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KA T A (LRSI ERRSR S AEHE)
Thymus, peripheral lymphoid tissues and immunological responsive-
ness of the pituitary dwarf mouse Eisaku OKOUCHI (Department of Physiology,
Wakayama Medical Collage)

Snell’s pituitary dwarf mice (dw) were used for studies on the relationship between
hypophysis and lymphoid organs.

The age-dependent changes of thymus or spleen weights of dwarf mice were compared
with those of normal littermates. The suppression of growth of the thymus or spleen
in dwarf mice was recognized at 5th day of age.

Although involution of the thymus varied among animals, a strong positive correla-
tion was demonstrated between relative thymus weight and body welght in 30~4O days
old dwarf mice.

Lymphoid organs of dwarf mice were reconstituted by injection of growth hormone
and/or thyroxin. Relative thymus weight significantly increased in dwarf mice when the
treatment with growth hormone started at 7 days of age, but the same treatment at 3
months of age did not show any effect on the increment of relative thymus weight. On
the other hand, the antibody-forming capacity against sheep erythrocytes of dwarf mice
was significantly increased even when the treatment with growth hormone was started
at 3 months of age.

A marked increase in the number of lymphoid cells in dwarf mice was obselved by
treatment with thyroxin, even if treatment was started either at 7 days or 3 months of
age. Similar changes were also obtained in the antibody-forming capacity.

(J. Physiol. Soc. Japan (1976) 38, 325-335)

key words : dwarf mouse, thymus, spleen, growth hormone, thyroxin, antibody-form-
ing capacity.
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RVE G AR THSBI U3 W AS K
D 4SER, RERE< T Ry VERE RV e v
(Nutritional Biochemical Corporation, Cleve-
land, Ohio, USA, control No. 3785) (L F GH)
011U, L9+ w % v o CEHA5IER) (BIF
Tx) 1pg nThia v LI L TEH
BRTFHRES R -7,
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T A DR R, B O 50% 1 BT R A
P D ETOREE S o TEFMME Ui,

TN © 30~40 H 5 O IER < 7 A O i
B, OB 7 2 Mk (PH7.2) CUF
PBS) mieod ik D, 77w ol
EVIAF I CRETHIN 2 1E L, 3X
10%[/0.4 ml o> PRl & /R U 7e. LI b [R]
FEIC LTSI 4 X< 10%E/0.4 ml oo FRilEik &
PRI 7o, 7RI v R 4 & O o
i Y v 7 ) R E e Ty PBS T

TEAMEREE <7 2D Y o SRIEE & C DRIz DV

e L, mibtsiiai i <L, 3 x10%#/
0.4ml OEEKEIER Lic, B b O
FlER 0 Y CIRIMERSAIE O R B TR~ ¥
2 DOJEMER~HH L.

Hemagglutination test : PBS ¢t X { ¥k -7z
by ORiinER 4 X 10°/0.1 ml % FHRpy g 4
A#icE~ v 20 RDRE VML, FiE
05ml iz 2.5% t v ¥ FRisk 0.05ml #hnz
37°C, 2 WGk SEIC—EHE L TH BFIED
gz L.
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35L& (Table 1), —fRICRBRE~ Y 2 TiX
INSWEERRTH, FIREE~ 7 X O iR,
B EE L </ & <, FiBifix lymphopenia
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HTRPEEEE~ Y 2D bDORRKEVEER
LTwW5, SHIEBBEELECRFE~ Y 2
TR sME &7 LEL, TORDIEER
FLIZbOTRENICEZERRZVLDLELD
N5, 1B IREICCREEE L IRRDSMNE VT
NORMFE~ 7 2 LIEE < 7 X Ot EE
ORI 1 %UTOEREFETHEEEVPR ORI

TOXYHRERE Y AD Y VARERROR
HFEERERATH -2, ZoREEe X O
IR AICTER v v 2 L R & B
T olc. MR ERIIIER < 7 A TIE50H
BE RT3 5 0 U CTHREHE ~ 7 2 T
B E ©— 2 ciivh Lic (Fig 2, 2. The
MR ER TR &, REE~ VA TRER~ Y
ARRBOND L5 THSHEHOC— 27RO
F, FEELEIRGE & D R BiE L (Fig. 2,
b). EHEFE~ T A TIE30~40H4E» b #Hx
D MED T EN AR ERAE & R Le s, RMEE
% 7 A TEEERED bR ol

KRR b TREBRE = v A O Jaflid BN Y
VR B R L T A ERERARHICR bR
7= (Fig. 6, a).

g oM ERITER ~ 7 A TIE30H A E
CEBICERT S 0IeRL, REEY YR T
10 S E ©— 7 IckE/N L T30~40F 4EEIC
1210 mg Bt L L L /h& 2 o7 (Fig. 3, a).
M ER TR LRMERE~ v 2 T 5 BRED
LIEE <72 L Rific{ET L T30~40H FEHEI
EiRfEx R L7z (Fig. 3, b).

