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Study of the Radioprotective Effects of TMG on
Teratogenic Malformations in Irradiated Mice

Yeunhwa Gu', Takeo Hasegawa',
Hwakon Kim?, Ikukatsu Suzuki®,
Takehiko Mori" and Youichi Yamamoto!

ICR mice fetuses in the organogenesis stage were used to
clarify experimentally the mechanism of the protective ef-
fect of vitamin E derivant (TMG: 2- (o -D-Glucopyranosyl)
methyl-2, -5, -7, -8-Teramethylchorman-6-working woman)
on the effects of radiation. The authors paid careful atten-
tion to radiation, and the radioprotective effects of TMG on
the induction of malformations was examined. Radiation is
an important consideration because of its widespread use in
the areas of medicine, nuclear energy, and industry. Malfor-
mations induced by radiation at the organogenesis stage, skel-
etal malformations, and the effects at the cellular level of
embryos were examined in this research. Further, the mecha-
nism of the protection effect of TMG against radiation-in-
duced malformations was analyzed and observed experimen-
tally. Thus, this study was done to provide fundamental data
on the radioprotective agent TMG. It was clear that TMG
exerted radioprotective effects against embryonic death and
the rate of teratogenesis when administered before exposure.
Such effects were also exerted against skeletal malforma-
tions and fetal body weight. In summary, radioprotective
effects were observed at the whole-body level as well as at
the cellular level.
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AFFETIE, BROFETRLIEE L THEFRICS
CFELITVBICRY Y A% AW TSRS HTHE S 3 &
EFFEAE (TMG: 2- (@-D-glucopyranosyl) methyl-2, 5, 7, 8-
teramethylchorman-6-OL (LL'F, TMG)) OFifERhROD A 5 =
R BN TERRMICRE L 2.

BB T 2 ANOREEEZ D) 2T, BbERSEHEH
BWEEMIRETH L. BIEETEH{ONEEILL 5T
BRI A RIS SR TV B9, 7
FBOFHET AL, FICEEREN T ©C, HRAEEIC
SRPHVEATLH A, SO L ICHERERY R VIER
T WEHA 7 O TR A & 38 & S0 BT REMEDSE .

AR TIX, TAOSOPERMIEH LT, fEk»5H
ATEEERICL HH SN TELICRTY A% HnT, &
BER D2 H ORI T 250 EHK, BiEaE L 88
L, 7, BUOHRICHT 26RO L~ TOBIE %17
W, BEHRIC & A RRIBEEIC oW THRENT 5.

TMGIE, €% I VEDOHELEULTEY, KTk
LV, invitroDHEERT 7 1) — T I h KT B HRERD R AT
HEZEPHLRIIZESRTWSY, £2T, RUFETIIHRES
ORI T 5 TMGOM R & L TORELE
BREGICHGET L, BORE R I E T 5 O DIEHE AF
TAHILEEMNET S,

REXR EFHE

1. {EEE

ICR (Crj: CD-1(Swiss Hauchka) ) =7 A% v 7z, ICR¥
7AW, BAEFx— VA N—FtiZE v Telosed colony & L
THESNLLOT, BREYME LY ¥ — () 2BLT
BALZ., KFEOETREIES T 7-012&E—AR O
TREE 21T o 7214, FEBRICH L7z, REBRICHV <
Z DML, female~ 7 2 9~133#, male~™ A 9~15ET
Hhb.
2. FBRMN
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Table 1 Embryonic/fetal death and fetal body weight of ICR mice irradiated at 192 hpc during organogenesis

Preimplantation Embryonic e R No.of Implantation

Treatment Number. of doaihs deaths Fetal deaths Live fetuses Litter size: (%)
(Gy) Dam :

Number %  Number %  Number Number % Mean SD Male Female
Control 20 13 3.94 18 5.68 5 294 92.75 147 2.83 1.23+0.12 1.16 +0.14
Sham control 20 56 16.92° 8 2.91 8 259 89.62 12.95 2.8 1.20+0.19 1.16 +0.17
2.0 Gy 20 29 11.89° 134 62.33° 11 5.12° 70 32.56" 3.5° 3.48 112£0.13* 1.04+0.13*
TMG+2.0Gy 20 36 15.72* 38 19.69° 8 415" 147 76.17" 7.35" 4.76 1.19+£0.13 1.12+0.15
20Gy+TMG 20 18 8.09 187 86.57° 6 23 10.65° 1.15% 1.53 1.02+£ 017" 097 +0.09**

M: Male, F: Female

“Significant difference against control by Wilcoxon of nonparametric test, Significant at a 1% probability level.
“'Significant difference against control at a 1% probability level by use of student’s t-test.

