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A contribution to the mesurement of circulating blood
volume by dye method

Toshiharu Yoshioka (First Department of Physiology, Kyoto Prefe-

ctural University of Medicine)

In an attempt to clarify source of error of the method of blood volume determination,
the disappearance rate of T-1824 (made in Japan) and that of the same dye made in U.S.A.
were measured and the values estimated by Lawson’s one minute method and by Gregersen’s
10 minutes method were compared. The results summarized as follows ;

1) Disappearance rate was significantly lower with Japanese-dye than that with U.S.

A.—dye.

2) The blood plasma volume by Lawson’s method and by was close to Gregersen’s

method was close to each other.

3) The blood volume estimated by Congo-red method can give the same result with
that obtained by T-1821 method (U.S. A. dye) within the scope of experimental error.

l. #

3% D PR NFRER B IE (2 X TERAE & o J5 k2
RAE LN THR, PTLMBENIC—EDEHEE
FEALTENIEROEICE > THRIWDES
P OIEERILIE B % R % A#EHD (Dye Method)
NECEEMICRHIFHE N TR, ZoFkicH
VWHNSERIIMETH Y, BHICMENMH
ZVWLOTHY, BlEhcBEETHZ 2
CEBICHE LRET DO TR TR S
V. At EHREELDZIE D L

ill]

T T-1824 (Evans blue), Congo red, Vital red,

Brilliant vital red, Trypan red 7z ¥ 2351
Tw3, Zop T-1824 3ERMEENEH &
LTEAEZIZ UHRECB TS —RIZHIIR
I T3, LirLisd T-1824 i fujigoHl
MANCKLSEED, 20D ITlRE 0BERE R
BRIERICEYIFEELARRERCCES.
ZEHOMBRTHEAMES RS hEn bR
L0 BRI MENICE £ 2 6F R/ MEOE O
FBICRBEISNBZ L IT i 5. RAKCKIEBE
T-1824 ABBHE LTV T ohicE i T-1824

* RS ERBEREE | EHE
(FRF404E 8 3 HZAD
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FEALTERIMAEER & WE T 5 KAERE 7]
BThdLrbh, BbhnifEHIC>T
BEHELS 200 THBZ Lix Allen? 2k 5
TERICET S Tvs, Ll T-1824 12k 5
BRI & o TRIEZO L OIXAED ©
BELEI FHTEL . Lrbrr 5685
OERIE{ BRABOMITETHICES.
¥R I0XOEAFROERIEMSTL - TRL
THEETH B PENTRBAHETH 5 3 4EHN
SRR OB b v B TERIR
T-1824 DL >REFFCY 2L o hEHFELL
T Congo red nigf %74 7-. Conge red @
RN B2 36 ~485 IR I I B Iz & A
EROLNT, LrLbEHELERERIRAETDH
Bl 0BRECANRERES 2 BRI EFE
LoTws, LrLIo X d i ARNEREIL
RROERE IS X B 7o o T-1824 [TH#RL T
Congo red o575 disappearance rate 23k &
RThB., Zoiic Congo red FEoRIEAMN
BB, FrcEHE T-1824 1B L O Congo red
i % E v CR—#RE >V CRRMEE
FRELUEEOEEEIR L. 20z kitow
TIX19534E T TICEMBEE O IAD 12 X » TR
LNIZDTh 2 PYEEHE K RESEEL 2
VEHTHZZ L LREL RO L 0NRES -
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7B AR T-1824 ZBAVEEAIRE
Congo red %I X 2E XV bEICE Y (1910%
) BRIOEEZE OEFK L L. Ll
LawsonD®910 oEMEE % 1 HEEOME & &

—Fk Uiz T Z ORE#LIZ ST~ T Congo red #

PHCTVS, Lpsicszicd T-1824 X%
TBRILIEERE102EEY OREE Th 5KE
2 u Y 7 k2 Gregersen HIROMERIC LY
KE Warner—Chilcott 40> T-1824 Solution
DR EZT HEEE RO TR & 5 IsEEk
iS5 Z kic Lic, QFEFR—ERECO
THAR T-1824 (hik&) LkKEHM T-1824
Iz X % disappearance rate o fhiEg, @ T-1824
& B 1AEE & 105 EE: 0 k. @ T-1824
HBIC X B HIEME L Congo red $iiT & 5 MIE AR
o HEg.

[.® 8% &K &

1) SFEAR T-1824 LY3EMoZzhEH
BT o, BEnBTFREE6 AR ERE
Ll LdbzhboREE ER LR
—OFEETCHEETH L0 EBAIE. WERTH
BLUBIA BICEKESKS» L 22T,
AFELFFC OV TREFOATEE RS LD I
L., R EHEERERSLZHFMEA DR
BT/ » 7. HEHEEEFR 2 0.5 %K 5 cc &
BRI ERICES Uic. BRILT SR, S
10, 20, 30, 455y F 5 EfTE »7c. BRMFERIC
1% OESEED B o heparin ¥R & Bl ER
PRI L CEEZ ik Lz, £ cERafik
B LOMEFC > CHRBIED Itk » THhESR
K, ~< 7Yy (H) BXOmTEEARE
Eiskwic. Ht 3amiEEs» b MRz K
Blewicfivie, MEEARETMFEpO T-
1824 optical density ZHIIET 3 72DICH
7o, Zhuk T-1824 AR o BHECHES T
BW6HTH T, MERIFKROML TH 5.

- Dt xPy/Pt=Dc®

Dt 28 t I23 1) % BFERE (optical density
L LC). Pt ppsfE iz 2 mAEE I BE.
Po 3 BRSO MAFE D BE. De i3k

SRR X ATER MK B RE D\ T OB

X GFEEEE (optical density 2 L T).

» < LCHITE X vz optical density % [X i
2L, Zh% extrapolate LT 0433 L 605>
EERDz. FLTZ02200EE VKRR E

Y disappearance rate® R, Thb b,

[)I{.(eé)=:_££3%552@2/><100

Co, Ceo 1XF2% 04y, 6043 IZk1T 5 optical
density Th 5. _

2) Wiz Lawson {335 1 oo RIEMEE 5
BETROZNDPELCEEZRYTZ L fax D
FERIC X - TIEFEL72P990 0T %A% Gre-
gersen® FEHBIOSEE X v EEREL
TwBOTRLTZOWERIC EoBEOEN
b5hERDHIC LFTLEREE Lawson
U7zt o TR R M o ke & 9, b
iz optical density % & 57T, Zhi 14fHIC
extrapolate L, Z ZiZf8 5 7z optical density
ko TRkobhamiERL Gregersen (CHE
> TRB1051E & DR ET 5 o 70, EBRi
E#kEH > T-1824 solution %L, 0
Pl 23% - 72 2 8RB I BARR o T-1824 solu-
tion & MM LCHIE L.

3) iz T-1824 L Congo red i L B HIED
i oV TR R ERNFE S LR R

© T-1824 o solution {FREHMD L0 & fvic.

Congo red i3 1 %¥H % fiv:7-. Congored @
HFEHEE 10cc TH D, BRMEERETR L O
% 4 AT o 1. EOMBIRE CHT B E
HEORIE, T-1824 BRIV TOMER IV
SHEIIHIEROMEY Th 5. T-1824 & Congo red
Iz X MR RgIic Congo red ik B3
EEL, zoBA T-1824 KX 5 WEETE -
7z.

Optical density o B i ik BEREUWERTR /G
& BEEb & v, T-1824 % 624 my, Congo red
1 500 mp 12 TENFNIO extinction % §Ed4 &

STz,

. RERKFELSELUER
1) BA$ T-1824 »kES T-1824 o Mk



HH—GBFEC X 5 ERIEENTE >\ T OB 3

TR —RE 2o\ T BAR S I Ok EE
T-182¢4 % Fv TABRMIKES JIE LIEH DAL
BEHB L TR LEIRDL ) Th 5. H1
F 2”7 disappearance rate & 13 RIEICR 7
mL AP T—ERH (604) WICHED LTHTL
RThHs0, RPogEco>VWIHEROEY
FB LB 12 5 o ToTo b HESHEICIE
BoZ2RO2ICEELEIP -2, BEARD
T-1824 solution D HFIMFEL TRELFEEL T
TERES 5 L5255, BILEETS slope
PRER T-1824 XV A TH Y, #->THAE
B T-1824 BRI T LY REETh 72,
> TZORARD T-1824 % Fv-T Gregersen
O ORB L 10 5E & RBEICKRER” O
T-1824 ZFAVZA X Y b X D K& WERM
BEPBONBRTHS. L#L,:néOG

T2 1 4351z extrapolate LU 7zig&icix o
EXFEBINEL LB TH 5.
2) T-1824 iz X % 1 43fEH: L 10 HEiko

g
B, BROLGEOREECREA D 22,
AR, EEEAYICHERTE ULVME 2 R T Bk

th T-1824 OREE L V105, 1D TOBRIMIE
BE2RLIOBE2RTHS. 22 TIHERL
T BI05ENEE Ric L 25, MThOBEL

BT HI05EEIC X - TR 7 B0 B ESR
MR L LTEL - T 5, ZEERL0S
I b7 sample DOEFREER 1A XY
Kl oTV2DICERDZ LTHEH, &
DOFE DO KER O T-1824 oF-Eici3Fnil
DEFENCHIBERICDLSE T3, §Zhvk
FEFN254EEE T JIRE Lo A ol & i35
L, 14EE TR - ERMERL D L10454E
HOEOFNKE L, B 203%, HKI& 8.5%,
SEH164% b %<k - T d, ZhicHL, 4
B ORECHEF Ao RIE T b 1 458 L1045
BT 204%, K 3.1%, F#511.3%
TH-T, BFEAFHS LTS, Lrb4SE
OKERERIKTIT 1 43E & 10 2E o ZaEE
11.6 %, I 0.6%, F¥H 51%, THY, K
i T-1821 12 X » TR D - BRMIFERIL 1 57

Table 1.
Comparison of disappearance rate hetween solution
of T-1824 made in Japan and of the same dye

BILEHESLENT VYRV EEL S, LER, T made in U.S. A.

t lat SR 7 A 3 . Made in Made in Difference
extrapolate L TR ¥ 7z 0 738, % 1 SEMIE Subjects {75 A (%) TJapan (%) (%)
Lyip &5 R0 TR LE LI TV 523 Uy RS o -

0. . o .
BRI 3V Tid—hs Lawson® 2375k L7z 1 4l Mi. 6.9 22.6 13.;
. 3 u. 9.2 10.0 R
HEHEL LTEBEHCE AR TV 510 S;:l 11.1 11.2 01

> C
SHERIC X 5 MBRERET 50 NRY TH 5 o 29 'L
LBbND, FICER L) CXo TBmiE Mean 6.9 124 5.5
Table 2.

Comparison of circulating blood volume estimated by “1 minute method” between the value

estimated by “10 minutes method”.

Made in U.S. A. Made in Japan
B. One min. 10min.  Diff- B-« V One min. 10min. Diff- g-ea
Subj. weight value (2) value (8) erence o < 100 value (@) value (8) erence ',_TXIOO
kg ml (ml/kg) ml (ml/kg) ml % ml (ml/kg) ml (ml/kg) ml %
Yo. 53.0 2358 (44.5) 2371 (44.7) 13 0.6 2980 (56.2) 3071 (57.9) 91 3.1
Mi. 62.5 2978 (47.6) 3117 (49. 9) 139 47 2854 (45.7) 3435(55.0) 581 20.4
Tu. 51.5 2328 (45.2) 2514 (48.8 186 8.0 2533(49.2) 2802 (54.4) 269 10.6
Si. 60.1 2897 (48.2) 3011(50.1) 114 3.9 2462 (41.0) 2714 (45,2) 252 10.2
Ha. 62.0 2665 (43.0) 2719 (43.9) 54 2.0 2179(35.1) 2609 (42.1) 430 19.7
Ku. 529 2297 (42.4) 2563 (48.4) 266 16 2678 (50.6) 2776 (52. 5) 98 37
Mean  57.0 2587 (45.4) 2716 (47.6) 129 5.1 2614 (45.9) 2001 (50.9) 287  11.3
S.D. +320 +314 +288 +303



4 H— BRI X BTERME EIE DT DBE

LS OMENIERICEEL T v 3 2 LAV
. oD HAORTEKEMLSICH LT dis
appearance rate MEDLToHIT 1 4E L1057
MERREROLENHDZOTHS. TORRIE
CORS CHREPRHTH BT PR
Pfimbhs Lo AiLh b EEbhb.
PDloz b iFRED ZE L 7z KEHR
T-1824 solution %3 5 7 & T EEIOR ML
2k » Tz sample HHRO-AREBEEND
extrapolate L C 1 &R 7 { T b ERT%10
ST LEORMIZ X » TROZMETLH Y
1 SECEVEREbN D L B2 5.

