
 

Inhibition of X-radiation Induced Malformation Damage in
 

Mice by TMG( )

Yeunhwa GU ,In-Suk CHOI,Takeo HASEGAWA ,Masami OSHIMA ,
Takenori YAMASHITA ,Ihil-Bong CHOI,Tsutomu KAGIYA

Department of Radiological Technology,Faculty of Health Science,Suzuka University of Medical Science

Department of Radiation Oncology,Catholic University Medical College,Seoul,Korea

Health Research Foundation

 

Key Words:TMG,Organogenesis stage,Radioprotective effects,Malformation,Embryonic death,Cellular
 

level

 

Abstract
 

The ICR mice were used on organogenesis stage in fetuses,and it was made clear experimentally about the
 

mechanism of the protecting effect of the vitamin E derivantive(TMG;2-(α-D-Glucopyranosyl)Methyl-2,

5,7,8-Teramethylchorman-6-OL)to the radiation in this study.It paid attention to the radiation,and it was
 

examined about the radioprotective effects of TMG to the induced malformation. The excuse of the
 

protection of the highest fetus malformation of the sensibility was examined the research as a radioprotective
 

effects. The malformation to the radiation of the organogenesis stage,skeletal malformation,and the
 

examination of the cellularis level of the embryo was done in this research.And it was analyzed and observed
 

experimentally about the mechanism of the protection effect of TMG against the fetus malformation in
 

radiation.Therefore,the following research was done in this research to provide the foundamental data of
 

the radiation protection agent of TMG.It was made clear that TMG had radioprotective effects against the
 

embryonic death.Radioprotective effects were recognized as the teratogenesis rate in some significant before
 

the exposure by TMG administration.As for the skeletal malformation and the fetal body weight as well,

radioprotective effects were made clear.Radioprotective effects was made clear in the same way as the whole
 

body level as for the cellular level as well to the radiation exposure by TMG administration.
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INTRODUCTION
 

The aim of radiation safety and the protection
 

are a human and the safety security of the environ-

ment.The profit which radiation brought to the
 

human is very big.The radiation has even harmful
 

factor for the human besides one case. Nuclear
 

power at the industry territory has been contributed
 

large for the use to the radiation peace.And,as for
 

the present clinical medicine,the medical care tech-

nique,which as for the medical territory as well,

radiation was used for,can’t be missed.But,there
 

are many problems that a radiation protection plan
 

at the nuclear power station hasn’t been solved
 

internationally in such actual circumstances,too.

Moreover,fetal effects by the radiation for the
 

medical use are not only the medical people but
 

also,and it is paid attention to socially. The
 

mission of the nuclear power station is the subject
 

that it is critical to make protection of radiation to
 

the people engaged in the nuclear power station and
 

the periphery inhabitant a perfect thing.It is the
 

goal that it is the biggest whether to make radiation
 

protection from the internal exposure of the human
 

and the external exposure.After effects on man to
 

the radiation are thought about,the individual of
 

which sensibility is the highest is a fetus.

According to Rema,Alpha-tocopherol monog-

lucoside(TMG),a water-soluble derivative ofα-

tocopherol,has been examined for its ability to
 

protect DNA against radiation-induced strand
 

breaks. Gamma radiation,up to a dose of 6Gy

(dose rate, 0.7Gy/minute), induced a dose-

dependent increase in single strand breaks(SSBs)

in plasmid pBR322 DNA.TMG inhibited the forma-

tion ofγ-radiation induced DNA single strand
 

breaks(SSBs)in a concentration-dependent man-

ner;500μM of TMG protected the single strand

 

breaks completely.It also protected thymine glycol
 

formation induced by γ-radiation in a dose-

dependent manner,based on an estimation of
 

thymine glycol by HPLC.

By the reactions between tocopherol monog-

lucoside(TMG),a water-soluble vitamin-E deriva-

tive,with Br･,N･,(SCN)･,NO･,OH･and
 

various halogenated peroxyl radicals were
 

examined using a pulse radiolysis technique.The
 

results demonstrate that TMG forms a stable
 

phenoxyl radical at pH＞6.8. The thus-formed
 

phenoxyl radical shows pH-dependent decay
 

kinetics and is disproportionated by 2nd order
 

kinetics at pH 2.3.It was observed that the TMG
 

reactivity towards a halogenated peroxyl radical
 

increases with the number of halogen atoms at the
 

carbon atom having a peroxyl group.The reaction
 

between the TMG phenoxyl radical and ascorbic
 

acid was also examined using a pulse radiolysis
 

technique. The results indicated that the TMG
 

phenoxyl radical is repaired by ascorbate.Kinetic
 

studies indicate that TMG may act as an antiox-

idant to repair free-radical damage to some
 

biologically important compounds. The one-

electron reduction potential for TMG was found to
 

be 0.522 V±0.06 vs.NHE.

According to Sudhir,alpha-TMG is a novel
 

water-soluble derivative of Vitamin E that has
 

shown excellent antioxidant activity.The parent
 

compound has demonstrated protection against
 

radiation induced chromosomal damage in vivo.

Hence,the preliminary experiments to determine
 

the radioprotective activity of alpha-TMG were
 

carried out in adult Swiss albino mice.Acute tox-

icity of the drug was studied taking 24 h,72 h and 30
 

day mortality after a single intraperitoneal injection
 

of 500-2000 mg/kg body weight of the drug.The
 

drug LD(50)for 24 h,72 h and 30 days survivals
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were found to be 1120 and 1000 mg/kg body weight,

respectively.The optimum time of drug administra-

tion and drug dose-dependent effect on in vivo
 

radiation protection of bone marrow chromosomes
 

was studied in mice.Injection of 600 mg/kg of the
 

drug 15 min before or within 5,15 or 30 min after
 

3Gy whole body gamma radiation resulted in a
 

significant decrease in the aberrant metaphases
 

percent at 24 h post-irradiation;the maximum
 

effect was seen when the drug was given immediate-

ly after irradiation. Injection of 200-800 mg/kg
 

TMG within 5 min of irradiation with 3Gy produced
 

a significant dose-dependent reduction in the radia-

tion induced percent aberrant metaphases and in the
 

frequency of micronucleated erythrocytes at 24 h
 

after exposure,with a corresponding decrease in the
 

different types of aberrations.The optimum dose
 

for protection without drug toxicity was 600 mg/kg
 

body weights. At this dose,TMG produced 70
 

and＞60% reduction in the radiation induced per-

cent aberrant metaphases and micronucleated
 

erythrocytes,respectively.The high water solubil-

ity and effectiveness when administered post-

irradiation favor TMG as a likely candidate for
 

protection in case of accidental exposures.

