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EXPERIMENTAL STUDIES ON ELECTROLYTES METABOLISM
AFTER NEPHRECTOMY

PART III. SERUM ELECTROLYTES CHANGE OF BILATERALLY
NEPHRECTOMIZED DOGS UNDER PERFUSION OF
ISOLATED SMALL INTESTINE

Takahiro Syimapa

From the Department of Urology, Hirvoshima University School of Medicine
(Chairman : Prof. H. Nihira, M. D.)
(Instructed by Former Prof. T. Kats, M. D.)

1) Uremic dogs were made and their isolated small intestines were intermittently perfused.
Not only serum eléctrolytes, urea nitrogen and total protein but potassium, phosphorus, urea
nitrogen and total protein in the irrigated fluid were determined. Removal of urea nitrogen was
achieved to some extent, but the electrolytes unbalance was not corrected. although hyperpotassemia
was slightly reduced.

2) Movement of sodium and potassium across the intestinal mucosa of the uremic dogs was
investigated with use of radioisotope technique. In normal condition, namely non-uremic, there
was only absorption and almost no excretion of sodium through intestinal mucosa. Potassium
movement was unremarkable. In uremic state, sodium absorption from the intestinal mucosa
decreased and its excretion increased with gradually elevating excretion/absorption ratio by hours,
reaching 2/1 at two hours. Active potassium transport was also observed across the mucosa, and
the maximum excretion/absorption ratio was observed at thirty minutes of perfusion.

3) The effect of aldosterone on the sodium and potassium excretion into the intestine was
investigated with radioisotope method. In uremic dogs, aldosterone inhibited excretion of sodium

and promoted that of potassium.
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% = TEE R ERARBEER 2 VR L CHE
PG EE TR 2Ty, BRI TR A
FIH U TR & B o R B2 BB L, R
B 305 BHELY AL To REREXR
=, X bk aldosterone B EDOEELZ KRR L
OTCHET S,

o = B F» &%

1D MBRIERHE © 8~13kg oK% B\ Nem-
butal sodium % {kEX » 0.5bml/kg Be5 0 IRAF
By R RSB PRI B CRRIBIEAYC B iR, B
FREEA A Lo E /1 mURnEEg L, = Ofimg
BB U CERE L, iz Nelaton’s catheter®
AL BIhi gk ya L.

2) FERKAOLEBERG E ETILE - TETHIL Peri-Solita
ERL, ARCEDE I moE X Lo ARl
A LTS catheter X biEA, 604% L CILFY
i X b FEER L e.

7o R TE BRI ATHE SRS B P 2 2RI T L e
ERTRBEER (RE 24 B X b 6 e dorc b 3
[EIEST U 7.

REERA ek 24, 26, 28, 30M:H B ARERIR X
DML, ZOARF L vIRERFE, NFRED, m
BEMECOVTHE L.

FREVERWE N U CREEE, BEE, Kis
ICPERMEL, ERKTS®RERHEB L.

e EREE T TP LrgE, HiZ Ref-
ractometer), RFEZEZHZ (diacetyl-monoximedk), &
BEME 1, IFHLEFROTE) K THIELL.

3 BEEEMTCER X B NEE ¢ Na, Kok
I, Rl B35 BRI - MERESNEEH LR
BT Peri-Solita ¥ 200m! 2BE L, KEE
#iRic. #NaCl KEwH 270pCi, 2KCl KEw%#T 220
pCi FrE%10, 20, 30, 40, 50, 60, 90, 1204#&C
PN EILIS X b ZhEh Sml SO L.

T O HEEYNEE DA X b Peri-Solita ¥ 200ml
L dwre 2#NaCl Jkysgg £ 270pCl, 2KCl KB
220uCi HEEA L TI5, 30, 45, 60, 90, 12043k
BREFAR & b ZzhEh dml SoFm L.

HEBHT o TCT Well-type scintillation counter
o r24Na 1,100 volt, 2K 3 1,150 volt i -CillgZ U 7=,

4) Na, Ko/NGE R~ OPRIC -3 % aldosterone
DESERC B B BT « BRI NEE P 27K
JKCHe s, aldosterone DEFFEHE ¥ TR 60~90%
® lag time 2AMLETH 5 DT, aldosterone Img %
KERE IR R B 1 S B i Peri-Solita ¥ 200ml %
HERNBEANEEL, AREIRe #NaCl K
270pCi, 2KCl KiEswk#y 220pCi #yE# 10, 20, 30,
40, 50, 60, 90, 120, 150, 180 & CilEgEe/NEE AL
FAElE: L b #h Fh bml 5o L, Welltype
scintillation counter T E L 7.

m = B m #&

1D %R FRERFF CABAEIRE24 F X0 30K
Hiemgdo Urea N, K, P, TP #8I%E L.

