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Therapeutic Effect of Vitamine By on the Radiation Injuly and its Mechanism
by

Mitsuyuki Abe and Masaji Takahashi
Department of Radiology, Kyoto University, Medical School
(Director: Prof. Dr. Masashi Fukuda)

The administration of 6 mg of pyridoxine 10 tirmes at 2 day interva's after irradiation increased
significantly a survival-rate of irradiated mice.

However, no therapeutic effect in the sense of an increase in the survival-rate could be observed
when pyridoxine or pyridoxal-5-phosphate was given 5 min after irradiation.

The mortality-rate was increased by the administration of deoxypyridoxine hydrochloride afier
irradiation which induces a deficiency of pyridoxine in mammalian species.

Recovery from radiation-induced leucopenia was promoted as compared with untreated mice when
pyridoxal-5-phosphate or pyridoxine was given after irradiation, although an. initial decrease in leuco-
cytes could not be prevented.

Urinary excretion of xanthurenic acid was shown to increase markedly in irradiated mice.

However, the increased amount of urinary xanthurenic acid was effectively diminished when pyri-
doxine was given 3 times every other day after irradiation.

The therapeutic mechanism of pyridoxine may be tentatively assumed that it improves the radiation,

induced rmetabolic disturbances in living organs.

WEER L LT E L T MRS X VE S
CAEHEIL S RPD, & hpiFig. 1 iciin< Try-
ptophan RARICIKS BIGT 7L H 2 b h

#® =E
<% A@ Tryptophan {CHHI R BEhz X >
TEHELWELRZ T 5V, B Tryptophan F

OF e cHh 5 Kynurenine ¥ #5345 =
L1z X » Tryptophan (R 55 & — HRIET % &
FECRNFEMHIINT 5 2 L0 b, HgHRIBGHT
IoTEERIIRS fix O RBRFEDOS B,
Tryptophan (U EA L HUHHRIE# O MY HEZE
ThsH o EeRELRPY. Z o Tryptophan {{3#
Bt o R AL Pyridoxal-5-phosphate (P-5-ph) #

5.
BAEE By HAK, FhorofEmilch s P-5-
ph (Fig, 2) 2 AlEEsE & U CBIS 3 5 EE5R1320%
FL EmbhTtuwa, ThEEoBRIL7 I /8,
e, Bt REhaIs < BT 5069, By M
SED AR Lot R Ehatfo
R R BRI fEY 55 EXHLMNTH

# 4.Deoxypyridoxine, Isoniazid izv3F i 4 AMBIZHRLEIHIc B, KZEXFEE & & 31909,

# By & LT Pyridoxine hy lrochloride # JHu-7z.
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Fig. 1 Tryptophan metabolism
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S | Deoxypyridoxine INH
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OH aTp-kingse - : INH
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Deoxypyridoxine hydrochloride Jhotz b $a{LL
Flg‘ 2 Metabolism of vitamin B, Db HE % 4 L Pyridoxal k- §:4 1 ¢ Hydrazone

Z{EHC &1k b Pyridoxal 2 NE L35 L # %
b Isoniazid (Fig, 3) % MGMEEELG L Bt
, RSN e B R A2 R

%, HHRREE o4k Histamine B OVF o
BUWE?, BUTEAMREROLHEY Srtc
Bk T Bicdic, £ORBEXEMET S = L ixkEd ZIEE IR L TR
TEREETH S, WHTE D LIRSy 50 pERENE
® R Xanthurenic acid 733 Blic B LY, — EBRAE
TG R TR & BRI IR L3 5 IR DR (A) 55 By RUP-5-ph(cBIL, XD IHEA
} JRep Xanthurenic acid 340n3% = &, L E2WTHAN.

% =i Tryptophan % f#3 2 = Lic X h— B I AFRcRiETa5

EWR Y, By 25T 2 & Lok v EA0OL dd FRife= o A4 HT0R B 1660L% H, WO
ERNBRT 205 2 L THB. oz 4 BT :
WHGHREB: O By ek 2 ML LT 1. Bg 6mg/ 0.3ml ZEEK/~v A [RHEE
FFFER ol 3, k5 < Tryptophan {REFEE 43 Lp. {4

BI5ET 5t BRLTWS. HED E8End 2. Bg 6mg/ 0.3ml ZEWK/~v A JBAHEE
Bg Bi3. P-5-ph % BSR-G| -8 &R RN 26 2 BB E10E i.p. 35t
BonsrENEVS Z MBS, Z0E 3. P-5-ph 3mg/ 0.3ml ZK@@K/~ v & BEE
BATI: By Bz P-5-ph o MRSHEEEG U Ry, 4 # ip., WA