According to Yoshida,a novel vitamin E deriva-

tive that is freely soluble in water,2-(alpha-D-

glucopyranosyl) methyl-2,5,7,8-tetramethyl-

chroman-6-ol(TMG),was evaluated for ability to
 

inhibit development of atherosclerosis in Watanabe
 

heritable hyperlipidemic (WHHL) rabbits or
 

cholesterol-loaded New Zealand White rabbits.

Although TMG rapidly entered the circulation
 

blood after oral administration,the blood TMG
 

concentration remained low,while neither TMG nor
 

its metabolites appeared in the low-density lipo-

protein(LDL)fraction. TMG did not decrease
 

serum total cholesterol and the various lipoprotein-

associated cholesterol fractions(very LDL-,or
 

high-density lipoprotein-(HDL)cholesterol).TMG
 

reduced the serum concentration of thiobarbituric
 

acid-reactive substances(TBARS;an index of
 

lipid peroxidation)in cholesterol-loaded rabbits but
 

not WHHL rabbits.Nonetheless,TMG inhibited
 

aortic atherosclerosis as effectively as probucol in
 

both models. Our results indicated that TMG
 

opposes progression of atherosclerosis not only by
 

preventing oxidation of LDL,but also by presently
 

unknown mechanisms.Even an antioxidant with no
 

uptake by LDL apparently can inhibit development
 

of atherosclerosis despite a very low serum concen-

tration.

According to Murase,a novel TMG,has excel-

lent water-solubility(＞1×10［3］mg/ml). The
 

antioxidant activity of TMG was investigated.

Kinetic studies of the inhibition of radical-chain
 

reaction of methyl linoleate in solution demonstrat-

ed that the peroxyl radical-scavenging activity was
 

not changed by the replacement of phytiyl side
 

chain of vitamin E to glucosyl group.TMG acted as
 

an effective inhibitor on lipid peroxidation of egg
 

yolk phosphatidylcholine(PC)-liposomal suspen-

sion induced by a water-soluble and a lipid-soluble
 

radical generator,2,2’-azobis(2-amidinopropane)

dihydrochloride (AAPH) and 2,2’-azobis (2,4-

dimethylvaleronitrile)(AMVN).Its effectiveness
 

was higher than that of ascorbic acid(AsA)when
 

liposomal suspension was exposed to a lipid-soluble
 

radical generator,AMVN.TMG also showed an
 

excellent antioxidant activity on cupric ion-induced
 

lipid peroxidation of PC-liposomal suspension,and
 

suppressed the oxidation of rat brain homogenate,

which contained trace level of iron ion. On the
 

other hand,AsA acted as a prooxidant on both the
 

cupric ion-induced liposomal peroxidation and the
 

oxidation of rat brain homogenate.When human
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plasma was exposed to either AAPH or AMVN,the
 

accumulation of cholesteryl ester hydroperoxides
 

was retarded by the addition of TMG .

Radiological safety and the goal of the protec-

tion are a human and the safety security of the
 

environment.Much research is needed,and it is
 

almost being made clear until now as for the rela-

tions between the fetal death and the radiation.

There is even stage when expectant mother doesn’t
 

notice pregnancy mainly until the organogenesis in
 

the stage when malformation is induced.Because it
 

is the decisive stage which rational symptom is not
 

like this in,the potential that an effect is taken from
 

the radiation is high.The malformation due to the
 

radiation in the environmental agent,external
 

malformation,skeletal malformation are observed
 

by using the ICR mice used for the malformation
 

study abundantly in this determination stage.

Moreover,observation in the fetus of cellular level
 

to the radiation has been done and examined about
 

the radiation protecting effect of TMG.It is being
 

made clear with TMG to be similar to the mecha-

nism of the vitamin E and to have the protection
 

effect which faces free radical by the experiment of
 

In vitro by the preceding research .An excuse as
 

a radioprotective agent of the effect in the radiation
 

to fetus is examined experimentally by using TMG
 

in this research.

MATERIAL AND METHODS

１．EXPERIMENTAL ANIMALS AND MAT
 

ING PROCEDURE

-

We used ICR mice housed at a temperature of
 

21-23℃ and a relative humidity of 50 to 70% with a
 

12-hour light-dark cycle(lights on at 8:00 and off
 

at 20:00).

We used ICR mice from the Japan National

 

Institute of Health.Color is albino,and the genera-

tive and the development of are good.And it is
 

being used for the bioassay and researches others
 

widely in Japan.

A closed colony of ICR mice was purchased from
 

SLC Japan,Inc.

The mice were given free access to food(CA-1,

CLEA Japan Inc.)and to tap water.One or two
 

female mice and one male mouse of the same age
 

range were mated for only three hours from 8:00 to
 

11:00.The female mice in which vaginal plugs
 

were detected were assumed to have become preg-

nant at 10:00 .

２．IRRADIATION WITH X-RAYS
 

The pregnant mice were placed in plastic cages
 

for exposure,and were treated with a single whole-

body X-radiation at 2Gy with a dose rate of 35 cGy/

min.We used a 225 kV X-radiation source(Philips).

The time of exposure for embryos was 192 hpc.

３．TMG INJECTION METHODS
 

The pregnancy mice of(the organogenesis when
 

it is formed nervous facies)was put in the exposure
 

gage after the conception coming into existence
 

eight days,and exposure procedure went by the
 

dosage rate 0.35Gy/min through the 2.0Gy radiation.

As for the injection method of TMG,venter ad-

ministered TMG 600 mg/kg(isotonic sodium chlo-

ride solution 1.5 cc)to the pregnancy mice after the
 

conception coming into existence 8 days.Because
 

metabolism in the organism was very early in com-

parison with the vitamin E,TMG went for this
 

disposal the radiation exposure five minutes ago .
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４．OBSERVATION OF EXTERNAL and
 

SKELETAL MALFORMATIONS AND
 

OTHER EFFECTS
 

After irradiation,the pregnant mice were sa-

crificed by cervical dislocation on day 18 of gesta-

tion and the total numbers of corpus luteums in the
 

ovaries,of implantation sites and of live and dead
 

embryos/fetuses were counted. The live fetuses
 

were removed from the uterus and examined for
 

external malformations under a dissecting micro-

scope.The body weight and sex of each fetus were
 

also determined. Skeletal malformation went in
 

accordance with the Jacobsen procedure . The
 

examination of the cellular level did radiation expo-

sure to the pregnancy mice after the conception
 

coming into existence eight days and embryos was
 

taken out from the maternal mouse after six hours.