SE#g Urea N pn 61.8—91.7mg/d1(+29.9mg/dl),
Kix 5.2—-6.2mEq/L (+1.0mEq/L), P {3 4.2—4.6
mEq/L (+0.4mEq/L), TP 3 6.4—6.3g/dl (—0.1g/
dD) > Z&# L7 (Table D).

2) KA AT

a) A . TP i 7.5-7.4g/dl (—0.1g/dD),
Urea N % 21.5—-24.0mg/d1(+3.5mg/dD), Kit 6.9~
6.4mEq/L (—0.5mEq/L), Pi3 4.2—-4.5mEq/L (+
0.3mEq/L) ZZEL 1.

R ERE - B8 1,400ml oEEmL, TP %
17.6g, Urea N % 413.5mg, K % 7.78mEq, P %
2.57TmEq Bk U#- (Table 2, Fig. 1).

b) IfidhyEeEs : TP 3 5.4—4.5g/dl (—0.9g/dD),
Urea N 1. 42.5—50.5mg/dl (+8.0mg/dD), Kix 7.7—
6.7mEq/L(—1.0mEq/L), P ¥ 4.1->4.4mEq/L (+
0.3mEq/L) LZFL .
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Table 1 WEFEA OEREEIERE O M
B ALFNEE)
| e | e
W R | TRBGE24 | /REXARS0
KB REfE] B
I 21 82.5 130
Urea N | I 17 43 68
(mg/dl)| I 18 60 77
Sl 18.7 61.8 91.7
I 7 5.0 6.7
K I .5 5. 1
(mEq/L)| I .6 5.4 .8
=i 4.6 5.2 6.2
I 8 4 .7
P I 4 4, .5
(mEq/L)| .6 4. 5
7 3.6 4.2 4.6
I .3 4 6.2
TP I 0 L1 6
(g/dD) | I 6.5 6.5
F o 6.7 6.4 6.3

Table 2 [BEERROME, HREOAILEL

g (1)

24fFF | 26KF | 281KF | 30BF | AR

H ) il fidl =
g | TP (&/dD 7.5/ 7.2 7.4 7.4 —o0.1
Ureﬁ(mg/dl) 21,5 23.5 23.0| 24.0 +3.5

| Na(mEq/L) 137 | 135 | 136 | 137 | o
. K ( » ) 6.9 6.6/ 6.6 6.4 —0.5
®lcac » ) 66 62 6.3 6.1 —0.5
ClC » )] 86 82 86 | 87.2] +1.2
B PC » D 4.2 4.5 4.4 4.5 +0.3
HCOs (#) | 17 14 15 12 | —5.0
24~ | 26~ | 28~ | on =

e 26WE | 280 | Copg | M B
i TP (&) 8.5| 5.5| 3.6| 17.6
‘gf Urea N (mg) (220 |137.5 |56 | 413.5
HE K (mEq) 3.0 1.95 0.83 5.78
g P (7) 1.44] 0.68| 0.45 2.57
EHwE@mD 500 500 400 1,400

‘ 30
mg
200 -
150~ 20f
100~ = ]
1ok —
UN KP — =
24~260 | 26~280 | 26~300%

Fig. 1 BEHEREPHRE (1)

Table 3 BEERIEOMIE, EHEO LIS
ZE (1D

2405 | 2oiF | 260% | SORF | mi%
B fal El A =

i | TP (g/dD 5.4 4.8 4.8 4.5 —0.9

Urﬁ%(mg/dl) 42.5| 45.5| 47.5] 50.5| +8.0

i Na(mEq/L)| 133 | 133 | 133 | 131 | —2.0

K (7D 7.7 7.0 6.4 6.7 —1.0
i Ca (7)) 6.5\ 6.2l 6.5 6.5 0

Cl ( » )| 83.20 83.2 84.0] 86.0/ +2.8

B P (C7v) 4.1 4,5 4,21 4.4 +0.3
HCO; (#) | 18 18 18 18 0
!24~ 26~ | 28~ [ 4o =

a 26[E | 28 | SOfE | o &
i TP (g) 2.5 1.6 | 1.6| 5.7
gi( Urea N (mg) 63.0] 50.4 | 24.4 | 137.8
o K (mEq) 0.8/ 0.49] 0.2 1.49
%é; PC 7 ) 0.2l 0.1] 0.2| 0.5