FARESE A R ~ U 2 O Y SR
OB ETIT, FRANO/NY v BRITE L
LD -7 (Fig. 7, a).

FIRFE~ U A DKM ERZIERY <
U AT LAKEWEE R THNICH -
feis, ZOFRGITE MRS E LCED L

Tw7 (Fig. 8, a).

¥, LEORMEIE~Y XY v S REEE R
FREOEIER T, BRI X A IEEROENE 0 LB
IR E LS A bz, 2 T30~40H
B OREEE~ 7 236 (EHEES.7 @) Iz
THalR 3 X ORI E R & 72 W EER
ZFmy bLickz A Fig 4, a o2k < s
MR ERIRAE LRCIEOHENRA S H, &
BOLDREBERELVI LR oo, L
PLEFEYYATIRINL 5 nEHGITLL RS
Nl odz, TR LB TRFREE ~ v 2 T
LPIOXIRBRERAIENTE R 2 o e
(Fig. 4, b).

Table 1. Relative organ weights® in 30~40
days old dwarf mice and normal littermates.

Organ Normal bwarf D/N x100
Thymus 3.6 + 0.10%) 1.6 * 0.16 44
Spleen 9.5 £ 0.68 1.8 # 0.10 19
Liver 64.0 = 1.60 43.1 % 1.47 67
Heart 6.6 + 0.26 5.6 ¥ 0.13 85
Lung 9.5 % 0.45 11.1 % 0.40 117
Kidney 16.0 £ 0.37 13.0 ¥ 0.29 81
Adrenal 0.24 £ 0.009 0.18 * 0.005 75
Testis 7.2 % 0.52 4.1 % 9.22 57
Ovary 0.44 + 0.019 0.41 * 0.055 93
Femur®) 2.6 + 0.05 2.8 % 0.06 108
Lymphocyted) 5382 & 1102 1481 £ 282 28

a) mg/g body weight.

b) Mean * S.E.M.

¢) Right femur.

d) Peripheral lymphocytes / mm3.

PlboZ & S RER~ v A TR Y o RS
DFELVCEFIHEZ b I BEEEREN R o e
25, WIZZHEBENLE»BR L, T
AKR ~ v 2 of gt 2 BELESERE
R KMEE ~ 7 A TR O 2 ICBERZ 5
h, EHEBFPRREE vy A0LLHIH LT
24H Tdh -7z (Table 2).

b v UiRiiiEk 4 X 10° BIPRS00
MmyEPy hemagglutinin titer | Z{R{ERE~ 7 &
TREE~-VALD 1~2H BN TEH LK.
L LSS 7 BOME CRIEICIE & A EERA
s 2WSEBIS LEERD BN 180 o 72
(Fig. 5).
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Fig. 2. Age-dependent changes of absolute (a) and relative (b thymus weights in

dwarf mice and normal littermates, {%): Dwarf mouse. (@) : Normal male. () : Normal

female.
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Fig. 4. Correlation of relative thymus (a) or
spleen (b) weight to body weight in 30~40 days
old dwarf mice. r : Correlation coeflicient,

Table 2. Survival days of skin allograft in
dwarf mice and normal littermates.

Recipient “&%Cg‘ Survival days
- *)

Hormal 5 11 % 0.81

Dwarf 5 24 £ 4.84

Skin donors @ ARR/J mice.
*) Mean & S,E.M.

SO XD IR E & e L RIE~ U A
ONNEPNCIER ~ v A0 ) w5kl & A L
KR ERVRPE i1k j%;éz 4 4% o hemagglutinin

titer % BLA &, AN 3 < LOME S 72 vk o

i & DREREICDWT

B4 X 10° E O A TH & s CHiREEA sk
FEh R, BRI 3 X 10° 8 Tk 4s < Ah#
Bobiisin o7z (Table 3).