It was made to fix one temporal in the fixative,and
 

embryos taken out went in accordance with the HE
 

staining method after the fixation by the fixation’s
 

method.

５．STATISTICAL METHODS
 

In studying teratological effects,it is not appro-

priate to consider the fetus/embryo to be an experi-

mental unit.Instead,the litters(pregnant mice)

were used as the experimental unit in the statistical
 

analysis of the experimental data.In the per litter
 

analysis,an average fetal response within a litter
 

was calculated.For statistical tests,we used non
 

parametric methods,Wilcoxon tests for compari-

sons between two groups . This is because the
 

embryo/fetus binary response data do not show a
 

normal distribution.

And,as for the fetal body weight,a t t-test test
 

was done to follow Gauss distribution.About statis-

tical analysis to the effect of the cellular level,a
 

statistical test to pyknosis cell and micronuclei used
 

a Wilcoxon test.

RESULTS
 

Preimplantation death
 

It is shown to Table1 about the preimplantation
 

death rate. Statistical significant difference was
 

recognized between the preimplantation death rate
 

of the 2.0Gy group and the control group(P＜0.01).

Preimplantation death rate faced 3.9% of the con-

trol group,and it was sham control group 16.9% 2.0
 

Gy group 11.9% TMG＋2.0Gy group 15.7% 2.0Gy＋

Table 1.Embryonic/fetal death and fetal body weight of ICR mice irradiated at 192 hpc during organogenesis
 

period.

Treatment

(Gy)

Number
 

of Dam
 
Primplantation

 
deaths  Embronic deaths  Fetal deaths  Live fetuses  Litter size  No.of Implantation

(%)

Number % Number % Number % Number % Mean  SD  Male  Femele
 

Control  20  13  3.94  18  5.68  5  1.58  294 92.75  14.7  2.83 1.23±0.12  1.16±0.14
 

Sham control  20  56  16.92 8  2.91  8  2.91  259 89.62  12.95  2.8 1.20±0.19  1.16±0.17
 

2Gy  20  29  11.89 134 62.33 11  5.12 70 32.5 3.5 3.46 1.12±0.13 1.04±0.13

TMG＋2Gy  20  36  15.72 38 19.69 8  4.15 147 76.17 7.35 4.76 1.19±0.13  1.12±0.15
 

2Gy＋TMG  20  19  8.09  187 89.57 6  2.78  23 10.65 1.15 1.53 1.02±0.17 0.97±0.09

M：Male,F：Female
 

a Significant difference against control by Wilcoxon of nonparametric test,Significant at a 5% probability level.

b Significant difference against control by Wilcoxon of nonparametric test,Significant at a 1% probability level.

c Significant difference against control at a 1% probability level by use of students t-test.

d Significant difference against 2Gy by Wilcoxon of nonparametric test,Significant at a 5% probability level.
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TMG group 8.1%,respectively,by other exposure
 

groups.Because preimplantation death is different
 

from the radiation exposure stage there isn’t this
 

causal association with the range of error of the
 

experiment. Moreover,it is absorbed,and it is
 

thought that it was judged with the death preim-

plantation death by the metabolism of which im-

plantation sites is early.

Embryonic death
 

Implantation sites,placental remnant,absorp-

tion embryos were handled as an embryonic death.

Embryonic death is the death which happened from
 

the post conception 4.5 days by 13.5 days.It is
 

shown to Table1 and Fig.1 about the embryonic
 

death rate.The embryonic death rate of the control
 

group faced 5.7% and 2.9% a sham control group a
 

TMG＋2.0Gy group has were 19.7% respectively.

The statistical significant difference wasn’t recog-

nized between the embryonic death rate of the
 

Sham control group and the TMG＋2.0Gy group and
 

the embryonic death rate of the control group.But,

the embryonic death rate of the 2.0Gy group and the

 

2.0Gy＋TMG group was 62.3%,86.6% respectively.

The statistical significant difference was recog-

nized between the embryonic death rate of the 2.0Gy
 

group and the 2.0Gy＋TMG group and the embry-

onic death of the control group(P＜0.001).There-

fore,if TMG wasn’t administered,the embryos to
 

death beyond the haploid number,which did im-

plantation,were found out in the exposure beyond
 

2.0Gy.

Fetal death
 

The thing,which was a macerate fetus in the
 

observation day after the conception18 days,was
 

handled as a fetal death.Fetal death is thought to
 

be the death,which happened after the conception
 

14 days.The result of the fetal death rate is shown
 

to Table1.The fetal death rate of the control group
 

was sham control group 2.9% 2.0Gy group 5.1%

TMG＋2.0Gy group 4.2% 2.0Gy＋TMG group 2.8%

in 1.6%. The statistical significant difference
 

wasn’t recognized between the fetal death rate of
 

the control group and the fetal death rate of each
 

exposure group.Therefore,though TMG was used,

Fig.1.Embryonic death of ICR mice irradiated at organogenesis
 

period.

The 2Gy and 2Gy＋TMG group were detected with statistical
 

significance(p＜0.001)in comparison with control and sham
 

control groups by Wilcoxon test.
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it was found out that some thought differences
 

weren’t recognized to the Control group in the
 

exposure beyond 2.0Gy.Because the incidence of
 

the embryonic death was very high,it isn’t thought
 

that it was a difference for the fetal death as a one
 

of the reason.

