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Studies of sodium transport during secretion in the perfused dog
submandibular gland Tsukasa Goto (Department of Physiology, Osaka Medical
College, Takatsuki, Osaka 569, Japan)

In order to clarify the mechanism of ionic transport in the perfused dog submandi-
bular gland, rates of ionic flows were studied by measuring the changes in ion concen-
trations, venous perfusate and the flow rate of perfusion during stimulation of the
chorda-lingual nerve. Following results were obtained.

1. In the constant-flow perfusion experiments, in which devices of increasing 0O,
solubility in the perfusate and inhibiting ionic reabsorption at the ductal system were
made, a marked decrease in Na* and increase in K* concentrations in venous perfusate
were observed during stimulation when the gland was perfused with normal Ringer's
solution.

2. Jonic fluxes (#Eqemin~leg-1) were calculated by using following an equation

Jibasal =¥ FaCa 4 (V. g‘t: JECE,

where Ji*2s2lis the flux of ion i across the basolateral plasma membrane, F?, Fv
the flow rate of perfusate in the glandular artery and vein respectively, Ci2, C;¥ ionic
concentration in the arterial and the venous perfusate, V the volume of tissue fluid of
gland, and dc/dt the rate of concentration change in the glandular tissue fluid, The
rate of Na* influx and K* outflux during stimulation reached 50 #Eqeminleg~! and
15 pEqsmin~leg~! respectively. =

3. Under low temperature (10C) conditions, no saliva was secreted during stimula-
tion, but Na* influx and K* outflux were observed, suggesting that Na* influx and K*
efflux are induced by passive mechanisms at the basal plasma membrane of acinar cell
which are dependent on electrochemical potential gradient of respective ion.

4. In the resting state and under influence of atropin and ouabain, K* outflux was
0.4~0.6 gEqemin~leg~! and Na* influx was about the same or slightly more than K+
efflux, (0.7 pEd-min’log‘l). .

5. Using above flux data and the electrochemical potential gradients across the
.membranes reported elsewhere, conductances for K* and Na* on the basal plasma
membrane of the acinar cell were calculated. It is suggested that Na* and K* conduct-
ances during stimulation were increased markedly by about 50 fold or more as com-

pared with those in resting state,

(J. Physiol. Soc. Japan (1981) 43, 31-43)
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Fig. 1. Vascular supply of the dog subman-
dibular gland and preparation for vascular
perfusion.

All  branches from the common . carotid
artery and the external jugular vein were
ligated except for those connecting to the
gland. The lingual artery and the external
jugular vein were canulated. Perfusion fluid was
led through the lingual artery and the perfusate
was collected through the jugular vein. The
gland with the perfusion system was transfer-
red and placed in a thermo-regulated chamber.
A polyethylene tube was inserted into the
submandibular main duct to collect saliva. The
functional state of the gland was tested by
measuring the secretory rate of saliva in response
to stimulation of the chorda-lingual nerve.
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The gland was perfused at a constant flow
rate with a Harverd peristaltic pump under
observation of arterial pressure (60~80mmHg).
In order to increase O, solubility in the
perfusate a mixture of 95% O, and 5% CO,
was bubbled through the reservoirs which was
cooled with ice and stirred. The afferent perfu-
sate were warmed with the heat exchanger
(301C). The chorda-lingual nerve was stim-
ulated electrically (20Hz, 10V, 1min). Secreted
saliva and venous perfusion fluid were collected
and weighed for calculation of the rate of
volume flow (F). The duration of the collection
periods ranged 5~30sec, The shorter periods
were used when rapid changes in concentration
and flow were expected.

‘Schematic diagram of the perfusion
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Fig. 3. Changes in Na* and K* concentra-
tions and flow rate (column) in the venous
blood induced by tetanic stimulation of the
chorda-lingual nerve ( 1 min) in situ. K* concen-
tration (@) of the venous blood was stable in
the resting state (4.7mEq/L) and increased
during stimulation. The maximum of K* concen-
tration was 11.1mEq/L. Simultaneously, Na*
concentration (i) of the venous blood decreased,
reaching a minimum value of 118.6 mEq/L. The
rate of blood flow during stimulation increased
and the maximum value was several times larger
than that of resting state. The secretory rate
of saliva during stimulation ranged from 0.2 to
0.45 mlemin—te g1,
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Fig. 4. The effect of secretory stimulation
(1min) on the concentration of Na*t and K*
in the venous perfusate during constant flow
perfusion with normal Ringer's solution (Case
No.53). Na* concentration decreased markedly
during secretory stimulation to reach 128mEq/L.
K* concentration increased immediately during
stimulation, the peak value attained being 13.7
mEq/L.
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Fig. 5. The effect of secretory stimulation
on ionic concentraions in the venous perfusate
during constant flow perfusion (Case No.40).
The changes in ionic concentrations and of flow
rate (column) in the perfusate were observed.
Transient decrease was observed in the flow
rate during stimulation. The amount of decrease
was similar to the flow rate of salivary secre-
tion, which was observed as 0.273 mlemin~te g1,
Decrement of Na* concentration and increment
of K* concentration during stimulation were

also observed, though the change of Cl~ con-

centration was small.
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Fig. 6. The rate of ion loss (+ ) from or gain

(—)by the submandibular gland during stimula-
tion. Ionic fluxes (#Eqeminteg™') were calcula-
ted by using the equation

Jibasalevciv_FaCia+(v g: )ECF

The data were obtained from case No.40 (See
Fig. 5). The extracellular space (VECF) was
estimated to be 20 percent of the total volume
of the gland, and (dc/dt)” was used in place of
(dc/dt)ECF. Na* influx reached 40~60 pEq.
min~leg™! during 1min. stimulation of the
chorda nerve. On the other hand, Na* outflux
into saliva (column : FsCs) about 25 yEq.min=t.

© g7! was also observed. K* outflux into the

perfusion fluid reached 15~20 yEqemin~l.g~!
during 1min. stimulation. CI~ flux resembled
Nat fluxes.
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Fig. 7. Changes in the concentration of Na*
and K* in the venous perfusion fluid during
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10°C. The vascular perfusion fluid was normal
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tion and increment of K* concentration were
found during stimulation though the salivary
flow was not observed.
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DEBERD 5B, 14 vIREANCBHERT
— z (Fa, FY, CA, CV, dc/dtY, glewt.) #5241
2 bh T3 84l LR Ringer ¥ 9 fl¥k X
OYE R MR (in situ) 1 flic> TR Na*
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Fig. 8. The relationship between the sodium

concentration (mM) in the perfusate and the
peak of sodium influx (¢Eqsmin~teg™!) by secre-
tory stimulation on the dog submandibular
gland. With the lowering sodium concentration
in the perfusate, the maximum sodium influx
decreased. Double circle represents the peak of
sodium flux in situ. Broken line shows the max-
imum responce of Jna corresponding at the Na
concentration in the perfusate.

fiti © pEqemin~leg™1) %, Bl IR Nat iR &
(mM)%ZT. ERK Na* RE BT D2
NT I € Z7{EMETT 5. Zhudfilapc
o Na* EREARO ERestv Nat 1 4 VK
BNEINTHZ ERRTHOTHS. @HOIE
RO Nat 4 o+ viidr: 75¢Eq-min~teg™!
DEERT. THIXER Ringer R & X %
Nat Fif (Jma) EBE—HLTWVA. TOXH
CEREPHOEETIEL L THEIND Iy
R EEAE X v IR ER, B
TRl 2 A U TR~ S h B b 0 LA D
nB. R TR AT, 5T 5 Nat
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RETTORADOEE (maximum Jy,) 2R L
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bR oK Nat 58 2 7 » — & Ringer W EF
KON, 3H0LORE), HikNat #EX b
LEER Nat BEOHRE WS ORA LRI, F
O—FNIEREK Nat B 9mM L, £
T X CHEH L 7o e % Na* #Eir 119.8
mM } 228mM 35 <, c o Litglemia
PERE v B A b B B ic B SRR
Yoot Nat gREET5 2 LR LT 5.

