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Effect of ethacrynic acid on contractility and Ca flux of gﬁinea pig
taenia coli smooth muscle Shoji TokitTa (Depmtment of Physiology, Sapporo
Medical College, Sapporo 060, Japan)

The effects of ethacrynic acid (ETCA) which has been known as an -SH groups
inhibitor on the contractility and the Ca flux of guinea pig taenia coli were investigated.
The results obtained were as follow : 1) Contractures induced by 107 M ACh, or the tonic
component of 150 mM K-contractures were markedly suppressed by previous treatment
with a low concentration (2 x10™*M) of ETCA for 40 min. Conversely with the same
treatment, the phasic component of this K-contracture was only slightly suppressed. The
inhibitory effects of ETCA in both cases were reversed by the repetitive washing out
of ETCA from taenia coli with normal tris-buffered solution. 2) ETCA, at concentrations
higher than 1073M, more markedly inhibited the ACh-, and the K-contractures. In this
case these inhibitions were irreversible. 3) Cysteine in an equimolar concentration of
ETCA prevented the inhibitory effects of ETCA on both contractures. 4) ETCA (10M)
inhibited the ACh-contracture in Ca?*-free isotonic KCl solution to approximately the
same degree as that in 'normal solution. 5) Inhibition of ACh-contracture by ETCA in
Na*-free isotonic LiCl solution was less than that in normal solution, 6) ETCA (2 x107%,
or 10-3M) markedly stimulated #Ca efflux from taenia coli in 20 mM Ca-EGTA tris-
buffered solution. 7) #°Ca efflux acceleration by ETCA in Na*-free (replaced by Li*) 20
mM Ca-EGTA tris-buffered solution was less than that in 20mM Ca-EGTA tris-buffered
‘solution,

These results may be explamed by assuming that the inhibitory effect of ETCA on
ACh-contracture can be attributed to the depletion of stored intracellular Ca and the
acceleration of Ca efflux as a result of ETCA treatment.

(J. Physiol. Soc. ]apan (1977) 39, 389-4043
key words : taenia coli, ACh- and K-contracture, ethacrynic acid, *Ca efflux, LiCl
solution, Ca removal.
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@S & v pH T4 wiRE.

Tris-buffer # : NaCl 146.4 mM, KCI 2.68
mM, MgCl, 0.5 mM, glucose 8.0 mM, CaCl,
1.36 mM, tris (hydroxymethyl) amino-
methane-HCI buffer 5.0 mM %5z < 100%
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CO; T &z,

EGTA : ethylene-glycol diamine tetra-
acetic acid (F{=3&{k), NaOH icXx v pH %
74 8%, Na RrEROHAE LiOH 24
Al

Bray scintillator (#j% : dioxane 880 ml,
methanol (absolute) 100 ml, ethylenglycol 20
ml, naphthalene 60 g, POPOP (1, 4-bis-{2-(5~
phenyloxazolyl))-benzene) 0.2 g, PPO (2, 5-
diphenyloxazole) 4 g, 7 ikl ORIEICIT
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5 p < Y LicilifgHa (tonic comp.) N
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DEEINEBOAES > T, TORERENLL
7z,

Fig. 1 iRl X 5 ic, HIDEFO Ky
fEp X ACh ffi s Bt & ¥ o o b, tris-
buffer ¥ cEe¥ L, iz 2 x10#M ETCA <
A0S FILE LT b, FHEZhZhOMfEEIE
&7, ETCA WM, —@MHEo/N S I
BH BN, 1SLURNCERE TR .
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Fig. 1. Effects of ethacrynic acid (ETCA) on guinea pig taenia coli smooth muscle

contractions induced by 10~4M ACh or 150 mM KCI. A : K-contracture, B : ACh- con-
tracture. ACh-, or K-contractures prior to ETCA treatment served as control. Muscles
were then treated with 2 x10~4M ETCA for 40 min. Experimental solutions used were
always bubbled with 100% O, during observations, and maintaind at 37.5°C, pH7.4. W:
ETCA washed out with normal tris-buffered solution, iso-K : 150 mM KCl tris-buffered

solution.
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T2k <, Kfafio phasic comp. i3]
50k o o 3, ACh Hifi<id, =oRE
RAOERKBITR T, EHICWHE S 7.
F7z, K#HEo tonic comp. 13 ACh #¥s &
FREECHH S hr.

ETCA oy & ks & 0ffR% Fig. 2
iR Lz, ETCA ofLsiki] & 4045y & L, #fHl
ZhoR & SRR D FEAERR & 100% & Licho
Ak (%) & LTRLKE. 5%x107°M ETCA
T, MR S i@ & A SIS T,

Contraction

“

5
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Fig. 2. Inhibitory effect of ETCA on K-, or
ACh-contracture. Guinea pig taenia coli was
treated with various concentrations of ETCA for
40 min. The ordinate represents the relative
tension (%, tensions of respective contractures
before treatment are expressed as 100%), the
abscissa the concentration of ETCA (scale in
logarithms). Each point represents mean +SE and
figures in parenthesis are numbers of experi-
ments. O : the phasic component of K-contrac-
ture, A :the tonic component of K-contracture,
@ : ACh-contracture (1074 M ACh).
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phasic comp. %3 10+3.28%, tonic comp. M
29.7£5.96%, ACh Hffiix 3245.4% o#pk%
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—EDOE S BRI .

Fig. 3 1%, ETCA ic X zusu: 8 L ¥ i
PHBIRE R LI © Th 5. ZOERH,

ETCA JpEix 2 x10* M ofi— L7z, WLBig
204y, WiEcxd 5 ETCA o#hfticzEn
Hbhhnihw, Kifgho phasic comp. i 5 +
3.49%, ACh ##5 <k 20-:5.3% OHEIE %
RUTc. Q0GB TRATR L2 &<, 203
EERER Y, TOSME T E BiCEDERK
L5 - T, K#g#go phasic comp. 1% 20+6.16
%icxt LT, ACh ik 80-:5.28 % Dl &
507, %7z, K#fgo tonic comp. 13404y
% ¢ ACh ¥ofig L EHPI U 73l % 5 1 323, 70
sk, ACh #fgo Xk 5 sk 5
Fishoiz.
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100
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Contraction
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Fig. 3. Relationship between the duration of
ETCA treatment and the inhibition on K-, or
ACh-contracture. Taenia coli was treated with
2x107*M ETCA. Relative tensions (%) are shown
on the ordinate, and the duration of ETCA
treatment on the abscissa (min). The symbols in
this figure are the same as in Fig. 2.