External malformation
 

The number of the development of the malfor-

mation is shown to Table2 and Fig.2.The modality
 

of the malformation that it is induced in each expo-

sure group is exencephaly,cleft palate,abdominal-

hernia,open eye,gastroschisis,and anomalies of
 

tail.The development frequency of the malforma-

tion is control group 1.0-% sham control group
 

0.4% 2.0Gy group 57.1% TMG＋2.0Gy group 35.4%

2.0Gy＋TMG group 56.5%. It faced as for the
 

malformation,which occurred in the control group
 

though it was the unusual chisels for medical use of

 

the caudal,and the sham control group didn’t induce
 

malformation. Statistical significant difference
 

wasn’t recognized in the malformation incidences
 

between of the control group and the sham control
 

group.Statistical significant difference was recog-

nized as the development frequency of the deform-

ity of the 2.0Gy group(57.1%)in comparison with
 

the development frequency of the Control group

(1.0%)(P＜0.001).Statistical significant difference
 

was recognized as the teratogenesis rate(35.4%)of
 

the TMG＋2.0Gy group as well in comparison with
 

it of the control group.Statistical significant differ-

ence was recognized as the teratogenesis rate

(56.5%)of the 2.0Gy＋TMG group to it of the
 

control group.As for the malformation,statistical
 

significant difference was recognized as the control
 

group from the above fructification to the sham
 

control group in all the exposure groups.But,the
 

TMG＋2Gy group in less than 2/3 recognized decre-

Table 2.Numbers of fetuses bearing external malformations in mice irradiated at 192hpc
 

during the organogenesis period.

Types of malformation  Control 
Sham
 

Control 
2Gy TMG＋2Gy 2Gy＋TMG

 
Exencephaly  0  0  9 30 1

 
Hydrocephaly  0  0  3 1  3

Cleft palate  0  0  2  1  1
 

Open eye  0  0  0  4 0
 

Anophthalmia  0  0  2  14 2
 

Abdominal-hernia  0  0  1  0  0
 

Anomalies of tail  0  0  22 2  6

polymelia  0  1  0  0  0
 

Total number of malformations  0  1  39  25  13
 

Fryquency 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
 

a Significant difference against control by Wilcoxon of nonparametric test,Significant at a 5%

probability level.

b Significant difference against control by Wilcoxon of nonparametric test,Significant at a 1%

probability level.

c Significant difference against 2Gy by Wilcoxon of nonparametric test,Significant at a 5%

probability level.

7 Inhibition of X-radiation Induced Malformation Damage in Mice by TMG(Water-soluble Derivative of  Vitamin E)



ment though it was the highest by the 2.0Gy group
 

and the 2.0Gy＋TMG group when it was seen from
 

the teratogenesis rate. Because there are many
 

examples,which died because it had malformation
 

in the death,as for the effects of the malformation
 

and the influence of each death,it is separated,and
 

you must not think about it.

Skeletal malformation
 

The number of the development of the skeletal
 

malformation is shown to Table3 and Fig.3.The
 

modality of the skeletal malformation that is in-

duced in each exposure group is the following.The
 

development frequency of the skeletal malforma-

tion is control group 0.1% sham control group 0%

2.0Gy group 47.1% TMG＋2.0Gy group 13.6% 2.

0Gy＋TMG group 43.5%. It faced as for the
 

skeletal malformation that occurred in the control
 

group though they were fused rib,malpositioned
 

thoracic vertebra,absent caudal centrum,and
 

skeletal malformation didn’t occur in the sham
 

control group.It appeared acrania,craniofenestria,

and bipartite ossification of sternebral,unossified
 

sternebra, misshapen sternebra, fused rib,

malpositioned thoacic vertebra,and malpositioned
 

lumber vertebra,absent caudal centrum by the 2.

0Gy group.Development frequency was high with
 

47.1%,and statistical significant difference was
 

recognized as between the skeletal malformation
 

incidence of the control group,too (P＜0.01).

Though bone of acrania,absent maxilla,unossified
 

clavicle,incomplete ossification of rib,full supernu-

merary rib appeared by the TMG＋2.0Gy group and
 

development frequency was compared with the
 

development frequency of the 2.0Gy group in 13.6%

and it was poor.

Statistical significant difference was recognized
 

as this as well between the skeletal malformation
 

incidences of the control group (P＜0.01). It
 

appeared acrania,bipartite ossification of sterne-

bral,misshapen sternebra,malpositioned thoacic
 

vertebra,absent caudal centrum by the 2.0Gy＋

TMG group,and development frequency was com-

paratively high with 43.5%.Statistical significant

 

Fig.2.Malformation incidence of ICR mice irradiated at organogenesis
 

period.

Each irradiation group were detected with statistical signifi
 

cance(p＜0.001)among all dose groups by Wilcoxon test.

-
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difference was recognized as these as well between
 

the skeleton malformation incidences of the control
 

group(P＜0.05).As for the skeletal malformation,

statistical significant difference was recognized as
 

the control group from the above fructification to

 

the sham control group in all the exposure groups.

But,it was found out that it had the incidence of the
 

skeletal malformation restrained by administering
 

TMG before the 2.0Gy exposure.

Table 3 Numbers of fetuses bearing skeletal anomalies in mice irradiated at 192hpc during the
 

organogenesis period.

Types of malformation  Control 
Sham
 

Control 
2Gy TMG＋2Gy 2Gy＋TMG

 
Acrania  0  0  7 15 3

Craniofenestria0  0  1  0  1  0
 

Absent maxilla  0  0  0  1  0
 

Unossifies clavicle  0  0  0  1  0
 

Biqartite ossification of sternebral  0  0  9 0  1
 

Unossified sternebra  0  0  4 0  0
 

Misshapen sternabra  0  0  2  0  1
 

Incomplete ossification of rib  0  0  0  2  0
 

Fused rib  2  0  2  0  0
 

Full supernumerary rib  0  0  0  1  0
 

Malpositioned thoacic vertebra  1  0  3 0  1
 

Malpositioned lumber vertebra  0  0  2  0  0
 

Absent caudal centrum  1  0  3 0  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
 

a Significant difference against control by Wilcoxon of nonparametric test,Significant at a 5%

probability level.

Fig.3.Skeletal anomalies of ICR mice irradiated at organogenesis period.

The radiation and TMG plus radiation group were detected with statis
 

tica significance(p＜0.001)among all dose groups by Wilcoxon test.