6:00ETF4 harbu—n L7 FiRid, 22+2°C, i
FEix, 60~65%TH 5. fik(CA-1, HARCLEA())H X
UK (tap water) 12, HHIERL S €72,

XEFHE

M= 7 2 Dsexual excitement period (S5 (255 b0 %
BOWRAZBSZICLDENL, AM6:00~AM9:00%
TOIBMOHK, i~y A LRMES, HREIE. AM
9 : 00{Zvaginal plug (&) 2 #IZ L, HARZFEEL 7. plug
DR S N7z A1, AM 8 : 00125 H (conception) L.7-
borlL, TORHZEIR0 H 0 : 00K L L TEHINDNE
fit A S L 7.

ML, RO, 8 HEROIR~ Y A % Bty — ¥
IZAMN, #REE0.35Gy/min T2.0Gy & H B %217 -72. TMG
DFGHEEE, ZHERGL 8 HEADIR~ 7 A IZTMG600mg/
kg (A=BHAIEIK . Scc) 2 BEE% S L7z, ABFZEI12 35V Tsham
Iy ba—=liE, TMGO A% FEEE L7-HTH 5.

TMGIREMRIZBIT2BATY 4 3 VEICHNTHEFICE
WOT, ZOMEIIHESTHIES S RN T o 129,

4. EERLANIVORRREEOEEIEE
a. fZIEAH

e IRIEEOBIEIL, T8 H HIZEHERZ SEHERFTIC X
B Lz, BREMEL, TR~y 2Z2BEL:. HFK
REFETHIOITEEREE A, SOICHTRIELERE
JER AL 72, A1ERRIRIE, 37°CoAERM ik % i
LTy =LY L, EEREHEOT THRGFEOFE
HRB L ORI % X5 L7,

JaRMAEL, —PEd DLibor FB-330D (Shimadzu) % Fv»T
FHAIL, M&RMEE0.8gI T oRIRIFH/MAEIR E L Tilo 7.
b. FEMREL (BRIEL) 058

JERFET I, H#FRAIFET (preimplantation death), MRFETS
(embryonic death) 3 & UHEJEFE = (fetal death) & =D 12448
L7z, AERAIFECIE, 2% 0~4.5H L TORET, HRH#E
DEFERIIE) &, BFRIGR (EFIBIR, FRE, ik
7%, WIUE, BEMIBEOEEH »oRKDLZEHNTES. IE
FET (embryonic death) i3, “ZHif84.5~13.5H £ TOIET,
BRI, BEERB L ORIULL LTHESh300TH
5. FGJEFET (fetal death) i3, 2¥E%14~18H F TOTT
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ERRERET R AT\, 6 BRI R~ A # SHERF S ¢, &
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ik AEAe (pyknotic cell) & Ml E i (apoptosis) I2X13 5
FRTERIMTE L, WilcoxonMiE % v 7212,

#® R
Ba R OB L ~AIVIC B 2RSS

a. Prmmplarltatlom death

FHIRFIE RO R £ Table 18 & UFig. 115K 1.

2.0Gy# & T > b O — VEOEBFRRTIECEOM I ITHETF
WA EZENFRDO LN (p<0.01). T PU—LEDER
BIFECHA73.9% 120 LT, Mo MBH#ETldZ & hsham 2
¥ PE—VE16.9%, 2.0Gy#11.9%, TMG +2.0GyEE15.7
%, 2.0Gy + TMG#8.1% Th o7z, LA L, 2.0Gylag%
ICTMG #4545 L7854, a v ba— VBCH L ThETEm
RHEEENRD SN hofz, FIKARCIE, B
R R 2720, ZORRMMRIIZ (, EBROBZEHHH
EEROND, F7z, HERENENMEBHC LD, TRIXE
h, BRFFEC LSz Ebhs,
b. Embryonic death

ARE, WRiERTR, BUEEZIRECE LTiko 2. HRTE
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Fig. 1 Preimplantation death of ICR mice irradiated in the period of organogenesis.