3) T-1824 iz X 5 EfE & Congo red ¥
I X 2 JRERRAR o Pk A
o T-1824 T X BWETRLIEL DI dye solu-
tion RENTERE THIITERIT L - TEE Y
CENEBELERRELLERETR LS
2%, Lo LAENRdIoSeEkEoE L
DEx BRI K CHBGACaREE L ED
52 ki B, BMEROGEIELALL
T, MEEBROBAICE TR ABEETS
ZepERELe. 22T T-1824 b oT
Congo red RFJHENEVHONLRFL TR
52 LIz L. Congo red izfEd THRLABN X
VS R TIT L 0T T-1824 X Y HENTIE

S
3

EP A |
I |
2]

97,7

Cireu.blood vol,
o
YRS
L]

—
|
— 10:.9% 1
S |
]
7,74

© = N oW F W
101.1%

7., 2%

Cireu.blood Rlosma vol.

Subjects  Ta. Ta. sa. Ka. Ko. Ue. Yean
¢ = Congo-red, = = T-1824, Parcentage = (E/I) x 100.
Fig. 1.
Comparison of circulating blood volume estimatd
by “Congo~red method” between the value estima-
_ ted by “T-1824 method”

C EOEEERB L TS, Lk Lasb T-

182412 X » CHEE H S N EBEIC S Ly EsR
BonBELEDEL EBFA—FHTIET
BAVIZFIBELY 5 LB 5. BRI AEICD
NWEEALTEOREREE L CESEOR
ErmOBEREIREORFT LA .
FeEOERITX - CRER T-1824 solution
ERAVEHEAITEI0E L 1 AECEKIS %0
E Lk, 1o THEBRER ORMIZ X 5T
BIfE» & extrapolate LT 14EEZRDHF
%32V T 100 EE CRSEE T IR S
BB LhdZ LBHLP LR o, 22 TZ
DEBRTIXFE Ul iz o T T-1824 1043
# & Congo red 4 SpfEEIC CamEEHE LT
FH#E Uiz, & 1K1k T-1824 & Congo red iz
XoTHELILEEO B TH . KPETE
THRELTHY, Eix T-1824 o, Cix
Congo red O =L, fERMIERS & U
WRER 2 iCow CHRAEEIC X 5 o 2 it L
rboThHD. FBERMERE KT 2 LIFHE
T Congo red D F S 78 cc (2.8%) % { HHTw
5., STZOEEPHECBTILIETH-TZ
DRAPT EDEE S LITE LTV TR Z M
25 Z LT 5. WWARZEOBEO P CERIM
EHEOHADEE)% Congored ik - T1H
BERHELTCS., ZofEcthiZ 4o
HIE TEHEICH LERRDOER 89%TH
3 EBRTVSE. HxOEEN Z 0 & 51l
9%LbBDT H 5 H bAHEDERICEITS
Congo red & T-1824 12k - TELNEHEH O
EFAZEOHMATL S, Mo Thx THRE
MigEMR D T-1824 R L £ TH Congo red
LEsTEOBMERDTELY 32 LMK
5. OFELTHAORKENECE T MR
Bl EE e 525 Z Lin { B oWERED
HINC X - THFSEOFE L & IR AR
TEN CICEENTBEREZET LD 3 HmVER]
ThHERLED.

V. #& &
1) AElz2wT, FRIEEIERO BA



FHI—GREC X BHROTE T OV T OB 5

s X Ok ER T-1824 W& v 7 oflEED
kt@?%?‘?f; o7,

FORERE, REM T-182¢4 o1EEEY v dis-

appearance rate (1315 6.9%, HA# T-1824
12124% Th - CHAR T-1824 |z th~K[EHL
T-1824 OFNILVRETH o7z,

2) ARAEC X - TRRLFEELZWEL, 1
Sy & 1045 fE%E % HlR U 7o B Tl liE 0%
T EAR T-1824 X v $kEH T-1824 Ik %
WMDY ish otz. Bib BAR 11.39%K EHHR
51%TdHh o7z, £727 OEIFLAD 23 iE L
1B L 103 EDZENI6% X D b/hE D 5Tz,

3) Congored ¥ (443 & T-1824 (10
G3E) W X BYERMIRE Z Lk LI iR, WA
HBIC L 2 BROFEOEIAEZOHMANTS -
7z. % - T T-1824 |2 - T Congo red # i
BA+az L0lks.

Wi aedicb, AL KN % -1
TR ASBIC R LT 5 & e, RIERIRELX
ik =2 e v e 7 k% M. L. Gregersen #3312 B}
T5. Sb®THEmLECH LtEeETs. X
ARFEBAG TN 170 T PR, WA BAA T 1
LIS .

x ik
1) M. I. Gregersen and R. A. Rawson (1959) Blood

volume. Physiol. rev., 3§, 307

2) T. H. Allen and R. E. Semple (1951) Effects of
repeated sampling on plasma and cell volumes in
dogs as estimated with small and large amounts
of T-1824. Am. J. Physiol,, 165, 205

3) LA (1953) PEFR i i i B 5 2 AR
AAETEEE 15, 449

4) M. 1. Gregersen (1944) A practical method for the
determination of blood volume with the dye T-
1824. J. Lab. Clin. Med. 29, 1266

5) & I35 (1948) BrEESRIE (BRI

6) R. P. Noble, M. I. Gregersen, et al.(1946) Blood
volume in clinical shock. 1. Mixing time and
disappearance rate of T-1824 in normal subjects
in shock : Determination of plasma volume in
man from 10 minute sample. J. Clin. Invest., 25,
158

7) H. C. Lawson, D. T. Overbey, J. C. Moore and
O. W. Shadle (1947) Mixing of cells, plasma and
dye T-1824 in cardiovascular system of barbi-
talized dogs. Am. J. Physiol. 151, 282

8) D. T. Overbey, J. C. Moore, O. W. Shadle and
H. C. Lawson (1947) Rate of disappearance of
dye T-1824 from arterial blood. Am. J. Physiol.
151, 290

9) H. C. Lawson, O. W. Shadle, J. C. Moore and
D. T. Overbey (1947) Measurement of plasma
volume as the distribution volume of injected
autogenous plasma. Am. J. Physiol. 151, 297

10) H. C. Lawson, D. T. Overbey, O. W. Shadle and
J. C. Moore (1947) Effect of plasma injection on
dye and cell content of arterial blood. Am. J.
Physiol. 151, 303
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Enhanced release of thyroidal iodotyrosines by anterior
pituitary extracts in vitro

Norimichi Konno (First Department of Physiology, Hokkaido Uni-
versity School of Medicine)

The effect of anterior pituitary homogenate on the thyroidal iodine metabolism was
studied in vitro.

Results are as follows ;

1) When intact thyroid gland lobes of adult rats were incubated with anterior pituitary
homogenate (A. P. H.) for 4 hours, a significant decrease of thyroidal®®ll content was shown.

2) This effect of A.P.H. on thyroidal®I content was also found in A.P.H. boiled
or defatted with petroleum ether, but was eliminated by dialysis of A.P.H.

3) Some anterior pituitary hormones such as TSH, ACTH, and GH were shown to be
little effective on thyroidal's!l content.

4) Centrifugal subcellular fractionation of A.P.H. showed that the supernatant fraction
was most potent in causing thyroidal’3lI depletion.

5) Chromatographic analysis of iodinated compounds in thyroid lobes and incubation
medium showed that the A.P.H.-induced thyroidal’3l depletion was not due to depression
of thyroidal iodide trapping, but to enhancement of release of iodotyrosines from thyroid

lobes into medium.

6) Homogenates of tuber cinereum and cerebral cortex decreased the thyroidal'3ll
content, whereas little change was noted by liver and kidney cortex homogenates.

These result$ indicate that in the anterior pituitary there might be some substances other
than TSH which stimulate the hydrolysis of thyroglobulin and release of iodotyrosines from

thyroid gland into medium.

#®

In vitro CHUREEHIB AL E L (TSH) %4E
RExGEo, PR — FR#oEkic->
W, BELoBERES. L, ThbD
BT, BRIVOLICHERCRBY, —ED
MEAMELRL TV, 7, PR — FE
WicovwTas L, TSH 33— FERP (T
F5 L HMERCL Ohd BB, —F,
AR HOD, BB IR IR EI 99, &
THRREAREINTVSE, Fa—FBIN
ZORBFY OIHIZ >V T, FkICE2 O
2235 %, Bakke® 1%, TSH #%in vitro To
a— FMUAY o EMZ 2 LRELTV3 0

bl

* bl RSB 1 A B B (R B )
LB R PRSI 1 NP BE (L EEBERR)
CRRFI404E 11 12 H 3241

{J. Physiol. Soc. Japan (1966) 28, 6-17)

%} L, Powell® 33 X (8 Poffenbargerl®jt = —
FOBRHERETS LE-oT05. ZhboR
EZp L vERCORRIC OV TE, RABRLAD
ZBHTHD.

B, Posner® 5%, THEEMEFIHEIC, FRIR
BRI E R EETS LHE L. #Eblck
%L, TERAEREDCE, FREI - FERE

Wi BsWERDY, ZoWE» TSH MR

ELTWwBzbic, TSH o in vitro ToOZIHE
PD—EBLAEVELTVS, HAZZOBECH
R WEEBERETE o7, € O HFE Posner
LOWELHD Lo, TEEMNERE, n
vitro TR 1) ko BRI 7 — FEEEE Eill3
BMBREETHSZ LR LY, TOoWE
1x TSH, ACTH, GH L3z ®E 58T, Lad
ZOlERBFFE, FIRIR T — FIEEIGRICEREE
A¥sbocin, FREPbDI—FT L
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JBOBHERETSZ LIEHY, TokHH
Rig L EEOETE L2032 LB LT
L.

ERMHE L URBREE

EEREM L LT, (KE 120-200g oo Wistar
F7y bV, FREIIHEEOKE K  E
B L7ens, fioldiie 3~ TH7 v b
DEFEALE. 7y MAYUEETHER L LD
T, iR 20x1C TEFEL, fkhdduEER
FHEL Y EHE CHRE LB E v
fo. Zofkto 3 — FEFRIK 200 g% TH
-7z,

ORI 2 — FIEBGERIEHE ;

7y MEWEER L%, FRBREEHL,
BRI TERICHY, #EETELETEE>
Tk HHL, BEORENR L CEA#HE
EELUTERY BV 7z, &ick® Krebs-Ringer
phosphate buffer (KRP) (¢ L Tk = oo
WEHERCRL, BETH Y, EREZHE
Lic. JRAL EFTRTOGRE, Zokkic LT
LR ZEHEERE, BESELIA3,
1mg PLEDOEDD -7z b DIXERI BRI L
To. LEOBEIC X » THiH Ui BIRREE,
incubation Bf&E k¥ KRP thicf&iFE Lz,
incubation |3 metabolic shaker (96 cycle/min.)
vy, 37°C =& P TfT/H -7-. incubation
medium(¥ TFED AR H & K5 modified Krebs-
Ringer phosphate buffer pH=74 %Z%fk: L
7.

0.154 M NaCl ; 100 parts,

0.154 M KCl; 4 parts,

0.11 M CaCl;; 1 part,

0.154 M MgSO, ; lpart,

0.1 M Sodium phosphate buffer pH=7.4 ;

10.6 parts.
Tibt, KRPHcarrier free®®I~ 05 puc (4~
8§x107° M)=18ml iz, %5 &2 X R
0.2ml, AHBEICITF DMK 02ml 2Nz T
48 2.0ml & U7z, Incubation 2888 T L7242,
FiREEE & Y L, KRP 1070 gL,

FHIHEL T3 M 2kE, BETHC
Sictt, FoEEEr Well type scintillation
counter (FEZH) CHIE L. BB~ FE
BCRE 73 FORER I SR, #hwic flask 1o
Iz 7z radioactivity ickt3 2%, HRBAD ra-
dioactivity #% Tdh Hb Liz.

¥/, BERENRE YT oL EE CER
1Zi%, 1l-methyl-2-mercaptoimidazole (M. M. 1.}
(Mercazole Hi41U3K) 20 pg % F32> medium
Zhnx iz,

TEERIZES & O 0o BRI LA o s
i, RRREMH L LY L, AloM
W EE VR T b, KRP dicmpgz
DOMEDE T, KRP i3 AHp A
K% 55mg FfFEE/02ml oBE ML,
glass homogenizer < 3 43[# homogenize L,
Fo 02ml ALK,

TEAEESVE VRO EMHERH L.
TSH ; U.S. P. Thyrotropin Reference Standard
(74 mU/mg) Thytropar (Armour Pharmaceutical
Company, 10 U.S.P. Unit/vial)

CER L EHERIC KRP CHEM® L7z,
ACTH ; Corticotropin (International Working
Standard, 1962)

RAEIR L LTk, LipscomblD |z k 3#EEe 4
€7 F R EER L.

