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Type 1 Type 2 Type 3

Type 4 Type 5 Type 6
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AAREEGHRELERE $£20E #1118

Fig. 2 ABSOLUTE NUMBER OF VARIOUS TYPE OF BONE MARROW
CELLS IN IRRADIATED FEMUR, 600r IRRADIATION, WITH

ONE LEG SHIELDED
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Fig. 3 PERCENT OF LABELED ERYTHROID, RETICULUM, MYELOID
CELLS AND LYMPHOCYTE FOLLOWING 600r IRRADIATION,

ONE LEG SHIELDED
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Fig. 4. MEAN GRAIN COUNT OVER TOTAL ERYTHROID, MYELOID,
RETICULUM CELLS AND LYMPHOCYTE IN IRRADIATED
FEMUR, 600r IRRADIATION, WITH ONE LEG SHIELDED

5 20 a4

HOURS AFTER IRRADIATION
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MrEaE L EEE U, BFRiodeEihad b oy Eix
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KRR

L BEESTEMAE O BETREsE M 0 Ll

F o 7123 L 600r B —IMRET 24707215,
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DS DZLz>WTH B 1, 28Rt
WRHNTWAB., 2 2 CAEMmIR, e
i RARESRMIEI ov T, MBI LE
BEL, 2w MBI RYG 2 BZENZEIvIz
DT L TAh 7.

a) flfEMmIEDZ L

Fig. 2 /TR S 051 b RAFE R & b 24DLA
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DT LT —E L.
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AN 2 BLOWREBR O# B R4 3 BRI
L DIRA % B4%, BE C 24RRH TR A & ESR IR
D L7z, HOBEBIIABESR, ApkEskiRERR
THY, BEPm i FERTHD 2 L RREN
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c) TEEmIEOZAb

TERRmlEi B0 L, 24fH0IN TIRFRA & 258D
B,

d) FEENCAT B SISO
L3

I CARIMERGR, HmERGR, SR, #e
B, TBEMEOS FFHEHR L TABE, £2F
fEEMIEOZLD S b, FRINERIEE ik
ERMEOWAS REAN Y, iliHE OS> D &
UHERBIEHU L TwW2oRERE XS, —h
b2 & o TR EHUAFHMM RT3, 25
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R ORS BAERED LR T3 ZERbh
5. ZOWmECH LT, BUMBER, MM, #
BORERE O 3 Fk, FaA ERENE(LER L T2
V. i 2 ESTERREEA 12R I DU A TR
xR LT3R, BEMEOSRERITRA EEIL
BH b _%Lf.; W OEREE Lzv. BHERMERR,
BRI OB FEARIOE S ELERE 25 &,
FMEROFHA 13 Ko Ki Klfs Ky A8 R
RENBIRS LTwD012% LT, DNASKEE
2H LTy Klfs o/ osh, 248008
i, Klisiz, £RMmERRDI0% % S T3,

REMAREHARN 0 X ERO 262 55

12, AR 1 ~6 EfHMGE CDNARREEL BT
BEEER, RN, BHEERO3EWML L,
24N R D b RO L A b v,

2 LTHEEHERETRA EERZ R T, #F
TAGER, SIEREROMENEEHN 3 ~ 6 R OFF ¢
s LA e R LTw3 2 2, REDE
IFERFRICE CHRMBRDOB S L Ak, DNAS
BRE T T 255 AMIERRAS LTw3 = & 2R
LT3, ZoHCRREsSRmEg s, KER
U/NEITREER D, DN AABREEDHHE & 12 BIfR 72
, AffzkbnT w303 Ludis 2z LT
B, BRI ELDRER » 2k DREED
BRE—T9 5.

2. REEMIEFHRO DN AR RIS Bt
YY" -

7 v 7 B EML OB NZELICIx, SHiE
HitLoTRaBoFERARLLNS, FRiopZ
BT AT 255 MILEEIc DNARK 2172 T
By, ZhcHd s oW T3 ENT,
*H-Thymidine n@EEERL U, * o HHZE(LE
MPEAZE bz [/ 6 h B BOERR TR D IS E R
& LTAER LT A7, FRIEk, BMmskiRiz 2w
T, ReEIH, Bo2HRIBRTREIA T30
T, I TSR, MERCOWTELhHE
Bz o TlRTRE 5.

