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Effects of X-Irradiation on Secondary Gill Formation and Tail Regenration
in Branchiura sowerbyi (I)

Norimoto TANAKA

Biclogical Laboratory, Kyoto Prefectural [Jniversity of Medicne, Kyoto.

Effects of X-irradiation on the secondary gill formation and tail regeneration in Bran-
<hiura sowerbyi was studied.

(1) On severing the body of Branchiura, gills secondarily regenerate on the operated
trunk region having no gills previously.

It was studied by N. Nakamura (’41) that secondary gill formation process and tail
regeneration process were independent each other. He said that the secondary formation
of gills occured in relation to the increased metabolic activity in the operated region as
the result of stimulation by injury, therefore injury of the intestine is necessary for the
secondary regeneration of gills.

It was reported by the author that tail regeneration is relatively more sensitive than
secondary gill formation and secondary formation of gills take place within a certain dose
range (up to 150 Kr X-irradiation).

Even though the intestine was injured, the secondary gill formation rate was about
20 per cent, but the animal was amputated, the rate of gill formation was 100 per cent
(N. Tanaka. ’63).

(2) The tail regeneration rates of X-irradiated animal are as follows : 3 Kr (100 per
cent), 4.2Kr (80per cent), 5.1Kr (Qper cent) and 6 Kr (5per cent). The rate of tail
regeneration of non-irradiated animals is 100 per cent. In this case, the operation of tail
was carried out immediately after the X-irradiation.

The tail regeneration process of the animal takes place as follows: during 3 days after
operation, the formation of secondary gills; regeneration of tail (after 5days) ; regener-
ation of tail and disapearance of secondary gills (7days); and the performance of complete
regeneration of tail process (after 14 days) in non-irradiated control (at about 25° C).
(Fig. 1)

Thus observations were done on 5th, 7th, and 14 th days after operatin, respectively.
The animals were exposed to whole -body X-irradiation. The geometry of irradiation
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were; 80 Kvp, 4 mA, no filter, dose rate of 300r/min at 10cm.
(3) The animals were amputated their tails on 4th, 10th and 15th days after X-irr-

adiation (3Kr and 6 Kr).

The recovery from X-irradiation damage could be seen in the tail regeneration process
and the rate of tail regeneration on 14 th day proceeded further with 6Kr irradiation than
in the control experiment (in this case the opration was done after X-irradiation imme-
diately) (See Table 8). And the grade of recovery grows more conspicuous as the time

go on after irradiation.

(4) The animals were irradiated (3Kr, 6Kr, 9Kr and 12Kr) and operated immediately

after X-irradiation. This is control-experiment.

The experimental animals were reamp-

utated, in the same region as the previous operation on 14 th day after X-irradiation.

The experimental groupes more easily recovered from irradiation damage than control.

The recovery of tail regeneration rate was observed with 3Kr and 6 Kr X-irrradiation

but not with 9Kr and 12 Kr.

The rate of tail regeneration on 14th (after reamputation) increased with 6 kr than

the control (See Table 10).

From these results the author agree that the recovery of tail regeneration is the
primary acute reaction (V.V. Brunst. ’44) and the irreversible injury caused over dose
of 9Kr is the secondary recaction (V.V. Brunst. ’44).

(5) The influence of head part on the tail regeneration was studied.

The head and tail of Branchiura were amputated simultaneously after X-irradiation
(3Kr and 6Kr). As the control tails were only amputated. Furthermore, non-irradiated
animals were operated quite in the same way as the irradiated ones.

The tail regeneration process of the experimental groupes was inhibited further than
the control groupes. In non-irradiated animals such difference was not observed.

The influnence of head part on tail regeneration in the irradiated animals, therefore,
was considered as the result of indirect action such as weakness or neurosecration

disturbance afrer X-irradiation and so on.
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Fig. 1. A Sehematic Drawing of the Normal
Tail Regeneration and Secondary Gill For-
mation in Branchiura sowerbyi
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Fig. 2. Diagrams of Cross Section of Trunk
Segment of Branchiura sowerbyi. The Sh-
aded Area Indicate Transected Regious,
Respectively.