RE+RNE > (GH) ; Nutritional Biochem.
Corp. (0.5 U. S.P. Unit/mg)

FRIER X F incubation medium Hi¢gp 31T~
{La¥ ot Hik ; —EREE incubation %47
mofcth, FRIEEZLVHL, 4BEoRRES
KRP (pH & NaOH < 8.4 z3#)+M. M. L.
1.0 mg=1ml #¢ homogenize L, = h&:: try-
psin (Merck) 1x10* unit %z, 37°C, 48k
FhksafEL, %o k3402 & BEEREK No. 50
ARy L, R=RN—Um= T F774—%

7 o7z, —F medium iz 1ml izH>wT, #

o radioactivity #HIE L72%, n~-BuOH-+0.1N
HCl(9:1)=1ml ritic 2 ST LIRS
L, ®mibts, BilOHEZ L YV HL, FUEER
FiIc2B< D2 LIz, 20 X 5 LTHE
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n-BuOH %, # o radioactivity % JHI%E L4,
CAMPTERMTAREL, hiHT 01
- ml BilOH LT, #0201 % Zu< b
74 —~RHER L. e~ 570 —RE
YeBix, n-BuOH : Wile : &k (78 :10:12) %
v, FTRECTR . 7 v < b ST A
paper chromatogram scanner (Aloka) Gscanning
TR, ZOBSBEOEREEIE L ok
Loz,

FREARS 1 (PB®) oM@k, Bk
MR % 16% =H{LHEER# (TCA) 1ml ¢ homo-
genize L, SBEILO®BZF DB HB 0 radioactivity
EHIE L.

% Fv-7z. KRP f¢ homogenize L7z FEEf
MiZEREY-%— &, KRP T 5C, 208
[, BERLUABRGHEN L. Z 0B, ageing 1T
ST ORIERE B ,
HRLNAL S © SrBfEik, Kamat'® & o J5Ekic ¢
S>TRDOIL 1T i - 7o, TIERRRIZERC,
0.25M sucrose % 5.5mg/0.2ml OEIEICHN
%, homogenize L, Z®&EY = %— k%700
XgTLOZREIL L, ¥, MiuiRE & o8k Lic.
Ricz o kL 20,000xg T 10 SRELL,
mitochondria 3 & OVH-RER 2O L7z, B
iz o EiE %, 100,000xg T 1EREL L,
microsome % 4yHfE L7z, FEIEIC X - THI

FHHTIz L, visking seamless cellulose tubing Wik, O 0.25 M sucrose 2 suspend L% D
0.2ml % incubation flask Nz <,
%8 ORI 5 — FIEIRBEIC X T B 3R L
. W . bz,
70 : _
w i LMQZ);M'Z RS I AR AT i,
£ 60 " <050 %20 A H i £ B L7c.
= F§266.0
5 50 #¢0.01 £ B O B
= 40
z TS5k
§” : Fig. 1 1%, #doERiZB T, R
© zo-L U T ¢ 4 B[] incubate U 7z%tER

5 s 7 8 9 10 It

Fig. 1.

Relationship between tissue weight and °'I uptake by thyroid
lobe. Thyroid lobe was incubated in 2 ml of KRP buffer

with 0.5 zc of B~ for 4 hours.

2 (x}
TISSUE WEIGHT {mg}

BRI VT, Foa— FER
RELEBERLOBRE DL LY
DTHE. TORIZRFELIEY, WE
O HERHERICE R L EOAHB 4
Frdb 5. Ui LRA—ERTDRERE

. Table 1.
Comparison of 131f uptake by thyroid halves incubated separately. Thyroid lobe was incubated
in 2 ml of KRP buffer with 0.5 #c of B~ for 4 hours. C. L. stands for confidence limit.

. Thyroid lobe of one side  Thyroid lobe of counter side Uptake
Body weight v S o > diffzrence
() Tissue weight Uptake Tissue weight Uptake vs
& (mg) (%) (mg) (%) former
1) 170 9.5 50.5 9.5 47.3 —3.2
2) 150 8.2 57.3 8.2 50.6 —6.7
3) 140 - 8.0 . 44.3 8.0 42.7 —1.6
4) 140 8.0 48.0 8.0 531 +5.1
5) 190 8.0 57.2 8.0 ' 56.2 —1.0
6) 140 8.2 57.2 8.2 62.7 +5.5
mean +S. E. 8.34+0.2 524423 8.3+0.2 52.14+2.6 —0.3+1.9
C.L. (p<0.05)

+4.7=m=>-5.3



4 WF—In vitro w313 5 T EARTEEKS OHRER jodotyrosines J i fist (¥ 9

D3 — FEREEIL, FEIC X > TRY TKRE
BREHERRTZ L b5, Lamberg®, De-
Groot!® it Yo FRBIIFIC >V THREL
iRiC, MURBSRHETOB L, PREO
FORICRRERBEERERDS Evb, Z0
ZERRICRLI-BHEORKORERTH S B
ZbhBb. Fi, Nataf®, Mack!®|Z 15 &,
Z v FHRE o in vitro To 3 — FIEERGEIXIE
BoBEZL o THRI Ly b, HEHH
DHE YL Z DEFEOREREO— 217 - T 5%
AN CTRIZ LT S, B 728
PEC B TED 3 — FERER iR
T3 L, BolcRimyEERE
BbdrEZLNLS.

Table 1 %, 1Co@ioisoR
IRERZE % Bl 2 12 7] USfE F ¢ incubate
LI E, COBRBOERNDZ M E
AlebDThB. ZORTFTHIC,
B 0L O FRBEIECHT S 2 —
FIEEGRE O 213 MR T/NE &, H#ERF
AL AT/ D LFRA PN VT
ERbhE. ZhLOBEPL, Fix
SR8 o —RIRIRIREE & it e
L, fhfl) 2 EEBRBCH T, EoEr
HEF2EIz Student’s t-Test THLFH %
THCERETTHHZ LIC Lk,

THYROCIDAL 10DIDE UPTAKE

1) FEAHZEEREY - 32— o fRE 1
GRICHT 2 EE; (Fig. 2)

FURIR 2 — FIEEREE OB E A5 &,
Fig. 2 W<, HRE TR & LA
L7z, Zhicdl, FTEERRESEY 25— b
(LIF A.P.H) #imx 5 &, incubation 1 BfH
HTi, stBEroMicalEwER RV, Lk
B Z RSB T 510185 T, MRS B R
B EEOLAESP Y, 4R BTN
TR 3 — N{EERE 57.8-21.7% (mean+SE) i %t

% %
890 CONTROL
5 1 (10}
@8} {AP-H. added
404 - i { ) Noof tobe
1(8) X p0.01
30 -
20 (6)
10
o] | 2 3 4 hrs
MEAN TISSUE g5 8.6 2.0 9.1
WEIGHT (mq)
Fig. 2.

Time course of ¥ uptake by thyroid lobe. Incubation was
performed at 37°C under shaking in the air. Incubation
medium was 2 ml of KRP buffer with 0.5 src of 311~ and
either A.P.H. or no A.P.H.

Table 2.
Effect of some anterior pituitary hormones on the 131 uptake by thyroid gland in vitro.
Whole thyroid lobe was incubated in 2 ml of KRP buffer with 0.5 zc of ¥~ and one of
the anterior pituitary hormones. Means with SE are shown.

Control Experimental Untak
No. of — ———— d'ffp ake p
Materials added thyroid Tissue Untak Tissue Uptake Hierence Vs
lobe weight p,j € weight p ;,i N vts 1 control
(mg) (%) (mg) (%) contro
A.P.H. 10 9.1+£0.2 57.8+1.7 91402 44.8£21 —127+15 p<0.001
TSH (USPR)
10 mU 9 6.9+0.2 388+31 69402 41.04+29 +0.3+2.2 NS
100 mU 12 75£03 446427 75403 46.04:1.7 +1.3+23 NS
400 mU 4 95405 55.1£45 95405 547433 —0.4+35 NS
TSH (Armour)
400 mU 4 8.7+£0.4 55,6433 8704 56.3+29 40441 NS
ACTH
10 mU 4 6.4+£0.4 428468 6.4+04 441450 +1.3%48 NS
100 mU 5 6.44+0.8 36.5+£4.6 64408 354427 —09+43 NS
GH 1000 mU 5 8104 41.6%£27 81+£04 39.7+32 —21252 NS
500 4 8 10.0:02 61.4+3.7 10.0+0.2 57.04+25 —35%+2.2 NS
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L, 448+1.2% & v, HLPEEERL
Jo. Z oRERREEoBERRICE ST, L
To#ERO incubation X, :LIKZ bbb
IR Y 4 REET R o 7.

9) FEAFEALE O TR T SR

%% ; (Table 2)

2, 3o FTHEEF#EHRLE Y, BIH TSH,
ACTH, GH 2o T, FuRgMigo 1 £
Bk % % Ao, Table 2 IR THRIC,
b FRoOFLVELYLALEEEBLES
BVo b kA o T k<miSHa%Lru
U.S.P. Reference Standard, Armour Hl5h4t

TEhhoiz.

3) 2, 3ONEEPH L TEERESEY
I*—%wﬁﬁ%”ﬂﬁéwﬁ#é%ﬁ;
(Table 3)

toERT, APIXLiéﬁﬁ%ﬁ%‘ﬂ
SEOE T, TSH, ACTH xv GHizk
BLOTREREVI EAb T2, TSH 0
M EICHEMD D dic, FIRRRHEH20H% O
F v PETHEEARE Y 2 R — MCOWTERETR
ot TOFRET 2 F— PIEEET Y FOL
DIZL BT B KkED TSH pEEhs
Lo L#RE D NS, L LEOMRITER S

4% Botkin®, Posner® %R L?’;F%lﬂ:ﬁ’ﬁf\ v FOBEASLELFALTH -7 (Table 3). o

Table .3
Effect of A.P.H. treated in several ways on the thyroidal 3! content. Means with SE are
shown.
*A.P. H. was shaked vigorously with petroleum ether for 2min. The mixture was then
centrifuged and the petroleum layer was discarded.
#x¥A P.H. was dialysed against KRP buffer for 20 hr. in a refngerator After dialysis, an
aliquot of A.P.H. was added to incubation vessels.
ek A P H. was left in a refrigerator for 20 hours.
#xx*Total thyroidectomy was performed surgically, and 20 days later the anterior pituitary

was used.
Control Experimental
Uptake
_ No.of  — - .7 P
Nfﬁﬁggﬂs thyroid  Tissue Untake Tissue ;J-—t.a;a d1ffizlrsence vs
~ lobe weight %) %) weight Fy) control control
(mg) ’ (mg) v
A.P.H. boiled 9 9.440.1 55.842.9 9.440.1 435+35 —12.3+1.4 p<0.001
A.P.H. defatted 6 89404 544467 89404 36143 —18.342.9 p<0.001
with P.E* 9+0. X . . . . 3 —18. 9 p<0.
A.P.H. dlalyzed** 9 8.44-0.4 55.04+1.9 8.440.4 525431 —25+£2.3 NS
AP HL¥%¥ 9 87+0.3 57.6+2.1 8.74+0.3 41.84+3.2 —15.8+2.5 p<0.001
A.P.H. from
thyroidectomized 8 8.0-£07 412435 8.040.7 28.8+£4.0 —12.5+3.8 p<0.02
rat.****

Table 4.
Effect of intracellular fractions of anterior pituitary tissue on the ®!I uptake by thyroui
gland in vitro. Means with SE are shown

Protein .
Subcellular  content No. of Control Experjmental Uptake P
fractions a d?lfe a thyroid Tissue Uptake Tissue Uptake dlffirsence vs
added sol(uticin lobe ‘?gglt (%) . “(’gglt (%) control control
7 .
N“gzgmn 520 5 85+0.2 58.0+26 85+0.2 505+20 —75+09 p<0.01
“ﬁgﬂﬁgﬁx' 206 6 9605 509440 96405 476+£27 —33£20 NS
Rﬁﬁﬁﬁﬁg 52 5 0904 51423 9.9:+£0.4 45841 —56x20 p<005

Supernatant . o _
(100,000 xg) 248 6 10.6-40.3 53.3+£3.1 10.6::0.3 35544.2 —17.8+£28 p<0.01
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Xz, WiESEY 2 52— VOB SOMEIR
&5 BT, 2, 3OBERMA TEORE
3B L7z, Table 3 l27x4#kic, 100°C, 5
s L2 AP H ¢y BRI YL S8BKT
fERRMEE L2 5. SAMz—T VT
BT -Th, BBZOHRRIBD L.
hicxtL, wHETE - AP H i, =
DOFIFBEEICHER L.