WICTHER AL E L ORIHE LD L LT
GH = Tx 285 LT, hEE~ 720 ) L3
TRl 72 & QT RIEREIC I K E TR .
ié‘ THENL 4 BB AL E v R RS L Ee

% Table 4 R+ L <, GH = Tx %%
m%h%@&@tt%%ﬁvﬁz@%ﬂ%@%
DEY 3~4g OFEHINSAR S, PHHRE
BTN T g OB A iz, E k<

v 2 O Nl I O o FEe A 1k v T LR
Hlz X v#my, #ie Tx 5 o8 n2m ¢
BHolo. LALULIARLECEFAREELTLNE
Jis J OVERRE oo ARseh B v Tx BEA 5.0 1
R By o7z, B RV Tx Bl
EOVGH & RS U e g~ 7 2 ciiic s
THEAE &R L.

FHRESEIIC D vt R XY (R~
A QWM /Y oSk R L (Fig. 6,
b), MG D AR/ Y oS BRI TR U C IR
YA BND X DY AR I L C
wic (Fig. 7, b) Bk b A e v 2 b sh
TR~ 0 A IR SRR A S5 L C v e
(Fig. 8, b).

F IR~ 7 2 0 Ly DIRIERGE 4 H %
OPLEREAEREE R Ve SIS X VIH S i B
FU, BRSO G L & g s
17 (Table 4).

E BT 3 A OEiEE~ v A
FEoSEEe 2t -7 (Table 5). = oEC
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Fig. 5. Kinetics of hemagglutinin formation after i.p. injection with 4 x 108 of sheep

erythrocytes (SRBC). (x -+ x) : Dwarf mice. (O—(Q) : Normal littermates.

Effects of intraperitoneal injection with thymocytes, bone marrow cells or

Hemagglutinin titers

at 4 days a)

after immunization

1

640 (1:320 - 1:1280)")
:20-40 (1:10 - 1:160)
160 (1:80 - 1:640)

110 (1:10 - 1:20)

Table 3.
spleen cells on hemagglutinin formation in dwarf mice
No.of
Group mice
Normal 6
Dwarf 13
Dwarf +Thymocytes 9
Dwarf +Marrow cells 5
Dwarf +Spleen cells 7

1
1
1
1

180 (1:40 - 1:320)

The 30-40 days old dwarf mice were injected intraperitoneally

with 3x10%0f thymocytes, 3x10%0f bone marrow cells or 4x108

of spleen cells. All cell donors werc from normal littermates.

a) 4X1080f sheep erythrocytes were inj'e\cted intraperitoneally.

b) Mode of distribution of data ( Range of distribution ).

ERICHLTT BEAh b EhFhbLE v i
HELIEA e FHFLELR L.

V. & %

HRIFIE~ T 2D U v A RIEER O MRk &
NS 2% Baroni (1967)D23) o g4t
e o 0@ENR b % (Baroni et al.
05)), Duquesnoy et al 9O, Pierpaoli et
al.’®, Wilkinson et al.?). Z# 4 Z D i
LTBEZRBI R o e RKEBE~ ¥ 2 TR
1) K ORENY v BRI B 5%

LV REIH & BEEEME.  2) Ml X ORE
Y U AEIOMNY BRI, 3) SRR B
% lymphopenia. 4) ‘BHPNE IR O J5K
5) FREEEBEAEERES L ey Y
TRMER— R OPUEELE ORI, 6) R
EH~ U R oM R AT X Y
REIXME SN S D, BHMEEATIIESTH
Bz, 7) GHR Tx#E5icX 9V v <%k
PR T b IS EN AL S &
LR EPETRESNS. FEllyEh o immuno-
globulin v ~ L idfkfERE <Y 2 L RIEES <
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Table 4. Effects of hormones on neonatal dwarf mice and normal littemates
Relative weight ( mg/g body weight )
Group Nolgz Body weight Hemagglutinin titers at ?
Thymus Spleen Femur days after 1mmunjzat1ona
Normal 5 19.2 % 0.41°) 3.8 * 0.27 7.2 £ 0.52 2.6 £ 0.05 1:640 (1:320.- 1:1280)°%)
Dwarf 13 .9 % 0,33 .7 % 0.26 1.8 £ 0.16 2.8 £ 0.06 1:20-40 (1:10 - 1:160)
Hormal +GH 8 18.5 % 1.29 3.0 £ 0.13 8. 0.60 2.6 £ 0.07 1:1280 (1:640 - 1:1280)
Dwarf -+GH 5 9.0 % 0.28 2.6 £ 0.37 4.5 £ 0.36 2.8 % 0,05 1:160 {1:40 - 1:640)
Hormal +Tx 10 22.1 % 0.75 3.2 £ 0.18 7.7 £ 0.45 2.6 £ 0.06 1:1280
Dwarf +Tx 10.4 + 0.48 4.3 % 0.37 7.0 £ 0.37 2.2 % 0.10 1:320 (1:160 - 1:640)
Hormal +GH«Tx 7 23.7 * 0.75 3.7 £ 0.28 7.8 £ 0.2 2.7 £ 0.03 1:1280
Dwarf +GH:Tx 5 12.7 % 0.58 3.9 % 0.1 6.6 £ 0.19 2.2 % 0.08 1:640 (1:320 - 1:640)