- aloropin (7.2 X10°M)
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Fig. 9.  The effect of atropin (7.2Xx10-5M)

and ouabain (107*M) on venous K*, Na* and Cl-

- concentrations. No saliva was secreted during
the experiment. When ouabain was given, a
slight increase in K* concentration (indicative
of the outflux of K* from cell to venous per-
fusate), and a small decrease in Na* concentra-
tion (indicative of Na* influx from perfusate to
cell) were noticed.

E. #iRoERE 1+ v REXL

Bk GERIB) Brixfgfa~o Nat, K+,
Cl- oA MNEET B, FBRIIA 4 ViR
H LB A & YIRS D & TEEREE
FRLOTWHERDNRD. F izl DEILIT
ERLS DDA A VRENRDDIH 2D BEIT
RORREEIT - . BIES WA IMHT 5 oo
TreEvERFERL, XOREBNCESRE T
3% Na*-K* ATPase # v 7j#s v 7.3 1 v
THHI L. 7 ey (7.2%x107°M) % ¥ ¥
B ARG FER L, v v 31 v
(10*M) &z 7o & E OERBIRE A + v iEE

TR BTN DOERTHS (34). 7w
RNz THER LT 5 T DRS4S
HEbRic\. v UAL vEMz b ek v
TEiRE O K* 1349 0.5mM LA 1, #7:Nat
THCBERAD OFERAE bR, ClIm row
THEERR bR T, L THEY S
BigEE Lo BB BRI E Licn
- TIRAERaL b EREIREC K 2 Eh T
Ky bRA &7 L, Natiz¥elRhREh <
Na* EERA L E LT3, 28Ik R T
BOEE Z I 2 DRO—F% 7T (Fig. 9).
Z O 3P DNTRIRD A 4 vIEEHE
ALTRDS & Jeb! 13 0.4~0.6pEqemin~e
gt OB TH b, F 0.5pEqeminleg?
(£0.08) THifgMHBHEHE I TWB. Nat o
WO OBELR LR NIEEEGEANTH D,
ERERFERMETERVA, HEe LTHlla
WEDARFAETH Y, ZOKRE Zix KY kil
BELRREYS, »H0RThUEchs (F
# 0.7pEqemin—teg~),

V. & %®

CEioHEC I EF 2 B L4 R OE TR
ETRER B\ T, Burgen?, 4#%, Poulsen',
Petersen'®’, Laugesen et al” &34 ihH) 5hs
, EREIRED K, Nat BELIEIEC S
T &, Lo TH WA IR Ml T KY 0o
HWE Nt OB hAAX OSBRI T E2HEL
Tw5. LLuihd 5 i B mE» #
32 EEERERTHY, & OO Nat, K*
FOEZE A TEER 7 & O T Lasisys. Bhiz Nat
HEYEENCMDE LILTERhr ol X5
CRERDEATIZ, 5 URIHES D Na*t ezt
NS Do feid, TR D bR IR
fa~o Na* DR DAH &, IREERD S
BAONat A ERCRE 5D THD L%
z2bhs. &ENTIRHIRE R 2 /35 Rk
DHEEHMD BN TEEROBRINE B 1k 3 5
HgCl, DT EENEAED 21T i A
Wi, TOXERIEELZIHE L, oE
TRIEM & A\ 7o & B0 B CL3 4 Wil e &
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LA VBEELIEERE IR T d
@1)3)7)14)15)J: O%L < j(% < TJ:") TL‘%- .j»ﬁ:
HHIEkOTERER, BERIEWEERC LD
L4 WRIBERC IR X D b 30 5mMo K+ i
BEERLH2~5mM o Nat BER T & &
Licie 3 &/7c\vwad, SEOERER, EBERE
BER TS WREE X b 5 ~11mM o K* 3
ELREHBA25mM o Nat EEE TR T
5. TORELBERLOKAL, ARERX
DA S DA LE I A 4 vIgREE, T
Teb PiE (Flux) 2 & LnTEie.
OS5l Tx bl A A VIEE Ixe
Jx, BIO Jor DR KREGERIE O NatiBE i
BIFETHLDOTHS. Fig. 8 1 3EFHW Natyle s
& Iva OBRER LS DOTH Y, Zhic Nat it
H (Jw) R NatBERRAEKFELTWDZ L
RLTS. Jvna BEATHERE LU,
M Nat B2 Ce <, BRRIBMAE, B3R
HAHEEE, ZOML ODDE&ENE 2 b h
B L LN Nat ESF—0BE Tn ©
K& fofEik Nat @ 0B bdeth 2 E B R LT
WHRDERDL T ENTES. IEF Ringer %
BT D Iy DR E VD O 4 FlOFHT1E—50
EqeminTteg™, EffIC Jx DY # i3 15 pEq.
min~teg~! k70 %. Table 1 | XIF# Ringer ¥
it (Na* g 130~150mM) 9 4, % X OMK Na*
SR A 7 v — AN (Na* EET0~106mM) 8
B2 \NTD Txay Jx, Jor DBD D DOFHE
*RLALDTHS. Petersen 13, 43 Natyz
EDETNSWEED SFHR 2RI T &
HARLIWN, SEIOBED 2 DERE—FKT
BEHELALNRS. Tiobhbililapsto Natjg
EARNDWESEOF] & 4 L e b NatZBryik
AZEZ L, & o Na* 2 REFc g e~ &

Table 1.

nb. Lichtis T, Nat o5 IERE, bbbk
LR Na iRl i R R AR L BIfR T
SHEBN N SKET B, S EO X 5 ik
& E IR X 5 EBRTIE, Nat A
B Iy WERKOBEBRFE, EIREE LR
T5. Na* fiii (Jna) LYEWREE (ml/5eg)D
BAtRa A5 CEMEENMET 35 & NatfiiE
WATHBEACDS. 3TCRIV BRI O H
IR OBRHBEREOHRE M 2716pl/575g (1
= % FIg, Teroux, Barcfoft), 7 ~30pl/45eg (4
=, FE ), 11~28ul/4reg (% =, Barcroft),

. 29.3+1.8ul/43eg(stromblad) TH v, KERD

I ERE A kS L TR ERELEN S,
30CTHEAMER TS & %13, #1ml/5eg(49
P10,/ 55 eg) DEREE CHRHBER LTS & 2
mzBhEELLND. FUWHBEEOBAREE D
WEOTIR S 4~ 5 EREMT 5 LM
BRTWEND, SWRIBEOBREHEINT
LbFES Lz vnE i, SEO £ B Tk
1.0ml/4peg M EDETEE TIRZILEFED 1 4
VICEDRIGN 2 bihvTc.

M C o Nat ZEFTEA, IR To
Na*(—Cl7) e BT EBE L TRE S & 0
THBHHN, THEE LBERRIGY S UEERXS
T T DREERFEEN RS 1D ERERER T
BT AR B 5. Fig. 7 oERERE
B (10C) Tt 1 o HEBR B O ERBIRK
Na* EERd, KHgE LR xabh 5 25, %
D3 K OB RARIH S hie. &
TR~ Nat i, 3 7ch HEER S Wb %
LT, PIBELSE S b5 BIRE~D Na*
BHIMH IS, o hiz Nat o EEAECO
Na* ZEGREZHFTHLOTHD, —J Na*
BB T B D IREAEE T o Na*(Cl7) sy 7

Effect of sodium concentration in the perfusate on ionic fluxes

induced by secretory stimulation on perfused submandibular glands.

(Nat) in the
perfusate (mM)

Jna(#Eqemin~t.g™l)

Jx(pEqemin~leg™)  Jeci(g#Eqemin~teg™)

70~106 (n=8)
130~150 (n=9)

— 8.456(+ 2.838)
—30.432( +25.088)

— 4597(+ 1.631)
—22.398(£25.153)

4.751(+3.405)
9.166(+6.248)
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FIUMlEAOENa*, & K BEVHERT
Na-K # v 7ERTHH Sh 7GR THD &
Ezbhd.