4) FARER 1 & BT E ARG o A A
I3 5 J/EE ; (Table 4)

D EI, TFTEERZEEO FRER 2B TE
F5, TEEREMIEA OV 27 3 55 FE
THPELO~. *Op#ER Table 4 1277+
BicE & UTREHSE (100,000 xg ki) 12
FET3Z X bd . ¥z, microsome 4y
B SETFRIRD bz,

5) B RMOF L ; (Table 5)

fable 5 (7R3, FORIE T SR

A% b OBEE, TERHECRLIZ DT
75, KBMERE, KEEEoMMYIC b FEFEO
EROBD Z Lhibiroic, ZiusxtL, AT,
BREEMEHEESTH 2. Thabbh, HL
PYE G T RANECRRBOCHEET S O T
DY, AR ERIRE T b o L RIn &
N5, F7-, bovine albumin (800 pg) 1z >V T
Loy, EXENTH /2. = @ bovine
albumin % incubate 4% &, A.P.H. % incu-
bate L7844 & A UERED 7 2 /2 medium
FICEEE L CL B 2 bl Tinbb,
incubation 7%, 5 % TCA J&¥JE 0.3 ml iz >
W, folin phenol reagent = X % WGE# &
% &, bovine albumin ¥ 0.040, A. P. H. %
0.052 TH -7z,
6) 1-methyl-2-mercaptoimidazole (M. M. 1.)

o g4 ; (Table 6)

AP HL ic k- THURIR ST S RMEF 5

with SE are shown.

Table 5.
Effect of several tissue homogenates on the 31 uptake by thyroid gland in vitro. Means

Control

Experimental

Materials gl;}ooifi m T ’lfis—s? —_ dllfjfle);‘elllize \Ps

added lobe  weight Up ,,fike weight Up :flke Vs 1 control
(mg) (%) (mg) %) contro

g%?:;a“m“ml 5 93407 628455 93407 631+26 +03+39 NS

ﬁggmw 9 85403 134437 85403 372432 —62+36 NS

Eﬁﬁiﬁéﬁfx 4 11.040.1 48448 11.0+01 460454 —24:15 NS
‘Tuber cinereum 8 7.8+04 44023 7.8+0.4 365+1.7 —75+26 p<0.05
‘Cerebral cortex 9 92401 404131 9.2+0.1 31.3%23 —9.0+27 p<0.02

Table 6.

Effect of TSH and A.P. H. on in vitro uptake of radioiodide by thyroid gland in the presence
of M.M.I. Means with SE are shown. Whole thyroid gland of rat was incubated in flasks
«containing 2ml of KRP buffer with 20 ug M.M.1,, 0.5 #c of -, and either TSH or

A.P.H
Control Experimental U
ptake
Ma&czri:lils gl%r(?ifi ’I/‘iss?J k Tissue J Uptak difference é)s
adde - Uptake ? ptake vs
lobe  weight o weight o control
(mg) (%) (mg) (%) control
A.P. H. 12 8103 146+1.7 81x03 11.2+1.4 —=33+1.1 p<0.02
TSH jymy 8 80403 97+12 80+03 74408 —23+06 p<0.01
100 mU 9 84+05 108x15 84+05 7.0+09 —38+16 p<0.05
400 mU 8§ 91+£03 182+29 91+03 11.1x16 —71x14 p<0.01
JA.P. H. boiled 6 93+06 80+14 93+06 68+1.1 ~12+1.0 NS



12 £gF——1In vitro 1B 5 FEANIEERS @lEF‘ $RES iodotyrosines i HI{RIETESR

- 60 %
2w
g CONTROL
S 5ol
2 30 1o)
3 = t8)
;: 401 "APH. odded

<t
a
z-©
2° 1 {) No.ot lobe
? < 30 ~Lig .
E‘_, K pL0.01
W
5 20 5
@ =
L u

: 104

[ t 2 3 4 hrs
Fig. 3.

Time course of the formation of thyroidal protein-bound
iodine. Tissues used here were the same as those shown in
Fig. 2. Vertical lines through symbols represent -=SE.

e

. + .
S.F. oIT MIT . 0
Fig. 4.

An example of radioactive scan of chromatographic strips

of thyroid homogenate or hydrolysate.
A. B.; Thyroid homogenate was applied to paper chroma-
tographic strips.
C-F. ; Following digestion, an aliquot of each thyroid hydr-
olysate was used for chromatographic separation.
QO ; origin,
1~ ; iodide,
" MIT ; monoiodotyrosine,
DIT ; diiodotyrosine,
- S. F.; solvent front,

O, PRI X5 T 0 L VAR N
MEELNB D bEhE. D
Wi, APH. fhizc&Ehs I it &
S THRRRIC & ViAE i BT OHIE
MRMET Liclcdhrbahikvy, b L
*9 ThhiE, M.M.L % incubation
medium (Zfz T ¥ oFELER
B UE4A, AP.H. o R T &
BIETIERAP—BEE DO TRR
VL FRE S N D, EROBRE
Table 6 iz;x 3 2 & £, ZOHEA,
AP H. iz & o CHRE T SEME
TH5H, ZOBRERB L. L
1 = O&pEex, Halmil® 0ifsich
% Lk, TSH 0k > THIERIC
B 5 R TS b, —J5 100
°C, 5 4y[EhmE Uiz A P H. ik hs
N ol ThbbZoEREET
» A P.H o%Rix, zhicgths
TSH x5 b0 Liffllans. L
THEEIC RS hic AP H. o BRI
W] SRETEAR T oL ViAk
O, »5viz VIO RFEEOET
2 X BEEEEER DV b T id
Bz,

7)) BRBEAKS U RT3
A P.H. o

Fig. 3 1% Fig. 2 o EBIC FV 7o Bk
BEIZH>wT, 0 PBEL 216
REThD5. okt PB
B pERFEEE, Fig 2 oFs L
FETH 57c. E7z 4 B incubate L

7574 —THHiT5 &, Fig.4(AB)
R, TRUAERICEYE S
Tv3., f-TAPH iz X3 BRER
B SEOETE PBYI 0T Th
5ZLEHOHTHS.

8) HRig PB®I o/ wu< b7
7 4 —2 X 54534 ; (Table 7, Fig.4)
S Xz, BRE PB ¥ % trypsin



Zri

Tk LC, BRE = — FMEamoZbs:
Uo7z, Table 7 Z7R34kic, AP H. &0
2B Z EICk Y, R T SRR
PIIE T L72As, Z @43 monoiodotyrosine
(MIT) # X (¢ diiodotyrosine (DIT) &\v b w5
iodotyrosines MK TIZ LB Z & hbho/. Z
DA T GBI ENICE R R
M7=, —J5 TSH (400 mU) i3 iodotyrosines
L BB ED S s o7z, Do
5, AP.H. 12 k5 BRE I EREOETI,
FLIR AR iodotyrosines DEPIZ X B LD TH D,
Table 6 OFEREELLEDED L, I —FRY
AT S (N S Y R PR ST oF (N
9) Mediumrhr o> U~ LAY O LT ;

In vitro W 303 % T IEMRFIHE S © 4RI iodotyrosines Hi H (¢ (T

(Table 8)

13

BRI iodotyrosines 23+ 3FE & LT

X, I~ & tyrosine O¥EE O ERE,

iodotyrosines

» medium FA~DOHKH, BIHERIZ L5 E»

JEobon &, wionNELLNRS.

D

CFRPERET S -HIC, medium o ¥
LB OS5 21T »7-. Table 8 &, FIRER
& I itz 4 Fpffincubate L 72 O medium
FizEo-T v 3 Wi-{bAob T, BT ¥
J — AHIED 9T 2 ST L7 b O Th

5.

Z DFEL, tEi incubation flask 2z

72 05pc - 100 L LT, ZhicwH+5%
BOPBRE%THbb LD THS. APH.
EMZ TeBETIE, BB 5, n-BuOHH

Table 7.
Chromatographic distribution of radioiodine in thyroid gland. Means with SE are shown.
Following digestion, an aliquot of each thyroid homogenate was applied to paper chromato-

graphic strips and subjected to descending

chromatography in a butanol-acetic acid—water

system.
Average Average - e e g .
E;ro?fl el\fi(;e?f bo dyh fissue %control Chromatographic distribution
PR weight  weight uptake L - ;
lobe  iment @) (mg) Origin I MIT DIT
Control 20 = 150 8.4 100 9.3+06 71205 546+19 29.0+1.6
A.P.H. 2 8.4 732+33 68+03 63404 431+£38 17.0+3.3
p<0.01 NS p<0.05 p<0.01
Control 16 " 163 9.2 100 88+1.0 65+07 541+19 30.6+1.6
TSH - ’ ' 9.2 949:+1.4  83+£04 54+0.3 52.0x£1.0. 29.2+0.9
NS NS NS NS
Table 8.

Distribution of radioiodine in n-butanol extractable compounds of incubation medium. Means

with SE are shown.

No. of Average Average Thyroidal Medium (% of total) Cgll; c;;rilﬁiczigg:pglflc
body  tissue  iodide o, n-BuOH extract
thyroid __ . . ) N
weight weight uptake n-BuOH n-BuOH —
lobe :f ta?f extra- nonextra- 11\)411%‘ + Ts+T,
(g) (mg) (%) ctable ctable (%) (%)
Control 8 183 85 55.7+29 443+29 14.0+09 30.3+2.3 115 88.5
A.P.H. 85 428+31 57.2%3.1 20.6+1.1 36.3+25 39.9 60.1
p<0.01  p<0.01 p<0.01 NS
Control 95 55.1+45 449+45 127+10 32.24-35 11.0 89.0
TSH 4 169
(USPR) 9.5 54.743.4 453434 126=+1.1 32.7+2.3 12.0 88.0
400 mU .
NS NS NS NS
Control 86 556+33 43433 134+06 30.0£28 9.0 91.0
TSH 1 156
(Armour) 86 56.3+29 437+29 133x1.0 30.4+2.0 12.0 88.0
400 mU
NS NS NS NS
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HPE T B 5L Ty, 7~k
777 4~ XB5HT iodotyrosines 73HEAN
LTwsZ epdbhoiz. Table 7 83X U8 0
e AabETHR T % &, Fig.5b omln
5. ZORRTEC, AP H Zzigo
medium §1> n-BuOH i 310 o#Ehn,
iodotyrosines M Mic—F LTk », iodothy-
ronines (Zidk4& { BB ad . —)5 TSH
(400mU) i, medium RS B
B LBb o7, Medium #1o iodotyro-
sines 6 L (¥ iodothyronines X, Vi b Hk
WTERENTbDLE 2 B 2 R TES N
b, Zo2@HOAEY L, BRI SEE
Mz 72%i%, FRBIC—E L DViREhE ¥
HHEHREND. ZOfER, XBEETIE 70.0
+2.2%, A.P.H. &z BTt 63.42:25%
(N=8) TdH-T, ZoEREHENCEET
Xz,

D EofRer o, APH cks PRl 1
BEROKTIZ, FIRIR iodotyrosines diiic
EB5b0THY, ZDEAIE, iodotyrosines ©
medium ~DRHOKERTH S LIBEND.

% ®
AED#ER 15, Posner® n#id Uiz FHEE

HIZE O FRSREMIHEIE S, R r0 Lo
H DT, iodotyrosines ¢ medium F~DHH
wrsbotEx2 6%, Botkin®, Posner?,

Eskelson!® £, 13 TSH B iz BkE ¥ &8 %
ETEE2EARD 5 LBELTVE2, Fx
I OREBECTE AP o7, RBLLIER
i TSH %4 A 5 % 256, 5%
3 ~ 4 e o FURAR L il e S B
WETLRESVLSOnDE. BET Y P
BR 5T %, Natafld, Shimodal®yk in vitro ¢
DZLERLTHB Y, £/, Rosenfeld 520
X in vivo TEHEOBEEL T3, BTY
Rosenfeld 1F, IR 50~250 ug 1~ %5
% & TSH i3 uptake # LS ¥B LHEL T
BY, Mack!® 4 in vitro T107*M 71~ 3¢

{545 L TSH iz X »C uptake 2 LH35 &

E,Tv5, Bxik TSH iz X 5 uptake DL
EERORP -7NB, COBACERCHCE
medium ™ piodide JEEE 1%, tracer dose (4~8 X 10
M) 0HTHED TEL, ZOFRAIKRE T
TSH iz X% uptake DTL#ENFED bRV
Lix, Rosenfeldbic k o Th#HiE st Tv 5.
Fiz, ELE L7 TEAREAEY 2 %~ b
TLHRERR PIEGEBOETEBZ T L, BT
X > Tz OREBHK TS 2 & (Table 3) 2

HRB L, TEANZED PRE

e W & RIETIERE, TSH i
BN.E. n-BuOH NONEXTRACTABLE X2 b0ThYZ LALLM T
LTHY. 1000 THYRONINES b 5 R .
LTYR. 1ODOTYROSINES .
; , A.P.H. # 1-methyl-2-mer-
:'s'": e : ’ o ; ’“ ' :l::: %_‘ captoimidazole #%¢r medium
AT I R Dl § RCHRIBCHE & ¥ e R
Hom b bt BT T ™ e 43, Table 6 R LISED Th
R RMS T § 0 3% 5. MMLZRRE - 0F
] ! O BMrmETIEMLLTHD
; § 2 RTess, Mneies ey,
o+1 o] E Lo ” medium 1> M.M.I. #EpES
CONTROL AP H conTROL  TSHIUSPL - goyymoL  TSHARMOUR) pg/ml © iodide\ DEBEIILE
Fig. 5. SEHMALND L LTS, R

Per cent distribution of total radioiodine in the various iodinated

compounds in incubation vessels. Each value was calculated from

the figures shown in Tables 7 and 8.