R, MEREGR R Xanthurenic acid 12 4. WBESIER

D HRERET 2, K By ORHHETHS - FRHITENIXAR S50R 1 4IRS RIS
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WEEE 190kV, FEI 20mA, JEH 0.5 mm
Cu+0.5 mmAl, $RIFEEIEE#E65cn, i35
R/min,
I MR ICRHEITHR
dd i~ v A4H%60H H 120 Pk [ LFAED
ARRC /T 550R L EIEE AL, BEHE22RE
OFRMIRFTZ O A MBI DT a i~ BH S
1 EFUCT, vk~ 7 A0 R $ T YT
LTfTient:.
III. fRrh Xanthurenic acid HEHE (CKITT
EYES
dd Ffff < v A4 #H70H H400C% X 550R 1
E4HBEL, hi 2o/, 1Hhic By 6
mg % RHHE 1 HA X VEAW 3@ L.p. THL
2 iR L Uic. ST 7 BN = v 224K
r— o AR, FHo 3 BEoRIEECZE
X% stress O EBTH50THET, 4HH»
5 4 AEIFEs o Xanthurenic acid o2
EL, ZOPNflZHU->TIERHEE Lic.
Xanthurenic acid ®f%1T Rosen et al.'¥ ¢
kIS TfTieotc. A8 (1 FEL0PE) »24
RO REAJEL , pH 7.3— 7.5 LIk
VL (3000% g, 204)) HBT 5. T ORGER 1
ml = 0.1 M Tris-acetate buffer 4ml %z
MRLLE%Y 5ml 1275, Zhic 1.0% Fe (N
H)), (S0)), 0.1ml #inx 10BEIEEL, BED
g ta iz Fefa L iz Fe-Xanthurenic acid-complex
HBHEST GEE 620my) CHETS. ik,
ffte» Xanthurenic acid #5¥i% 10g/ml, 30ug/

905
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Fig. 4 Effect of B, and p-3-ph on leucocytes
after irradiation with 550R.

<-@---@®--- 6Bmg of pyridoxine i.p. dmin. after
irradiation.

—@—@— 6mg of pyridoxine i.p. 10times at
two day intervals after irradiation.

—X—x— 3mg of p-5-ph bmin. after irrad-

iation,

ml Zieh X 5 wBBRe L, % oD% recovery
ZFEEOFETHE L.

(B)
% 1f Isoniazid [CDVTRDERETT DI,

1. Deoxypyridoxine hydrochloride 4 mg #0.3
ml DR CEL L, BN, Bl

%% |2 Deoxypyridoxine hydrochloride

Tab. 1 Effect of B, and pyridoxal-5-phosphate on the mortality-rate

of irradiated mice.

i - | "Number
[ Treatment ! of % Mortality P value
| ] animals
B, 6mg Smin. after i = _n o=
*irradiation i 40 37.5 0.2—0.25
B; 6mg 10times at 2 '
day intervals after | 47 25.5 0. 01—0. 0125
irradiation l
FPyridoxal-5-phosphate
3mg 5min. after 40 37.5 0.2—0.25
irradiation |
|
Untreated control 39 ! 48.8
I
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Tab. 2 Effect of vitamine B, and p-5-ph on the peripheral blood cells after

_ irradiation with 550R.
e Number of leucocytes

6mg B; 5min.

6mg B, 10times

Number+standard error

Smg phph T

Untreated
control

10251+ 468
430437
964497

1050+ 200
1775+ 175

2200+ 222

4550+ 108

|
Di?::d?:ﬁ;n after irradiation itftfsiaigr;él‘terva]s |= afte?nilij:a‘\ d.
0 10251+ 468 10251+ 468 102514 468
3 500434 420164 4804-46
6 637424 960+ 150 9804 240
10 1433+ 392 12174 244 13334- 289
14 2225+ 121 20254 375 23504- 600
18 3675+ 325 5400+ 243 39174- 715
22 8125+ 225 6950+ 310 8250+ 302
Number of erythrocytes (X 10%)
Days after 6mg B, Smin. o o umes | SEEPB
irradiation after irradiation after irrad. eyl
0 831122 831122 831422
3 838169 821464 903+:52
6 770438 831449 801457
10 570461 600435 623171
14 812425 600412 710+ 9
18 791419 782433 80633
22 . esa 737:£45 828240