14 VR BRE ST 5 BEEOELEHR
THRDrIE, MRMRORBE Y BRSO
(Nat)+HK) X 2 & LTHEBELTNL T ENT
Ths. SWHBIC X B ERBIRKOREE
kD S EHOM B A b,

1) BBEEOZEL LTV D (FFR)

2) BEEQETXETH LD (EIR)

3) BEEO LR EITH0 (FR)
LEOERTIL 2) DIEO—BHEDOREEE
T & 362 LiE LEEZE S hoic (Fig. 10).
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Fig. 10. The change of osmotic concentration

in the venous perfusate during the stimulation.
It was frequently observed that the osmotic
concentration in the venous perfusate was
decreased during stimulation. Fig. 10 is showed
a typical case of the osmotic pressure in the
venous perfusate being decreased (Case No.53.
see Fig. 4). However, in less caces, it is observed
that the osmotic pressure in the venous per-
fusate was unchanged or increased during stim-
ulation. Osmotic pressure in the perfusate was
indicated to be equal to ((Na)*+(K)*)x 2 (in
mOsm/kg water).On a cause of decrement of
osmotic pressure in the venous perfusate during
stimulation, the dissociation of driving forces
on both ionic transport and water transport was
discussed.

X, SWHBEEDO A 4 v, KOBENTIH 1)
DX H>ERBEMTEI & O R ELIHES
h, BEOREDL CORERTLONESD. L
HLUSE, EREREYHVWA T &2k b Fig.
100flicikEhs ko, BOrCERKES

EWERERBLDON K b R o, ZOfITR
Joo e B RERE RSB LTWS. B
ERENMEBRBE 5 X 5 I, KOk
PN A vERCEDT, B ilRAYE
BEFCk b Eabhb. iAo
BKEA—BM ERA Tz LY, 13V
BESAERT vy VETHBEACASZ &

CNTEDD, KEThEfk- TBETE WY

EhEZLRS. HMENOBKEN EARATSH
fetbe oWk, S b B EE T D
FE% i % CERER U e R IR O BB EREEDS, I
WDFNRE D 50mOsm Pl EEL BT & x
WED LT3 &b ZORITFTS I
Exbhb. BEHIBREACEET % &M
ERBAT Ao KOBENFAELD, FR
BEME L, bTrEEBENKSO%
BRBIHb0ELbRS. B 3) OBREIK
BHOBEELAOHFISEOERTH 2~
3oficabhi. hbionwitEETE
HEROBRIBEEEN F 0B - 0T, (RIRME
WA W& BIRAERR IR o Ted O Tk
Wik B TW5.
7Ty vic o5 S E R
DaVEIRVAR LRI EE bR T
BRI N SR X % 23 W By
BIOBIEEEDO A+ VIDEOEEN L,
BEA D Z 8L ORE 1 Th B EOBEILFE R
F vy VEYRAV, BEOEEET b BED
AV E I EVARTET BT LR TE 5.
Poulsen!® 3% 2 Tl A W Kt offfa v &
7 &V ARONTH MR RRE O£ 100 fEic
7B LMELTWAD, Nat @ oW TR EKEE
PR To R Lavisv. S0 DRTO®RED A
W5 ERESEROEEAECERILFERT v
vy AT, Na* gk 140mVY, RFIBOE 19
90mV, K* (3% 1Lk 45mV, 453 23mV L&
Bxh%(Table2). % Nat, Ko A o v ik
27y 37 —EEFE#EIRzLIoTZh
% Na* &, KM BB T2 & T& 5.
Table 2134 £ T 4 FlOBILEEOER, 45
PG D ERMNM D 2 bhi Xk ¥ 7t Nat iARE



A AT O S LRHT 351F 5 Na* #i5% OffgE 41

Table 2. Membrane conductance of dog submandibular gland.
IONIC FLUX DRIVING FORCE (mV) CONDUCTANCE
L RT, Co Jai 1
. 1,g71 B0 Apt =
mA/g pEqemin~leg 4Em ZFIn G A Gi 5 mho/g
145
Nat (R) — 1129 (— 079) —40  —58log—5~ —138 00089
Na* (S) —80 (=50 ) _55 -4&%%? — 92 0.870
K* (R) + 08 (+ 05 ) —40 —wmgﬁ7 + 45 0.018
K+ (S) +24 (+15 ) —55 —581og8;‘;9 + 23 1.043

Em ! Membrane potentials of dog submandibular acinal cells, Co and Ci were
refered from Y. IMAI(1965). Potassium and sodium conductance are expressed
as whole per gram wet glandular weight. ’

(Jrva) & K i B (Jx) 2 BREWCHE L7c(HE,
B L0 OFBGE TN CHIER L ES & L
T 7 2 v ARRDILDTHS. 20
T &b A R FETIRME TR a Wi X b
DE M K L, Nat wouw T ik
CHUTHIREO EREE LTSS DEA
g, Fotonie Nat i Su i Miaric A
b, chicfkw Clo, KBBATHLEDERD
5. Clo ogg Jo @20 TUEHIR v &R
Ui, Tk o W BRI X b IR~
5. Lo LEREIREFO ClrBE % & 5
&, Nat s L AR X v BERD % &
T TBE L H BN, e Clr BERIARETHD
, ¥ ClrgBEALT R ERTHEEN
Abhvte. RMkEO M Clm skt Udii:
HRoTWH EAbh, BRIALERT v
ERHERTHIEMELBEEZD S OERT v
¥y WEMN CIT CIREF R TIRIE2 D& o T
BEEZBRTWHY. SEO 1 2 ETRER
Jelgn C oy MRS v R R IR Cl B o B 5
A flCi MR B s e X » CLm Bl m
DESGACEABS BT 5 2 &bk
CledbDtEL TS, LrLERD X 5 s
BmEr B E Uik Cl- FoE o H Mk es
WHATHS.

LI TR WS U T R I o Nat
(=Cl) #v 7 DFEEOTHEMELTR % L T \»

5% h, AERTHE Na® ERERICE T,
B, #R Na® JEE X b &40 U7y Natjps
DM 22mM LFE IR H D, T d kR
JalEC b, F 7ot Rife & Nat fEBh i s & 7
FIsd0Ths.

PAbo X5 7e il Rd HEHB WML, LRI
vk R X b R i E g T o Nat,
K+ Btk s ki b U € B Bl Lo
ECL, BN TORE RES/ILZAE
Lichio TR B GRE AL U, SRR
A Utz Na* (3Rl o> Na* geBhiis 2 13 fd)
BLGHNC iR b L, IR~ T 5 4 0 L% 2
TWb . F Rl o Nat(—=Clo) &#2v 7
DEENTFHEINS. LIEBEDOLZ A, il
W Na*, K*, Cl°, EDOHMmIMiL - LT
BOT, BRICHRMRFEEENRE &5 WEk P .
BEOZLENTFHEINSED, ThbaEf
WETHZ L3EETHS. SEOKEa v L7
2V ADFTETMEPAEESY Table 21278 L
TR THS EL, i Nat e THilaN %
TWBRTHEFEBELTUHT-EDTHD, WD
POMEEEATHS. LiL, MRk
B~ 1fEo Nat, KF B@EEHML T 3% 2
LIIEBEVOIRWE L EEZ TS, F%E, M
faioNat, K+, Cloie EORIE E Tna Tk, Joi
DEENERC B2, 4% THEKES
WL X VBTG L THAH .
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V. # &

4 RETROEREREC K T, BERE
IR 0E L, ERERRBEFEYED TR
BV, SRR 5 X ORI B O TR
R Nat, K+, Cl™ s {ba 5 L CiRAl
T EAREC BT 5 1 4 vBREERD, KO
WRE LI,

in situ o F 5 MR LR T R <
1 IERI B e L IR Nat IREEO WD,
$s T O K* D LR % ¥ 7o UERIRIHEIE
L AR 0.2~0.45mlemin~teg™ D THLH
5. EREREY A\ICIER Ringer W
B 3o\ T b AR ER AR KT RE
SRR s U5 WBRRA 208 TRk 13.7mM
L% 10mM o ER &A%, ¥l Nat REIR
€ 127.6mM & 25mM HOKREBBIEE
T3, CORELISWREOMED K ik
ENa* |HRABZETRTHIOTHS.