The 2.0 Gy group showed a statistically significant difference(p < 0.01)from the con-

trol groups by Wilcoxon test.
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Fig. 2 Embryonic death of ICR mice irradiated in the period of organogenesis. The
2 Gy and 2 Gy + TMG group showed statistically significant differences(p < 0.001)in

comparison with the control and sham control groups by Wilcoxon test.
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Fig. 3 Fetal death of ICR mice irradiated in the period of organogenesis. The 2.0
Gy and 2.0 Gy + TMG group did not show a statistically significant difference (p = 0.07)

from the control and sham confrol groups by Wilcoxon test.
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v = LHEORIETEDST% ISR L
T, sham™ ¥ h I — ILEEETMG + 2.0Gy
FZ2NEFN29%, 197%TH D, sham I~
MO — VL TMG + 2.0Gy BEOIRIE T &
ar b O—VEORFET S L OB IR
FEWeAFEEIRO LN/, L
L, 2.0Gy# ¥ 2.0Gy + TMGEOITIET 2L
FNEN62.3%, 86.6% TH Y, 2.0GyHEL
2.0Gy + TMGEEDQIRIECH L a v b o — )
BEOIRFE 2R & ORI ISR e 2 o
MHERH BN/ (p <0.001). L7zd > T,
TMG % %5 L i, 2.0Gykl Lo BEgt
T, BRLERD ORI 52
bl 1 i AE W A
c. fetal death

HIRFETCHR O R % Table 18 & UFig. 312
NI

¥ b — LEEDRREETHIZLE% T,
sham 2 >~ b O —VEE2.9%, 2.0Gy#FS5.1%,
TMG + 2.0Gy#4.2%, 2.0Gy + TMGH2.8%
Thotz, ¥ bu— LEORIELTEL
F GO IR VRAETCEE & O I3 AR AR
LTEEZIRDONE,o/, LA
T, TMG% H\WvT 320Gyl Lo BEEHT
W, I hO—VBRICH LTHERZEDNGR
HENBNZ EHgho T, FOMBBO—
2L LT, MEECOBEEPETIZE o
127012, BB CIZEN TR,/ &%
ibha.
d. #5557 (malformation)

MRATEDFEEE A Table 235 L UFig. 412
R

LIRS IR S W RS o i
&, AMEGRE, %, Modiaze, BAAR, JE
BEREEL, RORW, 2L TH5.

WRFROFEEER, T bu—VEf
1.0%, sham3 » F T—IL#0.4%, 2.0GyH
57.1%, TMG + 2.0Gy#:35.4%, 2.0Gy +
TMGHES6.5% THh 4.

oy bao— VBT, SAESESEDS
N otz LH L, shama > b ua—V#
Tk, BROEEN1IEOAZRDHLN, 2
v b O — VO ERGFTSE AR £ sham T ¥
b o — VO EFTIEAE L DRI IR
N A EETFRD O N h o7,

2.0GyHEDOA O FEME (57.1%) 1%, 3
v ho— B tsham T v O — VDL
JHRE (0.62%) \ZHes, MREHEEM 2 A DR
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Table 2 Numbers of fetuses bearing external malformations in mice irradiated at 192 hpec during organogenesis

Types of malformation Control Sham Control 2.0 Gy TMG+2.0Gy 2.0Gy+TMG
Exencephaly - 9° 30° 1
Hydrocephaly - 3 1 3
Cleft palate 2 1 1
Open eye - 4" -
Anophthalmia 2 147 2
Abdominal-hernia - 1 :
Anomalies of tail - 22" 2 6
Polymelia 1 - -

Total number of malformations 0 1 a9 25 13
Frequency of malformations (%) 0 0.62 55.71 17 56.52
Total number of dams 20 20 20 20 20
Total number of live fetuses 294 259 70 147 23

‘Difference from the control and sham control group is statistiacally significant (P < 0.01)

BHHENT(p<0.001). TMG +2.0GyBED 542 (35.4%)
LI Y PO AHEOFNICIR, FEHEN LA ELELSTD
bhiz. 2.0Gy + TMGEE DAL (56.5%) 1%, 2>k
O — VD Z I L TREHEIN 2 B2 b .

D ED#RDS, BBONEFHIZOWTIE, a3 bo—

VEEEsham T ¥ PO — LB L, TRTOBHEICEW

THaH AR BENRD O, L L, ZEssER)
5% £2.0GyHE &£ 2.0Gy + TMGEETIZ IR b B 7245,

TMG + 2.0Gy#E TIE23 LT ISR A58 Sz, o

PICEHFEE b o 722D E L 12BN S VDT, D

WEEERCOEBIMYEEL TEZ TI RS W,

e. B
FHETDFELE Table 38 X UFig. 512777
BHGTRE SR SNBSS0, S /KIE,

S A B, LYEE IR, SBREL, W (5 E

b, WEREl, WERE, hErE2Elt, hEme,

R, MR, BHERE, REXRIETH L. KA

FEOREMEEE, o> bO—L#0.1%, sham3 > hO— )

#0%, 2.0Gy®¥47.1%, TMG + 2.0Gy#13.6%, 2.0Gy +
TMGH43.5% Td 5,

3 b VERICEE LICERERE, BhEAREEEL

20E, SEFhE 1, BEXIBIETHEO1Z3L, sham
Ty ba- VB, BREEEREE L ol 2.0GyHE
Tid, #EHED471% @<L, 37 bo—VEBEOFREE
SEERE OMIHREFEN 2B EEIRD SNz (p<0.01).