AVE T OEICE ST 10 g/
ml MMM.L. L7, TSH
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NT/MERETEESZ Lk Halmi 510 ¢k
STHRESNTEY, BxbZ @fﬂt%%%wm
7. E7- AP H. THRERBCHFRER 21 &
ﬁTLk.~ﬁMﬂmﬁbtAfilfm:@
WRMPYE LD THE N0, TOBEBICHD
hiz AP H. oHRE I SEKTEMRT,
APH icgxhs TSHICX2 b0 LR S
na. ohicsl, MM L 290z 4 vmedium
e, L L7 AP HL T, EOLED
b o L RRREICHRIR L SR THERSED
b, £7- TSH 34 E3Td -7 (Table 2,
3). Bz A.P.H. o%hFi%, incubation @<

1D oM 72 (Fig. 2. ThbOfERE
ﬁébf%zéa,AP}Lm;aﬁﬁﬁlﬁ
SROETR, a—FHV7ORTIcL5b0
TR, TOMOBFICESLLOTHD L
Hzbhs.

Eskelson!® 2351 L kkic, BiRiR B E&
b, & VAR EHH
DART AL TS, Table 7, Fig. 4
O Ui, AVPUH. 1o X 5 R 1 2
DK FiX, iodotyrosines MFAMNC LB Z & A3
oo, BERIR iodotyrosines il ik, 1odide
L tyrosine DFEE O[ERE, iodotyrosines DI
OFLE, FTIC tyrosine I LABROT-H DR,
P EOEE LI B eELBNDED. R
% in vitro T tyrosine % & Y3ATrZ &2
LHERTVBHHH, Z0 tyrosine 23 FURAR D
T LS L, ZOBERD ) Pil-iodo-
tyrosines MK T 2 AREMELE X b D, L
L, bovine albumin %1% A1z, A P H.
LRILEREDT I /B (3% 5 < 1k tyrosine)
BEELTCBIZ bbb T, FRER 14
B S ES2 572D TH 555 (Table
5), tyrosine | L2FRI\TEAZFEETHS L
XA Lz,

Incubation medium FDRRSY & 3T LT3
<, A.P.H. # <% medium 1 iodotyrosines
BHLPICHEML TS Z B oz, Me-
dium ik, xHBE, A.P.H, TSH #hnz
728+ R Tz BT iodotyrosines 23388 & 1,

1 in vivo, in vitro

ZD%IL AT TIa b EEM I 0> o 7o (Table 8).
L i TSH 2z 725A& b i <,
Z O#ER1E Nataild), Rosenfeld?0?22 ik iz —
HLTw5b. %/, HEE, TSH Mz
DWFHITHB VT L iodotyrosines MAETFEER
B, T0%h TSH ok - TERLELK
Pole., ThbOfEREMS, AP H. i jodoty-
rosinesORHE (BT S Ak &h, Lab o
nEFEE TSH offHTikanveBEzbhs.
Hiz Fig. 5 (/R UMk, BRI PIEE L
medium H¢ n-BuOH M 1 % iz 3
&, APH. B LARBEOMTTo%EICEN
BT THB00, AP H k3 iodoty-
rosines JH{EMEHS FIRAR iodotyrosines o/~
DOFEETHEZ LIIALNTH 5.

FLRER 2 — MBI c i s h s
fedizid, FURIRER & 0oRE S h s LER
H5BEvhbh52, Thyroglobulin 3 BRIELL
SMTFET 2 BEASREEFRIC X - TR DS
na», FoficiEsg pH ok, BEED
RFICE>THEREE ST 2 L¥mbh Ty
510, FEARZEED I proteinase, peptidase 257%
T 52 Lk, AdamsH2ic ko, THESHT
VB, HFoHicrde, ~ESvErERELL
7oA, TEMEIZEMEB O proteolytic activity
X, pH=3.8 L 83c optimum #HL,
& iz pH=8.3 ic Z@pH % & ¥ % iE{#1% phos-
phate ZMx 32 LI X - THEETE LS,
k4 OFEBRTIZ incubation medium T phos-
phate 2’FEFEL, F7- A.P.H. o250
Lo THEEET, BhETh LA LD
»% L, AZETFH proteinase THD LikE
zbhiv. —FRREEAIC S proteinase 73
BETHZLNELPBMONT VS, Weiss
Wizkd e v v o FREAICE, pH=4.0c
optimum %7 3% proteinase %Y, TR =
WEVER, FART 4 ik EOBTHINZ O
BElehdd v, Eickil Pastan 520 33,
7 v b RN A pH TL50%EME S
4% thyroglobulin proteinase # RHL, = o
proteinase 12 X - T 4 U % /KIEEMIZ, free
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" odoamino acid THB L LT3, Z0HER
EBERIZAND &, Bx0BFERE, THEENM
FErhiz Pastan & o thyroglobulin proteinase 7%
P& 72D B WEPFET 5 1o b phihis
V. ZOMPBERMITH B P, SBROTFEIC
hidhiEh b, 2K, mMdEehy, &
2 D7z cellulose & (4% 24 A) #5BLT
IEHFTEE T, AWz —FARBER LIV LV

RITHER s .

Botkin®, Eskelsonl® & 2%k L7 TSH i X
SHRE I FROKTIR, wFhb Pak
Davis #:#4, Scherring #H#l> TSH 2 L
C ERERTHY, Zh b ol USP Reference
Standard iz < b N CREHEREVLEh T3
Mb, BABSERLUICWED, Zhb o
KRELTVS 720, ERFBRCHEERD 5
SO baiine,

Posner® % thyroxine # 1 BEEHE L5 »
FRRERICBVTH, AP H icks W5
ETEARRED e LTv5, FHadik
IR0 B0 7 v b FHEEE, ERT v b
ORFRIBICIER &2 T, 2Ry FRE M LEE
BEBEOHBE LR CEEICEDT5 2 L 28D
7z (Table 5). 3¢ > CHURIR B & O F ElfBge o
LT, ZOWEOEENEE T 25 L
IWPIEHL 2 TRL, ez oWE oL E
RO THLRICESNRETH 5.

L3 #

Posner b 2345 U 72 FEERRIZE D FIR R #EE
PHEWERIC 2T, BRETEVROEREE
7z,

1) TEEMEFREY - 32— M2 FRE L3t
. 1 incubate +3% &, B 6 ICHERE VI SE

DIKTFTERD 7.

2) ZoRRE I EREOETIE, BikiRs
— FEIRECKRTIC LS bo Tk, FRE
‘iodotyrosines ¢ medium F~DHEH ORERET
»H ol

3) TOTEERERSOERZ, LT
HIZEHAL PN O ARSI 7R LTz,

1) ORI, TEE BHETHY, A
W —F VBB L EBb ok,

5) = OWEIE FRANIECRS N b 0T
WK, KBEE, IREMRIC bAEE LIS,
B, BRBICIFELEP o7,

6) FURIRMH 7 v T O TERERTEC D
Woga LR CEEOFRR W14 %ﬁ?ﬁ%
mu5b bk,

R DR, MIEREHERN A & U e B
HRBBC L, BRERLEERYRLET.
(AP AR PR @ X - TiTlobhic.
PHEEK) :

x ik
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EAAM@ER Ponase-P) OBRERRICEHT S
Bt g?.'. 612. 015. 1 : 612. 33 : 612. 36.
REHEHERRE(CE TS Pronase-P O#%1T
BT BB OB O£ HM-E B W FoF B O§ OB
Studies on absorption of proteolytic enzymes (Pronase-P) in the intestine
On transference of Pronase-P in everted sacs of intestine of the rabbit

Isamu Sugie, Ritsuro Sugino, Seiko Miyachi and Hatsuo Nitta
(First Department of Physiology, Nagoya City University Medical
School)

Recently, many drugs containing proteolytic enzyme have been employed orally in the
clinical fields revealing dramatic antiinflammatory effect. However, proteolytic enzymes have
high molecular protein themselves. The problem is whether or not the drugs are absorbed
in the intestine. Therefore, we examined the everted sacs of intestine of the rabbit as to the
possibility of absorption of proteolytic enzyme, and moreover mechanism of the absorption
was traced by ouabain and cyanate. To measure proteolytic activity, the fibrin plate method
by Astrup was used. When proteolytic enzymes were administered, the proteolytic activity
other than fibrinolytic activity originated in the sacs itself should be measured, because
proteolytic (fibrinolytic) activity was found not only in body fluids such as blood, saliva,
urine etc., but also in most organs and tissues.

The results obtained are as follows :

1) Proteolytic activity of Pronase-P was measured on a heated fibrin plate added to
ipsilon amino caproic acid. Linear relation was revealed between proteolytic activity and lysis
area on the plate. Lysis occurred by y-unit of Pronase-P, and therefore the fibrin plate
method might be most adequate for calibration of Pronase-P.

2) Transference of proteolytic activity from mucosal site to serosal site was paralleled
to the concentration of Pronase-P.

3) Pronase-P was transfered markedly than other proteolytic enzymes (trypsin or
a-chymotrypsin) and transference of the latter was enhanced by pre-incubation of Pronase-P.

4) Transference of Pronase-P in the intestine treated with ouabain which disturbes
active transport of inorganic ions showed no effect, while it was interfered by potassium
cyanate which disturbes tissue respiration. (J. Physiol. Soc. Japan (1966) 28, 18-26]

EERLFOZE L BRI, IEERR B
EARRBERCHAEER, RBEEROS %
ZLBHERS N, RPLEOROBEELD
LicEBENRT, BE L OBRARMEESRRAIN
THIRE R T30,

Zh o oA BCHER, BRAEE D
L UTELBECHCOh TR Y, BRI

RTIE 40~T0 %DERD, SR DR YE

BOBED, MFRLIMEEIC B 5 LR 0K
EED OPEBALNS.
T ® X 9 R YRR SRR O IB BN R R

* g B ST KRR A | A
CRARIA04:11 15 524

DHHENTY B, ZOMERKREIC > TOERE
B2, b EO#EIC X5 2h b RA|
DIGE TR OFEE, BEESR L ARNE R
i & o BRSO B R O R E TR SR
ERACHERER T, koA
EZhoThid, BEHARBENTT I /BICE
THREh, TABRINS W CRBCHRERK
BRENBLOLEZLONTVS. £oTZO
War bR ThHEEATEATH 5 BARMK
BEENEOBEI LV BENTZOE X0 T
B Eh3 &) o LIRHERELE. ZhiiE
5RO BESEIC o v TR SRR D AR R P B
FERICEELRBIEL, ORI ERES
BOTHSBH L, Bk OMKNBENTS
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BRENTEERMOAMESTEH L LTI
Sh, ThPPRERTOTEAELS5 L
WENRTVRRETHS. HFEEEHEY LB
HFATHRNEND v oRELL OIS, B
Anderson & Schloss® [ZghIRIc BT I N IR
IEAPRNShD2HERELTRY, 20
T OFILERIR, RS KIS ORISR
FHHEIT & - THEFE T 5910, XGrusky, et
al Dy /NR o TFHE TR HE O B E I & FE
LTwad., ZhboREIBEHEESNLER
RIFBHRPRINE NS A AEEEZ R LTV D
DTHB. MROBHRMEEEF D 5> L trypsin,
a—chymotrypsin-l B L bromelain £z oW T
RETFORERNERLRAOL, 2O
FICHEMERE £ 7o i BER i LRk
Ex%1T% - T 5. Martin, etall2 3 ' ¢35
~)Vv L7z trypsin % rat (z, Miller, et al1® }x
NIZ 2 TH 2 A LA b HEHE R o i P
BATEHERLTHY, a-chymotrypsin &>\
THIRFRE R ENDH D W, £z Smyth, et al.
19px bromelain iz >\ TR EEREC X 5
MHP#ITY A bromelain # D3O THBZ &
PEREKIETHEHLTY5. R LEHINER
FIERHE O M BITHRD LN TV BIC b
5, BOBERICHT 5 IPEDEREED
EEEFIC VTR, EREEIR 2 THTL
LERO—EE R . ZORMBO—ERLL
THREERE L RNEHEES & oBEPPITIC &
NTwikvZ 2335, Innerfield, et al.i®)
REEMRIRT 0 R 2 b BHHARAERT
plasmin RENLCEDO/EAEZRET 52 L %
FEL TS Z &b, plasmin & OHBIHIE
BITROZEBMELEZLND.