MR E (ml) | 250 200 200 650

R PR E « 8B 650ml CciEEL, TP #5.7
g, Urea N % 137.8mg, K% 1.49mEq, P % 0.5
mEq Pk L7z (Table 3, Fig. 2).

c) furpiERE « TP 13 4.5-4.3g/dl (—~0.2g/dD),
Urea N iz 87—-91mg/dl (+4.0mg/dD), K 1% 8.1—
7.0mEq/L (~1.1mEq/L), Pi{% 4.5-4.8mEq/L (+
0.3mEq/L) EZEHL 4.
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Table 4
ZEE) (1)

W AR R (D

}%%Eﬁﬂ#@mﬁ%’ @ﬁﬁa)ﬁi'ftiﬂdj

24K
B

26HF | 280
[ &

SO}
HER

\

i3
=

TP (g/dl)
8 (mg/d)

4.5

87

+ B

4.5 4.3

87 89

4.3 —0.2

91 +4.0
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4
mg
200 —

-
/150 - 2.0F
(T

100 —

10 R
50 - mEq .
UN KP — I

24~261 | 26~208% | 26~308%

Fig. 3 MR RE ()

Table b PFE@MEFOMT, EIHO LI

NamEq/1.)|136

E

Ca (C# )
Cl C»)
P ()
HCO; (#)

85

i

17

|

K (» )| s.

4.5

134

1 7.7
6.7 6.5

83

17

4.5

139

83

15

7.5
6.6

4.8

136 0

—1.1
Q.1
—3.0
+0.3
~4.,0

24~ ‘
261K |

26~
280

TP (&)
Urea N (mg)

K (mEq)
P (7)

B S S

3.2
180

2.36

1.08

3.2
118

1.9

0.7

1.05
0.39

R (ml) 400

f4oo

300

ZH av)
245 l 260 | 28l | 30KE | Rif:
Eil i 1= i =
@ | TP (g/dD) 5.1’ 4.9] 29| 45| —0.6
Ur?\aT(mg/dl) 6t |6l |63 |66 | +5.0
Na(mEq/L)133 [131 (134 [134 | +1.0
w|K Cr>yl 79 78 75| 7.1| ~0.8
Ca (~ )l 66| 6.4] 6.4 6.5] —0.1
| Cl Cr»)|8z |84 |86 |8 | +2.0
P (7)) 4.7 4.9 ] 4.8 4.7 0
HCOs (#) |21 |2t |20 |19 | =2.0
24~ | 26~ | 28~
- 26H%‘=“28H€“f sois | B &
i TP (& 45 2.4 1.4} 83
ﬁfg Urea N (mg) | 81 |48 |24 | 153
B K (mEq) 1.11] 0.75] 0.48] 2.34
g P(») 0.33| 0.27] 0.14] 0.74
W (mD 300 [s00 1200 | 800.0

EREhE R R 1,100ml oKL, TP %
8.2g, Urea N % 343mg, K % 5.31mEq, P % 2.17

BERBCPHRE 1B E

800m! w#i L, TP % 8.3g,

Urea N % 153mg, K % 2.34mEq, P % 0.74mEq 3k

K1 %= (Table 5, Fig. 4).

mEq P L7z (Table 4, Fig. 3).
d) MR © TP 1k 5.1-4.5g/d1 (—0.6g/dl),
Urea N3 61—-66mg/d1(+5.0mg/dD), K 1% 7.9-7.1
mEq/L(—0.8mEq/L), P % 4.7-4.7mEq/L(x0) &

HE LT,

P EmARgE e TP i1 ssses 0.45g/dl Wil
Lichs, &g A EEIT k- 7o, Urea N 127E
%Y 5.lmg/dl #EINL 7228, W LiiTco
EEBIIEX RS, KILER%PE 0.85mEq/L
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Fig. 4 BEERRTIRE GV

LA L, MR UESKECEBE MEIR T,
b. PII#ER#E 0.3mEq/L L, WEEEEAL
Eirinh- o,

EWHPHER B CIIER W E 1 0°FH TP %£9.95g,
Urea N % 261.8mg, K % 3.73mEq, P % 1.5mEq
HER U Tz,

3) BRI RC I % AT T Na, K off
i, I B 5 EERBE

LEL 60~905 8RS T, 12058 TCIREPTHL
w5 (Fig. 5).
KoPeihirdon £ ca b8 L, Ukfkerc
H L0 EERE CTEDOBITRHL T 5.
KOBIR i L REfEE & L diefh2ic ER LT
w5 (Fig. 6).