T RN E N BEERETERIE 0 SR D il %
Fig. 3 12”7, Eb 5 =N 3 Ni-Fkisksmmia
REEEL VRS T 2018 L, BlEkR

HAEEZGimEaiEis $20% w114

M ClEATEaEmE R L, 6y —7%
A~ L, DI L12B LI 22 o THE o TYM
EX L 2 5. WRERMILTIE, 70 &7
iSRS L, 4 ~ 5 B85 12 1k #ER
L. ZoBFZIGHEEBIC b RA TS, LT
L IR E RS, FRATEE 3 ~ 5 ERRH LA
Fk L, RIMESR Ko Ki oin X $highela & [Rkk
WP &R Lz, HhDUBCi Tix, #8%i4 ¢
BATOICEMLET =7 RELRAE . EBAizds
WREERE VTR T, 5= X n/-fmfande
BHNTHB DT, ZNFHROTER SERS:
LzZiziEimlayv. iz, DNAARRIHT
Br 7 AGOFEBL LD -0, SEMAED
EDRICFERTFE D FIGMHE E R, Z OREHIEIZE
Ehé# sk, Fig. 4 12R L. = DHAFI@D 3H"
Thymidine EREOETIL R, ThOBED
TR 1 ~ 3 Tl L, 6 RERAERBT & b i
IEFENCHR C, 120ERH DI 1R T i SRR 1o 4
L, E#cE5 8mE R 25T, 24%EcR
TUEHRED 2 ~ 3 fFicHE L7z, SHRERDSGS
DBBMORFI LR MRE 2 Fiz Lz, Zhid
s LsifEss S eizn t Bbh, R ETkA
BE DT L TH .

3. FERiTFEOSHCE LT
DNAABEEZ BT AHMmER Ko, Ki, Klfa,
KYs #ufa, B8R Bi, B, Bs g, #miBHmiT
B O RAR M B RIEE 3 B, F4 81 ov
T, Ml EDRESBRTFEOEEZ A T T4
k2T&EbLT LFig.5 0N THB. Zizkh
EEAIIIEE DZER OB A E <, RIGmwE
BAGHENOR: 2 58 3 RIS RIESRRE B3 2.
2 IS A ER U HESER t E 2 b
20T, ZREENDNA/ERLRE LizEix
HrRER-. RMEER K, Ki, K, Ky BRUH
M358 Bi, By, By #8925 &, FHRTH
RRBT % LIRS T 2 BMEEAR P E LT
5. BORCE PEHE WS T B 72 DO
EREEOBEEDIRE b T3 28, HEIBD
MBI DR\ &2 Bl L T *H-Thy-
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DTEDRN IR T 5 L3, GRT-HH
ST 5 EHBRINBNDE, FIHRET L.

FiigEMigo Thymidine HREN —KE .

Table 1 12R T . ZWB L TEERIRTL LL
i Z &g 5.

4, FABMEEEZHNG 5 DN A G BRAEENZIL

EELZ7Y 7 (NEOE&CH) OFREMmA
ix, 0.5~0.6%DDNAGFEROMIERRLLNS
Z &iE, Bond® Bz ko TR E N, [FZE@ Primi-
tiv Progenitor Pool of Cells? & L THHEZX
nTw5. 23 600r &5 —kHRABEOHEL R
% LFig. 6 O 2%, ZTHIbN 33 LBk
¥k, i b DNAAE hOMETIET W BT
ZHRKTHBLEIZLTHOT, M 1E
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ftE & b & %k L4 ES BN TR
v, FAICHHERTH % Pentothal RRERLC &
DTHHE L HBIN T BHMSRINTNE.
B2 T, YT DEBL IR ;. Pentothal JR
Bk, 600r fSTE OPFFEAEFEALNS.
fa2ep e 28 b e LT, 6 LIRS B D 7x
KT, FREZeiiRk, g nmAtEoEsqT
ZMEAEI BL B N7z %, BRI e
Er@dahoiz., (Table 2, 3).