The 7-day-old mice were injected daily subcutaneously for 28 days
hormone (GH) and/or 1.0 ng of L-thyroxin(Tx).

a) lxxl()scf sheep erythrocytes were injected intraperitoneally.

b) Mean X S.E.M.

¢) Mode of distribution of data ( Range of distribution ).

with 0.1 iU of bovine growth

Table 5. Effects of hormones on 3-month-old dwarf mice
No.of Body weight ( ¢ ) Relative weight ( mg/g body weight ) Hewagglutinin titers
Treatment 7o o A Rt - at 4 days
Initial Final Thymus Spleen Femur after immunizationa)
Untreat 15 7.5 & 0.22b> 1.3 % 0,18 2.4 F 0.30 2.8 % 0.04 1:40 (1:10 - ]:]BO)C)
GH 6 7.9k 0.24 9.7 % 0.47 1.0 % 0.09 2.9 %+ 0.34 2.9 % 0.09 1:320 (1:40 - 1:320)
™= 5 5.8 % 0.20 7.0 % 0.68 1.7 & 0.74 6.6 £ 0.44 2.9 % 0.10 1:320 {1:160 - 1:640)

The 3-month-old dwarf mice were injected daily subcutancously for 28 days with 0.1 IU of bovine growth
hormone (G} or 1.0 ng of L-thyroxin(Ix).
a) 1x10%¢ sheep erythrocytes were injected intraperitoncally.

b) Mean ¥ S.E.M.

¢) Mode of distribution of data ( Range of distzibution ).
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30~40H & DIREBIE~ v A T 7z Bl A &
B LRE L IRCHEERERERL, KEEOD
DIE EIBENEHTH o2t (Fig. 4), Thid
JRR A T 'k L5 Lokt U T CRESR D
B EERM LSO THS D, T LTFig
4 ZRIRNC B ~ v A O FTHAREOREC
BEHEEPZE LV E2RLTBY, REE<Y
AESBMELE LTERT A Z ORI
BETIVEOHBZLERLTVS.
RIBIE~ 7 2 D Y v R b O S
BEDFEFICKT 5 GH 2 Tx # 5 o%E iz >
Tid Pierpaoli et al.l®) < Baroni et al® o
WEPD D, FHEOERBELIS & 12 FRE
TH o7, 7277 Tx BB ERioH2 GH 3
MEEREL D RERRI X BE SR, Thi
B LB Tx 858 2.5 pg/ B3R
FE= v 2w LT over dosis Th oo LT
XabotEZbRS., LrLGHE Tx ff
FBERRT0E S ofE R & R Jle < s &
DFEE RIS LTk Tx B 5800 F
IR 5730 5 7203, HUREARERED J<®
Fah (Table 4), FyEiie 0 FEBLICKT 5
ANVECOWEERN R & i, EESRR
GH »fali-e et L T U o ~EREES (R
FIEEAERER B - EBRS W ASOR
HICOPREEREYYET 5 2 L 2BELEL
(Table 5). &5z d @k T AREREIC
£ 3V U RRIBEOBREEOE T OV T LA
A U7, GH iafaigis &0V v RREE O
BT 2 EHRE Rz Em, —F Tx
B 7 L ORI Y v oSBT 2R Y
VAEREZERIZ 3 W AGUBTLEL i 5
7z (Table 4, 5). zhboz b GHiZfE
TSR DOREL . &N Y v Bk, RREC R
PER L, —F Tx Y v S RIEEE0 ) v
NREROSEETER (RS E5 X5 CBbh 5.
LOPLEBRBINBDFRVEVRIZHAVIIZY
REROGL, BRROBBTEOL I EELT
WL PRIV TSR E DR Lt hidis
BV,

V. #& B3

L BBE~ Y ARFEEEE Y 2k
T, #MEERO S bR, BEslo) v
NAMEBOFEEEENE L L, KA ML lym-
phopenia # 7R L7z.