Untreated
control

83122
851+58
912473
581421
389+22
339149

452462 \

1597, 2, 4, 6 H Hiz= v AD AP 435,

2. Deoxypyridoxine hydrochloride 2 mg % [
S5 B, wH 1 EEEMCEST 5 .

3. Isoniazid 3mg# 0.3mlo7&EK I EE D LR
SH6RsREIRG, SR MBEE154, 2H, 4H, 6H
Hiz= v AD BRI S % .

4. Isoniazid 3 mg# R4 5 AR, 4 H PR
ST 5.

WIh OB IESR OpHE 7 1Ci#iikT 5.
Isoniazid % FRSHTi 1605 i 7E 443 5 B HN 32 Dl
W IMERE SRS ET 20 b Ch S . HREY
1% Hannover R~ v A4 #%60H ~70H H &5
#5033 TH 5 . WBHFHEIL 505R 1 M4 LA
§, MRS EMIEE 150kV, EH20mA, B
0.43 mmCu, HIETHHREIFERE 30 cn, #RHE 148
R/min, {fif#0.87mmCu TH % .

®w B

(A) 1. HBFFDIETRWB.8% 1% L, By
2 BB EWHEHN LMoL h1325.5% THE
(0.01<p<{0.0125) TH2t-. Zhick L Pyri-

Tab. 3 Effect of vitamine By, on the urinary
excretion of xanthurenic acid after irr-
adiation with 550R.

Days afi] SATETSTE0 OO0 [ Gnirened
irradiation ‘ l:f;.y after irrad; gti o control
0 122.2 122.2 (of
(y/day/mouse) day/mouse)
2 174.9 231.6
4 148.5 178.2
5 125.6 197.4
6 125.7 152.6
i 96.5 152.0
8 78.1 142.4
9 108.5 186.3
| 10 152.8 205.2
[ 1 147.9 181.0
12 | 123.1 | 204.4

doxal-5-phosphate, a8l By % RAHEE: 1 Bl
LB RIIVTSh $37.5% ClRsTHh ot
(Tab.1).

I. BAHRESE, PmEkinr@iociml L,
ZRIZH LT By ik P-5-ph o FENBEDH LR
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Tab. 4 Effect of deoxypyridoxine and isoniazid on the mortality-rate of

irradiated mice with 505R.

4mg Deoxypyridoxine 3mg Isoniazid
Mortality rate ‘ Mortality rate P
o %) I P value 2 I value
16hrs. before o
irradiation . | 13.0 646
15min. before
irradiation 28.0 14,750 0.05— 0.1
15min, after P
irradiation 38.0 19,750 0.0125— 0.025 32.0 16,750 P <0.05
2days after 2,
sradiation 20.0 8,740 0.3—0.35 28.0 14,780 0.05—0.1
4days after \
s eadiation 22.4 11,749 0.2—0.25 16.0 8,750 |
Gdays after .
e . 42.1 24,57 0.005—0. 01 10.0 5,750
For 5 days o
before irrad. 8.8 445 23.9 11,746
Mortality-rate of irradiated control mice is 16.0%
DD 300 Administroticn of vitemin Be
3mg Pyrid p
— == ~Ging Vitamin Be = | T = Control
-‘EI.O()D- -6y Vitomin Be every third day S 2n50b
3 i
L2 2 A
= 900r ;
M E N n
2 A/\ 8 o / oA AN
B AN IS
g \. 3 = / \ /
£ 700} ' =Y g 1sop \ (S /___\
g » g a i N N
5 % §§ 100} \ /
_g."wo 2 § \/
] S sof
= 400 \/ g i
500

“6 56 1o 14 I8 22
Days after irradiation

Fig. 5 Effect of B, and p-5-ph on erythrocytes
irradiation with 550R.

ey, BIMERE OEE A RET 5@ E pamEh
t= (Fig 4, Tab.2). [AkED  LpAdRmEREC o
WwTHwz b (Fig,5 Tab.2).

I[. Tab 3, Figh b baicind , EHE
¢ Xanthurenic acid oRrElREIBAHESE L
<HL, 2 A B maximum [27e% ., LIEES
H BS3iikEA+ 55, 9 HEB»OEOEHC
WL, BE12H BieleoTh EWEDR 1.6
fEofitRyRT. chiciL By #E5HTR

OG5 TE54567 89101112
Days after irradiation

Fig. 6 Effect of B, on the urinary xanthurenic
acid excretion after irradiaton with 550R.
6mg of pyridoxine was given i.p. on the
1st, 3rd and 5th postexposure days.

SR OPRRR IR X D BV DA BT, e
CIEEIET 5.