753, Fig. 2 38X 083 icsk L7z ACh Hyfiix
W0*MACh itX 24 ®» ¢ dH %28, supra-
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%7z, 2x107*M ETCA 404344 o ACh
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ETCA n430~605348121%, 3 & %60~80%
WREOEERTE » & h e (Fig. 1), LaL,
107 M oF e ETCA g cwk, Kk om
comp. b & & Y ACh #fEORIEMIZ A bh
Bhoi.
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cysteine o g/#s

ETCA supe10438ic, cysteine # ETCA &
seympRtn L, cysteine $t7E Fic ETCA n%
W Hie. 5x1074M ETCA o 1 psjLiEic
X v, ACh #E# 70% Oz 5 1 %
(Fig. 4 A), cysteine 37 Fcix, = » ETCA
oWEfER kel She (Fig. 4B). L
»L, ETCA #misic, —@ticAHdh 7o /b
S UHER cysteine 12Xk > THREE H Ui
Pole. k7, Fig. 4C 2R+ X 91, Kk
@ tonic comp. iz %+ % ETCA o il ¥
cysteine Tk Lic.

C. Ca**free &gt KCl ek iJ 3
ethacrynic acid O3HEIER

E# tris-buffer ¥ c904y M & ¥k
K%, % Ca?*-free IF% tris-buffer jif ¢ 3
Elgkis L, ERclOGERT. % 0%,
Ca?*-free &R ikm KCLRICZRH] L T, FE
ThE KEEr o &k vs, ikl Y
S hickEgE Bbhns. Z 0T cACh
sz A s, Ca?*-free &igiE KC1 #&
T LT, 3081 T - 2 [HE » ACh
Yk A960% k55 L 7= (Fig. 5A). BIEiFEE30
Segic AR s ¥ ACh #fER, RICRT L9
iR Uie. wic, ACh ##E i< b+
ETCA o8 % #17-. Fig. 5Bieir+ &K<,
10-*M ETCA 0304yRLHlIz & - TH190% Dk
WRsLNIz. LiehoT, ETCA X 31E
BROMHIIERS0% LEHE SN, T b b,
ETCA o¥ifeflix & osME&Mt: © b E &
tris-buffer & L FARBEECH v 2 5.
i, ETCA il &hiz AChHf, EW
tris-buffer &< 1 BeI¥EH: L 72 RicHiEOE
BEHic. F7, ETCA R o—@MEDIL
fix, Ca**~free BsyMBEMF TiCiZH i
-7 (Fig. 5 B).

D. Na*-free tris-buffer JkiziiF % etha-
crynic acid %

E# tris-buffer {&f%ﬁrwﬁréﬁtﬁ%
F % Nat-free tris-buffer JKic@+&, —iB
OB SIDIETHH 52, €0k, HofLE

' J\ _g\
omln 3omln 90 min
5 min
ACh W ETCA ACh
B \
s N ‘g
o'min 20min 30min g0 min
| cysteine —] .
1 t 5 min
ACh w ETCA ACh
C
_.w -
o min 20 min 30m|n g0 mm
cystelne _.I
t 1 5 min
iso-K w .~ ETCA iso-K
Fig. 4. Preventive action of cysteine on the

inhibitory effect of ETCA. A : ETCA effect on
ACh-contracture in the absence of cysteine
(control), B:ETCA effect on ACh-contracture in
the presence of cysteine, C : ETCA effect on K-
contracture in the presence of cysteine. In these
experiments, 5 x10™* M cysteine and 5 x10™M
ETCA were used, and then taenia coli was
treated with ETCA for 60 min in the presence
or absence of cysteine. ACh : 107*M. W : ETCA
washed out with normal tris-buffered solution.
Other symbols are the same as in Fig. 1.
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D% ). Fig. 6BiiprT e, 10 M
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Fig. 5. Effect of ETCA on ACh-contracture in Ca?t-free 150 mM KCl solution. A :
ACh-contractures were induced in Ca?"-free 150 mM KCl solution every 30 min, B :
Taenia coli was treated with ETCA for 30 min between the Ist and 2nd ACh-contrac-
tures. ACh: 10*M, ETCA : 10™* M. nor. sol. : normal tris-buffered solution, Ca (0) sol. :
Ca?*-free tris-buffered solution, Ca(0) iso-K sol. : Ca2*-free 150 mM KCI tris-buffered
solution, W : ETCA washed out with Ca(0) iso-K- sol.
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Fig. 6. Effect of ETCA on ACh-contracture in Nat-free isotonic LiCl solution. A :
ACh-contractures were repeatedly induced in Na*-free isotonic LiCl solution (control),
B : Taenia coli was treated with ETCA for 30 min between the 1st and 2nd ACh-con-
tractures. ACh:107¢M, ETCA : 10™*M. nor. sol. : normal tris-buffered solution, Na(0)
sol. : Na*-free isotonic LiCl tris-buffered solution, W : ETCA washed out with Na (0) sol.
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Table 1. Effect of ETCA on ACh-contracture in Na*-free isotonic LiCl tris-buffered
solution. Each value represents the relative tension (%) of the 2nd contraction at 40 min,
as shown in Fig. 6 (tensions of the initial contractions at 0 min are expressed as 100%),
(a) : without ETCA treatment, (b) : pretreatment with 10~ M ETCA for 30 min.

‘ TS

—
N

- 0 min 30min

! bt

iso-K w ouabain

No. of experiment 1 2 3 5 [ 7 8 Mean tSE
Relative tension of
ACh-contracture (%)
(a)without ETCA 80 56 55 46 44 37 36 50.88 +4.64
(b)with ETCA 65 60 60 55 48 41 32 52.25 +3.68

—
B 29
60 Min

I 5 min

iso - K

J\Mk

omin 30min

I

ACh w

ouabain

Gomm
I 5m|n

ACh

Fig. 7. Effect of ouabain on K-, and ACh-contracture. A : K-contracture, B : ACh-
contracture induced by 1074 M ACh. ouabain : 107 M, the duration of ouabain treatment:
30 min. W : ETCA washed out with normal tris-buffered solution.