TMG + 2.0Gy#ETIE, 2.0GyHEDISEMEE - KR TE -
728, Ihd oy Fu— LEEOFREIERAE L Ok
AR R FEEITRDH SNz (p<0.01).

2.0Gy + TMGHE TOFEEMRE 1343.5% & HBAIE <, =
NLERRIZ T Y O — VB BFREFIEER L OB HET
FHRHEENRD LN (p<0.05).

U EDFERSS, BROBRESFHIZOVWTE, 2» bo—
VEEEsham T > P IT— VEEICRT L, @ TORMEEIZBWTH
AR EENERD N L L, TMG%2.0GyRagHaiic
#HTHIETERAROREREIE B Z Edbhr ot
f. JGYEARIE (fetal body weight)
BRSHOMROFHEEL, BEEEL

100 ¢

K UQ+1510D
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Median (50%) —— :I‘m (100)
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—CFomY), BT O ERDH 2
THIBSHEO MM Ol % Kb -, &R
HREDNRIRAAE £ Table 135 & UFig. 612777,
Jalr18 H DIERAEEICBNT, av bo—
NVEEE sham 32 > b O — VEEOMRE G L,
2.0GyH#E L 2.0Gy + TMGHEOZ N Tld it D
M & b IBRARERA O EE; RO SN2
(p<0.001). LA»L, 3> hO—)V#ELsham
3 - VEEOREICH L, TMG+2.0Gy
HOZNTIINERAFTIHA A B2 EIIRD
biLedrorz, 72, HEMEEEERB E, W
THOFEZ BT HMORIBEEA ORI

Control Sham control 2.0 Gy

Groups

TMG +2.0 Gy

2.0Gy+TMG

RE LY $350.05gF2EA e o 72,
2. FEOHBE L NIV B B S

Fig. 4 Incidence of malformations in ICR mice irradiated in the period of organogenesis.
Irradiation groups showed statistically significant differences (p < 0.001) from other

dose groups by Wilcoxon test.
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Table 3 Numbers of fetuses bearing skeletal anomalies in mice irradiated at 192 hpc during organogenesis

Types of malformation Control Sham Control 2.0 Gy TMG +2.0 Gy 2.0 Gy+ TMG
Acrania 7 15* 3
Craniofenestria 1 - -
Absent maxilla 1

Unossified clavicle - 1

Bipartite ossification of sternebral 9" - 1
Unossified sternebra 4°

Misshapen sternebra 2 - 1
Incomplete ossification of rib - - 2

Fused rib 2 2 -

Full supernumerary rib - 1

Malpositioned thoacic vertebra 1 3 - 1
Malpositioned lumber vertebra 2 .
Absent caudal centrum 1 3 - 4
Total number of skeletal anomalies 4 0 33 20 10
Frequency of skeletal anomalies (%) 0.13 0 30.98 10.22 19.75
Total number of dams 20 20 20 20 20
Total number of live fetuses 294 259 70 147 23

*Difference from the control and sham control group is statistically significant(p < 0.05).

WRZH§ A il (pyknotic cell) F¥# % Fig. 71287,
a ¥ bo— VL ZIREEE DL OF EEMEIZIEWilcoxon
BEE V.

o, o v o= LT Dpyknosis & sham 2 > 1
— VEEDpyknosis & OMIIIRFIFR 2 ABETZO 5N R
oA, 3 b u—ILiEOpyknosis & 2.0GyFEDpyknosis
& DM MBI A BEITRO 57z (p<0.001). [
H122.0Gy + TMGEEDpyknosis & DR 12 b A H3E AT &
n7z2(p<0.001). LAL, 2~ bO—VOpyknosisix L
T, TMG + 2.0Gy#E Dpyknosis (2 IZHETEE 2 f BT
Hhhdrol., LizhoT, TMGIZikpyknosisEH#IZ 5
BRDH D EHNHS IS N T 72, micronuclei divi-
sionlZB L Tida v b o — MBRIZIIHFTE Lo 7208, o