5. MR 2286 (FraBfiaEtER)

a) ‘FHEEMEMIZoMRIB ORI « 2R, FHsk
RIZOWT, AR E B 0 A Mg R
W H GGz BT, oS a b
JRIE L BEEOZR RO AN 0. FIFRROE

Table 1 PERCENTAGE OF *H-THYMIDINE UPTAKE AND MEAN GRAIN
COUNT OVER VARIOUS TYPES OF CELLS

Call tpe B exrmidine | By weia [ N2 ot

Dividing Erythroid cells (total) 51 9
Erythroblast (K,) 64 14
Makroblast (K, ) 57 11
Basophile Normoblast (K!/,) 37 g 1000
Polychromatic Normoblast (K!/,) 39 7
Orthochromatic Normoblast (K'/s) 0 0

g | Dividing Myeloid Cells (total) 48 11.5

£ | Myeloblast (B,) 69 26

g Promyelocyte (B,) 56

o | Myelocyte (B,) 36 10.5

§ Metamyelocyte 0 0 |
Band Form 0 0
Segment Form 0 0 ) 2000
Large Lymphocyte 16.7 8.2
Small Lymphocyte 0.9 9 |
Reticculum Cell 38 13.8 1
Plasma Cell 0 4 |
Monocyte 9 |
Others ? /
Mononuclcar Cell 0.5~ 0.6 1 5000

'§ Type 1 22 35

0] no9 " 24 30

?:‘;‘ ” 3 48 27

.xé noo4 5 17

5 7 5 6 24

R " B 3 4

TR |
-
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Fig. 5 GRAFIC PRESENTATION OF GRAIN
COUNTS OF VARIOUS TYPES OF

CELLS
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2, b 5BEAELD (Ko, Ki) RUEMERRIZA
THEhEg74 Bi, B 12, JRHHE 3 ~ 6 e —@&
PEDWMAEF RSN 7228, FHM L7 #la%k310
~AOLITF DA TH W FEROE(LTIE IV,

b) &£HEMIIODNA BB KT 5 HE

ARIMERFR, MEHERRED o0, RSR U R0 -

SH-Thymidine DFEER 2 Foillf L7- 23, FRIMEsR
& FARSERA OFERgHIIE D DN A S BRIL IE ¥ LA
AERLCIZfThATWB LD LMINS.

DRI RS B RSk B B fi DAL 8 DT L 2 %

HAREZMAHRE &8 £20E  $115

7 (Fig. 7). ZAEHZAN L EEH endostium
DG DELD I DATIER LD D THS.
A Zzz ofiiEv & o FigmigoiilE, Thymi-
dine IR E % B8 1 R T B ine
b Tw3. FfzFeulgeniidifalz k o 7- 5,
EDHEEE, FHOLBDEBEZIN .
DU R aE 2 DSBS E C1k, R 24RRRH
LN 0GIRRZE TR, Eer X HoTHIEED b
DTHHH LIEFEINT.
EMRUER
@O KIS E D ERD & R BRI o
TR RS D el
FEARIMIR (20K), ABRERR, AINKREER O
TEEE @ ARETE L, EHEEMIEORS 1 E
& LCzE&olanmE, HEciH3. Ty 2
~ 3B B BE T ST B, A NRE:
BEBIRCASh M, MiFxsEL S L,
BEZZER LR VR, 7 OBRSZEHEN R Miin
LRSS . ARSI & TR L R
B, BIEEE LB Z 2 LTw3, Ffsk
R DS LGN 7 F5: X AR R TR
J@ & RS R .
@ FHEMIEIZONT, TRA XN E S
N E N NKEIE & DREEED g
7 RN E NI ORI B DIR A FREED b Erig:
T3, AWESSR DRGSR MERR D% 555
fagns Ke, K §HIZEFIECH 5. HAz TN
SN2 KIREFRR T <AL I N2 L0 L i B
WA T 2B 2R L, FRMIFRLGHMNE & Fk %
PE 2R L7 B BRI 3 5. Zo/eHEEL s
1, 2 R/ U7=0To 2 CIZERT 3.
MENEREIESR Tl B mER & FR S <L S hie
bDEINECHDEDREIBTEALEAETHS
ZERRINTWS. TRV E N B A
FRAEBCERNR W TIRA LT3 2 LB HEE
L Tik, @ DN A G BR#F— = = ¢ix 3H-Thymi-
dine O DN AGRIEIE—F Db Dz I 2 MEl
TERIM D 7-912, DNARABEERS ¢ h B
HACBE Eh 3 DN AR L, #l4 2DN
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Table 2 DNA-SYNTHESIZING CELLS IN PERIPHERAL BLOOD.