2. (KB~ v 2 Ol BIEOFEERER
E%5 HATTTIRED b, »-ofuiiE RS
SBNET D, R ERO Y L STARRTERIEE L
< /ﬁggf% ST,

3. 30~40 H4 DHRERIE~ U A D JlRAH E
BRAELRCECHBEPR O, EEEDSD
DIE LRI OBRENE TH o T

4, BB~ v X FER AR RIS
BL O Y ORRMEk— kA% OB R EE IR
ER R Bz,

5. BB~ v 2 OREREIFRIER < v
2 O Sl & 7 R A X hEEES
e, EEEMIE TIREY T - 7.

6. BIERE~ T A0 L ARIBERORERE
75 B NC s RS GH R Tx b4 X D o
Shie.

7. GH 3 BELDIEN 5+ W E tRERE <
vz oIl X OO EREEINE b 72 b
L7edd, 3HASUBTRELAEIRLED
b AR e

8. Tx WBHRBE~YAD ) v RIEERD U
VoSER BRI BN S ¥ e, RIS T B E 0
B 3 W AEUBTOEL R 5T,

Fadiksicty, Wi, EEEEE - 2T
s R 5 L, MIBE RTEVW o BB
BEFCE LR L R E T

TR R ATIEE O — R A AR BT SE B Bl T3 A
FETIEE (1) “SEEREIORAER BRTS & £ DFEL
A (REE JIMRE—)L kX o7

X 13
1) Baroni, C. (1967) Mouse thymus in hereditary
pituitary dwarfism. Acta. Anat. 68, 361-373
2) Baroni, C. (1967) Thymus, peripheral lymphoid
tissues and immunological responsiveness of
the pituitary dwarf mouse. Experientia 23,
282-283



334 THEAEMEEERE~Y 2D Y Vo SR/IHE L F oIz oWT

(a) (b)

Fig. 6. Thymuses of 36-day-old dwarf mice : (a) untreated, (b) treated for 4 weeks
with growth hormone and thyroxin. (Hematoxylin & Eosin. x 40).

(a) (b)

Fig. 7. Spleens of 36-day-old dwarf mice : (a) untreated, (b) treated for 4 weeks with
growth hormone and thyroxin. (Hematoxylin & Eosin. x40).

(a) (b)

Fig. 8. Bone marrows of 36-day-old dwarf mice : (a) untreated, (b) treated for 4 weeks
with growth hormone and thyroxin. (Hematoxylin & Eosin. x40).



TFERAEGRES Y A0 ) v T & C O T 335

3) Baroni, C. (1967) Age dependency of the primary
immune response in the hereditary pituitary
dwarf and normal Snell-Bagg mouse. Exper-
ientia 23, 1059-1060

4) Baroni, C. D., Fabris, N. & Bertoli, G. (1969)
Effects of hormones on development and func-
tion of lymphoid tissues. Immunology 17, 303-
314

5) Baroni, C. D., Pesando, P. C. & Bertoli, G. (1971)
Effects of hormones on development and func-
tion of lymphoid tissues. [. Immunology 21,
455-461

6) Baroni, C. D., Scelsi, R., Minganzzini, P. L.,
Cavallero, A. & Uccini, S. (1972) Delayed hyper-
sensitivity in hereditary pituitary dwarf Snell/
Bagg mouse. Nature (New Biol). 237, 219-220

7) Bartke, A. (1964) Histology of the anterior
hypophysis, thyroid and gonads of two types
of dwarf mice. Anat. Rec. 149, 225-236

8) Bartke, A. (1965) The response of two types of
dwarf mice to growth hormone, thyrotropin
and thyroxin. Gen. Comp. Endocrinol. 5, 418-
426 ,