HEETEELZ I3 DT DA SN b,
b. Apoptosis D555
ZHE 8 HR o L7256, ST Dapoptosis
DEEERF Fig. 8127RY . apoptosis®FSERUE, ¥ Po—
NS sham 3 ¥ b B — VEEIZEE, 2.0Gy iSRRG (p <
0.001) £2.0Gy + TMGH#: (p < 0.01) T { o H 1, TMG
+2.0GyHTId (p=0.07) FEESRO LGN LI o72, 2Gy +
TMGHETIX (p<0.01) TH o7z, L7A*> T, apoptosis®
IR LT b OSBRI TMG -1 & 5 TR b i
RSPz 8N, E7z, 2.0Gy U H ARG
AN TTMGH G122 0Gy FURHR L 7-8112 BV Tidapoptosis D
FEHD 4SO EAREO bR T2, 2.0Gy bR
%, TMGRHES- LB IcBWThEbRBoO b7, L
oo T, EL NV ORE L FERIC

100 1
UQ+ 15100
Upper Quartle (759§) — "1 Interuariie
Median (50%4) — :xmum]
Lower Quarfle (25%) —* =
80 La-151aD
Outiers —O

Incidence of Skeletal Anomalies (%)

60 o _

o ApoptosisFEEFUT B\ T b HgHRBT )R
SRR BTz,
¢. /M (Mmicronuclei) D%

5 8 HEONRIZALE L 72556, micronu-
cleio o % & ¥ % Fig. 912K .
MmicronucleiDF&E L, =7 oL
sham= > b O — VB, 2.0Gy HUR#HE
4B (p<0.01) £2.0Gy + TMGE (P <0.01)
TIHLHCFEL, TMG +2.0GyiETiE (P
<0.05) 4 dro itz L7zh3> T, micronuclei
DOFERUTH L TH B HRIEH I TMGE 5
\Z & B G REI R RO S 2 Sz,

Control Sham control 2.0 Gy
Groups

IMG+20Gy 20Gy+TMG

F 72, 2.0Gy U EARIRET 2 L TTMG
PEEHIZ 2.0Gy ETHE L 72 B2 B v Tidmi-

Fig. 5 Skeletal anomalies of ICR mice irradiated in the period of organogenesis. The

cronucleiDFEEEATI 212G FARDH H N

radiation and TMG plus radiation groups showed stat istically significant differences

(p < 0.001)from other dose groups by Wilcoxon test.
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L BBALBENFEL hboTwnz Z k
HHLPIZEND, FEBEWIZ & B F0k
IEPEESNTEY, RRHBRIUYE,
AR H BT BRI A RS A AT
bITVDM, a-Tocld A EH 12 BikRETE
EL, DOBEI VN EHRLIICHE
LTHREOBALZIH T4 Z L2 5sh
THBY, €4 I VEBXUZOFEMK Iz
WTE L DIFFEA THR TV 35, TMG
b Murase 5 DEEEIZ LY, A ICAR =
N7 T DA Ax LRI R il LAl

Fig. 6 Fetal body weight of ICR mice irradiated in the period of organogenesis. The
2.0 Gy and 2.0 Gy + TMG groups showed statistically significant differences (p < 0.05)

from the control and sham control groups by t-test.

HEZLHREINSY, Lizd-T, &
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40+

The Numbers of Pyknosis (No.)

L LT, YA77 3 ¥ (MEA: cysteamine
hydrochloride) 253 %2, FIEALRE (24 L
TMEA% XHHST 5 4aiiciksS L 725
&, Y b= VEIZIR, MilaosTE
P LR LV BENS LD, L
L, XiEHBRO$S T, BiERRA A
LN, W OFEGERER D 5 FEEE
WERVOTY | BEAEEERCAEORIT
CXNLTORRIIMFECELVEER
bhb, ZThide-TochFHETHH. AHF
35T $2.0Gy + TMGHE T Bh g% B4

Sham control

Control

2.0 Gy
Groups

TMG+20Gy 20Gy+TMG

LN, FAkOKRIES N/, MEAIZ

LETOR Z Vi afi 20 L TR

Fig. 7 Pyknosis of mice embryos irradiated in the period of organogenesis. The ra-

diation, TMG + 2.0 Gy, and 2.0 Gy + TMG groups showed statistically significant dif-
ferences (p < 0.001)from other treatment groups by Wilcoxon test.
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Fig. 8 Apoptotic cells of mice embryos irradiated in the period of organogenesis. The Murakami & Kameyamald, 5Hit%, 8 H
radiation, TMG + 2.0 Gy, and 2.0 Gy + TMG groups showed statistically significant (p H®=< % A120.5Gy RIBETL, T2

< 0.001)differences from other treatment groups by Wilcoxon test.
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Fig. 9 Micronuclei of mice embryos irradiated in the period of organogenesis. The

radiation, TMG + 2.0 Gy, and 2.0 Gy + TMG groups showed statistically significant
differences (p < 0.001)from other treatment groups by Wilcoxon test.
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