ERIERERC BT, 5 WRIRE O R
o {4 g (C) LERESER (F) X,
4 F v EEHE; I =CVFV—-CAF4 +
(Vede/dt)ECF #RWTA #+ VIE (Jne, Jx,
Jo1) ko tc. Nat (ZFIBORM, Rz
Nl B S I A S 3% 50¢Eq min™t g™' O T Al
Japweii AL, CI- dABORBERT. Khix
Bk 15p¢EqeminTeg™! OEE T—BEERM
ar bR 5. FRMBEREA L NaCl
R E LCREM KIS R .

ERERER (10C) TRHWLREZ bk
V. LA LS WRIE X 5 g Mifa~ o Natjit A
¢ Kt i bhs. —HREILE O
M, TihbbEdEnsbo Nat ofkt, KY o
RO RALOFL A BRI, Lichi o THEE
RS BEH A A + VgL TR /o8
BThhEAbhb.

LA 7 v — AW X HER BNaTBEOET
1t I DEBIRBEAZOERIT. T ik
7%, MfERACTo NatREAREKFEL TS
CewFT. LA LENat ZBE R 7 v — X
Ringer ¥WWHEWFRR TH W LICHERR L Nat

D3Ey, Bk Nat s kv 5 20mM § & Wil
RAELIG. LM, BEEREBN
Nat OREBEE - T BT ERRTH DT
bho. ThbboWHEC X HIRMRD 1 4+ v
BSR4 v BB R X BB
e Nat oA, Kt b, hice
CTHRRERIBE T OREBNY 7o (Na-Cl) Bt 23 & &
5. flEErgrdAbh 5 EEMAME TO
Na*t-K* 2 v /e X % Nat ik & K b A4
BRI E BT ST, Ml O BHE
HFTHLDLEADRS.

#EE b K i M A 2> 5 04~
0.6pEqemin~teg~! OEE CHEIRMCEH S 1,
Na* i3 K* BB EE L RERE, b Lkehlh
£ (¥ 0.7pEqemin~'eg™") DEEE TR Mg
AL A LRI R EhD Z &0
bRt ThbOFEEEIIE T RO
B o FoTCwbbnEabhb.

SEEE Ul s, &k 4 + v &
(J)) EEENT 5 ZEREORE) BT 51
ko7 — 2 bERMEEAED = v 57 x
v AREE L1z (Table 2). SWHBE X v
MlEEEAES = v &7 2 v AL K e LT
L, Nat @ LChETEDOLFRETH D
LETE I

KORELBERHIRELEBEOY 2 L bhied
HHAER LI SLEH L ET. IR flicd
72 DB 4« DEER LB R TH W o A% —i% « 1H{bER
NEEEEORBEH SRS X CIRS B ZH3T
EERH LTS, AMEOESXMEML3EL A, &
550E B AL S KA TRE L.
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Augmentation of thoracic duct lymph flow induced by adrenaline
in the rabbits treated previously with propranolol

Keiichiro TOYOSAWA, Kiitiro SITIZYO, Katuhiro FUKUNISHI
and Minoru SUZUKI

Department of Vete}inary Physiology, Faculty of Agriculture,
Tottori University, Tottori 680, Japan

In spite of the numerous investigations directed to study lymph propulsion, some
discrepancies exist about the actions of vasopressor substances altermg thoracic duct
lymph flow. For example, formerly adrenaline’® and noradrenaline’ were observed to
increase the thoracic duct lymph flow in dogs. However, Foldi & Zolton? reported that
injection of noradrenaline ( 2 ug/Kg, i. v.) resulted in a decrease of thoracic duct lymph
outflow in dog and they explained that a decrease in lymph outflow induced by noradrena-
line was observed by augmenting the tone of thoracic duct. In previous paper®, the authors
demonstrated that intravenous injection of adrenaline (15 #g/Kg) in rabbits caused the
decrease in the outflow of thoracic duct lymph.

The purpose of the present study was to confirm the action of adrenaline in the
propulsion of lymph from the peripheral tissues to the venous system.

Rabbits weighing between 1.8 and 2.6 Kg were used. Animals were anesthetized with
pentobarbitone (30mg/Kg, i. v.). The technique of lymph collection was basically similar
to that described by Sanders et al®’. The lymph flow was determined by measuring the
volume for 10 min -periods. Arterial blood pressure was recorded with a straingauge
manometer from the common carotid artery.

Fig. 1-A illustrates our results in rabbits. These experiments demonstrate that the
increase of thoracic duct lymph flow induced by adrenaline injection (15 pg/Kg, i. v.)
occurs only when animals are treated previously with propranolol (10 pg/Kg, i. v.) which
blocks the g-adrenoceptors. Similar results are observed with noradrenaline. The effect of
noradrenaline was more than that observed with adrenaline.

When both phentolamine ( 3mg/Kg, i. v.) which blocks a-adrenoceptors and propranolol
were given to the rabbits intravenously vprior to adrenaline injection, it caused a decrease
in lymph flow through the thoracic duct (Fig. 1-B).

The responses of blood pressure to adrenaline and adrenergic blocking agents are
shown in Fig. 2. In the case of propranolol treated rabbit prior to adrenaline injection,
the increase in blood pressure lasted 4 min after adrenaline injection and returned to
previous levels (Fig. 2-A). In the case of phentolamine and propranolo! treated rabbit,
the change of blood pressure was scarcely observed after adrenaline injection (Fig. 2-B).

From these experiments, it might be expected that an increase in thoracic duct lymph
flow induced by adrenaline in pretreated rabbit with propranolol occurs mainly the

BRE—BE, LHEE—B, @EEL, A % F‘lﬁl LR B RS
[Recelved for publication August 10, 1980]



A
+20 ¢  CONTROL
0
g af
= 40t
=3
T 490 - AD ONLY
£ 0
- uf " .
@ 40F
£-nl ;
3 AD (PRETREATMENT WITH PROPRANOLOL)
w +40
=
= 20
g
W W0 4 50 6
TIME (MIN)
B
€ o0 FIL PN AD
82 ghed
4™
=o 2
aE
%.: 40
Sx-80f .
e} - +
&= 1020 40 50 60 70 80
TIME (Ml
Fig. 1. Change of thoracic duct lymph flow

induced by adrenaline (AD) only and combined
with adrenoceptor blocking agents. A ; Effect
of adrenaline only and combined with propra-
nolol. B : Effect of adrenaline pretreated with
phentolamine (PTL) and Propranolol (PPN).
Dark columns represent the relative changes
of lymph flow obtained during the 10min
period. Vertical bar;S. E. of each mean value.
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Fig. 2. Changes in arterial blood pressure
of rabbits reciving intravenous adrenaline and
adrenoceptor blocking agents. A : Effect of
adrenaline (AD) (pretreated with propranolol)
B : Effect of adrenaline (pretreated with phen-
tolamine and propranolol). At the arrow
adrenaline was injected.

consequence of enlargement in capillary filtration accompanying hypertension.

In conclusion, the present experiments suggest that a-effective action of adrenaline

may be accelerate the flow of thoracic duct lymph. It will be a subject of further interest
that if B-adrenoceptors are not occupied completely, thoracic duct lymph is significantly

decreased by the administration of adrenaline.
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EEEIMC R LT CO ¥ —F e fffc B A A
M, FRU EOBEEC s EWm X T
5. A o ER Y RFCAR T3 &, 3,000m
i Lo ERD . 4500m Bl
R HIEB AR T, DB LR NSEE
25150 £7c b, CO BEIE SV ORiKETH X
Scts ot Thekbh, CO HMimoEREK LT
AR E OB X - TG L, SV 3
R A BIAERE & LTI A &Y
T&5.