Zmbh Ty 3008, ETCA o &,
Na-K ATPase o B B L HER TdH 5
ouabain® DEH & IR 572, RER
{7 ot Fig. T iR T X 9 i, Ko
phasic comp. X 8 ACh #fgizxtL T 10™*
M ouabain BZ#EERAEZ RS Ao 1225, K
g o phasic 7 & tonic. comp. ~DFEITHI
BT, —@EOREIOET AR, L
L, B2 RT X9, 2ELIREDDENCRE
v, ETCA iz k 2ko Z & %, tonic comp.
D&M E B3 (Fig. 1) L 3B e »ic i -
7z.

F. #Ca ofitlicxt+ 3 ETCA 0%

Uiz, Ca-EGTA buffer #§i2 4K » %
Y% &+ % Van Breemen & Casteelsi®n 5
HBEERAER L. oL, “CaTARL

7w 1) EH tris-buffer &, 2) 2mM
EGTA &% Ca”—free tris-buffer ¥, 3)
05mM Ca #% 4 te 20 mM Ca-EGTA tris-
buffer o =MOLEEIKIC X v, 105MHET
P Lie. ek BEAA L C 110 ffic, 1mM
TAA © 0.1 mM DNP %R € i 2 72, %
RS, PekREIicx T % rate coeffi-
cient? (B8 COBFT MM “Ca Bicxt
+3 “Ca offiHiEN k) OBEFTERDLL,
BIRFT L 7.

Thick s, ke b 1AA, DNP i
e X DB Ca OWHIRH BB, b
< 3) o Ca-EGTA buffer iz THED
FEEThol. LdioT, TOHE0HFig.
8pga iR L. 1) OERECHELLS
Az, MEp» b0 “Ca o, kst
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fEA “Ca o¥EBEic X o TAkE SRR S NizH]
REHERSERV SO, 2) o 2mM EGTA &%
tr Ca**—free yRiz X 23 <it EGTA iz k »
THENEE S, Eick 2HHORER B
Lilrdh ozt Bbh 30, —%4, 3) o Ca-
EGTA buffer jfgiz X 2 ¥ednE, MoOREL,
BLOBL2A A v OIHICE > BBy 52
BEWHO, Lo T, KGOz
i, Wi E LT, T 0.5 mM it Ca
#&ite 20mM Ca-EGTA tris-buffer ¥ %
L. ‘
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Fig. 8.  Effect of ETCA and DNP plus IAA
on %Ca efflux from guinea pig taenia coli. Pre-
parations were preincubated in normal tris-
buffered solution containing 4Ca for 3 hr, and
they were then washed out in non-radioactive
‘normal (or Na*-free LiCl) tris-buffered solution
containing 0.5 mM Ca arid 20 mM Ca-EGTA. At
110 min (| ), 10-*M ETCA or 104 M DNP plus
107*M IAA was added to respective washout
solutions. The logarithms of the rate coefficient
of #Ca loss are plotted on the ordinate, and time
(min) on the abscissa; A, a:DNP plus IAA
treatment in normal tris-buffered solution, @,
b:ETCA treatment in normal tris-buffered
“solution, O, c: ETCA ‘treatment in Na‘*-free
isotonic LiCl tris-buffered solution.., -

H7z. 107*M ETCA 4z, TAA, DNP 4ug

ORE L RRRICHHEREGEZ 110 5B X D /s

Shi-. Fig. 8 o b 2355+ 28 { ETCA
jsyx JAA+DNP (dh#a) L iz @RBRED,
EWRE *Ca OMMOREEREZR L. 272
LEHELERRY, b BBV IEL, EHR
LV Th o7z, 2 x10*M ETCA jLae
RV Th, OIS 525, FEloMH
%% L7 (Table 2).

2, A NagEhice) s ETCAD
Wk K. Fig. 8 ofificickohs X 5
iz, 107°*M ETCA ofERZERICHD L.

B OFEREZNER Fig. 9, 108 X /11
R Uz, %70, SRR H b &, ETCA
I & BIEERNRR & 12 X o TIEAR & R e SR AT
RFS L, BOfEE Table 2 icknmliz.
Haid o k<, ETCA 3k “Ca
OWHERES ¥, SME Na kT2, %
DOYERIFER L7z, 3, [AA+DNP 2k 3

Ca loss

45

o - a0 80 120 . 160 min
v Time

Fig. 9. Effect of DNP plus IAA on %Ca efflux
from guinea pig taenia coli. Experimental pro-
cedures are the same as in the descriptive legend
of Fig. 8. The logarithms of the amount of 4°Ca
loss (in Me<kg~lemin~?) are plotted on the or-
dinate, and time (min) on the abscissa. O :
control, @ :at 110 min, DNP and IAA were
added. .

@
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M
- Kg-min
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-9 l
10 |
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T I 1 L 1 1 1 " 1 L
0 40 80 120 160 min
Time
Fig. 10. Effect of ETCA on 4Ca efflux from

guinea pig taenia coli. Experimental procedures
are the same as in the descriptive legend of
Fig. 8. Ordinate and abscissa are both the same
as in Fig. 9. O : control, @ : at 110 min, ETCA
was added to washout solution. :

Table 2,

45

Ca loss

10.0 o
50 |-
1.0 [
05
7
/r L 1 1 X 1 n
0 40 80 120 160 min
Time
Fig. 11. Effect of ETCA on 4Ca efflux - from

guinea pig taenia coli in Na*-free isotonic LiCl1
tris-buffered solution. Experimental procedures
are the same as in the legend of Fig. 8. Or-
dinate and abscissa are both the same as in Fig.
9. O:control, @ :at 110 min, ETCA was added.

Effects of ETCA and DNP plus IAA on #Ca loss of guinea pig taenia coli.

Each value indicates the amounts of 4Ca release by ETCA and DNP plus IAA as given
by integrating the hatched areas in Fig. 9, 10 and 11.