-
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Fetal body weight
 

After one measured fetal body weight respec-

tively and every mother’s average was asked,the
 

fetus’average weight of each exposure group asked
 

a mean by the male and female of each exposure
 

group. The fetal body weight of each exposure
 

group is shown to Table1 and Fig.4.Both signifi-

cant difference of the fetal body weight decrement
 

was recognized in it of the 2.0Gy group and the 2.0
 

Gy＋TMG group in embryonic age 18-day fetal
 

body weight toward the body weight of the Control
 

group and the Sham control group of the male
 

female(P＜0.001).But,some thought differences
 

weren’t recognized in it of the TMG＋2.0Gy group
 

in the fetal body weight decrement to the body
 

weight of the control group and the sham control
 

group.And,when a male and female ratio was
 

compared,there was little fetal body weight of the
 

female more than the fetal body weight of the male
 

in about the circa 0.05 g as for which as well as well.

A radiation effect in the cellularis level of the embryo
 

As for pyknosis,the fraction of pyknosis cell to
 

the embryo when 2.0Gy-radiation exposure was
 

done after the conception 8 days and micronuclei is
 

shown to Fig.5.A Wilcoxon test was used for the
 

significant difference test of the control group and
 

each exposure group.Statistical significant differ-

ence wasn’t recognized between pyknosis of the
 

control group and pyknosis of the sham control
 

group as a result of the observation.But,statistical
 

significant difference was recognized between
 

pyknosis of the control group and pyknosis of the
 

2.0Gy group(P＜0.001).Significant difference was
 

recognized in the same way between pyknosis of the
 

2.0Gy＋TMG group as well.(P＜0.001).But,statis-

tical significant difference wasn’t recognized in
 

pyknosis of the TMG＋2.0Gy group toward
 

pyknosis of the control group.Therefore,it was
 

made clear that TMG had the effects that pyknosis
 

is restrained.And,existence was recognized with it
 

little in other exposure groups though it didn’t exist
 

about micronuclei in the control group.

Fig.4.Fetal body weight of ICR mice irradiated at organogenesis
 

period.

2.0Gy and 2Gy＋TMG groups were detected with statistical
 

significance(p＜0.05)in comparison with control and
 

sham control groups by t-test.
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The effect of apoptosis
 

The number of apoptosis of each treatment
 

group when radiation exposure was done after a
 

conception 8 days is shown to Fig.6.And,It was in
 

comparison with the control group and the sham
 

control group by the 2Gy group(P＜0.001),the

 

TMG＋2Gy group by(P＝0.07),the 2Gy＋TMG
 

group(P＜0.01). Therefore,though it faced the
 

number of apoptosis,radioprotective effects by the
 

TMG administration was made clear before the
 

radiation exposure.And,decrement was recognized
 

in comparison with the only 2Gy group in 1/4 as

 

Fig.5.The pyknosis of mice embryos mice irradiated at or
 

ganogenesis period.

The radiation,TMG plus 2Gy and 2Gy plus TMG groups
 

were detected with statistical significance(p＜0.001)

among all treatment groups by Wilcoxon test.

-

Fig.6.The apoptotic cell of mice embryos mice irradiated at
 

organogenesis period.

The radiation,TMG plus 2Gy and 2Gy plus TMG groups
 

were detected with statistical significance(p＜0.001)

among all dose treatment groups by Wilcoxon test.
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well before TMG administration after radiation
 

exposure about the number of apoptosis.And,after
 

TMG administration to the radiation exposure
 

group decrement was recognized group,too.There-

fore,as for the number of the apoptosis as well,a
 

radioprotective effect was recognized in the same
 

way as the effect of the individual level.

The effect of micronuclei
 

The numbers of micronuclei when it was dealt
 

with in the embryos after a conception 8 days are
 

shown to Fig.7.And,the image of micronuclei is
 

shown to Figure3-18.The comparison was made
 

among the control group and the sham control
 

group by the 2Gy-radiation exposure group by(P＜

0.01),the TMG＋2Gy group by(P＜0.05),the 2Gy＋

TMG group(P＜0.01).Therefore,though it faced
 

the number of micronuclei,radioprotective effects
 

by the TMG administration were made clear before
 

the radiation exposure.And,decrement was recog-

nized in comparison with the 2Gy exposure group in

 

1/2 to the TMG administration plus 2Gy group as
 

well the number of micronuclei. But,radio-

protective effects weren’t recognized at all though
 

2Gy-radiation posts irradiation,TMG was adminis-

tered. Therefore,chisels for medical use radio-

protective effects were recognized to the number of
 

the development of the number of micronuclei of
 

before TMG administered 2Gy-radiation group.

DISCUSSION
 

Many observations have been done in vitro and
 

in vivo with the vitamin E against the radiation,

though there is little clinical targets or
 

epidemiological target observation.It is chisels for
 

medical use with the clinical observation used
 

experimentally a little because of the radio thera-

peutic adverse drug reaction prophylactics to the
 

bone marrow transfusion and the brain tumor .

Active oxygen and free radicals appear in the
 

organism by the radiation exposure.Moreover,it is
 

known that oxidization target injury lesion is given

 

Fig.7.The micronuclei of mice embryos mice irradiated at or
 

ganogenesis period.

The radiation,TMG plus 2Gy and 2Gy plus TMG groups
 

were detected with statistical significance(p＜0.001)

among all treatment groups by Wilcoxon test.

-
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to lipid,a protein,the nucleic acid and various
 

histrionic derangement is caused .Actually,it
 

has the observation that the lipid hyperoxidation
 

when X-ray andγ-radiation were irradiated,and
 

DNA damage occurred in the catastaltic by the
 

manipulation of the vitamin E .But,the obser-

vation that vitamin E didn’t have protection effects
 

exists besides one case . Recently,it was
 

made clear that oxidization affect by the active
 

oxygen and the free radical were concerned with
 

the various sickness and the retrogradation deep-

ly .Therefore,the research related to the natural
 

anti-oxide substantial,the synthesis anti-oxide sub-

stantial as a research of the prevention of the
 

antioxidation is done very much .Adds oxygen
 

electrode free radical promptly and the oxidation of
 

the lipid is controlled. Than it is known with

α-Tocoperol high concentration exists during the
 

organism . It was shown that it was efficient
 

anti-oxidizing agent to the free radical formed in
 

the water soluble due to the simulation of murase et
 

al.by TMG,too. Therefore,it is thought that
 

TMG plays a part as a radical scavenger,which
 

erases the active oxygen,which occurred in the
 

physical case,too,from the results of this research
 

as well. And,there is cysteamine (MEA:

cysteamine hydrochloride)as a one of the radio-

protective agent.When MEA was administered
 

the X-irradiation five minutes ago to the lethal dose,

it has the observation that the probability of sur-

vival of the cellularis rose in comparison with the
 

control group .But,protection effect isn’t jud-

ged with the administration after the X-irradiation,

and the diuturnus temporal of the effect is only
 

about several minutes,too . Therefore,it isn’t
 

thought that effects against the chronic exposure
 

and the exposure of the inadvertently can be expect-

ed. As for this,α-tocoperol is the same,too.