600r IRRADIATION

before 1hr 2 hr 3hr 4 hr 5hr
Nr. 2910/ 2922 884 893] 862 900| 876 869 883] 855 850 869
Seg 505 1415 726 1250 213 1007| 813 2469 3513 2038 2800 2948
1 4 32 5 3 1
) (DD
9 16| 141 53 149  &7] 340, 34 18 23 13 4 1
L lanfen| o ‘ _
3 59 200| 13| 47 113 s511| 72| 173 213 25 17 60
(39) | (89) (n
p 4201 3083 4155| 3539 4560 3076) 4041] 2321| 1238 2922 2176 1923
[C 242)]¢ 127)
da 203 120 32 10/ 27 &4 19 11 2
2 ae) | (3 _
5 12 20 16 2 1 2 3 68
(ol R
total 5000/ 550000 5000/ 50000 5000/ 50000 %000/ 5000/ 5000[ 5000
(312)(¢ 251)) (D (D I
% 0.062| 0.050. 0002 0 0 0 0/0. 0002 0 0 0 0
6 hr 9hr ‘ 12hr | 1shr 20hr 24hr
Nr. 895 879 888 899 671 892 890] 882 668 653 667 563
Seg 3806 4333 4129| 1532 4585 1911 4700/ 1966 4800 1989 4035 1899
L d
2 [ 2 113 3
3 115 Il 1 24 _ 170 1
4 1079| 665/ 758 467| 400| 89| 260 34/ 2000 11 471] 94
4a |
5 113 4 11 24 3
total 5000 5000/ 5000/ 2000] 5000 2000[ 5000/ 2000 5000 2000 5000 2000
% 0 0 0 0 0 0 0 0 0 0 0 0
Table 3 DNA-SYNTHESIZING CELLS IN PERIPHERAL BLOOD.
CONTROL-PENTOTHAL ADMINISTRATION (3mg/100g)
THE FIGURES ABOVE INDICATE THE TOTAL CELL
NUMBER COUNTED AND THAT BELOW INDICATE
THE LABELED CELL NUMBER (IN PARENTHESES).
| 1br | 3hr | 6 hr 12hr | 24hr
Nr 861 864 874 366 740 734 868 870
Seg 467 1015 675 999 292 3920 2301 1290
57 136 15 4
| K ? B (»| |
s | 22 15 21 18 79 104 28 16
(2) ©) (1) (12) (26) (9 (14)
3 93 131 43 23 533 300 11 3
&) @ | (2 ) 1) | o) (2) ©)
4 3778 3584 4212 3882 1374 527 2622 3675
(1D (2 (18) (31) (44) (48) ( 163) ( 243)
11 34 | 19 12
‘2 ) (5| (D
5 629 218 49 78 28 13 5
o (D =
p— 5000 5000 5000 5000 5000 5000 5000 5000
(10) (6) (20) (39) | (76) (86) ( 182) ( 263)
| 4% 0.002 | 0.0012 0.004 | 0.0078 0.015 | 0.017 0.036 0.052
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Fig. 6 LABELED CELLS IN PERIPHERAL BLOOD VAIOUS HOURS
AFTER 600r IRRADIATION
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Fig. 7 (a) RAT BONE MARROW SECTION
(Stained with Feulgen, mounted with AR 10
stripping film)

a) before irradiation Cellularity (H#) Feulgen | ." Sy *’W P Lo _,
Stain () Labeling (#f) (indicates endostium) Pl ,:;' :" s B
e . N "
Rl !
i ® - P "
n.5 ko i a :l‘), F
v e, ¥ |
Gy 300N
& ﬂrﬂ e b. :
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Fig. 7 (b) RAT BONE MARROW SECTION IN IRRADIATED SIDE

b) 3 hours post-irradiation Cell- ¢) 6 hours post-irradiation Cel- d) 24 hours post-irradiation Cell-
ularity (1), Feulgen Stain (#4), lularity(4), Feulgen Stain (4), ularity (-+), Feulgen Stain (4),
Labeling (+) Labeling (+~—) Labeling (+)

Fig. 7 (¢) RAT BONE MARROW SECTION IN SHIELDED SIDE
) 3 hours post-irradiation Cell- f) 6 hours post-irradiation Cell- g) 24 hours post-irradiation Cel-

‘ularity (#f), Feulgen Stain (#), ularity (#), Feulgen Stain (i), lularity (#4), Feulgen Stain (4H4),
Labeling (H~) Labeling (#4) Labeling (#4)

S
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7RI INAN O GE (FEHx4 LR TR
Lk BsE L7212, @ Lajtha #ofrig Gr-effect
13) (SEBARIEE G 225 DNASRIICASE
HFOBIE) BEIbRS.