:Conditions

Loss of 45Ca ( PM/Kg )

in isotonic Na+ solution
0.1 mM DNP + 1 mM IAA
2-107%M ETCA
107 ETCA

1073 ETCA

{REi3 Van Breemen & Casteelsi®iz X %
HEEE BEELP o7,

V. & &

MR R E DR R o R e, -SHER
FOAEWFHER  RET 50 CHEELREE
HUTHY, b s4RaEEEe LTE
QT bR TV 5204, Bk o sarcoplasmic
reticulum (SR) 0Bz 2V Th, ZOELIC

in Na(Q)isotonic Li+ solution

14.88
5.68
8.17

4.15

»% -SH HomEMEN, T2, 3OHE
F X VIRE SN TR VW, FIEFHMIEORER
M+ 5 Car grgBicBALTh, o -SHE®D
HER+STHEIS.

ftsk, -SH pHZE #) & L T NEM (N-ethyl-
maleimide)D1919, PCMB (p-chloromercuri-
benzoic acid)®iz ER L L Mmb TV 38, F
HEAEOERTH B ETCADD 2 v T,
ENE Y MEBREEIEA O I 2 P
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EEEL, WIROERERY L.

ETCA olufisififem iz, Fig. 4 wRts
&<, cysteinedETFT iz L A El%k L2
b, —@o ETCA ofERITEEfmto
-SHIE L OMEERIcESS b0 L%z, BT
DEREHED THI-.

A BT Y MEBRETENE T O I 5
% ethacrynic acid B

Fig. 2 wabhs 22, ETCA ok
FEUSBEEKET 525, 10°M 2852 1T
EULEE L EEs ETCA oo L < EATRR
ERICL, B CIXRWRTH o h, BET
BRI Th o 2. IKEED ETCA 11, K
##ED phasic comp. #iE & A EMHI LA -
7273, ACh Hifisix 7 0B @IcB v TERiz
Wi E > 7. i, Shgic Ca®t »fEfELR
WRMETY, ETCA 12 ACh #ikE % [RIFRES 1o 3
HL7 (Fig. 5).

—%iz K # 5> phasic comp. % 3% A Ca
2193990, ACh iz A Ca & ik Ca o
BEDTTHICKRE SEFEL TV B v b A T W
BB, = h B lz o Tk, 4 Ca BNEfE
Linwgeftor, Kighgzs 2 v o i,
ACh ¥l s hie it & b, hB4ERT 2
&S ERER» b L HEE S KB (Fig. 5).

RU Wiz, (KR ETCA iz X % ACh #ifE o
MR >V TEET 5 &, ETCA ofif
i, Cafi Nicst+ 8L v i, T LAEE
Caicsf 2 MorDBErdickse LT,
MRS h AR ET I b h 5.

T DRI ERIRIE DX, BRREGSEE SR
iz 2T Hasselbach & Seraydariand o
BETHB. Fhick s L, -SHfERX SR
o Ca jEikfk ATPase # i+ 32 izt b,
SR »& 0 Ca JglEx 5 R L, FFCZEOF
WREMEIT 2 L 5. B, BEVERGH
Mz, ERAH O SR kY 3 3 MM PG
FET 22003, 5 Lk ¢ 2okEEyic Ca
&k ATPase gy Ca®t © L ) 5AHAE
D% T LVDIDG) 3P S h, TV B, Mo,
TOWEY D Ca BRI L LToRE, 55

1z, HE-bRERE~DOBEIZ oW T LHLS
T30, LinoT, ETCA Bz of
famigic st L, b L Bisss SR ~o -SH
FREER & FELL U 7o B0 & o AT REMEAS K & Vo,
T ORER, I Ca ol Bz v, Zha
ACh fifoimil % 5l & B o e E 2 b
ha.

ETCA WELERE<T, Z © X5 hlEHnE
T B L ThE, fEREE LTiian Catt o
EHERL, ETCA uuszrhoiic £ v, IN
MEROEMAALSEZ 2T Th 5. LoL,
Fig. 1 wipd 2K, ETCA o = < ¥
RN — B OB A BB D A#T, P8
SNBFHEMEDO K E LR b W iz 2 »
fz. Thix, %5 ETCA 78, Ca gz
LR, 72 bIcHISMC RA S hie
ZiickrlELZLNGE., oz kix, ETCA
PRI OVER L Rk, Mifasb~o Ca FiHo
REEREZE LTV A2 LRSS,

IHIZBEELT, EhD TR M & D i3,
Ashley 12500 7 Oy R ic 13 5 “Ca 0
HZ 2w ToBEFETH 5. Zhickhid,
-SHpH#E#] <5 5 NEM 12, Eig]h ik ©Ca
DI ERES®, Sk Na 2 fpETsezo
EBEBTEL 5. Z0Zhb, phbd
AN iz Na(in)-Ca (out) ze#fuilest % 4858
L, NEM @gzh&@fEsEs LT3,

Pind -SH BHEHR] O VE B e
fiicds v ¢, ETCA M3 LA bR+
BINEPICDOCTHIEBIRL, 2 bNhcfERE
Fig. 6, Xt Table 1 iz5;7 L7z, Zhbick
5 &, ETCA iz &k 5 ACh #g# o HiIfE Az,
rpo Na % Li clE#T 3 LEBIHELTRY,
Lizd»>T ETCA {EAEO AN 81T 3
Ca BEKRTO—ERE L L T, i Na(in)»-
Ca (out) ZZHHHEDID DL, 75 Wic, #
o ETCA i k 3{BEN+RHEL bNE. 20
HEE, Soithdo “Ca & v
PobHERI NI,

PAke, ETCA iz X YL b
& h 7= Ca?* %, Na(in)-Ca (out) zfafi %
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A LTl b st~ &h, ZORRE,
IHEREC R & h 5 My Cart o &k
L, ha ACh #fEoMle b7z Licb D
LEZIBNS.

e K gz xt+ 2 ETCA ofiifllicowvT
3. Kifjkgo phasic comp. 1z L Tid,
b #*Ca OFWHERPSH O X DI,
ETCA iz X » THulaiiE Ca 0P 93 H 51
LahbbLT, BEALHHE S Tk ol
H iz k7. = & ¢ phasic comp. A Ca ic
Bkt aiExbhs o ¢, ETCA Rz ol
EEici T, Ca WAL TIELAEH
HLEP ol bEXLHZEBTELS.

