into livers of irradiated (a) and
non-irradiated mice (b). Vertical line rep-
resents standard error.

47
x10° epm,. Muscle
15 -
a
' J\
10 3::.#: ___;L {
' b
54
0 i 2 3 4 5 5
Days after injection
Fig. 10. Difference in the amount of absorbed

taurine-S* into muscles of irradiated (a) and
non-irradiated mice (b). Vertical line rep-
resents standard error.

c, Taurine
X|
S /
9 —
-
8 4 -
d’
—
27 e
=
§ 6 1 ———Taurine injected
] ————Control
= 5 \
. |
s 47 |
E \ 3
F- R
|
2 L
N
| 4
o 2 3 7 [ E 16 I8 23 28

Days after irrodiation

¥1z. 11.  Effect of taurine on the recovery of leucocytes

fter irradiation with 500 R,

= 5% —
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HARE $HONB S 3R 5268

Tab. 4. Effect of taurine on the recovery of leucocytes after irradiation with 500R.

tosdinted conol GOOR) | T TS LB o % M en
Efayiéif::; gﬁ‘%&ii;f Standard error ﬁiﬁj?;gzl;e;?f ‘ Standard error
Before irradiation 11800 -+ 482 10700 =+ 29%
e 1870 + 224 2450 + 321
4 1375 + 198 1050 + 149
7 1300 + 232 1570 | + 392
11 2100 =+ 621 2700 =+ 431
13 3170 =+ 356 3700 + 521
16 4100 =+ 981 4430 + 827
18 6770 + 429 9230 + 512
I 23 7500 + 393 9260 + 281
I 28 8570 =+ 251 10100 —+ 315 i

BERITE VR, FOHO EIMEREO mH % {2
¥ LRSS H B SIZIERMC A S, Thi
s U CSEHREE Ol FLIERE 0 I GEAE L, RS
28 H 12 BT b 4T 0 FERBGE [EIE L 7%
U,

gAE B &
TSR O FF L VAN taurine 751
VPO 7 T B LB, 6 HEIK
3E STERECET 5. 2o K L CHEER taurine
SHEREREE2 B bk L6 BEIZADT L)
ERE L D II5%E-. T OFNEPREEA taurine
DFFIBEE A S LT R d D AST
B Ehz FEr JRLTW3. 2T REBEOIR
th taurine $kiEo BEiNYE L2 P taurine-pool 2
BiLT % L EALNS. RHEE 1 HHEINR Fig.
6 HRTHNL, Eoiakkrho taurine fi b HNT
%. ZOBREEES { BEESHEESR A EARIC X
DIEMILE N B (48) RN H OO MR THE
xh, ZOEET I/ BAHENT2HL530
LEZLND, BEREVINE taurine-3% Z
7R T, RSRUIERS <Y X OFBR VA
~DEWYARBCERRD bh oL, RS
< Z DR~ O DALY, FEREG <V 2D
EA~OMVAA LI DS ERIHE, LNDID3
S ORGP taurine-S3  EEE 2 KT 3 & S
R—BGNERIETH B, ZOFEMLHHHRR
Bz ko TERA b EMP taurine RIS S H
7= taurine |2 k Y A RGEHAGCRTE S h 2 HE 2 HE
BIXND. ZhEZY v @i % taurine

OEBVERCOWTHR U222, B BRRA ST
BEEREN SE U & 3 2EARRMERIOWT
LEETWBDOTE AWM EEILLD. LX)
OB O L B ER RO
3 Na-pump R UKo energy rich ph-
osphate 3frgHaic X YEEE S L (49), (50), X
MpEOBmRME b LT 305 (51), MG
AR s h, Fodcgih s taurine R E
narEIbNENSTHB, Soupart (52) D
Wgnc & 3 & EImER, mAMRAOMET 3 )R R
V7 taurine 5pid plasma B 3FRMEBERAOR X D
BEHRE S 2 RANIIR R taurine frD25%12%
BT B EES. IOk ICEHEO taurine HREIM
FRED M /MRS F 4L T BN taurine 3T
N b OIS 2 I AR e EE A 1 2 I
w3 322 0% 5 22\, Ehrlich  JOKRERE
[ % Fi\ 72 SEER Tl taurine ER U A B RFRH
1) taurine JEEE 1C fEAF T A WAMLEN TS
(53). BfEEIMERSNZ Y v <ERep taurine 2R
DAL Kinetics 136 2 N TV R WAL
ALY ABEREE TC2ERTRENS.
A>T taurine 5T k0T MRESHE O EMERE D
I B X N B DA Lo TR b
taurine SARFT & ., U v ooHEER, FIMBR, i
fapye taurine-level ZiE5dd b h 20T X Wl
BEIEUHBINBRATHES I LEBALNS.
W o BEo—iE A Y Freiburg K% o
Radiologisches Institut Tfjichhicd D THS. Prof-

— B =
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B sichich, Mg BEMEEBY ¥ LALE
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