Table 1. Secondary Gill Formation Rate
When the Intestins was Injured.
(A) and (B) are Represented the way
of Injury as Shown in Fig. 2.

Number of

Number of v . | Secondary
Animals :éaan;qls’(slﬁ‘ Gill Formati-
Operated | p mgd T on Rate 95

‘ A 204 40 19.6

1 B 213 a7 17.3
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Fig. 3. The Standards of Tail Regeneration in.
Branchiura sowerbyi
Tg: Regeneration of complete tail with gills
G: Secondary gill formation
T: Regeneration of incomplete tail witho-.
ut gills
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Table. 2. The Tail Regeneration and Seco-
ndary Gill Formation on 14th Day Af-
ter Operation With Simultaneous X-.I-

rradiation
Numb- %i:londary Tail Rege-
?]({)ls_g ir n(i’rfn- Formation tisraLion Died
als + — + -
3 21 21 0 21 0 0
4.2 10 10 0 8 2 0
5.1 10 10 0 0 10 0
6 20 20 0 1 19 0
il 9 19 19 0 0 19 0
12 21 21 0 0 21 0
irradia-l 32 12| 0| 12| 0] o
ntrol
fE) Zohziicdnsbbd, SZB#E (3Kr

~12Kr) ciael abhlzwv. b H4eEE
VGBS L EIFIRAEDENDZ & R h
3. %7z REAEAREO ST RAERE W AL
TREIATWS. 7THEHBRETHRECIBWT
BZRABBLZWIZIHAZ TP L ERRARL
n3, TabbaeMks Tg GG R 2>T
Wh, ZTHICHL, EEFETIE 3K 202 E 4.2
Kr U ECiBEfHEaER b 5 3 L { BEE
LTw3. & IIC12Kr Tk Z0EERD B,
Lal, 3Kr v Bff40@EEm k<
ZERBIEIATIEW32, Tg GG YEgIz
oL BB, SFIC14H E0EERERY 25
123 EHTAH:. 6Kr Tl BEEAREEAE
R L Y b ERE L JBRE T LT 5 28, 12Kr
TR G ORI EEFOBREDL LI Z h
I CORBTHHIEh 5. 9Kr CRRIEEZ
DOFEOBRRETEL LT3, D ED X 3 H
EEIT BTSRRI A A BT
2 EDILHEOELER T CEHEERTE I 4L
DI s OWREETES T3, 2D E¥TTIcH
REEcLEkEEERE P EE LT 5. 3Kr
s ciAH S0 MEFEEEOBR L AL T
BRAMTFIREIRALBEOTBMEED B
3.
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W7z, HEROSERIZ25~31CTH .
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Table 3. The Tail Regeneration on 7th day
After Operation

Numb- Tail Regeneration
Dose | er of geiﬁ:mdary TTTFT
(Kr) ;&]21m- Formation gg E%TG GG (’g((;;
GG |G
3 * 5 | 3 O 4] 1| 0] 0
3xx| 21 | 21 0| 8/13] 0| 0
6 * 5 5 0/ 0| 2| 3| 0
G #* 20 20 0] 0 19| 1
Non-
irradia-
ted co. 5 5 5/ 0] 0[O0 0
ntrol

*The operation was done on 4th day after
X.irradiation

* *The operation was done immediately after
X.irradiation
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Table 4. The Tail Regeneration on 14th.
day After Operation

Secondary | Tail Rege-

Number Ptk :
(Dlgig Ay a(‘}é_lénl'orm- neration
als i —
e +
3 5 5 5 0
3% % 21 21 21 0
6 * 5 5 3 2
6% * 20 20 1 19
Non-
irradiat- "
ed cont- 5 5 5 0
rol

* The operation was done 4th day after
X.irradiation
# % The operation was done immediately
after X-.irradiation