—%, K##Eo tonic comp. iz xtL, ETCA
v ACh ##E & 3 @ RIFREE Okl &% L 7z (Fig.
1, 2, 3). Z OHEIMHEICE LR L LB
b B TCUTIREFERELTAS. Ko
tonic comp. 23 EE & h B IC >V TR 4
BROHBLZ B TH Y, BED, LM,
Urakawa®7- 5z X % &, KESWHA Caicik
HFELTwBEn). ZOBEPLHETDL,
ETCAixCanfiAz B & 2, £DkFE, tonic
comp. ¥ Lz b Ex b5, Lol
¢ phasic comp. iXig & A EMHI SNl ol
ZEhb, 2OMEREDRCEREDRS.

wicZz 550k, ETCA 2 tonic comp.
DI BBV T, —HHIA Lz Ca oFf
HWEEES & 2T H 5. LELIDY
&, &8 KCl g iz Na(in)-Ca(out) 28t
BEEEL iy o, ETCA » Ca nif
HE R & E 3 Moo brOBREE 28
hEh b, ZoMkE D Tix, #RT2
Ashley 7= bDOMEINTIRHT H v, SH%HF
Mo N EfEL Bbh 5.

&, Imai & Takedal®z X hid K HfEo
tonic comp. X BREERH Ca oiFHiic X 5
A, 7L, FowEMREA CaitEFELTY
L. RERRESHIZZIORAPOHET S
&, ETCA o tonic comp. {35 5 HnflHH
it ACh #iEo = h L EEOEE, Thbbir
B Ca WP X 5HEREVE L DL 5. &

7o, K g A o et 2> & ACh
PR % & OWEL B D, %3k 0 ACh
iz & B ZREGHAE O MBI OBELE L b B
%, % oBER&EOMHIIC E® 5EA R E:
BLDTHHH. LichdoT, ki Ko
tonic comp. BAZHMACAUEEL T B L
LCh, AERFEREERE Ca ol b ERoO
—oTHHAEMEERRLT3b0Ebh
5.

Pk, K#fEo tonic comp. iz %3 % ETCA
oIERIc 2%, MAOEPLHEHRL TE
W, oML TR, KA CaicxTa
ETCA ofEfi% 4% & & KRFT 2 0ERD
55,

—75, 107*M Ll E o ETCA <,
ACh #igx b & X v, K#fb tonic comp.
O 271 &% phasic comp. 8% < il & 7
(Fig. 2). L7zd3->T, BBELAEICI TR,
WA Caizsxh+ 3 b RN TE in .

Z o, ETCA iz o THERIE & R 7z,
#wik+ 32, 3OEFAOCEELBET 5LHEN
»55. DT, ETCA o> v T,
IR ORI T 7 BEE S N S FIREE & R
LTH5.

1. —fgic, -SHPERZEHNIIE D B LIE
FAxiEoLvwbh T390, Fig 1 1/RLz
X5z, ETCA iRz —iltEn/h & 75 s
PR shies, KOGk Tkl
(Fig. 5B). L7at o T, ZO—iliko I
ETCA iz X 2IgE0iSmBul/Emic ik L
IEREM OFRREIC L BFREERD D, L,
K i3 #ss o ACh #fic =+ 5 ETCA ol
BhEx, +oE» bhie (Fig. 5. oz &b
5, ETCA oIUEImEIfER R, £ ol i 25
ExFEREIBbhI.

2. = o KRB v T 0 ERITER
KCI(Na (0), Ca(0) #&rh ¢fTleb iz © T,
Na (in)-Ca (out) ZZHHHEIEIEL T 7 V.
b phbbT, ik ACh H#lEOIH S ES
eI AEALRBECR Db LD
Wi, RO K YicEzcv. —ikic KB
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Tk Ca oA, HHE biclEALTw 32
19230, kB (Fig. 5). <&, SNz Ca
Bl wo T, YA L v o Ca o Ak
<, ETCA (2 X o THFERERALY bR S 72
Ca DD % 23, FikShioRkiBich 3 LA
bhb. %7z, Ashley 725D ic iz, 4
D Nat Ca B bicHFELRVELETTY,
NEM iz X 3 Ca ook iiEmn b
5Lwv5, ETCA 13 NEM :[R#kic -SH JH
FHlchH v, NEM LELIOVER & &> maet
BHBH, ThbDZehd, o Kiighms
iZBwTh, ETCA iz X - Tl S hz Ca 23
M OfRESE 5 1), Fko Ca L_AMETFT
BifER, IEHEIRICHIT 20 L FEE ACh #
WX S hizeEZxoh 5.

3. ETCA 28 ACh & - ACh =
PR OREAREHEL, HEE L CUtRng 2
bieh LIRS & 3 25, DAToMEb»s
BRELYZ LB, bbb, Ko
tonic comp. % ETCA il sh (Fig. 1),
Z OIHL cysteine 34 %k U 7z (Fig. 4) =
&, BIUSNE Na BrEgicisvtiz, ACh
R +oA bR 5ic b5 3 ETCA 2848
B Uiz (Fig. 6, Table 1) = &, kE¥nzo
HELLTHTOES.

4. ETCA MIUMERICEBIER L 2 %
PIZDWTiE, 107 M LR o {&Es ETCA o
BALE <, K¥#go phasic comp. 133 & A ¥
WS hish otz bbb, Pl dondk
#F iz B v ¢, ETCA 11 actomyosin %o
SH Hic3fEA Lo B b h 5. L
L, RiRE ETCA oLl CHI%& Sh i Rl
Kyl dflicix, —iic ETCA oz ok 5 ik
ABNEERTE B0 bz,

5. ETCA 13 Na-K ATPase o#jiifEf
ERHLTVS  508), RERIC 8w T b,
ETCA »#ipan» Na-K ATPase # =1,
TG AR I B E 5 % TV B RN B
5. LanL, ETCA 1z X »—#Eo[uiEinEs)
£, ALz ouabain (Fig. 7). ozh &t
£z > T b, §Ek, ouabain jxfezkiy7 Na-

K ATPase DHER L LTabh Ty 5252,
Licd’ - ¢, ETCA otiisnkife A Na-K
ATPase DFHEIZ X 5D LixE 2 bR .
%7z, Daniel 72591z X 5 &, Na-K ATPase
BT B b E s ETCA y8Es13 10 M B -
DELINTWSE, Zozkd, 10°M BT
DAFERRIZE VT, Na-K ATPase [l kL
kD vz L E2RELE Y.