Protecting effect wasn’t judged,and this research
 

could get the same result by the 2.0Gy＋TMG
 

group,too.Effects are small to the big neutron
 

beam of the linear energy transfer and the alpha
 

ray .

Consideration about the fetus effect of the indi-

vidual level of TMG by the radiation exposure of
 

the organogenesis
 

preimplantation death
 

As for the X-ray sensitivity against the,sensibil-

ity group was the highest 2 and 48 hours post
 

conception(hpc)preimplantation death,and a big
 

difference in the sensibility wasn’t recognized as the
 

72 and 96 hours post conception . As for the
 

fertilized egg after a conception two hours,expo-

sure juncture except for it is multi-cellular juncture
 

at one cell stage.The embryo constituted in the
 

plural cellularis by preceding research faced preim-

plantation death more,and fastness was shown .

Muller’s radiate nuclear radiation by using the
 

Heiligenberger mouse in one cell stage,the juncture
 

of a variety of 32 to 64 cells stage,and they are
 

observation the same development. Embryonic
 

death in 0.5-2.5 dpc recognizes that sensibility
 

against the embryonic death is higher than the
 

embryo of 3.5-4.5 dpc as Russell and Russell .

And,though the sensibility that even 72 hpc(Blas-

tocyte)is expensive is shown,the one after 96 hpc

(Latter Blastosyte)shows fastness comparatively,

and reports air trap.Pampers observed 0.25-2Gy in
 

one cell stage(2 hpc),and preimplantation death
 

obviously to the dose dependency,too . In
 

Russell’s study,the lethal dose 50% of the preim-

plantation death is making 1.5Gy≧until from one
 

cell stage to16 cells stage.And,it is being made
 

about 3.3Gy until 64 cells stage .Though lethal
 

dose 50%can’t be compared with the threshold dose
 

directly,it is judged from the one related to the
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radiation dosage reaction,and the sensibility of the
 

ICR mice used in this research is a little high preim-

plantation death.It is the stage when embryonic
 

death happens 192 hpc it was held in this research.

Therefore,the causal association of the death isn’t
 

thought here directly preimplantation death.But,a
 

difference was recognized in comparison with the
 

control group as for the radiation exposure group to
 

little statistical significance.As for these,preim-

plantation death was considered because it wasn’t
 

observed because the death that appeared as im-

plantation site was early stage absorbent.Embry-

onic death the thing observed as implantation site,

placental remnants,absorption embryo was handled
 

as an embryonic death.This is thought about with
 

the death,which happened from 4.5 days to13
 

days .The exposure group of the organogenesis of
 

the sensibility against the embryonic death is the
 

highest.When an exposure group increased more
 

in comparison with control group as for the embry-

onic death,it is being reported by using F1 of the
 

male sex CDA/MK mice and the female dd/MK
 

mice as a result of doing simulation.But,if signifi-

cant difference wasn’t recognized,it is being report-

ed for the preimplantation stage .Murakami and
 

Kameyama irradiate 0.5Gy to the eighth-day mice
 

after the conception,and it observes embryonic
 

death.And,when embryonic death of 20-30% was
 

recognized,it is being reported as for the exposure
 

of 1Gy .Jacobsen radiated from 0.05Gy to 1Gy to
 

the seventh-day mice after the conception,and the
 

dose effect relation ship of the embryonic death was
 

examined,and made the one related to the orthosti-

chy clear .Well statistical significant difference
 

was recognized as the 2Gy group(P＜0.05)in com-

parison with the control group and sham control
 

group with the 2Gy＋TMG group(P＜0.05).But,

statistical significant difference wasn’t recognized

 

as the control group and sham control group in
 

comparison with TMG＋2Gy group. Therefore,

radioprotective effects by the TMG administration
 

were made clear before the radiation exposure to
 

the embryonic death.And,decrement was recog-

nized in comparison with the 2Gy group in 1/3 as
 

well the embryonic death.But,it wasn’t recognized
 

at all by radioprotective effects before 2Gy irradiat-

ed after TMG administered. And,Duvall’s are
 

reporting it when obviously it has the effects of the
 

anti-oxidizing agent by photo-irradiation of
 

pheomelanin though free radical was examined by
 

using the vitamin E(diffusing capacity-α-tocopher-

ol) .The institution of the oxidation of the ascor-

bic acid by the mice cutaneous homogenate by the
 

light of UV was researched by measuring ascorbate
 

free radical by using the electron paramagnetic
 

resonance signalisation formation as for Kitazawas.

Short chain homologue(-tetramethyl-6-hydroxy-

chroman-2-Trolox of 2,5,7,8 and-pentamethyl

-6-hydroxychromane PMC)quickened ascorbate
 

oxidation toward the vitamin E(α-tocopherol).As
 

for the hydrophilia of the analogicus of ascorbate,

Trolox and PMC,the drug interaction of exhaust-

ing ascorbate rapidly in it happened.The oxidation
 

of faster ascorbate was obstructed when dihy-

drolipoic acid was added to the simultaneity with
 

the vitamin E homologue.This result was caused
 

by UV irradiation by the murine cutaneous
 

homogenate. It is recommended that it is the
 

oxygen electrode radical reaction that ascorbate
 

oxidation is a reaction target and which was rather
 

caused by photoactivated nuclear reaction .TMG
 

is thought manipulation radioprotective action
 

these radical scavenger prevention function radio
 

chemical action(10-5 sec)oxidation prevention
 

function be before the radiation exposure,and it is
 

here as for this research as well .And,it is
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known active oxygen and free radical appears in the
 

organism,and gives oxidization target injury lesion
 

to lipid,a protein,the nucleic acid and various
 

histionic derangement is caused by the radiation
 

exposure .The oxidization injury lesion of that
 

organism component is thought possible protection
 

by anti-oxide substantial such as a vitamin E.