L, ZWiEnB-oTw3 Tg G Ly AN
FHHBEbON TS, 202 LI : HigL T
FBLWERDBZ EEDIS,

BB KRIVERG, EZREFOLTICED LA
b8

(A—2)
e “

5 HEBZET3Kr ClRELE+OREZEo7
MR B2z, FO L EFGREETIZFD L S5 2R
HED b Dk LEED 2. 37, FERSHEART
AT REE+ORETSH S, 6 Kr TN
LR o7, A LOZTRIERIEE, S2E

JRATE10 8 Bz EEFEIMNT L 7= ek

Table. 5. The Tail Regeneration on Tth
day After Operation

Numb- Sec:or}da- ‘Tail Regeneration
Dose |erof |E¥ O TTITT T
(Kr) | Anim- | op° 2¢ | Sg it |66 GG
- GG |G |G
3 * 10 10 2 71 1 0 0
3k * 21 21 0| 8/13| 0| 0
6 * 9 9 0| 1| 2| 6| 0
6k * 20 20 D) of 0|19 1
Nozn-_
irradia- | 5 5 |5/ 0|o0|o0]o0
trol

* The operation was done on 10th day
after X.irradiation

# #* The operation was done on immediately
after X-irradiation
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*'  Table. 6. The Tail Regeneration on 14th
day After Operation

2 _ \ Secondary | Tail Rege-
‘Dose g}uﬂ?ﬁ; Gill Form- | neration
JCEr) als “| ation + ‘ _

¥ o3k 10 10 10 0
& .21 21 21 0
6% | 9 9 8 1
6k 20 20 1| 19
Non- :
irradiat-
ed cont- 5 5 5 0
| rol

* The operation was done on 10th day after
X-irradiation

* * The operation was done immediately after
X-irradiation

L YicAhABR:. THEBSEERLTE IR
L7z, Zhick st 3Kr TwlzfdE+nRE0 Y
D PR FAEE T 208 R 1 IR D w2, SZEREE
TT TIZ900— & > P RFORIEE THETL T
w5, EbI126Kr T EAE+ ORI IERENC
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Table. 7. The Tail Regeneration of Tth day
After Operation
Numb- f;co{;:fila Tail Regeneration
Dose er of . I
: ~ | Formati- |TT TT|T
(Kr) ﬁf;lm on }g}g g% ETG GG GG
+ ¥ P¥leG 6 G
3 * 8 & 0[5 3/ 00
3% 21 21 0 8|13 0 0
6 * 10 10 [0 1/2] 6|1
6% ¥ 20 20 [0 0f 019 1
Non- ‘ [
|irradia-) g 5 |5 00 0|0
ntrol

# The operation was done on 15th day after
X.irradiation

# % The operation was done immediately after
X.irradiation

Table. 8. The Tail Regeneration on 14th day
After Operation.

" _ | Secondary | Tail Rege-
Dose E[fuilﬁ? Gill Form- | neration
(Kr) Al atwn_'- g .
3* 8 8 8 1 0
3k * 21 21 21 | 0
G 10 10 9 1
6k * 20 20 1 19
Non-
irradiat- E [
ed cont- 5 5 50
rol |

# The operation was done on 15th day after
X-irradiation

# % The operation was done immediately after
K.irradiation
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72750C, HAMMRS L 3 AELCERRE
ROBEEFTHIELHY, IHHTsREE4%
INR—EHMNIAEFTCE AV E 5.