B. *Ca o#iHic#+ % ethacrynic acid
27

Van Breemen & Casteels®®iz 1. 3 &, #Ca
DIHER X, FHicdbor Ly “Ca &5
SEEDD, TOHERET 55, BRED
I Ca-EGTA buffer #4379 &, Ml
KaPyst Ca o BFERDE, B X OEE B X 2Tl
TEBLVH. PRI, ZOWEKCE 2%
HORMERRICR T, FHERBE 5 110
Srtéic, DNP L IAA iz 5 &, f5mias s
M35 “Ca BRFEHEESN D Z L2
2Lz,

EHIET, oz pBERERLE. ph
BB 5L, DNP, IAA izx % Ca »
BRI S 2 I HIER P 5 Db DL S h TR
Y, ToOFEZMENEER Ca oFEE 12 &
FIREICHERL 9 5 b D2 BEbh 3. KT,
ETCA gfkiz % DNP, IAA r¥iflo #Ca o
MHREEH O 5 2 L 2 b . Lich-
T, REBRFHEICE>Tazbhiz ETCA 10X
DT ORERED, ESUIHMBEAN L v #A
Capiffffs W ez L 2RLTw3 b0 LEb
e, Lidd, TORRERRMET, »olE
KRTE L.

Zh b opkEE ETCA o IiEise & o
JEEETH B b, ACh HlE, X O Kl
tonic comp. izxt3 % ETCA offghsEiL,

HCa DFHEERIRE & FFEEN CEREC K 17

L, MERICX D iRiERE h Ty k. &
7e, ETCA o UEIHIZIR O RBMpEHIc B v
Th, MHEROZA L FE—FK LTk, U
oz lrs, Ca ofHOELE, Thbbi
KaRw 5o Ca oskn ETCA =k 2 iviEh

@
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HoREETHS S LH#EREhS.

&b ICAEBR T, TP oNag Li o
EMicERT 5 L, ETCA X 3 “Ca oy
FIEEERCES Lie. 2oz ki, ETCA »
Bz L IEE & Na geiikh ik, kak
» Na (in)-Ca (out) ZZgDIN0 &g <&
R R R T 5. S bikczehik, ETCA®
ACh ¥iafgic x4 ImHIZhE, Eig Lifkdic
BT LIz L LERE—ICL, B0
BrSbilm ESBz kD). 1B,
AREBRICI VT, WP oNaz Li cE#RL
Th 7, ETCA iz k 5 “Ca W OREY
BRETD LN, LhL, 20X nEHT
RV TiR, BEARICI 5D, 50—
Li-Ca Zs g0 ic X - TPy Ca 3 L
eLEZBDNBY, BENLZS, »Thib
b LNy 1NN

BAgic, Cappgippricsts % ETCA ofef
BBz > W TETHELTAH S, RERERT
i, ETCA o ACh ety 2 #flicix, &
DAL E BB L, WHloRBERRELL
ik L (Fig. 3). zoz ik, ETCA
i Eoo -SH o k7 67, HIEANICHE
1T, Capymiapiro -SH HicEEER L
AREME R T 5.

T, ETREE B0, ALV EX
7z ETCA 73, &7z UCHIRBN E THEEBL 5 5
DEPOETHSH. ZoEic LT, Daniel
72591, ETCA 2SEEHHMIENcEZELS %
Tz L% YC-ETCA X o THERLTV%. %
7=, Hasselbach & Seraydarian'®iz X hi,
-SH PR D B #4558 SR it 21EARE
BEERATHI LY. 0ROV TIE, FiE
B0 5L SR i oW T & bIchED» D B4
kb sN, Ukoz tefieErse, £E
B¢t ETCA itk L, Ca BrmeHBhs
o -SH FicE#ER L TRER+IE 25
ns.

wofEx ETCA iz X % CanilfifiE ©»
5. 3%k, g Calckir s ATP o pEHI
SWTiX 2 , 3 i’ﬂ‘i} v B nTwv 55)12)14)34)35)43)_

%7z, ETCA 33— EREHREER T %
L b v, mitochondria DOER{LAY VB
LoOBEERE LTHERATZHRED®DLH 5. &
nooz bk, ETCA »#fupy ATP JBEE 2 {%
Faw, ATP EitksEs Ca 2l S 7wl
Bl % R4 5. L L, Yabudiz X 5 LG
W ATP S8 (E¥ T © 2.5 pmole/g wet
weight) 11, 2 x1074M ETCA o 1 Byl
CEVEEAEEGETRS kol =T 7
Bt S N7 BBk O A CO R IC & B HES
o, RBiHEL 2T 5 ETCA g 10°M
PEr&hTws., LichioT DNP, IAA &
R v {Epps ETCA icds v Tk, ATP JREER
iz X BRI —RRALTE B R, TO
z i, [EEEck)3—Eo ETCA ofEH
B, FTORMEESER I3 bOTEVILEE
LRLTVw3 EEbh 3.

# 2 onafetkix, Ca JHEMLICEET DL
Hbh iz Ca iE{y ATPase o3 5 HEE
Hed 5. iz Nomura®)yx, ETCA 1z Cajf
ik ATPase D#REMSHEANTHILE
PELTWS. SHICFEIcL 5L, HE
SEWERE & D WhH4yHEE L 7z microsomes [ 43 i
Ca-ATPase /L, ZDIEMLICHALT,
Ca** OB L VAR R H B & v H. &
e, BRI OLHESR 10351 BEEBIR 7 Ca*Y
Dk YViAHE, -SH HEH I &k » £ o Ca-
ATPase L & bicil{fiflshsd L vH. Th
BOC & LOVHETEL, AERICBT S
ETCA %, -SH % #l & L ¢ Ca &k
ATPase #3532 Lick » T, FEHALTH
farpicJRTET 5 ATP {kiEfERyE Ca il s
W RSB .

i, Lito Ca R & EE T O
LDIDOVTIE, TR CEBELRBRRDO D
L5 ThHD. BILENVE Y MEBEH T,
SR #ER DL ERTV B, RBE%D
SR OHFELHEREh TV 39, FEO¥ X
Bz k BAEFERBREDER, 4RET, FE
50 IkE-R B Ic 381 5 microsomes D E
ENEREH SN TE RN, SBRIOBICE -
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AN R BBRPBETHSH.