Actually,it has the observation that the lipid hyper-

oxidation when roentgen ray andγ-radiation were
 

radiated,and DNA damage occurred in the catas-

taltic by the manipulation of the vitamin E .It
 

could get the same result as for this research as well
 

to the embryos.Therefore,it is thought that TMG
 

has radioprotective effects.

External malformation
 

Brent recommends all the permanent defects
 

that it isn’t repaired(formology,organism,and
 

biological chemistry)with living being with the
 

malformation between the normal growth and the
 

development intention .And,it is being made the
 

thing created by Jacobsen in the intention of the
 

pathognostic aspect intrauterine development of the
 

malformation too microscope target anatomical
 

nature thing .It has Fishers’observation about
 

the malformation by the radiation exposure preim-

plantation. Fishers observed various malforma-

tions such as the anomalies of tail,hamanzoma,

gastroschisis,skeletal malformation by X-ray in 48
 

hpc(4-8 cells stage) .Moreover,Mullers obser-

ved exencephaly,gastroschisis,cephalocele,hydren-

cephy,and so on X-ray by using the Heiligenberger
 

mouse in one cell,32 and 64 cell stage .Moreover,

Pampfers observed gastroschisis,anencephalus,

omphalocele,and so on is radiated in 1 hpc of the
 

Heiligenberger mice .Moreover,Ohzus are obser-

ved exencephaly and hyperdacty in 0.05-0.25Gy in
 

10 hpc and 34 hpc .And,the effect of the malfor-

mation of the organogenesis by the radiation has
 

stage character .The threshold dose of the ter-

atogenesis when it was irradiated in the or-

ganogenesis is 1.4Gy by using the ICR mice by the
 

preceding research . Though threshold dose
 

doesn’t exist as for one cell,Pampfers and Mullers
 

suppose threshold dose to exist as for the multi-

cellular from the viewpoint of the radiation protec-

tion .It was made clear that sensibility to the
 

malformation induction was the highest between
 

the viviparity 7.5-10.5 days of the mice that radia-

tion depends by preceding research . And,it is
 

thought that cleft palate is the delayed type hyper-

sensitivity of epistome in the bryogenesis in this
 

research.0.05 radiates it in the viviparity 7.5 days,

and Jacobsen 11 is observing the malformation
 

induction of the cephalicus,the jaw,and the aper-

ture).2Gy are irradiated in the viviparity the ninth
 

day,Muramamis are recognized to the malforma-

tion such as exencephaly,cleft palate .The thresh-

old dose of the malformation(exencephaly)in the
 

case of the radiation exposure is between 0.5Gy-1.

5Gys,and the threshold dose of the embryonic death
 

is between 1.5Gy-2.5Gys .As for the exencephaly,

abnormalies of tail,the anophthalmia,the cell death
 

of the primordial of each organic effects ter-

atogenesis in the malformation of the absentia type
 

as for the modality of the malformation that
 

appeared.Embryonic death isn’t thought cell death
 

radicularis be though it is clear whether histology is
 

histrionic with the target organ with which orga-

nizes,either.A difference in the threshold dose is a
 

difference in the sensibility of the target radiation
 

dosage that effects a malformation and death.The
 

casuals of the teratogenesis can be thought critical
 

cellularis organic primordial constitute number
 

critical cellularis embryonic death number differ-

ence effect.A radioprotective effect by the TMG
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administration was made clear before the radiation
 

exposure to the malformation effect of this
 

research.And,decrement was recognized in com-

parison with the 2Gy group to TMG＋2Gy group in
 

1/3 as well malformation incidence.But,it wasn’t
 

recognized at all by radioprotective effects mal-

leolus though 2Gy post-irradiation,TMG was ad-

ministered.Radiation direct effects(the prevention
 

of the free radical)by TMG were recognized as a
 

result of this research. But,though 2Gy post-

irradiation,TMG were administered,it found out
 

that it wasn’t involved in the reactivation of the
 

cellularis which caught injury lesion with TMG that
 

radiation protecting effect wasn’t recognized .

Miyazaki’s made radioprotective effects malleolus
 

clear by using the hamster embryonic cell as a
 

result of examining the H free radical of the vita-

min E due to theγ-radiation exposure and OH free
 

radical prevention function against the cell death .

And,when the DNA one strand break caused by

γ-radiation,and abnormal chromosome were de-

creased remarkably,Watanabes are reporting it as
 

a result of examining the effects of the vitamin E by
 

using the embryonic cells of the hamster against the
 

radiation post-irradiation,the cellularis injury
 

lesion.This effect has it when it is OH free radical
 

prevention effectus .Therefore,radical Scavenger
 

prevention function due to the radiological chemical
 

action and antioxidation effects were made clear by
 

this research in the same way as the embryonic
 

death rate.Therefore,when a fetal safety problem
 

is thought about,this results is recommending that
 

you must take it into consideration that TMG does
 

radioprotective effects .

As for the fetal body weight,it is pointed out
 

that it is critical as an indication to grasp an effect
 

such as a radiation by many researchers.Adminis-

tration group chisels for medical use loss of weight

 

was recognized as the effect of the fetal body
 

weight decrement by this research 2Gy group,the
 

2Gy post-irradiation and TMG group. Loss of
 

weight was recognized in the organogenesis by the
 

preceding research in the exposure group beyond 1.

5Gy .It isn’t histrionic with the specific organizes
 

against the decrement of the fetal body weight
 

against the exposure group of the organogenesis.

Histrionic development delayed type hypersen-

sitivity effects the organic of the body as a whole,

and it is in proportion to the histrionic ponders with
 

the normal organic,and it is thought that loss of
 

weight happened .And,the effect of radiation of
 

the fetal body weight decrement in the or-

ganogenesis is not only a direct effect.In other
 

words,it is thought about that an effect by the
 

indirect metrical environment or blastogenesis
 

stage didn’t function normally,either.Skrebs was
 

recognized some thought loss of weight too,1.5Gy
 

to viviparity the fifth-day albino rat.On the other
 

hand,it is doing if Konermanns wasn’t recognized
 

and 0.4 radiated the decrement of the fetal body
 

weight to the mice of the preimplantation stage(0-

5 days) .But,as for the fetal body weight as well,

radioprotective effects by TMG were made clear in
 

the same way as the effect of the embryonic death
 

and the malformation.