BHEREHEMIGI R T, SEERR T BT 2
LDNAAGRBEEOMEWERE L3 L, Mhos
b 1~ 3EIEIC RS, 6 R & b BEhnfE
AL, 12BN TS  SHRICER LT
3R, ORI T~ XN EmEoERE b
s LTw5 EEbNnS. G Zi ARt ad
DHHECHLNITALR TR, ZOHARY
%L’%L?Ix {CXEZEITHB.

@ MEL <M 2 DNARREBHT %
HR Ve AR U ST R o Ha i

TR RTFEOE b 5B &, SHEMEIE:
BEENZTH B8, bl L@ Es
BCDNASKOHHFAET v, 6 FEHEI R
L, 126RHMRIMEC R L Tw 5 2 kst
N5, XEFEEHMITIC oW TihmEigRz D
NABBREEOERARIZ A T3 LHls A4 6
N3z EixRncilkRRl s 5. 2EHDEICR L
53 LT o #5ima S ¢ ¢ Poliploid
OWB LIRS B EEE I R TEEIC L
OTHEBEINEYR, ZhERBREE A2 LS.
KellyD¥15) 12 kT, =—A Y » e fEdmiaLs
Lymphoma) # f\~ Feulgen #ufifhiz ko
18 = DFEfEIE S iz, 2 & ud el
( 600r) o A4S Cix ML FERABHEH AL R
bh, LZofEEP2{BRCfTb iz & 5
(randam samplng) FE» 5 hin Bl L
W E R T WS NG OSBRI oL
gL RE LW, oA DNAREOHY
b b Tz, B BRGSOy
i — I 2 3Bk, FEERIE— o v T o B
gz, 2 D. Painter!® mFEER - oo HiE s
BELMZ LT NBTHSD.

4. BB ENIEo Thymidine #HE#E - D
NAABRE

Thymidine DBAERE L DN A SRR
G Tz offifaaZeE 2 BrkT 23S 5E D

BAREZFMA RE QMRS #5208 ®1ls

72\~ Thymidine #EHE# A 2807 <0 &
N5 NESH, g1 H Thymidine SERFRILIX
Bt ORIGRINC BT, TL=T ,\gﬁi ;;;W@
ORI, ZR Fig. 8 ioR_ TRz Iu=
—LDNA R & 0BT, R0 TR ORI
DN A /B OMEE, 3 Generation time
DERE, LWmE AR IZFS. —EIlz Thy-
midine FHEFLESE OXINESRT OBAFERE DN
IESTBRBEFT B L ELLNE DT, =
DOFEHGR & DU THRERE OB EME 2 PlE T 2 H 28
Hi3je ,18)19)20) |
Fig. 8 GENERATION TIME (G)
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Fig. 10 (b) 20 HOURS AFTER 600r TOTAL-BODY IRRADIATION
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The Effect of X-ray Irradiation on Rat Bone Marrow by Autoradiographic
Studies using Tritium Labeled Thymidine
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Ryuichiro Watanabe
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Summary

Rats were exposed to 600r total-body irradiation and the absolute cellularity,
cytology and ability to synthesize DNA, using tritated thymidine and autoradiography
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were studied in reticulum cells, large and small lymphocytes, plasma cells of bone
marrow and peripheral blood cells over the first 24 hours following exposure.

It was found that the large and small lymphocytes are equally very radiosensitive
same to K-1 and K-2 cells of the erythropoietic series.

The reticulum and plasma cells were radioresistent.

The maximum inhibitory effect on DNA-synthesizing ability, indicated by reduced
grain counts, was observed at 6 hours after irradiation, followed by gradual recovery
to normal after 12 hours on all kinds of bone marrow cells. The grade of inhition
was greater in cells with greater DNA-synthesiziug ability.

The radiosensitivity between labeled and unlabeled cells was compared and discussed.
It was noted the large and small lymphocytes are eqully radiosensitive, irrespective of
their DNA-synthesizing ability.

The percent of tritiated thmidine uptake, distribution of grain counts over cells
and their mean grain counts were tabulated, regarding all kinds of bone marrow cells
and peripheral DN A-synthesizing blood cells. No or minimum DNA-synthesizig ability
was found in small lymphcytes and plasma cells.

The abscopal effect of X-irradiation in the shielded side was found minimum
under the experimental conditions studied.
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