£ : 51

18, EERRBICLDOMEEE  KBoMie g
R oS

hOEE, HAEEA, KPR (@RK, B,
Bt 3)
MEREHRIIR S » P R EBRCRETH L, B
PEAR, BBEATEL, LHEwc LA,
MWTTHELE LI Bk e > 7. 2hb 0%k
CEHAEMRSCHBEET 5 2 BRT5EN
T, B-receptor JEWT, BIATREMMEREENT, W3E OB
Witgo Ty bREEEER (95% 0,) & L, BAH
W RSB, OO LERBE Lic. BIZSE
BEMEWTRECLL, (ERRRBRBERLIBEM (205
TS, S04 CHRERIE ¥ TRIE), W o MWHikE
TH—@EOHEM (545 ChmwcE L1545 TH
4%), B-receptor JEMIEECIXEBHFL (04T
RS, LAE504 % CrofEx iR Lic. blko
ERND, AEMKESEE < L b, cardiac §-
receptor BB L B OMBUEM, Wk
R X 5 LB, W L3 ERBRo—BkE
OORFHMOIRE B LR IR, EAE
Z o M TOLIEROEIE, chb 3EoRED
MEEROBRTHS LiEmIhD. LR
Bl A B R EW Iy, B-receptor JEMTIFIEIC{KERSE
BRECERCRY Lic. BIZREWHRENS » +C
DHFEEMC S b b, CoXdREERE
ETHRE B Ehb, DB L RBRBIERE S
DIECfEHED B % = L HEMS e,

19. FADOKMEBER—KLERE LEHOEIL
IR, HESE (MR 2 e = —3F, M)
19~ 2655 DA T F104 0 #ifE 3 WEIR D
HY 777 Xh, ARBART (15~324) »HH
1 @D BB 5 staged KT % C, REM iR
BAIA1043 8T A & REM REIRK T ¥ ¢, 7% - =
O BRI & LER OB LA TN
AIRICR, T 5HER, LAT3FY
s X O B 0E D 3 Bk & b iR
{bxRT% (AR 54) 1%, BWEbeRIE
(BEE: 54) I~ CARRESRER LT\ e
A1 BEE i@ S CAIRTE T BB O IE
F23dh b, ANRERT © REOHE & B 1EDD
stage 4 [EIRH ORISR & D2THETEH
»7.. REM [ER#ICix, LT8R, T
T 5 FE I OIS 5 LR O L o W
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T, ABRHIO X 5 i@ Bl eR"3#, Fu
BLERTECHERERGPNDZ LXA bR
i,

FidH « FEREREL & O 0 £icow
T, AR ClREREN S BB by RiTE &
BuEilhiRTFesghrh, REM ERCRE
WL bhicnz &bl

20, REMRTEFOTINES IC & (7 5 adre-
nergic X Hh =X AlCDIT

KRIE#EE, REEY, KERE, BI50, &
BIEE* (BHETA, B, #2484
*)

4 LD BHEFHBRE R OWT, 42T, 50% R. H.
DERE T RZERET ToORBMERT &+ HEL
mm Q/NFEFF A 7w % P CRITBE fE8 TR
BEEE N BR, FEBE (VAISALA) X »
THHEEE L. Hoh Ly 7 e A TR
RAATEBE SR B UCKEEE D phentolamine,
propranolol, epinephrine, norepinephrine % 0.1
ml HFFEREE L oRFECSs IETHE %
BEf L. RBREHODHREAE I EY S HE
WTORER 3 L OV REHEORTE (thZh
Sb, Sa &3 %) R ORICBERERC KT D4R
KOFIHR S DRIHORTE (Th £ hCb, Ca
LT3) BavEa— 2FH LIRS RO RS
Sa/Sh
Ca/Cb

% efficacy index (E. I.)= B EH LY

fEROERRIERE L.

Phentolamine (3jERF 1074, 5 x1074, 1073
Thth—19, —25, ¥ X0'—28%, propranolol
VLBEE S x107* THAD T —16% OHEELIEITH
%R L, FEE T3 phentolamine DA X% b
3 U IMEIfER 23 R 5 A 7. epinephrine, nor-
epinephrine (I3 b B 107° L) E © BFT
FIVGEIERIT X 5 & RSN 5E U e R EdfE R
2B 5N %. epinephrine T 10-7 R T f 8k
FFOBREOHMIFAN RO IR L D4 ENEY
WRTHICEL ot

21. mEREHD BHA

BN W @BMX, B, B4R
REDBAIAT > — R DREBIRD % Ca) S+,
€ OREBIIRE —E O ECEAT 5 & i FERE)

bl
&

&

(B.P.0.) #3%t:+%. = B. P. 0. oFEMIRE
BFOMEA, 750N B. P. O. AR OREFENE:
BORENAEROBHTHS. HENTELK
ERTELHUELTMEELY A, L0 parameter
DEAL L FE L DBIRE RS T b, HITed DLk
s, oW B. P. 0. oEKEIEEX T, 15
fEfsco B. P. O. B © ZH) & #5~<7%. BE+
4,782 e o C, HIEE e AN T A 1
&, 1658 L 25 Lgiv-v— 7 DRI &
bhb., Zhix, B.P.O. 27T 5% negative
feedback BOMMLD:, LB < hEHALC JER
HEBTOFELEEI®S. ERORE™ MY
b5 s BEOIRB T, HERL: LR R
(dissipative system) & U s FZE L X 7ob.
%=—ax2“" a>0 (n=1, 2, 3 --n) &\ 53
BFRELBLIS. SORDDOREHEDHEICR
REBEIFET S LEL N, FHTELED
na. E-EYEzo B. P, O. ToREHELLE
HEFFRE. Licdio CZ OMERENI—2DFH L
WEFBAROER, MRS BT 55 Lk
BEOUE (ebb=viret—0Rd) &%
%2 bhB. Lnl, B.P.O. 0D O, HEEOH
Kizmbh$, HoTHD Lie. Z OBESERSR
RideiidiuE, 0, HEE OMANTHEIh
5.

22, MFERENFF O/ DMEIRROE—REMFR

® K, B OB BMX B, Eo4m)

KEZ AVCMILT 2 EREEIRO AT HE,
= NI BRI & &1 LN~ IT 245 L
fo. TOFEE L Y REMRIGC X % HEiE
L i ERE) 28 X2 o BRI E, ABIR
WE, TOWMBEDOZE, FIFER XOLHEOR
B RE 2 4T - fe.

BRI fIEX AT+ 5 LiMmERSOHE & &
HAAMEKEN LRI 52, ARAUECRER
I b E—HREREF, RiEk JOEERRRSKIE
HELRhC. ARAESEEAE  mERE A H
BLBD 58 [ <, MBREE & KEIREE
LINBERMETH D, BREOECERY XE
ERDicw. ATELXED 5 LAIMEOIRIE R
LOBIPRL B E N & 7%, MBREE T
HiED LR R BN T ER L, TR
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WSO, KBIRIEEI A MEDTE % i
FOEFCHR/MER TR LicBcgingis U, 41t
FEOTHEMOPE CRAEYXR L, ZTOREIRK
<D, MREOEIEIME L BIEEMETH
5. SLRAHMELED S &, KMEDRIES
YO FRBREONIL BN E ks, 20k
XWHEOTINIETH L v KEL, KERKE
ECE L 7B, ZhbMBEOEENL, AT
ExEDEmEKERRE D LEBED L%
Q E 5 I NETCOBRELE ST

23, RROBEMRICI 1T FEAVd LU HEE
BVERZICOWT

BFRHTF, B B (BEBEREHEX, B,
HE])

FEEL XX Fe, FROEHHALTHADIMTT
R LT b I B ME Mk RIRE S o3RO
BIRIECRESRETHY, LS EZORRANOE
PR EREMEO T VPEM L b RE WD & 2#H
LT COEAEDPBERYERT S IDDO—E)
L LT, SEAMRORE FOXROFHEL B
L.