S P, e, 7r Oz $Ca o ow
TERELTER, ETCA = I 2o
BUTOBE L EL2bNS. Thbb,

SEFICE 2 bhiz ETCA (XEsE L & 4o
KON ICHIIBA U CTATE, SRR 1 A Ml o
RKET, »3vi3licdseFHEIhTw5
Ca Bpgeiphr10icE& L, -SH & ES 5
itk o T Ca iEH:Ak ATPase 3L,

ATP fk7stifvig Ca ZigRIclEE S L&
2bhs. &5i2, FoEkE Ca itk 5
Na (in)-Ca (out) R IMEES B 2 L ic
X o Ty FHLICHIBIS AT L & Bbh
5. TORER, ToWEcnER Ca2 2l
PRI KBS kT 5 ACh $Eic 2
Tokbk#Ezbhs. izl, Ko tonic
comp. DIENIC VT, —IEBIcikiE Ca o
WX Bz EbBESH, e LRoELx D
AL HEFEL T b anisy. Zhbic
DT, SHORMIRINS.

V. 4 B

TIVE v MEBREAR O UL, B X rCa*t
DBIEBIC%4 % ethacrynic acid (ETCA) o
BEBIRL, TROBR2 L.

1. fEPEEE (2 x107* M) ETCA 4043418
T &, EARD K#gHEo phasic component i
FEAEIMBIER A, tonic component,
B L0 ACh HfEoSRBITEHIC i S h
To. & OIS EARYEREE L.

2. HIREE 0 M) iz s v T, Biko
PHER T TR IHEIE h, BEEEZED S
mroiz.

3. ETCA iz X stk cysteine
HKETCEo L HER L.

4, Ca?*~free & KCl {rhicds v« T4
S#7 ACh #ifEix, 107*M ETCA 30434
Bl &, EER buffer Jicki) 5 & ARE
I & ez, :

5. IE% buffer iz TBE Sk,
E¥REE ETCA o IufEinsishiix, Natfree &

3 LiCl iz v TIREE L 7z.

6. 2x10*M, I X (x10°M ETCA iz
“Ca O & FHHIBHE L 7.

7. Na*-free &g LiCl b iz 5 v C,
ETCA o “Ca OWHEIREILT I L
7z,
U EDRERD» S, BTy MERRTEIEIC
BT, {EEEE ETCA 12k 5 ACh #iiEoH
Wi, MEAEPRTRR Ca o & Ca oo
RICERET B L#EE L 7. ##Eo tonic com-
ponent Oiflic >vTix, Ekitofbic Ca*t o
WAHOE D b ERE ML 7.

ek TR REHERZEWE—sE%
YERRREFCRBRHBLET. Bic, B
D EEEMIFEETE v 7o A B W
XL TiRL»DOMELRET £ 3. £/, ETCA
BIRELTIBI oA s FAK K K dEL 85
ERLET.

AL DO EE O —ERIL 52 HAEHE A KA (R
H, ZEXE) TREELE. kB EAMRO—IHIL
BEREMER (BEMK) OBk 7.
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Effects of adrenalectomy and thyroidectomy on in vivo
‘ action of glucagon in brown adipose tissue

Akihiro KUROSHIMA, Katsuhiko DOI, and Tomie OHNO*

Deparitment 0 f Physiology, Asahikawa Medical College, Asahikawa,
" and Division o f Nutrition Physiology, Hokkaido Educational
College*, Asahikawa

Glucagon has been shown to be closely
associated with cold acclimation through
its lipolytic as well as glycogenolytic action
in ratsib1®) and stimulate in vivo lipolysis
in the brown adipose tissue of rats!®13) in
our laboratories. It was also reported that
glucagon enhances whole body energy

metabolism®»® and concurrently tem-

perature of brown adipose tissue®®) of rats.
As the brown adipose tissue is well-known
to be involved in non-shivering ther-
mogenesis regulationl®, it is conceivable
from the above-mentioned studies that
glucagon exerts its effect, at least in part,
via the brown adipose tissue in cold-induced
non-shivering thermogenesis. Moreover, it
was noted that the calorigenic response to
this hormone is abolished by thyroidal and
adrenocortical deficiency®. The. present
study was initiated in order to see whether
the action of glucagon in brown adipose
tissue depends upon the presence of endo-
crine factors :mentioned above.’

Male adult rats of the Wistar strain were
used. The animals were housed under the
conditions of ‘controlled temperature (25°C),
relative humidity (50%) and lightning (lights
on at 7.00 a; m. and off at 7.00 p: m.). Usual
commercial rat, biscult (Oriental MF, Orien-
tal Yeast Co 'Ltd) and tap water were
given ad libitum. Glucagon (Novo Industru,

A/S, Copenhagen, Denmark) was infused

into the femoral vein at a rate of 2pug/
0.005 ml/min for 5min under hexobarbital
anesthesia (20 mg/100g intraperitoneally).
Peripheral venous blood was obtained from

BEEN, SRS REHEE*: BIIER
KEEE SR o JLRER B R R E
{Received for publication Jun 20, 1977)

the external jugular vein and venous blood
drained through the interscapular brown

_adlpose tissue from flooded blood from the

pr1cked Sulzel’s vem, Wthh 1s the major
and thyrmdeotomy were performed under
hexobarbital anesthesia 4 weeks prior to
the experiment. Adrenalectomized rats were
given tap water containing 1% saline.
Whole blood free fatty acid (FFA) concen-
tration was measured by the method of

~ Itaya and Uil® and glucose by the anthrone

reagent method!?. Statistical significance of
the results was tested by Student’s t-test.

. Comparison of changes in blood glucose

after glucagon infusion between 'control
and adrenalectomized rats was made by
959, confidence interval of respective
changeD).

Table 1 shows the changes in body weight
and adipose tissues after adrenalectomy or
thyroidectomy. Gains in body weight and
epididymal white adipose mass were signifi-
cantly lessened both in adrenalectomized
and in thyroidectomized rats. Such retarda-
tion of body growth and reduced fat storage
are considered to be general symptoms of

» adrenocortical and  thyroidal - insufficiency
, .resultmg from decreased .metabolic pro-

cesses Fresh weight of 1nterscapu1ar brown
fat mass in adrenalectomized rats was not

“significantly different from that in intact

control animals, while the brown adipose
tissue in thyroidectomized rats was smaller.
The normal maintenance of lipid in brown
adipose tissue was indicated to depend upon
the functional integrity of the adrenal
cortex and thyroid®1919, Adrenalectomy
and thiouracil administration lead to fat
depletion of this tissue®, while administra-
tion of cortisone or thyroxine results in an
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Table 1.