4, SRR TR LT3 0 EEREICY
T3 XMOMRBREEE N0 L L HKINTEE
HEE>I02BBZLTH5. Thbdb, i
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Table. 9. The Tail Regeneration on Tth day After Reamputation
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Dose Number of | Secondary Gi- Tail Regeneration
(Kr) Animals |1l For_z}:_mtion Te G | Tg GG ggg TT GGG | TGaG | GGG
3% 21 21 7 3 1 0 0 [
g* * 21 21 0 8 13 0 0 0
6 * 19 19 0 0 2 14 1 2
6* ¥ 20 20 0 0 0 19 1 0
g* 19 19 0 0 0 16 3 0
gk 19 19 0 0 0 13 6 0
12 % 21 21 0 0 0 8 4 5(4) +
12 % * 21 21 0 0 0 0 15 6
Non-
irradiated 10 10 10 0 0 0 0 0
control

* The reamputation was done on 14th day after the first operation with simultaneous

X.irradiation

* % The operation was done immediately after X-irradiation,

+ Died (4)

Table. 10. ‘The Tail Regeneration on 14th day After Reamputation

Dose Number of Secondary Gill Tail Regeneration Died
(Kr) Animals Formation
+ + B
3* 21 21 21 0 0
3% * 21 21 21 0 0
6 * 19 19 7 12 0
G* * 20 20 1 19 0
9 19 19 0 19 1
9% * 19 19 0 19 0
12 % 21 21 0 21 11
12 * = 21 21 0 21 0
Non-
irradiated 10 10 10 0 0
control -

* The reémputation. was done on 14th day after the first operation with simultaneous

X-irradiation

* #  The operation was done immediately after X-irradiation
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Table. 11. The Tail Regeneration on Tth day After Amputation of Head and

Tail Following X-Irradiation

Dose Number of | Secondary Gi Tail Regeneration
(Kr) =| Animals | 1l FoTatlon Tg G [ Tg GG ggg ‘TT GGG I T GGG I GGG
3 10 10 0 0 2 8 0
3¥x | 21 21 0 8 13 0 0 0
4.2 10 10 0 0 1 9 0 0
4 2% 3% 10 10 0 0 4 6 0 0
5.1 10 10 0 0 0 10 0 0
5.1% | 10 10 0 0 1 9 0 0
6 10 10 0 0 0 9 0 1
6k * 20 20 0 0 0 19 1 0
Non-
irradiated
control
# 10 10 10 0 0 0 0 0
B 10 10 10 0 0 0 0

# % The tail was only amputated -5
#t# Both head and tail were amputated

Table. 12. The Tail Regeneration on 14th
Day After Amputation of Head and
Tail Following X-Irradiation

Secondary | Taii Rege-
Dose Number of Gill neration
(Kr) Animals Formation
. ol + =
3 10 10 2 8
3* * 21 21 21 0
4.2 10 10 2 8
4,2% * 10 10 8 2
5.1 10 10 |1 9
5.1% * 10 0 | 0| 10
6 10 10 0 | 10
6* * 20 20 1 19
Non-
irradiat-
ed cont-
rol
z 10 10 01 0
£x 10 10 10 | 0

# % The tail was only amputated
= The tail was only amputated
## Both head and tail were amputated

o7, Xiariaig 3Kr, 4.2Kr, 5.1Kr,
6Kr ©, JR§HE, BB XUES L.
372, W E UCHERAEER OIS X VRS
YrLzd ok, EBHEEOALDYD T & D).

The tail was only amputated

AP, REBES2G 2k Lzb o LTET
SR 1 ORI E LA U LERGET L.

(b) HzBuEiRt

(b—1) YtES5 B HOBERER
R R T 2 &, 3 PIRRSTR
RO, Y - BEESUINT & BEYINT & ok
ZRBLNT, KFFNEHE+THS. L L
Bt 3Kr CRIfS 23 alo b oy LEAE
RAEDB S Wi b, 4Kr DlLETiis
DRfCERIIIEE A E .

(b—2) YkitE7 B B oEgERR
IR L7z, SRR T B U O b
LEES - B0 b 0 & TIRAMRBERARTED S
N, 3Kr Tk MBI T 21 EfRA 8
EEREE TR T30, HERBEETIREAE
+ oM T REED v, 4.2Kr Tz 3Kr 12
PUHEE TR AVEAFNLTHRSREREICE L
nofEmRLLNS, & ZABRERL EOFET
WIEE A EENA .