T KD ICEARMEREROBE RIS
FERT 5 5A RO E BV RRE o REHE 2
PET, Zhick, (1) BEREEEORIRO
B, (2) RR&h - BORMEE » B5ER
LD b0h, FGERNESRBRERRET
plasmin OFERIC X 3 b D2 0HBIRE, Fic
(3) MRS N B GRS O M BT 5 7F1ER
HELS>CTHEFBRLATNE bRV

Preparation |
I
I Small intestine

!
~
A AL AL it
o Ca,5cm—7' of the Rabbi

Washed with Ringer sol,
Everted the small intestine

—Mucosal -
fluid (1Oml)
|~ Serosal
fluid (2 ml)
Ringer sol, or
Tyrode sol,
Fig. 1.

Preparation and experimental set up.

EREYETLRY. RBLZhbOZ ki
WTRZhEDEVHBIZENRTWAREVDT,
FESIRROML/MEE A, ¥ L),
QoA 5 i, REEBRGRESE
L LT Pronase-P %\ CEREFTE 7.
AFa U Pronase-P % Vv 7z BT EE
#] 0 < 1DPronase-P 1% Streptomyces griceus
B VEESNAMET, OEBEMBEMD
DE AR MRREFIC 8D Tl BoRfikd
BRRMEPETOIEETH Y, APLERRN
plasminogen #{&ME LT5 Z & 7 &, EA
plasmin K| T % ipsilon amino caproic acid
(-ACA) itk - ThABEEShIEVZ L b
EMCENTVEPHTHD. o THRERT
X fibrin plate method!®19 iz ;. v plasmin %&
BB ORE L «ACA %Nz fibrin heated
plate % Fv~T plasmin &% &3 L7z Pronase-

. PoOBBEEYRIELL. MohboERICY -

TIEEBRFEIIRR 20, REMNNEEE
{2 331F % plasmin 33 X (X Pronase-P ¢ mucosal
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site X U serosal site ~DOBITOHEL RET
% L3kic, Pronase-P OBEBATICEEL active
transport %P2 3% ouabain 35 X UMHRRIEIR
&I+ 5 KON offe b lEiet L.

X B K &

RE 3kg HikOREFRRLBER LES ICH
MU TOUNMNEERETS. 2o/ ESK
S5em (28] NEWZ Ringer ¥ <X { ¥bikT
5. kT Fig. 1 icRTm BE25E LT
ZO—WEZEERL, MREARE 5~Tmm
CORY = FULUBCERETS. 0k 5 IZLE
LicBg e =Aar <y (NE 25ml) mics
ATH. WAt mEEHORY = F Lo
EREBLTHS. MHBERHESALTYS
B BIMNRICEET 5 25 mucosal site T, A
T B MM serosal site ZHEY TS, BB
FWITEMA Ringer ¥ % 7213 Tyrode ¥& %
v, SMEOERZK 10ml, NIRO Z K 2

Fibrinolyfic activity of Pronase-P
on the fibrin plate
Lysis Standard plate._o
Heated plate .y
Heated plate --o---
(+¢ - ACA)

1000}

100,

Vo Vo Vo Ve Vi Ve Ve Up i
M%L

—

Pronase conceniration

Fig. 2.
Fibrinolyic activity of Pronase-P on the fibrin
standard heated plate and heated plate added to
e—ACA.

ml 2 LT 37C ofERMENTERETE -
20)21)

R LB AR ERE3E Y Pronase-P (B
) PET, fluc trypsin (FHEHE) IO
a-chymotrypsin (FFHUE) & Hv 7.

EEAMEONEE fbrin plate method?
-T2,

Fibrinogen % bovine fibrinogen (Armour
Co.) %, #&E¥#&ix 1/15M . Phosphate buffer
{2 1% NaCl #hnxz 7% ©H 7.4) 2 v 7z,
Thrombin (FEMIE) 1= 50U/ml oBlickes
WICVRSR L.

Standard fibrin plate 1% 0.1 % DEED D
# B\, heated fibrin plate i 0.2% standard
fibrin plate % 85°C, 3043hn3t L C{ERk L7z,
Pronase-P o#fHizix 0.2 9% fibrin ¥ 8 ml

IZ 40mg o «ACA % Mz CTERIERE,

85°C, 304 Lz b D& vz,

ARRE o JIE 13 MR 0.02ml &R & £ FEAK
(standard plate, heated plate X0 «-ACA
A0 heated plate) F iz # @& L, 37°C, 18K:[
incubate L7ctk, FAROWMEFEZ EE X BR
(mm?®) TRH UHE L.

E A

{ 1] Pronase-P ¢ fibrin plate method |z X
% JlE

Pronase-P @ 1mg/ml Ringer ##ksw 1/2°
FCIHREERRN L, SRE © BEEREMHEL
0.19% standard fibrin plate, 0.29 heated fibrin
plate 38X % e-ACA i1 0.29% heated fibrin
plate CHJE L, Pronase-P JRE & SEARVSAFE
B AMREE) &R 7 710 LT Fig. 2 105
U7z, IR L7cqn{ Pronase-P REE L R¥EEE
EDOMIIIEDCHBEABZPRB D b hi. 20
T tpb Pronese-P OEHAWMAE ORIELE
LT fibrin 2HEHTLZ LRFHTHY A
S FDOEMEETE» D Pronase-P 0 EEE - YE

L9532 LR CTE., %7 heated plate

B X «~ACA Jji heated plate LR fEEE
ZRFAAL EERRBD O P 5T, TOT L

o
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7»5 Pronase-P DO#¥EHEIL «-ACA D E 2
ZURCZ ENHEIBA L. Bl 2 oFEBIZ I
FEERNIZIAL FHET 5 plasmin T (plas-
min, activator %) Mm% 7 L 7= Pronase-P
DHOBEEZWET S L BTES. B e
ACA il heated plate {Z%t3 % Pronase-P o
REML AR LoBEE, 0.02ml THo Z &
BELY 1mg/mlx1/2" DIKIRET LHREREE
RT T Lpb pg BAULUTOMEIZ ST HH
EL>BZLifErD bR, LROERLS
Pronase-P o flE 1213 e~ACA i1 heated fibrin
plate #f \» 5 = LIXEYITH % L OWERLENH
bhic. ,

[11] Pronase-P i HEIRIEE 12 31T 5 B4T

KRG~ T S FHEE © SHE (mu-
cosal fluid) iz 32 % 0.5 mg/ml, 0.25 mg/ml 35 &
O 0.1mg/ml DEEElZ Pronase-P # iz T
37°C T incubate U, 4B:RICE D 304541C
mucosal # L 8 serosal fluid % 1 [B]490.1 ml 5g

Transport of Pronase-P in small intestine
of the Rabbit

(Pronase- P 0,5M¢,)

Lysis
area
(mme)
10001 o Mucosal fluid
. L J adl A4
Serosal fluid
1001
10

30 60 90 120 150 180 210 240

min,
—_—
Time

Fig. 3.
Transport of Pronase-P which added to mucosal
fluid in concentration of 0.5 mg/ml Pronase-P was
measured on the heated fibrin plate added to
=—ACA.

BRLT, SBiE0BEREY «ACA il heated
fibrin plate THlE L 7=,

Fig.3 13 0.5mg/ml ¢ Pronase-P o\
T > e ERBMMET L. b O TdH 5,
serosal fluid DOFEEEEERIS Pronase-P D#yA
REVE 1 BeffR & D B L Ao 8N 5
ALY b, KL 4EHBICE
W1, serosal fluid O#YEEEA mucosal fluid
DRIRRE R B 5 2 i ie oz,

Fig. 4 13 0.25mg/ml @ Pronase-P iz->\>
THT 15 272 FAK T, 0.5 mg/ml o Pronase-P &
% % FIfRIC serasal fluid o #R¥AREIX 1 BRRE%
Y ARRICEDY, BRERICHEmL 2.

Fig.5 i 0.1 mg/ml » Pronase-P |z -5\ T
DEBRRRIE T, serosal fluid ORESEED HIIT
FxBZL IRRFER L VALY, Z0%
AR L 2.

VA EDEERAE > Pronase-P ¢ mucosal
site L ¥ serosal site ~OBATINIC Z OBAT ‘

Transport of Pronase-P in small intestine
of the Rabbit

(Pronase-P  0,25M%)

Lysis
area
{mm2)
1000}
Mucosal fluid
.
100!
104
30 60 90 120 150 180 210  ©40
min,
—_—
Time
Fig. 4.

Transport of Pronase-P which added to mucosal
fluid in concentration of 0.25 mg/ml Pronase-P
was measured on the heated fibrin plate added to
==ACA.
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7% Pronase-P D YBEEIS X OMEFIRS R AT+
HZEVHLPIED BN,

[I] Trypsin 3 X O a-chymotrypsin o4
BATOFELE I T HICHT 5 Pronase-P @
-2

400 U/ml, 1000U/ml, 2000U/ml JEEED
trypsin Nz 250 U/ml, 500 U/ml, 1000U/

Transport of Pronase- P in small intestine
of the Rabbit

(F’ronﬁse~ P 0,1 M%)

Lysis
area
(mmz)
1000}
Mucosal fluid
*
[ 3 9 ®
A .
-
/'/.
100
Serosal fluid
*
10 -
30 60 920 120 150 180 2I0 240
— min,
Time
Fig. 5.

Transport of Pronase-P which added to mucosal
fluid in concentration of 0.1 mg/ml Pronase-P was
measured on the heated fibrin plate added to e-
ACA.

L« 225 « B « FEH—EOWHFEFE Pronase-P OBE RIS 515

ml JEEED a-chymotrypsin @ & & Iz 2T
FHBECRBT 2BTOREEFE L. Z0
RRAEIx Table 1 ioRd4m< 2B OBgET
1% 1000 U/ml a-chymotrypsin @ 1 flizfEd
iz e~ACA Jil heated plate FIZH¥SEEDN 4 &
NeDHT, Y EFITIE trypsin BL O a-
chymotrypsin DRERERI L BT IZRLED B R

Transport of Trypsin in Pronase ireafed
small intestine of the Rabbit
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Fig. 6.

Transport of Trypsin which added to mucosal fluid
in concentration of 500 U/ml Trypsin was measured
on the standard and e~ACA fibrin plate in Pronase-P
treated preparation.

Table 1.
Transport of protease in small intestine of the Rabbit

(fibrinolytic activity on heated plate added to e~ACA)

Protease Trypsin a—~Chymotrypsin
Unit 400U/ml "~ 1000 U/ml 2000 U/ml 250 U/ml 500 U/ml 1000 U/ml
incuba-

tion time
(mi )ﬂllld fluid  fluid flaid

fluid fluid

serosal mucosal serosal mucosal serosal mucosal serosal mucosal serosal mucosal serosal mucosal

fluid fluid  fluid fluid fluid fluid

K 234 - 180  —
60  — 336  — 132 —
N — 260  — 169  —
120 — 234 — 81 =
150 - 196  — 70—

304 - 483 -~ 450 - 726
266 - 289 — 550 - 792
256 - 684 - 342 - 576
255 — 360 - 168 — 357
100 — 594 - 208 25
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iR el

O LS ICEHREEFEOP T Y Pronase-P
DBATORDPHFIZFE TH Y, trypsink X Wa-
chymotrypsin  TiIFAA EBATHFRD b s
5722 &%, Pronase-P 2IBERITIC 0 ISR
HEATLZLETRRTE 0 LHIENS.

BT trypsin %7213 a-chymotrypsin D&
BATIC k% Pronase-P 0B o F 4 & M s

Transport of Trypsin in Pronase treated
small intestine of the Rabbit

i
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1006 '
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Fig. 7.
Transport of trypsin which added to mucosal fluid
in concentration of 500 U/ml trypsin was measured
on the standard and e~ACA fibrin plate in Pron-
ase-P treated preparation.

B DICRDEREITIz o7z, BlH 0.5 mg/ml
Pronase-P ¥5¥% T 30 43FEIAE L= HB &1
500 U/ml trypsin ¥5%%% 0%, standard plate
3L O e~ACA il heated plate % v T try-
psin OFREERE B BBAT) 2 WE L. Z Ok
& Fig. 6 1R¥Mm<, serosal fluid @ stand-
ard plate FOBEEIZ 2HEHI Y RDLR
7273, eACA Jij heated plate |3 3 BEfjae

" Effect of Quabain on transport of Pronase
in small intestine of the Rabbit

Lysis
area
(mm#)xMucosal fluid "
1000} e e S i i S
O .
LMucosul fluid . S
. ’/’.'
x 5 X
Serosal fluid -~
- 100} . Serosal fluid
101
30 % 96 T80 156 180 20 240
min,
o
Time Standard plate
o Y = —

Heated plate

Fig. 8.
Effect of ouabain on the transport of Pronase-P
in the everted sacs of small intestine of the rabbit.