9) Duquesnoy, R. J., Kalpaktsoglou, P. K. & Good,
R. A.(1970) Immunological studies of the Snell-
Bagg pituitary dwarf mouse. Proc. Soc. Exp.
Biol. Med. 133, 201-206

10) Duquesnoy, R. J. & Good, R. A. (1970) Preven-
tion of immunologic deficiency in pituitary
dwarf mice by prolonged nursing. J. Immunol.
104, 1553-1555

11) Duquesnoy, R. J. (1972) Immunodeficiency of the
thymus-dependent system of the Ames dwarf
mouse. J. Immunol. 108, 1578-1590

12) Duquesnoy, R. J. & Ahrens, R. C. (1973) Increa-
sed responsiveness to phytohemagglutinin and
graft-vs-host reactivity of thymus cells from

Snell-Bagg dwarf mice. J. Immunol. 110, 578-
580

13) Fabris, N., Pierpaoli, W. & Sorkin, E. (1971)
Hormones and the immunological capacity. [[.
Clin. Exp. Immunol. 9, 209-225

14) Fabris, N., Pierpaoli, W. & Sorkin, E. (1971)
Hormones and the immunological capacity. [V.
Clin. Exp. Immunol. 9, 227-240

15) fiE Ik (1967) folR OIFRE S 31 B RS, 38
170 B ABESEREFEMMRED. B REEHMK
£, HEr, 362-371

16) Pierpaoli, W. & Sorkin, E. (1967) Relationship
between thymus and hypophysis. Nature 215,
834-837

17) Pierpaoli, W. & Sorkin, E. (1967) Cellural modi-
fications in the hypophysis of neonatally thy-
mectomized mice. Br. J. Exp. Pathol. 48, 627-
631

18) Pierpaoli, W., Baroni, C., Fabris, N. & Sorkin,
E. (1969) Hormones and the immunological
capacity. [ . Immunology 16, 217-230

19) Pierpaoli, W., Bianchi, E. & Sorkin, E. (1971)
Hormones and the immunological capacity. V.
Clin. Exp. Immunol. 9, 889-900

20) Rugh, R. (1968) The mouse. Its reproduction
and development. Burgess Publishing Co., U.
S. A., 259-260

21) Snell, G. D. (1929) Dwarf, a new mendelian
recessive character of the house mouse. Proc.
Natl. Acad. Sci. U.S. A. 15, 733-734

22) Wilkinson, P. G., Singh, H. & Sorkin, E. (1970)
Serum immunoglobulin levels in thymus-
deficient pituitary dwarf mice. Inmunology 18,
437-441

23) Wegelius, O. (1959) The dwarf mouse — an
animal with secondary myxedema. Proc. Soc.
Exp. Biol. Med. 101, 225-227



(J. Physiol. Soc. Japan (1976) 38, 336-338]

Late positive potential of the flash-evoked response in
the rabbit under deep ’anesthesia

Yoshihiko IWASE, Takashi UCHIDA and Naoto SUZUKI*

Department of Physiology, Kyoto Prefectural University of Medicine,

Kyoto 602, Japan

Light of flash evokes the primary and
secondary evoked responses on the visual
cortex. Anesthetization changes largely the
secondary response with little modification
on the primary response®, Under deep bar-
biturate anesthesia the primary positive
potential is followed by a late positive
potential which is simple and resembles the
primary one in wave form, when recording
at the cortical surface. This late positive
potential thus induced seems to be brought
about by 1) secondary discharges of retinal
ganglion cells and/or lateral geniculate
(LGB) relay cells, 2) via extrageniculate
systems such as retino-tecto-cortical path-
way, 3) by secondary discharges of cortical
neurons through the closed circuit within
cortices, or 4) by cortico-subcortical rever-
beration. We examined the origin of the
late positivie potential experimentally along
the line mentioned above.

Rabbits were anesthetized with pentobar-
bital sodium (25~30 mg/kg, i.v.), mounted
on a stereotaxic apparatus, and respirated
artificially under gallamine immobilization.
Flash lights were given at 0.25~0.5/sec from
a xenon lamp set 30cm in front of an
atropinized eye. Electrical activities were
led from contralateral LGB, superior colli-
culus (SC), and visual cortex, and fed to
EEG amplifiers. Then ten serial responses
were averaged with a computer of average
transients (Mnemotron 400B) and the results
were graphed by an X-Y recorder. When
SC was cooled, the amplitudes of evoked
potentials were measured from EEG records
and averaged for 4 ~5 responses every
minute, since the response changed too

P

quick to average by using the computer
and read out. Cooling of SC down to 15°C
was achieved with a cryogenic probe in-
serted through the cortex with which the
nearby structure was inactivated rever-
sibly.