Consideration about the skeleton malformation
 

effect of TMG by the radiation exposure at the
 

organogenesis
 

Though it faced skeletal malformation effect,

radioprotective effects by the before the radiation
 

exposure to TMG administration was made clear in
 

comparison with the control group and the sham
 

control group.And,decrement was recognized in
 

comparison with the 2Gy group TMG＋2Gy group
 

in 1/3 as well by the skeleton malformation inci-

dence. And,decrement was recognized a little
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group,too.Much research was made to the skeletal
 

malformation incidence due to the radiation in-

dependent exposure.Russell and Russell is being
 

reported when it goes into the viviparity 6.5-day

-13.5 days for the nascent state when skeletal
 

malformation is brought about with the mice.And,

each anomalies has it when there is stage when the
 

maximal sensibility that is characteristic of it is
 

shown.When it is only de die in diem or two days,

the duration of the sensibility which faces the
 

derangement of each modality by the poorest radia-

tion dosage that effects is judged does.And,most
 

malformations are reporting radiation dosage when
 

the duration of the malformation induction becomes
 

long by increasing,too .It was recognized that
 

2Gy was radiated to childbearing 8-day-13-day CF1
 

mice by Muramamis and the ddy mice and 2 sensi-

bility terms unusually existed .It is being reported
 

when Jacobsen irradiated 0.05Gy-1Gy to the 7.5
 

th-day mice after the conception and has the thresh-

old dose of the skeletal malformation between 0.05
 

Gy-0.2Gys.Moreover,dose effect relation ship was
 

examined,and the one related to the orthostichy
 

was made clear .Embryonic death,fetal death,

the incidence of the malformation was high by this
 

research as a result of the 2Gy-radiation exposure.

But,radioprotective effects were shown with the
 

fetal death in the malformation group.Injecting
 

TMG with the thing due to the free radical preven-

tion function thinks this reason about.Therefore,

as for the skeletal malformation as well,a radio-

protective effect was recognized in the same way as
 

the malformation rate. Watanabes radiatedγ-

radiation in the same way as this research in ham-

ster embryos,and examined radioprotective effects
 

against the chromosomal and the DNA damage.

Therefore,it is thought that PLD(potential lethal
 

death)by the radiation and SLD(sub lethal death)

were decreased .But,as for the embryonic death,

radioprotective effects weren’t shown with the fetal
 

body weight group.The X-striation exposure of the
 

low dose was done,and Umegakis recognized radio-

protective effect malleolus as a result of examining
 

the effects of the vitamin E against the damage of
 

the chromosomal in the bone marrow cell of the
 

laboratory mouse .As for this research as well,it
 

was made clear that it got rid of free radical by
 

injecting TMG before the radiation exposure in the
 

same way as these.But,it was made clear that
 

there was an excuse of the effects by the stage when
 

TMG is injected by this research.TMG that it paid
 

attention to it as a radioprotective agent is paid
 

attention to as a vitamin.Moreover,it is turned to
 

the future realization from it isn’t so harmful to the
 

human and it is not here,and it is thought that the
 

anxiety of the adverse drug reactions should be
 

examined,too .Radioprotective effects to the
 

embryo were recognized as a result of this research.

And,as for the malformation and the skeletal
 

malformation as well,it is thought that emergence
 

had an in the same way normal fetus.Therefore,as
 

for this research as well,radioprotective effects
 

was recognized in the same way as the observation
 

that the lipid hyperoxidation when X-ray andγ-

radiation were radiated,and DNA damage occurred
 

in the catastaltic by the manipulation of the vitamin
 

E .But,applied dose and the condition of the
 

administration stage are changed,and it is thought
 

that the examination,which is to,is necessary.The
 

character that the effect of the embryonic cell of
 

TMG by the radiation exposure of the or-

ganogenesis is quantitative.

The effect of pyknosis
 

Though it faced the number of the development
 

of pyknotic cell,radioprotective effects by the TMG
 

administration was made clear before the radiation
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exposure.And,that decrement was recognized in
 

comparison with the 2Gy group TMG＋2Gy groups
 

in 1/3 as well the number of the development of
 

pyknotic cell. And,decrement was recognized
 

group,too.Therefore,as for the number of the
 

pyknotic cell development as well,radioprotective
 

effects were recognized in the same way as the
 

number of the apoptosis development.Description
 

isn’t made only by the decrement of the number of
 

the cellular by Pyknosis in the decrement of the
 

number of the cellular,which constitutes embryo as
 

a result of this research.As for the decrement of
 

the number of the cellular of the observation junc-

ture,for example the alignment of the cell cycle and
 

cell death except for pyknosis are thought necrosis
 

with the thing which effects it,too.From now on,

systematic research about the cell death of pyknosis
 

by the modality of the cellular and the one except
 

for pyknosis will be made necessary .

The effect of micronuclei
 

Though it faced the number of the development
 

of micronuclei,radioprotective effects by the TMG
 

administration was made clear before the radiation
 

exposure.And,that decrement was recognized in
 

comparison with the 2Gy group TMG＋2Gy groups
 

in 1/2 as well the number of the development of
 

micronuclei. But,it wasn’t recognized at all by
 

radioprotective effects malleolus though 2Gy post-

irradiation,TMG was administered. Therefore,

chisels for medical use radioprotective effects were
 

recognized to the number of the development of the
 

number of micronuclei group .Correlation with
 

the result of this research was made clear by the
 

result of the above cellular level.Injury lesion by
 

the radiation is thought about by the free radical of
 

the active oxygen with the nucleic acid,the thing
 

due to the depressant action of the vitamin E due to
 

the oxidization target injury lesion of the lipid,the

 

protein in the organism,and it is .The malfor-

mation when it is radiated in the embryo after a
 

conception 192 hours by this research is settled and
 

induced by the malformation of the multiple states.

It is expected that the derangement of not the
 

monomeric cellular but the plural organogenesis
 

cellular doesn’t effect it on the embryo of this stage
 

or the malformation of this stage. If the result
 

malformation that plural cellular effected appears,

the malformation of this stage is divided into the
 

fixed target effect,and it is decided that threshold
 

dose exists.Radical Scavenger prevention function
 

due to the radiological chemical action and antiox-

idation effects were made clear by this research in
 

the same way as the embryonic death rate by these
 

things.Therefore,this result is recommending what
 

radiation protection by preventing organic with the
 

teratogenesis and the oxidization effects of TMG by
 

the radiological free radical Scavenger of the tissue
 

cell .
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