Table 2.
Effect of KCN on transport of protease in small intestine of the Rabbit

(fibrinolytic activity after 1 hr incubation)

KCN
~ Protease treated clgxg:le\; . standa)rd plate heateji plate
Protease concent pe rlc(’gﬁn) (%5) mucosa serosa mucosa serosa

a—Chymotrypsin 250 U/ml 5 10 770 — 375 =3
Trypsin 0.25 mg/ml 5 10 598 + 395 —
Powe  osegm| % B opE P -
Pronase 0.25 mg/ml 10 5 1360 + 1000 —
Pronase 0.25 mg/ml 30 1 1680 143 800 -
Pronase 0.25 mg/ml 30 0.5 1368 + 930 —
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ERBLTCLELBO NPT KL 05
mg/ml Pronase-P ¥5¥& < 1 BrBALEE L7 9F H

BT, trypsin (500 U/ml) o847k Fig. 7

WRTHn<{, standard plate ¢ 18t L D,
&~ACA i heated plate T3 1EREEE &
Vv o,

FROEE» S trypsin 721k  a~chymotry-
psin OFHEEIC BT BTt L, Pronase-
PRlorinEEEBIETLONCOVT
BREICEMAERBELELTHZLEBIET
37 Y, standard fibrin plate | C#EMEE R
TWEOBERRDONTZ &b, HEl L
LHEBATICHE L plasmin ROBEE2EET S
ZERTERCVCERS.

(V] Pronase-P ofHGE <5 L ETIRY O

b2
~ Pronase-P 2IHIEE & BT T 5 OB &

FICHRATT 5 72 i BAERIC X 5 R E I

DWTEREITR 7.

a) Ouabain 0 FE2D
MM A A L DRBE IR I %) L active transport

ZWEI+ 5 L v b T % ouabain ¢ 0.75mg/
ml Ringer ¥F¥E CHHLBEE & 105HAIE L,
0.5 mg/ml Pronase-P OBEBITERE L.
Fig. 8 [ Z# Dk T standard plate 3L % e
ACA ji heated plate DO#REERE

I 1B B R b A -DRRISRE L RRERAYIC
I L7223, ouabain THLEE L7z - Fe % HEA
(Fig. 2) 1T~ HR R ERTBD bz hy

STz, Z®OZ ki ouabain %% Pronase-P D}
EBTICH LA b OB B IES AP o7

ZLEER%RTD.

b) KCN o
0.5%, 1%, 5%, 10% ¢ KCN Ringer ¥

T 10~30 3 HILER L Sl I oW T,
- 05 mg/ml 3 X 0.25 mg/ml ¢ Pronase-P o
BEBTORREFE L. ok Table
, 21k b h B, 1% KCN Ringer ¥y
3043 fE4LE G 0.25 mg/ml Pronase-P o 1 iz
BHEBATRRD N DHT (standard plate),
&Y &3y standard plate Fic 3T

(BAT) 13k

3, heated plate _Eiz3v T3 serosal fluid o
B BIHFERITRRD b o7z,

iz trypsin 3 X ¥ a-chymotrypsin 2>\
THLRERBOERET 72 - 2 ¥, WMEEEED
serosal fluid ORRFEFIIFEO bNA P 7.

%72 Pronase-P ¢ KCN A& L 0BR%EH%
#35 7bic, in vitro T eACA i heated
plate % v TIRISREZ MIE L7c 2%, KCN g &
% Pronase-P 0iEMEEET & 5 it 2%
Bohkrol., RUER D) 0EBRPLHL
i fm<, in vitro Tk KCN iz X % &M
O BFIG SRR O 3] 3 i3 3 IR VK & BB & R
LTH Y, ft>T Pronase-P OIS EBITIZG
FEHROEEE L HERBEEOD S & L RS
Bab.

z s

TERBERROBENTIUZ AT I/ RRIC
ECHBEN TS N, BEBMEEBCER
ShaopBieshTvsd, BHEKEERN
EARTRRENS LV OIRELADND. E
Te—iEH R Ea R RHSIRC BT S I v
PIIEEOWINBIIRAD T v X —EIL BT
5 REEAOHNBN b EIEE N TS, ZD
X 9 I AR O 5 RIS 185 T 2 o fRE
LIRS TH S,

— FEERERIC B VTR ENEIESTEH
ThHIEARMRESZ O BORE T XY, R
iE, HIREIERSRD RS i AR 23R
BNTVAEEDNPDL VEAKEHOBNRINE
BETHZLIETER. /%2, 30BAR
fEEEFIC OV TOBRNRIEROBEL D Y,
i b EERIC U E £ 7 13 BE % & ik
L, E#MBEOoMFASTEHEL TS5,
BOBE#onPEHRREREOEE EH 8
JREE) oV TOREIIR 4T, FORMEL—
LRV, ZOREEHT 5 ICRRERE
LIERNEARFEOBEMREAMIC TS5 2 L BANE
ThHY, FODITIE LB O Bk
LR E LT idk by, BiEfH
W PE FHEIC OV TBEELTW525, Ll
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i R FERRRE D RRFRIZY o TIRFRICAERNIC
JREICTFEET % plasmin?®26)2D L o H|RIALE %
Lisidhid, BB G RO BEBRRE LT
ELbD LR CE. ZHS3 2 o3
E D7 fibrin plate method % AVEEHEER
SyREESE Y LT Pronase-P %#3BAE. Fhi
Z DOEERN plasmin RME & IEHLTE - &
75 < H «ACA (f plasmin &) ic&Shix
WHrbTHB.

AREBR TR LB RICRSEE R, (D
ARG S NICEARBEBERIBRRRS S b
DOPED, QRS W EARFE RS EE
XD b OPRITAEBNICEET 5 EASER
FHic plasmin OfERIC X B b 0 hHBI,
Q)EBIAMFRE OWE ORFHCE A E BV THlE
Tl ol

AKEBROFERE ) S Pronase-P OMHICIE &
ACA Jii heated plate # 5 hid, r BALML
TOWMEETREFMETH ) A>Z0EE LR
BEe L OICETREBED bk, -T2
OFFEEHED THEE A NEETH 5 L OREEN
Bohic (E5]).

OFEE R THEREBHBERE CBT 2
Pronase-P 0BT HEL RE L cERITER
(1) ek~ <, mucosal site LV serosal
site ~OBITRHLND & L b IZZOBTIX
Pronase-P D EE R X OEFARERE I EOFHE ~
BReEB+5Z LRI, SR L serosal site
DORYARE )% mucosal site D FH EBRT = Lk
572D T active transport 12>\ T DFERIX
TEhbholz.

BEBHRFRROBERITIC OV TR
BIRIC X 5 b O 0BT HEEHRIZ X2 b0 h0
MR D 27, ZhcBELTEERINI BT
(D oEFRErb, BoFoRSERERSZWEE
RECBERELB LRI 2 ti3xExbh
. ERBBRMEEERER D PRICBERELR
BLTHEBEARSCT50TRECIELBEX
bR, EBRIN BT Pronase-P k&
¢ trypsin % a-chymotrypsin OSSR
TR ERDNBEVI EPLEERTES. &

D X 51z Pronase-P 1ZEEBATICN LERRA
WEEETHZ LHBHERESh, FltZoZ Lix

Pronase-P DFEMERIC X » THRITARETH -

7z trypsin % a-chymotrypsin OB{TE2 A S
THrZLrbbRGHEmMEND. EiCHIERD S
Z Lz »FEBR () T Pronase-P ALBIC Xk 5%
BEEFZDOIEE#1TIC plasmin ZHE (activator

EED) PEERBREE T OTRELAD

MEWEENTLZ L THBD. FAL Z D Pronase-
P OB RH 2 REREMEIC L 5 L O2EK
4 Pronase-P iz & HF S N5HBHHBEICIZ LD
POV TSR OBIFEIC BRI RIE b,

HEE& (V)X Pronase-P 0BT O %
BRETT 5 720IfTi o 7e b DT, T A LD
active transport # #iffil+% L v b3 ouabain
THLEE U 72 B4 T X Pronase-P T A b
DB R LRI P o Tehs, HERIER Z HES
% KCN o413 G 1% Pronase-P #4713 £ R
WHENEP -T2, ZhEDOFER) S Pronase-P
DOEEF4TIE ouabain T ¥ - TEEL T 5
active transport o & IC X B5 L vy,
KCN 1z X % M — RS RE I 1 9 B e B
HOFTHZ EBRHALP LAY, Pronase-P ©
IBEBITI L 2 BB R TR ¥EH
RIRREIC X2 boThinl, BEOBE (BRIR
WEE) CEECEE LTy 3 b o Lilgsh
5.

1# L3

1) Pronase-P (X ¢-ACA HII heated fibrin
plate 12XV 7 ML FOMBEECRINTS &
ENTEHLZDRE LRI LIZEDHE 4
BERLE., oz b Pronase-P 0IE
21X fibrin plate method iT X % @ BEEEIZY
ThHBZ E, W Pronase-P 1% «~ACA @
BBy 52 L5 plasmin & OHBIEIE
WCEBZ LR LK.

2) Pronase-Pi 5% Bi5 H BliE/ Mg o mucosal
site XV serosal site ~OBfTERL, HoZ
O#4Tiz Pronase-P DB X UEHRERIC
AT L.
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3) Trypsin 3 X U8 a-chymotrypsin % Pron-
ase-P L [RIRR 7z BRI T T HBEBITIIFRA
ERBD BRI D 57, Pronase-P MLEIC X Y
trypsin OBATRAES Ll o7,
4) Pronase-P D& {Tid ouabain LI
CX-TREZELhE VY, KCN AHi X -
THLIEEBSABITR &£ Boohnlks

7z. BNHEERE A 4 L o active transport iM% -

IXBEE Lz vy, BE R oM L #iEn
HEOHDZ LAHEENTE.
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A dual nerve supplyb of Pacinian corpuscle

Kashima Goto, Mitsugu Sorimachi (First Department of Physiology,
Gunma University School of Medicine), Shin Shibazaki (First Depart-
ment of Anatomy, Gunma University School of Medicine), Werner
Loewenstein (Department of Physiology, College of Physicians and

Surgeous Columbia University)

Pacinian corpuscles of the cat’s mesentery have a dual innervation. Besides a myelinated
large nerve fibre, a fine fibre enters the corpuscle. The fine fibre is traced with histological
and electrophysiological means as an independent element in the mesenteric nerves, in the
stalk of the corpuscle and within the proximal segment inside the corpuscle. The large fibre
is the well-known mechano-receptor axon of the sense organ. It conducts impulses elicited
by mechanical stimulation at 35 m/sec. The fine fibre conducts at 0.7 m/sec. It does not
respond to mechanical or thermal stimuli including those within the painful ranges of strength.
Some experiments in which stimulation of the fine fibre resulted in an increase in sensitivity
of the large fibre may suggest the possibility that the fine exert an efferent control over

the mechanosensitivity of the large fibre.

l. #®

Pacini x> /MAD 13 mechanoreceptor & L
TIEL BN T 52, FE@ & x| b
TRVCEPE 2 H 5. £LONFHCHED
receptor &\ IDNNO, & 7o IR E TR 1
EDOSRERE VE 50009, WARKE L oh
& ¥ 3% LE 5T, mechanoreceptor TH %2 &
‘ﬁ@ﬁ?éﬁ Y B0,

—HRICHERECIES S LU THEET 52, %

B c WIREHIE 2 o 13 B oA
T, K o&F ) Lo K5,

DB o JEE TR IR& IC BB b
Y UTRIZSVWRIBIC S 5. 2 63w
DFFEIEC OB L FELERLTI TR EAR
BEELTC200NBEE 50, oA
AL TR, BER LY OB ELE
HFETS05, {h defecation IZEE{RE L od
ELEbhE R, TR LEL DI L 5> THEMN

* REEKHESHE | AT
o PEEKFESIE | SIS
W m o REEAETA
CRRM0411 B 18E A1)

(J. Physiol. Soc. Japan (1966) 28, 27-373

B DT, defecation IZMED organ & R
BT,

—7% Pacini /MO IEBRFERREZE < »
54772 b iiE £ 1846412 Pappenheim!? 12 #5 &
9, Dogiel!®, Michailow!®, Van de Veldel®,
Botezatl®), 335 X (% Boeke!” L ¥% < o AT H
Fonh, HIETE Quilliam & Satol®, Peace
& Quilliam!®, Goto & Loewenstein2® p#R4:
BHBND.

PREESCELICREE Uik Yefa o 5Tk, e EEM
85, BFEMBEORBIC - THAEBLTE
7o B3, BAETIZ Quilliam & Satol® i+ 3
#1< 1 Ao myelinated fibre 1Tk 5 TXE &
, F 1o Ranvier o##g»3/MED proximal
part 2 Y, 2 oS AD O WLICHFEET
5. 8515 X Y RIBuE, Schwann Kl 235
7% { % < ®» mitochndoria 23R 51 TH L 5
CRTZOEGPRTVZEED.