The cortical response evoked photically
consisted of the primary positive potential,
sometimes followed by a few oscillations,
and large negative dome potential in an
unanesthetized condition (Fig. 1, A upper).
Just after a dosage of pentobarbital (30
mg/kg or more) flash evokes only the
primary positive potential (P,), but in a few
minutes the late positive potential (P,) fol-
lows with a latency of about 200 msec or
more (Fig. 1, A middle). There was no
obvious activity in LGB corresponding to
cortical P,, implying the irrelevance of
retinogenicular system for the origin of P,.
P, became narrow in width and large in
amplitude, and also its latency shortened
gradually with the lapse of time. At the
middle stage of anesthesia P, led succes-
sive afterdischarges, then decreased in
amplitude, and finally became obscured in
prominent EEG activity. P, and P, became
negative at the depth of 0.2~0.3mm from
the surface. With double flash stimuli, with
the interval equal to the difference of peak
times of P, and P, P, evoked with the
preceding flash and P, derived from the
succeeding one did not sum simply, but
interacted on each other and formed double
peaks. These facts suggest Py and P, are
for the most part the reflection of excita-
tions eveked in common cortical elements.
Electrical stimulation of LGB evoked a
positive potential which interacts with the
flash-evoked P; completely at simultaneous
stimulations, indicating that both potentials
are excitations of the same elements, but
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A. Upper : flash-evoked responses in lateral geniculate (LGB), superior colliculus

(SC), and visual cortex (VC) in unanesthetized rabbit. Middle and lower : flash-evoked
response and response to electric stimulation of LGB, respectively ; about 10 min after
pentobarbital anesthetization (40mg/kg, i. v.) B. Changes in amplitude of P; and P plotted

against flash intensity.

did not induce the late positive potential
equivalent to the flash-evoked P, (Fig. 1, A
lower). This fact would deny the possibility
that LGB neurons may send delayed im-
pulses triggering cortical P, and also in-
tracortical mechanism or that cortico-
subcortical reverberation may cause P,.
Flash strength affects P; and P, differently.
P, had usually lower amplitude than that
of P, when evoked with a strong flash.
With weakening the strength stepwise P,
became larger and exceeded P;, and then
decreased gradually with P, (Fig. 1, B).
This suggests the process causing P, differs
from that causing P, which is no doubt
evoked through the geniculocortical path-
way. Then, we blocked by cooling the
activity of superior colliculus which is the
main path of extrageniculate systems. As
shown in Fig. 2, P, began to decrease in
amplitude within one minute after the cool-
ing was started, in parallel with the decrease

of the negative SC response recorded near
the tip of the cryogenic probe. While, P,
began to decline 3min later and disap-
peared at 4 min coincident with the second
step of P, diminution. Late and perfect
depression of P, and P, resulted from cool-
ing of visual cortex itself by the spread of
cold-from silicon-coated stem of the probe.
Electric stimulation of SC in a restricted
area evoked a late positive potential which
was slower in time course than P,, but had
a peak time comparable to P; as shown
previously by Yoshikawa®.

Results in the present study support the
idea that the late positive potential evoked
photically under barbiturate anesthesia
would originate in the extrageniculocortical
system via superior colliculus. Late or
secondary responses through the retino-
geniculate system? and via LGB-pulvinar
pathway® have been reported, but the
natures of these responses are quite diffe-
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Fig. 2. Time course of amplitude change of Py and P, together with negative
responses in SC (Nsc) and LGB (Nygg), in response to cooling of SC.

rent from ours. Longer latency of P, may
be attributed to a long and roundabout
pathway after relaying SC via retinal Y-
cell fibers or the delayed activity in SC via
retinal W-cell fibers which have longer
firing latency and slower conduction velo-

city®Hi,

The authors wish to thank Mr. Y. Takanashi
for his assistance and Brother A. T. Pion for
going over the manuscript.
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), mREORBIRFIE g ERL, —FH Ok
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5. WOZFBoRKiizkz, TRTEBLTED,
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proteins
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Y W/ Mak T o Ca-binding protein DM Fik
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HEL 7. DS h - EE & synaptosome plasma
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