ERIC IR R0 % e, TRl BEMN
1R, REMER X ORI A A k2 b SR I
L, Bbr&HREoX 32 EEBE T050
BRTHH Lz, kT, BUS 0 BHMHZNER
B ly, REMECES Eh s EHRER L
Jo. Tiobhb, AR AR v ABRTEELRAL
Toth, RS T CHRIER Y BISCIRY, X%
AT 400 fEDfERCCHE L. TORE,
BEMRBROK L, ENBRMLLLIE, EERS%
N3G, HGRBEBLB2HTH-T. EUEMEE
HR%E L &8l 18 floK S DFHITE 141.3+
49.0p, #589.1+377p Thote. = DI8FOHER
HEGHER O, £ 1501404, 45 93+£314
Thote. EARBESROKS LBREHIRMER
L IE DR AR L.

PEX b, MZmEHRIRKSCE S5 REM
BoEEZER, TORBARRHTEK ZCA) &
ZAHBREVWEELBRS.

24, 1% Short, Long-capsule ~1Ef5#sE
AD Ca 1+ DPR
— KA (ZEX, B, Fo4H)

5 53

e F T 5 - BoyRiiy, Z O,
BRe X v ROMAEEO R VBt S hice
FARREET B, BISORILD - O _BOH;E
oW, Ca 1% vOFHGEE~DOEE TN
Aiz¥h, ¥<~E D costocutaneous muscle I b
U O B84\, Ca-free Ringer
R T ORI MBRRGEL % R
L7z. Short-capsule spindle (S-spindle) i%,
Ca-free YSWETPCEINCEDRIGHE, RMEH
# &4, Long-capsule spindle (L-spindle) (%
FerhbiBWd X 5. o, RIGHER
S-spindle T3 < L-spindle w3\ Tk i <
b, RIGHERS FERER T, Ko Ca 14
VRERFEYR 5 £, B SRBBEY RS,
Mg A #+vick b o h b oL mRlE 2, ¥
TR 2T

Co A& v 2mM ®IMLIPBEF TS, Mt
T O L Cafree J5¥RAR & /) UAR/R IISEEAL R R,
bhs, BEoz &y, CHEHHEZREBC
b CaAfdvFo VIANEETSEI L, ¥02
LSRR ER AR E 2 > T BH b Lz
&, EOFARZAROBEIL, B TR
BRI TnB S Lub o EHHERL, fhsh
7.

25, R#EEN4EEEIC451+3 Fluctuation Poten-
tial DR EICOL T

BHERE, SRES, Bik— &HET &
REX, $H4kH)

Digitalis o3, EBEBRESA, K1Y
Y ARPTCARERORBEN LS Z 21X lMmbh
TEETHE. TEROFBEBT L I5 LN
IRk EIfI e Ouabain Z{EM X R7ckEH 5\
VHMES Vv 2 ¥R A i B Fluctuation poten-
tial (F. P.) 2 HBIBEOREMF « BEELERY
G A TS, AT, b single blow %5 %
TEELEL L VL, FORBEHOMT % 1 x
05mmOAEI MY v 735 1) HEHY
v A% 0mM & Krebs W TERINS L5
) BAI—ELASE LERSE AR, KR
frpt —40mV FigeET5 & FP 2 RETS.
Zhuz—icik 5 mV i OEBIEY b on%, 7
% - C Isoproterenol Z{HHT% & 30mV OIf
cHid Lz, 2) 1075 M Ouabain ¥z 2 4330
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PIeA R cth, HE¥E Krebs WrhCHER TS &,
K &Rtk F. P 2%ET B2, ThifidoT
Isoproterenol & @ Tk &% F. P.ix
5~35 mV HERBIER 1. 3) ZDXk5 K
ZEPHA LR F. P. 0841 Cafree Krebs
BWHRTITH> L F. P oRET %, 4) fid
5T 2mM Mn Krebs i@ L TEWTHhD
Ouabain &7 ) v 2 HFAIRTE F.P.ix
FH: Uiy, 5) F.P. oFdrpic Mn %fEH X
#5E F PR 5. LLEOERE DG
AR ALA DR WEMAOB I HET S F. Pt
Ca % Mn 0Bi{%3 % slow channel OfEfT+%
H D LR L.

26. RRBEEHOBBRAREEROFN

FPRAEEL, EAE—8, AR F (EEFEHE
)

FRABSBEC ST 5 BHENAEER (s
B2 EEMNcEN %, fERAVWLhTELTE
MNEBERET AV Te. T&E %L E R
(is) 1%, Hodgkin-Huxley Sic & b ffrcbhic
b)Y ABROTELEECERIEE CEE Ul
EL, BREBEMBRCSVWTHRE—EDE % &
D, BB R TIEs O EEEMCH 5
LichA WA RR L, WLhEBEEE 2 E D
fo. FEMEEER (@) 1k, —70mV L Ex0F
fL~OBSEIE & 0 ERE SR is DkEF X%
Z DB KT B is OfETER LTRD, —60mV
I 0EEEIh, —10mV i\ T 5580 ENE
t3hi. DEoFERAY A, Hodgkin-Huxley
DEFALCLIEBACEEREY B 2 2, do &
fo OLTbYAKEL, EFERBBTLIEHE
FEEE it —60mV 7 —20mV whld ¢, &£
BERcxabhin Wi BRoORAEEERS
£, ¥, BARYBMNOBHRLARUETH
L L, deo & fo ZZThFhiT
MEBETAZERID, BREEE® SV
LAY WAL AR T 5 Z L wlzh L.

7.

21, &Y B Lo BB ORRE LIBENE
i

ANE—, BESE—F, BREL AR
(4R2EFFFERT)

#E3k collagenase DTERBINRIEIC X 1 LI

%=

&=

#

#

SN DA EE I CELD, AR TR
RO X b B—MIfg O BB BZh L. Mk
FlEFom K e+ 2 & CEEREFHLE
iz, TEBEMLPRESh, BEOMIEN RS M
faRErAVCCEBERE LLBREHOLENT
.

EOAL X b BERE Uil b BB Aok E %
25, HAORE XX EOHALTFHEL, 100 ¢ 1
#®e, MBS, FE&ES, OB, 08 TX
NZh¥EH e 1y, 10p, 29p Thote. OE
TR OMIEA % <, BOFREL TR TR S
A LMl E S BHESh.

wEMETIERE BE, WEIrBEESH
acetylcholine, adrenalin 7% 7R L, $58E D
BAOAEIEL UTREE R L. 18K,
acetylcholine &z X %384 B IH2Z 11100 msec {i
BOBRIABEIWCELY, flaEmoEH
U= BAREMIR % FA W~ C acetylcholine % B ¥kE)
Mebzicbon, BYBGEOHKL S 1R
OEMIEBA R L, RET LRI 30 msec
BT Chote. = ofERR—MISCrEARHIE
BH LCHELRRDR - .

|28 SRSERREMEE ER T 30 RS
T

MERRIEH, FPIBIEA, JLEBsE (RBEEL b
Jled=3)

BA ARG =R TR O BER B X b
BRINBHRSO—FET, SN HETHKRZ
% M3 5 di-synaptic reflex & I} T o,
4E, HRECHT 2 BRATIRTLBER SR,
=R HERRBREEERT AR RSB &
Mboh oD T, ToWBE2WTHET 5.

EBRCI VT E—ARKEET » PR, B
RENTTREEEEH O BRI S L O LEH
T A BBEHORIBC X b FER I B EEHNE

- OFERFEE L L. IR ERBE BRI

¥ e X % BnREORER, & 40g, 10
kg/sec L\ EOEENNET, REERHE 484+
0.65msec Thote. NEY=THREER LF
BB OMTINT 5 &, BEBOBSWB XD
B O RHHREE I hich - 7ond, RIRE OB
PR AR RFEEAE L. S5k, BIRE
FIB X % PR OB REMN OERE, TIME
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PEHZOBRINB X 5 BB ER O
mEND, ZORSIHNMEKLREHL, 1~2
By F 72N THLDOEE L bRl ¥,
J o MG BEBSEE: (5Hz, 1msec, 1545)
wfT o 1B, MRS X 5B REhIE L
<Ml Ehizn, HIREESRERC X 5P K
FHIBIH S g » 7.