T, BERZO 1 ROFRHMMRTXESH
TV % terminal corpuscle Z{HEH L CTEEL T
VW2 BRIZ, —f% @ action potential X2 iFiX
ENTHd - DLk, Lrb/hEk, HEDOL
IZ{ v potential DHBZFILRNOE, 14D
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FHMRCKR SN T3 HLEEL b 72D T
HBD, TRARZOBEORRTH 5.

Al %, single sweep TIXEHIR Tk 72 v,

axon OERSy % repetitive [ZHEL LT, Braun
Z T AT superimpose §5 & &, TR ED
HFEPBOONIBEND LD THB.
- BuviliEEopotential K RETSb LTV 5 &,
BHELELT, Lrb/MEOEERD case 1215
CCTHET A LRBELRVOT, BLYDOI S
FREERETH - 2. :

LaL, EREHET) bICERE LARDOK
F/ME D preparation TAKE 2FfE D potential
CPEDE N B CEY, BEEEORD 2RO
fibre 231 > corpuscle Iz A » TV id Huid i
b o EmIEL, o 2AKBo fibre @
AT REIL, &% THERENI, &
BFHEAMSEN CEELER L.

I.% B& % #

Pacinian corpuscle i3j# mesenterium 7»
LAEELCHV 7. Blb, AE 15kg~3.0kg
ORELTL Bl > T 5 72D Th BB, S5
HoERERNIZ Nembutal (sodium 5-ethyl-5 bar-
biturate) % 35 mg/kg FEA L, BRiC ether %
WOREEL, BARRERE D OMERE &4 x5 X
1cmoFEM 7 lucite oo LICEEL, BE%
HoTaH+%. 2hg 5% C0O+95%0, o

crys

tal . Asto grid A
) E
S\ W iﬁz !3|':|l ? B2
N oIl

Fig. 1.
Arrangement for stimulation and recording. P.
Pacinian corpuscle ; N, its nerve supply dissected
free near its point of entry into the corpuscle for
recording in mineral oil with fine platinum elect-
rodes E; and E,, and more centrally for electrical
stimulation with electrodes B, and B;. M, mesentery ;
K, Krebs’ solution ; S, stylus of piezo-electric crystal
for mechanical stimulation. L, lucite box with
constant temperature water jacket. Electrodes and
crystal are manipulated under a stereo-microscope.

g = — R/ ME O B R

# A & 104358 U7z Krebs' solution o HiiziE
L, WIRBAMEE T C dissect 5.

Preparation & U TR Db 0 T,
Lt 150 corpuscle i ZEIZROE S E
Lo, Ke#igr bkl zh
PlEizgyiphic b oRe, B\ corpuscle ik
Hwvizwwz 2L L7z, Corpuscle i % D4eigo
WaERVT, FAESEE TR AZEER I
mm FEEE N, o T o— A~ X 5T
BRI E 5 2 5720 OBHBOEES 25 5 mm
OESKES THEEPSEES ., BIbE
1R+, FeekEMmi corpuscle o4 <
23 CBE, 220 15~30mm X im 5
SICEKHIFE O 2 0BBERE L.

HERRHORIEE 2 5 % 5 72 9T, piezocrystal 2 4%
1lmm, & 15mm oF 7 2BEZEESE, £
DI E R50 ¢ O X 12 LT corpuscle o _kic
H»T5. Z o piezoelectric crystal % stimulator
DOEABEICIE U T fine 7284y £ T X £ follow
Hi3k 5 4 o, rising phase X 0.5~0.7 msec
T L g 1msec @ order Tik5EaICBREH
se24REEIC % Y, % o mechanical 7z photograph

Fig. 2.
Photoelectric records of displacement of the stimu-
lating stylus. Stimulus width 0.2, 0.5, 1.0 and 2
msec. Stimulus strength : 5 volt.
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BE2HOML TH o7k,
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moving coil OEFHEFIH Lic. TOREIOK
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Krebs' solution icB#&h TR Y, ZOLEEW
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BHRIER 30 OASKEAC. fEE
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Brauntube oscilloscope 35 X ' ANGEM 0 = h
EREObOEEICHCE.

EEE IR Em L 2 o REEmRE v
2 > potential DM TIhLD, BREE
BRELLFETHEL, &% TR\ LHIZE
Uiz hs, —fRicik 1 > o flER, B b RBmE
T b bl iegREm o & Pl & UCEE

L.

&~ O{LEERYIEY & corpuscle (2 AT B
EAE 300p o vinyl oo b = o —vE AV,
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WEPERBECIEEHLTB V.

BT HEMSEORB OERICY 5 Tk, B
i X - T#HEE 2 >0 potential D FEAE L7z
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B Y S8EL, 3 mm OBESOHRLHE
L% ¥ B b i Caulfield KE2DCFEAL,
0°C IZ THOOSMBEEL, =% ) —VRFiCT
ik Luft?® o iz 5 > T Epon iICE@# L,
. Leitz #:#l¢> ultramicrotome iz X » BETH
EERL, KEBLshe B Y 7 v T2 ERAE
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7 = = B/ MED B L 29

Bl LTHgE LK.
HeSEBFBIRZEIC Y — T, 6~10 ¢ Dsection
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A o % % methylen-blue Ce 2 5L, Fi
E{PBLEVTEOEEERY L 5 HEEA
V-,
RIER 15 BRI EFHEMBEGR IR L.

. £ B& & &
BEO LEo/MEE ZHICAD 1 KomEs

mesenterium #» & dissect L 7~ preparation (T
2> antidromically iZBEK K 1T 9 &,
BEIRAILRD L) k&SN 1504V TRE
HEEH D 35m o action potential (F) 237E4%
TE 5.

L L, Braun Hof@5IHEL 1/5 2L T
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»5.

L5 1ooklEmey. FiRkc disect Lic
EAT, MEoma 0.25msec, 88X BFREL
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Fig. 3.
Quick and slow potentials elicited by a single
shock on a well-known axon of the terminal

corpuscle.

A : quick potential (F), B : slow potential (S).
Ubpper time scale 1 msec

Lower time scale 5 msec

Cal. : 100 £V
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Fig. 4.
Dual innervation of corpuscle. A, B : electrical
stimulation of threshold strength of the nerve su-
pply of a Pacinian corpuscle elicits a fast impulse
- {F); and C in addition a slow potential (S) when
-the strength is increased three times. Lower beam
signals stimulus. Conduction distance 15 mm. Time
scale : upper (A) 1 msec, lower (B, C) 5 msec, cali-
bration : 50 ¢V
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oL |
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Fig. 5.

Conduction velocity spectrum of small fibres.

Conduction velocity is plotted against numbers of

small fibres of different Pacinian corpuscles. The
" mean velocity of the 27 fibres is 0.65 m/sec. with

a standard deviation of +0.14.
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BOBREREEZ FICE > THERETS. 0.3m
75 X VLRI A AR R R L7 R I E S iz
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GABA, CaCl,, BaCl,, MgCl, Zn ¥ % EA
L THIH, BEHEEDE potential 1356
NN oz BB, ZoOBE—HoEY» LI
EHEEOHC L L ORER S .

Mechanical o HiEic k 'r:)‘;k;t,vfﬁz impulse &
BERBCHE LG & om O EER & BB L 2
Z[F— fibre 2 B21EPERET B0,
WROEREITE -7,

BHoE6RD LI, SHTERNIKE &
% 7:41C, QiZmechanical DK% 5.2 % &,
ZOMBEESLNVERICAT ZEHRIE T
AD XS, EIZEKHEIC X % potential
(@), &\~ mechanical M ic & % WEmo

Q. R S

Fig. 6.
Diagram of stimulating (Q, S) and recording (R)
electrodes. :
Q : mechanical stimulus, S : electrical stimulus.

e

Fig. 7.
An experiment in which the antidromic impulse
elicited by electrical stmulus of threshold strength
is collided with another impulse evoked by mech-
anical stimulus. The delay between antidromic and
orthodromic stimulus is reversed from A to F.
Upward deflection (q) : antidromic impulse.
Downward deflection (m) : orthodromic impulse.
Time scale : 1 msec., Cal., : 50 V.
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potential (m) d 2 ST EFETE 5.

L, Zo2-o08ER %7 < J#BgiL
T, SERBAELEERRE2Z 2L A, B
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RIZFhid, TRIFETHCom qFEoR L
mA. FICHEEELT, QOHFNECHES
L, SHTORICHE S h 5 XHT5e,
SERFRMF o< #fo potential (m) 234617
LT, _EkJfjo potential {q) 23> TE LD
P, FHEZORKEELASEBICORTDO
Xoihb. ThbbRESLOETmHL q
FTEBESPYVE-TELE m EoArDOTEE
Thd.

Thbb, Q&S EICRHEET S mik gk
~BEO LD TH B.

WIZ, F8IT AT BEIEMEd <Y
2L, ¥72Sic B 32 oM e 3 5L L
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HEL, QTREESERLMMEDOK m) &, S
M B ¥AE L7z slow @ potential (s) & 235 -
BOEIDENERS, BE8KDOE, DICR3
m<, TicEEMBREE RS L <L,

1

slow @

Fig. 8.
An experiment in which the antidromic slow im-
pulse elicited by electrical stimulus of superthreshold
strength is not collided with the impulse evoked
by mechanical stimulation.
Downward deflection (m) : orthodromic impulse.
Small deflection (s) : antidromic slow impulse.
Time scale : 5 msec., Cal., : 50 £V.
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potential ¥ Q> 534 LicROMEDOHE (m) &
BHECHEELEDLEY. Zhitk->T m K
S »H I L slow @ potential (s) & ixE -
TEEBE-TCBREVHP LR ST

FRTIRT O M BRHED corpuscle (T3 L
T, Wflis 5 AEBENEREL OB RETH
5.

F0 1503 I L LT slow potential 2334
T HRERBCESMAIKE, antidromically
HER LT 9 & corpuscle (2 infif 7z 52 {LAH
bhsPEBE LR, FINB, Cthbhd
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T, corpuscle {3{i] & OFNERE L. 7272
" antidromically iz {z# 3 % impulse 23F0&RHE
G ThB. LTAHW, IR It
T, D,E ikashaim<, slow o potential (s)

Fig. 9.

Increased spontaneous discharges of the corpuscle

evoked by repeated antidromic stimulus.

A : Control. Scarcely spontaneous discharge appe-
~ ars in background.

B : Antidromic subthreshold stimulus is given.

C : Antidromic threshold stimulus is given. Only

an antidromic impulse is shown.

D : The strength of stimulus is increased until the

slow potential appears.

E : Numerous spontaneous discharges following a

test shock are elicited after the single strong stimulus

is repeated.

Time scale : 10 msec., Cal., : 50 £V
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T BT L, fire TAJEEN#L TR
% (H10XC, D).
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6 ~10 ¢ o section {ZH]., T, Bodian o silver
protargolfe @&k &, 4> ¥ ¥ methylen-blue =
b d ke, et LivTtEEY
b D 7.

BEHHIB T 2 >0 action potential 734E 5
NIEAR L R BRI, BLIKO
M ThAB.

CNREREDCED LR EERE L LD
T, Bid#iZ T corpuscle miE<, EILERO
1oWblco> TVl Th v, AR
corpuscle Iz A4y Cdh 5. Bz myel-
inated DK\ fibre B & M icH BB R, F
DERICH > TS OB B O5h5. = hidfE
OB E 2T THBI LIZ (v, £72A 0%
FTORVCEIREHALHICABR DR, Fihic

Fig. 10.
Firing of the second response caused by the
double mechanical stimulation after repetitive attack
of antidromic slow impulse.
A : Two successive mechanical stimuli are applied.
The second stimulus causes only a generator po-
tential which does not fire in this stage.
B : An antidromic electrical stimulus of threshold
strength is added. The large downward deflection
is antidromic impulse.
C : Abolition of the antidromic quick impulse
which collides with first mechanical response. In
this stage the enhancement of the generator poten-
tial and some firing are shown.
D : The strength of electrical stimulus is more
increased, and the firing rate is also increased.
Time scale : 1 msec., Cal. : 50 #V

Wolo b OB LT v,

Z DX HITHFEMIETIT T FloBERIC o
T, Bodian O 1Tk - TR, el
ERBWIINERAIBEONE P -T2,

WICETHEMSE o B % 812K, F13R o

Fig. 11.
Microscopic photographs showing longitudinal sec-
tion of the axon of the corpuscle innervated by
dual fibres.
A : near corpuscle.
B : more central potion.

Fig. 12.
Electronmicroscopic cross section through cervical
portion of the corpuscle innervated by the well-
known myelinated fibre. Calibration : 1 .
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Fig. 13.
Electronmicroscopic cross section through cervical
portion of the corpuscle innervated by a dual nerve
supply.
F : large fibre.
f: fine fibre. Arrow shows Schmidt-Lantermann$
incisures. Calibration : 1 p. )
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