(B) Hannover FZff~ 7 Am 505 R EHHIC X
HICRITIZ TH B, FRHEISHEL 6 HH
v Deoxypyridoxine % #1545 & FECHRNE %
LML, #hzh42.1% (P<0.01) , 38.0
% (P<C 0.025) T#H-ofc. Deoxypyridoxine #
FRgTAI 1 EIE0REE 5 B ERES LB aniciasee
RicBERDEIAD bhithotc (Tab.4),

.
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Deoxypyridoxine L ¥H{EEfEIS By KZIRAE
*HE & ¥ 23 Isoniazid 137 h & BEHATEI B
BELTL Y A0RERIFEYRIT S fnpo
#- (Tab.4).
' E ®

BEC By oRSREE ST 5 B R O E I
Bl a2 BME ch s, BIb, Goldf-
eder' |3 LDy, DfINT By 2Bfils R %2R+
Z &, Langendorff 16223 [FEE D& A Rz P-5-ph
ET7 T = VLAY OREES w X b —fFEH
Cieb T L, Bies < o BERFD2 X b kg
FEER OBICER B 2 03 B MERBAME = fE Bt L
B HEUNEMTHDE L NPEIhTW5.
L L Zhb o KT 5MERBRELRES L
T\5. fllzi¥ Bridge and Koch®® 13 By 1z%
BiRETERIHRRD B i hoiz o &, Silvermann et
al.?® 1325 mg Pyridoxine } Dramamin #§3%
PEOREGHE S BB ERIEN L ot &
&, X MacFarland®> %213 By R ZIRTEXE o
BOREEZE S RIF S LR RS LT
W5, ZOFEERTIE By Bt P-5-ph % [REIEE
1 EIEG LIche, AFEReBE L Uik
HRDEIL ok, By HBHE 2 H & X0
HHUIREFRDBINA D Bivte. By 13 Ak
4T Phosphate pijic X h, i+ DR RIREE
ELTHIHEh S, fE->T Pyridoxal-5-phospha-
te REHEH LNk v RN THhH 5 LER
REPERIES TH ok, FoREIZ TS
P-5-ph piFZepric@lb T hed vz &, XHF
EAREWHMIEEL BRI W EpE L
bhi,

BEEMRIT By BB ECELET B0, Ak
7o By RZAEIFRDEN S, MRS 0B AT
HFENSIe D . B)% Pearson?® & p g X b
TERBHER T Be PR RN 2 = L2380
D e, fEOTHENEMET S & PIcB,
REZRERFED L FHEE25. ok
DS RO CEE LRy Lo Lk P-5
-ph OEHME T & %A Deoxypyridoxine hydro-
chloride % MBS 535 = 21w X b 4k © By
RZWAEZ BIR LB EER IS 5 2 L b

HARE 2B P S HEE H26% 79

HonTHS. BT Y 7RO =Y ADFd Xa-
nthurenic acid » i3 % = & 13 %#h#h Hart-
weg et al.®, Langendorff et al.Djz >R X
et CORBRTHLPED X — ik s h & ofF
REOLN L3RR D NER RIS b
fo (Fig, 6). Z oA P-5-ph #HEEHR LT 2
RERDVAC & D B Sl S h B o 09,
3H-Kynurenine % 3H-Anthranilic acid 25
FIcBIE L C\% Kynureninase 0% oo 4iids
Pyridoxal phosphate 2ifiszX L ftoT = p R
7% block T, 3% shunt product }* 1
Xanthurenic acid 23in3% 2E 25 h5. A
™, B OHFLE~%® ¢ Pyridoxine % 4
Z3% L Tryptophan REEF1E XL Sh,
 OfEF: Xanthurenic acid 8N4 2% = Lk
By BlAMHIAEEDONH, & D b 1F Tryptophan
A BD THEBELMELY LD bnEEL LA
5. CoEBRTHEE~ v 2R Xanthureni-
c acid 238INT 523, By I X b3 Hemic FH
CHLECRMETT200@ b bhi. chb
DEZROCEBRHERN? D By OFEFABE SIS
X B EIEEAONHMBAEEHET L Lebh s &
#ZAxbhb. J4E Pyridoxine Z & 18 sz
i Cbh, Pyridoxine & Fe niEHT & pB(Eh
HERhTWwWAS, Bl Pyridoxine Iz REE B
T e DR EREN IR FRMER » Mitochondria
1% Fe 2fEE LIz < 2 &, iz Pyridoxal ph-
osphate & ¥§iN3 % & Fe {EHT heme o » 525
EIa X 5i1ich = &2t Cooper et al.®® = r
THRE Shic, SR 42 By KSRk
ban LHEESh B4 OBELH % & LBk
NIz BEOTHEHREET X % AR DR
1T Pyridoxine %545 & L1 ko
DT IET 2R TEYTHA S LEL DR
D

iR c o%Bro—#Fit Freiburg %% o Radio-

logisches Institut i 4\ T 7z & 7= Prof.

Langendoril o>ffi$53% » #4880 % 35 L
¥,
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