(b—3) YIl14E B 0BLREE
IZEIC F Lo, TOFRIREATWSE LS
I, TRk BESEE & ERRT, 7
AR DA & 5, & HCIEHE - BT L7

— 11 —.



1324

REBREETY 1005—k vt AbNhBab. kil
FERRG O & 2 ER R ERTHEL
3. —F, BACE L CIEREEET R + 0 f
B, RGBT, AN YR Lo T
HELRA. EZANREERED 3Kr & 4.2Kr
TEDH E LN FINO BRI L B2EHERTD S
N3, Thbb, 4AMNEET3Kr TlxEZEHY
WOg R 1005— % ¥ } AT 2 DI EEREED
B L0 2 @ E2ZTR+THY, b
4.2Kr 3EfTHS. 5. 1KLL LTy srn
BRRAALNE. —JF, EREAEREREECE
WOIEMRABRCIE LI L GBRET 5.

(c) #Ex

DUE D LB & B AT 2 Sk
DEEIIERARORB T30 72 61 L D FESH
RROFERBETHZ LZAh v ERbh
o7z, ZdZ ki, Okada and Kawakami!®
(43) @ 3 3 X OHEETARER G O O EAAE
ahhEFEREOEMERfTb A 3. § 7=,
Todd, J.T™ (23)ic & % & 4SO B OB
BWODOKNPECHMT M Lo THBE
ZDTEAL, MRS ZY5 A EENY
BEZFRCECIFHEIFBFE LAV, [Ti#an
W, ZARSEER TR IEE U LT 3 BRSO B
BT 2o b AR MHRRIIBI LT W B 0
LTHB. LILABR, WEHEERR I 3K,
4.2Kr TRSEAER, WWEET 100,5—% > }
DI ENITNMEZ /T BICK L, BEEA
WL IR Te 3. Zhizd ¥ 5 pIC T
Bl BRI — AN B S L v E LT b
LEhDEBED-ZBPDEFER LA TIERS
7w, FhixOkada and Kawakamil®, Todd!"
DE D MROFE L 2EBN R EE TR L,
Bl Z I RE WA D & 3 72 2 & Rk RS
FTEDONBHNG . BBV, BEMCED
IVHERIC & B 3 OMEREE? O h & XERg
12 & 3250 FAREST © WD B BRI
LOoTC—E@2L 30N bHENE I OREEE
Pb, BEEZIET S0 FFE) 12o2wT—>
DFEBERY 2487- L BoTn 3.

BAREFEE RS H23% glls

¥OOW

T 7 i 3K L, FoRSEEB IV
SRR T 25 ER 2 TR L 7.

(1) =73 IXDEMEENTOL LB
N7RENC = 7 O IRk B Thh 3.

X & b, EBEEENIE & W 355 X
Wy a0 2 WERIMTOh S 2 &
¥hz. ABEECER U OO Sk
FSRIEAI20/5—% ¥ M2 T Ehhors (HED
56).

2 MEFEECESZUN L, YUEdago
iz ik 3Kr ¢z 100s—% > +, 4.2Kr Cit
#9808 —% ¥+, 5Kr 05—, 6Kre
WE5 N v+ BEEAEA L7z CHREETIX 100
2=k }) '

(8) M4 HE, 10HE, #LTI5E Y
WrL7-8:4 3Kr Cix-rnE4EFRIZ, 6Kr ©
AR & R B SRR CEE OB R D B
., TORERGESEUN  CoEEORRE
PELTLBELTwiwv, 4HELEYLE
T REIE ORI T 3.