29, WAEREZ = 1 —~ 0 VIEENOHAE BN
VERANEL, B E (BmEbEA, %, 4£H)

7 v P OWOFE (LC) 265 1{EFD= o
—RVRREL, XDZED= a2 —r VDAL
7 Fgtc 8 — v REEEBE X v R~ 134
D5 H I A THEPIZITEERHOBOLB (F
B04E) Y- hRONSHEEME K —vH
Bohi., chix, W0 LC = —r v2URIE
02BN BT HEENH D Z LER LT
5 (HARFRKEE  1.8/8). = loose ¢ [7] ]
#E1x, shared inhibition % 7:i% shared excita-
tion wk h&FrLEL bR B, H5LC ==
— v vaiFEf o o LC = o —w» v % lateral
inhibition & X b #IH L, AR llo LC = .
— v VRO B - TRl @ 5 B X
DIl % 2 =X A’ X T shared inhibi-
tion 235 ThHA 5. shared excitation % 3
TebTIBA IO & LT, FREREERGE» -
D—DL LTELLNS. EHFINT0Y LEERT
2 % 0T, shared inhibition & shared excitation
DD £ 71 = A KBMENAT B ATREMEDIK X U
EBRbhs. i, Pl IORMUOENE DY
MBS R B\ 7 Collision ¥ 2 b2k b,
BRI ATV S T L, Mo MY
+477 % LC = o — w VHIRREDT bR

30, thiiAIEF = a—n Y MICHDND Slow
rhythm [CD{(\T

LREE, EEEE @EmEER, & S8
Morruzi & Magoun [IEEzK¥EDOTHICE
E AR ERIEROEBRERACE =2 -~ vOR
Ay — FHRBEPECBEE IR TV BRI HER
FRRFTR L B D REPE T, 2D =2
— v VOREBRIIC E ORISR 55 DA
IR X D BN LI O MEBIER O R
AR, B R 2 % B ARREIR X & ik

55

3 ADEBMANER Y ZE A L mm FfFET
RFFCFIA LN BRB) Lisib ==y FOFF
BEEREE L. RS L 2@o==, D
AR LU EHTHBER L HEREREE Tl L
J-. MBI D4 EERIL 51.2 msec & 2.56 msec %
A, TSiofo= =y MEOHEHEE 2T
Lic. 2 f#EE 2.56 msec OMHBEARIICIZZER e —
71X ds - 7o pt 51.2 msec “CiL15H 12 B
CRrAFRE—-I7BBbhD L b1l ~2
HROBEELR S v, il E CHER R
FitExR b o= = » FEIRSVGBFEEDO VR
BRbAbhic. FefEER CEECKSEHE
Bhote. BEOERIMHEETO= 2 — 2 Vi
B DOEEMAERE L, Slow rhythm #HET %
BEFE 23R P AR E LAY 50 msec DRFHIE T
B U AEIRIS B S R REIR AR A U A HRKE
OEREHHT A—RERHTREERE 2 D h
5.

3. NS IEBHICHE S IMBRAK 1 o+ VIEBNED
ElcohT

HEBE, /o W (FmERK, &, £H)
KA 4 vBBE w20 ic 7 5 A SRR L
Féik@ 1~100pm CEEEE LRV 5%, F=20OM
B ORI > MK A 4 vIBBE 2 RIE
Ui, BELRS MR b+ 58h T 538
& BHOXEREHELLERE IR TV
A) BHRLUBRADOEL, SHUEREDOPGO
We—FH Lz 1.0mM/1p K* MThH 7. 15«
ISR 3 X OV 7 % v = JIRR B TS
[ERF 02~05mM o K+ #Emaiabhic.
B CEER 0 BN X 0 REERp oA
Kk#m <, HHRERP X b L.
BHELR X » SRR AL U5 5HS
FEEM ORBER L K 238N LT, Zo
M BN ERBHGRE LTOBMNEE Tk
e, ¥io, BEK'ETCIBB5BTh e,
IPSP DEAEZRLTWADTIX/ILW 2 EEEZD
o, LEROBEREBLIRLY, KY REHER
PR ESE LCA E etk OEB R EH S
RTWLABRETIE, 1~2mM o Kt k#Eop L&
Nabh, BEKEC L - THRA75mM ZEL
7o MR OEE CTLlXT OB - TERBRFL
MRETBD, fMlanod LThiihs & ropeE
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FBECHEL, HEERTE S,

32, HRY E—-KNBRIBICKIBIPEERS, A
Ett A4 4 koBEs

BRZM, AAET, kKHftk, &€ FF &
K, B, H—4H)

BEFHRTOA X T, BHENH~D 45% NaCl,
1pg/ml 75 5 4 % = v, 60mM KCI ¥ 0BhE
X AR EOWMKILE, HYE—FA%
A==, POREREEORENDL, RY E—
AN FRBIIFRBECEE LT 5 2 EREI
B L. COBA, MRERILOTT==y PR
[5X DG EN TR OHES L LTR
Bk, BRI X HPFRDHISERTHS & HE
L.

4mE, ALHFRT, 7esue—+t. v L& ViR
BT T, BREERELIEE, A—R¥HEc
X BIEERRIRE R A2 B . 45%NaCl X %
IFRATHEAMBO —F i X 5 RIS ED TKT
HY, BhoWE L REEOMHE A T bHote. NaCl
DREVC X BRILDELXRARD &, EBRE (~2.7
%) THRIBET S PRIBESFHET 52, &
BE (~45%) T, FFPOREIKTH 3
2%, PR TE, MEHANBERT AEAREDD
hio. BEFRT THRD LRSS b
AR LA, oMEESBEE LTwicn &23
HEIhs, ABELAZIHEEOBESNRC X
S THBEIh, WHEEBCRED bh 3 MHEER
Frx Y yTEAEREET I D, AR
A €=4 + OBERE IS, BEEYC s
WL, FRRIGEPIEF ORI RE T 5
LY oF (Rl

33 X EREOBREEER  ERASTH, |
fRE & mahREIER

EHRE—BR, EH EX(RIEL, F—4H.
ok, B, BREEERY)

HRP 32 X b 7 » F OREMROBEEARRM
fargEAl (PA), FHlE% (DN) s X'z ok
fi (IM) w3 it s 2 LT crilsg L.

HEMEOEERELESHR TS &, EHARo R
O 3y {TE= =y MEED L BRI %
O, PA, IM BT HRENTEL, B
EEER—F% LD LDN o2t Cii

HOEERE I —K LT ZOHEEMS, O
BRI MR Z O AL IS U CRIR SR
PABERrLTED, PA, IM BRBHHI VD
HREAHTHOEK L, DN HofihRi C M X
DB I LR

Wic = b DRI - T MR B 7 B
WD X5 B LTnWbh T i,
kA RO O R ¥ o D R
ST A X D FABEEE T, FRUSEEIREA
B, EXEMEOBSHB L vERSh A
BoED S BT B RHIZI S &5, £h
W BAET B OEER O S R T - fo. TR
Flge X h BRI 3 RERECIEBRE J0C
FEOEMEOB SR S i, —7, EXREM
B X 5 REREC BRI b_CHbED
BHEOBREAHBAAE W kMot BEX
b, EMECENHMARCZPRS Hie JB C
T, EERERe s MREsRs Y, WEL
LIRSS LB o M-,

34, 3 J1REK VPL & kU VPL-VL BITEAD
BhbORLEA Y Ty MTDWT

K. -D. Kniffki, KFFE* (F-1rK -« 4K,
HFR*)

RN « VES#Ewit polymodal receptor
BE. T OREBIMEL BEROBIRA~DOEE
BRMTHD. KERTIE, FH2vF—AEK
BT o % 285K VPL, VPL—VL BFHI B\ T
WA = o —r VSR, FHABE LY
AIIFHROTT - VRHEMEATE T 2 REWE
R, HrbOADNTFH.