Changes in body and adipose tissue weights,

Body Weight (g)

Initial Final

Epididymal white Interscapular brown
e )

adipose tissue e adipose tissue

mg /100 g body mg /100 body
welght weight
Control rats (20) 172+ 1.6 |2 347 £ 8.3 3870 ¥ 271.9 1110 * 66.8 304 * 17.2 88 * 4.5 2
Adrenalectonized Tats (18) 174X 1.6 | 304283 2075+ 137.0 651 F34.0 265% 9.9 867* 4.4
P vs control NS p<0.001 ' P <0.001 p<0.001 NS NS
Thyroidectomized rats (14) 175* 1.9 | 248 % 6.1 1910 * 108.6 765 * 30.5 191 *17.5 76 * 6.2
P vs control NS PL0.001  p<0.001 P<0.001  p<0.001 NS
‘Mean * S.E.M.  Number in parenthesis indicates the mmber of animals.

NS : not significant

2 Values joined by the vertical line are not significantly different.

Table 2.
glucagon infusion.

Changes in blood free fatty acid (FFA) and glucose concentrations due to

FFA ( pEg/1)

Glucose ( mg/dl )

External jugular vein

Sulzer's vein

External jugular vein Sulzer's vein

I. Control rats oy

Saline (10) 325 X 40.4 352 % 30.3
Glucagon (10) 415 * 43,9 1147 * 105.8
P vs saline control NS {0,001

- IT, Adrenalectomized rats -
Saline ( 8) 401 ~.67.6 360 X 47.5
Glucagon (10) 424 * 80.4 458 X 47.4
p vs“saline control NS NS

III. Thyroidectomized rats
‘Saline (. 7) 287 * 55.3 400 X 70.7
Glucagon ( 7) " 274 * 65.4 237 * 28.8
P vs saline control NS T NS

135.5 * 6,05 135.4 * 6.4
]13.1-44.7’= ]11.0-57.4*
164.5 * 4,42 169.6 * 8.9
< 0.001 £0.01
127.8 X 3.84 122.3 * 5,43
]13.5-34.1* ]3.5-32,3*
151.6 * 3.03 142.7 X 2.04
<0.001 £0.01

138.7 * 5.19
138.9 *3.79

147.8-* 7,26
136.2.% 3.84

il NS ' . NS

Legends same as in Table 1.

* Ninety-five per cent confidence interval of the difference.

increase in fat content of brown adipose
tissue¥), However, in the case of adrena-
lectomy it causes a progressive loss of
glycogen and lipid from the brown adipose
tissue, followed by an increase in the water
content such that the tissue weight remains

s

For further details see the text.

unchanged!®. Thus, the similar weight of
brown fat in the adrenalectomized rats to
that in the intact control animals here may
be consequent.upon the increased water
content replacing the fat.

Table 2 summarizes the results of glu-



cagon infusion on blood metabolites. Glu-
cagon infusion caused a marked elevation
of FFA concentration of Sulzer’s vein, while
it did not influence FFA level of peripheral
external jugular vein in the intact control
rats. Glucose concentrations in both veins
were similarly increased in these animals.
These findings agree well with our previous
report1®). However, an enhancement of FFA
concentration in the Sulzer's vein due to
glucagon infusion was completely abolished
after adrenalectomy or thyroidectomy. This
result seems to indicate that a lipolytic
action of glucagon in brown adipose tissue
requires the presence of both thyroid and
adrenal hormones, although reesterification
and/ or utilization of FFA in the brown
adipose tissue might be affected by adrena-
lectomy or thyroidectomy. Several reports
so far would appear to support above
speculation. In vitro lipolysis in response
to catecholamines, adrenocorticotropin, thy-
rotropin and glucagon was reduced in the
white adipose tissue from hypothyroid ratsD
and hyperthyroidism was associated with
an increased binding of glucagon to adi-
pocytes!®), These results suggest that thy-
roid hormones are important regulators of
the properties of hormone receptors in
relation to lipolysis. It was also shown that
adrenal glucocorticoids have a permis-
sive effect on the lipolytic action of cate-
cholamines, possibly through regulating the
action on the production of cyclic AMP
by catecholamines®. Davidson et al®
reported that the calorigenic action of
glucagon was completely suppressed after
adrenalectomy and its effect seemed to be
independent of adrenal medulla since the
respiratory metabolism was stimulated in
adrenaldemedullated rats and in adrenalecto-
mized animals treated with cortison. Maic-
kel et ali® showed that the inability of
adrenalectomized rats to mobilize energy

~ substrates and conserve body heat in the

cold was due to a lack of adrenocortical
hormones. Lipolyticl®) as well as calorigenic
action® of glucagon on the brown adipose
tissue was not impaired by the beta-
adrenergic-blocking agent, propranolol. Re-
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moval of adrenal gland immediately before
glucagon infusion did not interfere with
the rat's oxygen consumption and heat
production in the brown adipose tissue
induced by this hormoned). The results
mentioned above suggest that a lipolytic
action of glucagon is not mediated through
the release of catecholamines, especially
from the adrenal medullal®., Consequently,
it is likely that failure of brown adipose
tissue from the adrenalectomized rats to
respond to glucagon in the present study
is due to the absence of adrenocortical
hormones.

As to the effect on the blood glucose,
glucagon infusion elevated the glucose
concentrations in both Sulzer's and external
jugular veins in adrenalectomized rats to
the same extent as in the intact control
animals, whereas it failed to cause hyper-
glycemia in both veins in the thyroidecto-
mized animals. Thyroid hormones are
shown to enhance glycogenolysis in re-
sponse to adrenaline, possibly by increas-
ing the activity of cyclic AMP system and
to potentiate the effect of insulin on gly-
cogen synthesis and glucose utilization?.
Loss of these effects due to thyroidectomy
might explain an impairment of hyper-
glycemic action of glucagon. In any event
the present result suggests that the thyroid
hormones also have a permissive effect on
the hyperglycemic action of glucagon. On
the other hand, it is an unexpected result
that the adrenalectomy did not affect the
hyperglycemic action of glucagon, inasmuch
as glucocorticoid is one of the major
agents which exert a profound effect of
gluconeogenesis and storage of carbohydrate
as glycogen?.
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