(4) FRHEE(3Kr, 6Kr, 9Kr =L T12Kr)
THRHTERYN L, 4BEREAE B8R -5,
I E—EET E 203 L ARETTEE b e
WL, BEEAEZBEL-RE —oEREACY
EEOERAED bR Tabb, 3Kr T
FERET, 6Kr CREAEED X Uik
THEDLNTWSR, 9Kr, 12Kr TixoiR%
DEFMBTED ShAaho7. Zhiz6Kr 3wk
£ XiR Lo T, WEC DS 3H0E, &
BHEOFERIINAELEEEL 5 17 328,
BERAMNTHEOCHEBEE B, 9Kr L
LR ELREL AU E 2o RETH
2EBLONBZYE, BB IUVUNI > TIRERke
PR 3 7= 00375 5 22\,

(5) MHEHI (3Kr, 4.2Kr, 5.1Kr# 1L
T6Kr) s L URBHE U LT, EBEE4s
WY BERHBROEE R 2 B L, BEYN O LD
N R L CERLEEEENBL b B\
AR D LN 3. FEREE IR oREAI
BEAER . LB2T, EfiEEs 28

=99 —



FEFI394E 2 H25R

EREOEREEENT 2SN 0 %235
TWBEWHZENRTES.
o

MERLDBELILD, 2o, LDabEEME 2
D, HHHE R LT EVE L BUBRSLBER 2 H
BOFEZEMEE B SR L s 4. By
FUGE 2ot PR E S A TR T I
REMEECREL AW BMERT 5. i, HBOBRK
EHER,  BYE R v o BURRAE ST R M AR e
CHEEHRT D EFEPl.@ERETIGE Lk
FHR HHbF-HToWEEY SH OB L T,

X @t

1) HeEE, HRREkE (1963) BET2 : 289292,
— 2) Nakamura Norio: Secondary Formation
of Gills in Branchiura sowerbyi by the Tra-
nsformation of Trunk Segments. Jap. Journ
of Zool. Vol. I{No. 2 195—208. (1941) — 3)

Hebfos (1956) Bifpe k& TRE, — 4)
Jlmpgsg (1936). @ik, 48(4).205~206, — 5)
Fil E sikE  (1929). WM. 41(490—491)416--417,

— 6) Curtis, W.C.: Effects of X-rays and Ra-
dium upon Regeneration. In, Biological Effects
of Radiation. Ed. B.M. Duggar. 411—457. McG-
row-Hill Book co. New York, Lendon. (1936).
7) L. Eldjarn and A. Plhl: Mechanisms of Pr-

1325

otective and Sensitizing Action. In; Mechanis-
ms in Radiation Biology. Ed. M. Errera and A.
Forssberg. Vol. II. 23]1—296. Acade Press, (1960)
— 8) Packard, C.: The biological effects of
short radiations. Quat. Rev. Biol. § : 253—
280. —(1931). *— 9) Brunst, V.V, and E.A. Ch.
eremetieva: Arch Zoll expe Gen. 78 : 57—€7.
(1936). — 10) Brunst, V.V. and E.A. Schreme.-
tjewa: Arch Entwoch Org., 128: 181—215.

(1833). -—11) Caspary, W.: Physiologie der
Rontogen und Radium strahlen. Hb, norm Pat.
hol Physiol., 17 : 343—390. (1926). — 12) Bru-
nst, V.V.: Untersuchung des Einflusses von
Réntgenstrahlen auf die regenerierenden und
erwachsenen Extremititen bei Urodelen. Arch
Entwmech Org. 142: 668705, (1944). -~13)

Brunst, V.V.: Untersuchung des Einflusses
von Rotgenstrahlen auf die Entwicklung bei
Amphibien. Arch Entwmech Org., 142: 706-—
729. (1944). — 14) EE % -~ (1956). HEIBHE
10 : 83~104, — 15) Yo, K. Okada and I. Ka-
wakami: Transplantation experiments in the
earth worm, Eisenia foetida (Saviginy) with
special remarks on the inductive effect of the
nerve and on the differentiation of the body

wall. J. Fac Sei. Tokyo Imp Univ. TV 6 (1943).
--16) MEE (1951). B o£H% (2) FELEN
283~-340. —17) Todd, J. T (1923). Quart, J.

Sci.,Lit. Arts, 16 : 84~.96,

g