T A ML 108 = 2 —m v D5, 250
BB I/ FRIRNODOATEDD, 5B 7
FITILEESETRRWIKE I hish oo, 144
BIRBLE-EESETY, 403K E ATy
} o Thoie. KEHIBCHK LTy, wide dynamic
range DRIGExRTH DL, RBER pinching 1
% LEB b iz A & 7¢ dynamic response %753 %
D LD 2HMRZ ST KH(3.8mg) OYHEH~D
B, 7 VARANORRIEAL, —K=a2—r
Vi U EER, BRE, BRROREYO
&% L, bradykinin(26pg) 1%t 3 Bl B\ CH5
WRIE R A Uo7\ BEORER) pinching
IR ORI RE Ul KY ~NOKIGH K 8



AN EFFOWTRRR TV ERIRE, HilkiBuc
T 5 RIGKEEANORFEC X BERL LR
Mmoo,

HBEHENIRBRORER, chb=a—r V2 VPL
D LS B VPL TG & VPL—VL B33
CRTET D 2 Eivhh ot

35. Recruiting Response 0 %IR%48 5 HE
NG A g i)

W22, RERIET (RIHER, BB - 5t
K, B, BER*)

BURBE O KIK BB S ST L R B s L OV
Bo—BROBRSRBDH O TW5B. HIK CM
Bls EDEEEFRERBC X v HEShS, Wb
¥ % recruiting response [TIETH &M RIS D
HWHEMLAT L, RBERKKAMEERH 2N L
TR LD Z EAEBENEHED b h T w»
5.

FAT 5= AJKEET DR 2 % HV HRP &7l
Ui & ) SR CMERIM X » Tl Sh
% recruiting response % KM EBIEBEME L
TR L. ok, REMOBEEMLYRT K
E¥fIwe HRP 2B BIRNCIEA L, 47l
HMC & ) HRP GRS S h a BRI 04
SHEBE L. ZORKER, REW recruiting
response D FHLwIE 5 WEBMGUR AR B #& 5

MO EENRENR 2 bivie. Zh b oflaik

BIKD VA-VL RS 3 X AR R
RUTHEEL, ThZhAMEE 6 5 GEBYRTE)
b0 4% GEEEF) 35 X O 5 1 (HAEY) e
LCRBHEOBRHFE 2Tt > Tw5a 2 &3
L.

36. MEE7IL T 305 FD molecular aging
L PE, BRE—, RE®GR, SHEH 0
BK, B, BB

vommiE7 e 7 3 v (BPA) ik, pHT7 LT
CYS-34 2 & 7c v 53F P9 SH, S-S BRRIE
(molecular aging, N2A+nH*) %47/ 5. 4
7, WHoWMgEAe tmE7 L7 v(HSA) K
ARBELET HZ0ENEF LY v ABRKKE %
WTCFz. HSA i3~ m o — V2T (pHS.60,
0.10p) T3 B~ % 77123, MR T ik (PH4.82,
0.03p) hTIX = w R LABDIEET S X 5 ek

W
&

5 57

Z B0, BB E 3 6x10-%cm?% V-lisec™! ¢
BPA 0 AR BBIEO#H 355D 1 ThD, Fio
aging LC\ig\s BPA o NI § 244 7R LEH)
b HSA OBFE LIIFE LY. o, Hilio
HSA iz AZIAFE ¥ 3°, & cbhih b Ol
RIGHE (reaction boundary) D= £ % bh
5. WeF LY v ABKIKE) &I E & A
BPA o aging RIE% . WHAERER OB

COTRABHIh L bR, AMEEOBINCHE

AMDBEENIAREL LB END XD, AT
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HI kbbbt

3. AEAZBMRINZINS MLICLDERE
DZREEDWE

MERE—, JFL e REGER, SREE, &
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KB BT 5EAED KB EOHF D
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cAMP, cGMP ¥ L 0O¢ Ca?* & X % MiEikrE R
BoOBEE ML A TRET D, F o Mg
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vEBMEAIH Sh s EARR L.
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BERG 2 EUENRSCRE L TRE SR, Wi
A NaF @i X b g enizZa s i,
—7J5, guanylate cyclase ¥, Hifa T4 CEdk
BIOBENOWA R RHEh, NaN; o X
) NI8TG-2 & NG108-15 Cik, ZEWiciEtEaHg
K Uich’, C6BU-1 & NBrl0A Tit, Z{LAHD
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nitroso guanidine G, i b DL DI TEEEE
HiHakk o guanylate cyclase ¥&#k: DB /i
VE&ERZ L, EbKc catalase HEMLTH, Th
Dl Eofgz i bhichr -7, ¥, hydroxyl-
amine ¥R X - T%, NI8TG-2, NG108-15 T
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NBri0A CZELR AR LIigd - 1.
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TEWEED A B R i 43, C6BU-1, NBrl0A ¢
I, EVEEL»BD DR ote. TD XS
ERIED DEEEREES Mo Ach %R
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BEOBE A o T TV B E SR S h
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VOBELETT, 747V /=¥ VB IRrVYEY
HIEHIED &, BRI 7 4 7Y vof4D
HEIPBEDOT7 4 7Y VEREL BE-TWBD
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EHERES » M OKRBBEEFNEFEE
FHl D2 D — AR —A i Ul BB S R S
5. EBEKALA Shhr0R0BREEEN L
THEL &, TORERIETHHIKE D bR
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WEDEDENNREDRYTZ LB On
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HZOBERF &b OBA BB AT T
REL, WEEI S L VEEThD Z &k,
A% 1 A 200pA, 108 ORERE CHEREK
IR AR, B, OB IENY A
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HIRER L CHEOL e L. B Sh—
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42, BEEHERES v boRFIREEINOEL

KR, BHIEE, kB & (BEERREME
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RBERE S8 T » v 28, EWH (18%»EA vV
&) MEDYCETED X 5 hEBTEH LR
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(R7) Bilix = h Th 208% 20[E3" o= A 30
AR - ot BEGHIT30B-IT IE F # 2
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EEEEEECII28H B T8%IET B L\ 5 %Y
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BIEER, WREET, ZEEL @uRkare
=—, REEEY, £H)
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DEBATBEN, BREAB CHEIhDIZL
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DHRI LB ek, BMBIRHAR, EFE
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Y Lo, EBRKTHICER L.
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DORROAREE (=7 —#, £17 W HE L)
T, BIEORHRELED bRich > 7. 100R series
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3, BEOMBENEETH Y, TRRERE, O
AR S hie

4. 5o FOBIREAT CER - - EEY( I
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bhbhidkic SD 5 4 &2 HWT, £H0HE
BRIEEE CUBEROB 2 B - v #lg Lic. &
WHERR b Rz 5 Lo lmEL B b, T
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ZEhh, SEIDOEREY R Lol
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24IREfHl D FRBRIFRIC T A HEE, FRIIER,
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HE, REZA (ERELX, F—4m)
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EEHOMER ) X ACBEENEES L, Thiin—
DRFP TR CBERORBERD L 2THS
ETHELZBHINTWES, bhbhiiHoED
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a2 vEa—K— NESST 4 =L THER
Lic. MR LcEE BB T, HE
Fhi AR IR 40/ AT OERBGEE B\ TIE
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MZF [ 2 Tk, ERIBERE I EERERIRED
RISREFHBEcfch T, BREEET
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E xR, EREHE T o ERMERE
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MEEBAIT TV L0 EBbRb.

51, BRERNFERBICK (T Y LATENTT
SEAERD = 2 — 0O VEBORRHT
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A0 H, ROBRCIIENHE LD V-2
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WHERIHAE (8, 9, 1085) MOEfI=a—
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LB FREFRHC OV TEREZI LD T
5.

2, Parvalbumin &% : kGRS (&<
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