Counts /min

— BfE ()
10 20 30 40 50 60 30 120
20,000F
150001 e .
1 B RO E
10000+
5000r i EE

Fig. 6 MWEMHERomPp - HEEEERD
2K DRFHES

Table 6 TEFLROMmF - HWHEEERD
“Na DORRHEIHER

Counts/min

— BEG)
T 10 20 30 40 50 60 90 120
| T T T T T T T
200,000r h5 MR B A
150,000}
AR REE
/OQOOO“ A TR
50,000F

o = 3 8 TR E INE A

MfE) | c.p.m./5ml Bl | c.p.m./5ml
1505 50,253 100D 86,444

20 155,760
0 9,190 30 185,730
45 118,443 0 202,380

50 212,648
60 126,560 0 216,506
90 128,778 90 218,272
120 108,950 120 216,820

Fig. 5 WEMWLR oM - HHIBERD
HNa DIFRFEIFHER

Na ofbiih i 305 Fca LA L, DiiEac
ERELUCOZBEIVER LD, - OREBR12050H
BNEAELTHRT WS,

Na OWIHFIT305 ¥ CAER L, DIk

Na ofpfh « BIRIET305# T 1.8 11, 4555 T
1.7 1, 60 TI.7 11, 1200 T2 1T
»% (Table 6).

KoPrlt « WL 30552 CHI4.6: 1, 46575 C
4.3 1, 60532 CTHI3.4: 1, 12008 CI1.7: 1
THB (Table 7).

WL B o Na : K iz 605#8512.2: 1,
120784919.5: 1 TH 5.
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Table 7 WEHHROMmAp - BEBEWD .
2K RS Counts/min. — B5 R (4N
- - 10 2030405060 90 120 150 /80
M oA W E fE WERER B W A T e gn e
200000 =
] | c.p.m./5ml BT | c.p.m./5ml
R 150000r TURZAFOL 1% 54
1505 1,085 103 4,429
- 7,565 1 00000}
30 2,590
30 12,021
45 4,112 0 0 ne 500001
50 18,340
60 5,192 0 17,690 L
90 6,237 90 15,554 Fig. 7 TSR OWBEE S~ 0 2Na
B P N £l 38
0 6 604 0 — DBTERTELT7T A VAT v v DFE

Table 9 WEMIHADUHIBER~D 2K

4) Na, K o/N& N~ OBitic 3% aldosterone

DBATIERTH7 v FAT = v DR

e £ i 4 X FEF 54 T RAT R EEH]
PR E@?’%%Eﬁbﬁﬁ W i (c.p.m./35ml) (c.p.m./5ml)
Na o#ft aldosterone #5445 CIETL, 604 100 1425 7 263
BRI ORI/1.6, 1205 B Bo 1/1.2 L
A LT3 (Table 8, Fig. 7). 20 7,565 10,836
30 12,021 14,605
Table 8 WEHH K OWEEIEEE~D #Na 40 17,164 18,518
FTR] AT w Y DESE
OBITERT BT FAT v v OESE ~ " 18,540 B
St FER G0 7 FAT v v EEH :
WA (c.p.m./5ml) ‘ (c.p.m./5ml) €0 17,690 21,516
1004 86, 444 - 50,567 % 15,554 24, 400
20 155,760 79,506 20 121 P
30 185,730 96, 404 150 2. 556
gﬁf?___n 202,380 112,614 180 o507
50 212,648 126,134
60 216,506 137,528 Counts/min. — BE ()
102030405060 90 /20 150 180
90 218,272 165, 147 T 4 4
20,000— N = S~ o4 I
120 216,820 175,846 TIRATOY 1% 54
15,000F
150 170,158
- FE R 5B
180 160,195 10000+ .
K ofeftid. aldosterone $:5-48CI13IE L, 605 5000+
AR 208, 1205 BT ofr 2.1 f5 L %
L T\w5% (Table 9, Fig. 8).
WEeNES R Na @ K Kt 605%%6.4: 1, , A
12053 #897.5 1 1 TRIBCH L TR LT3, Fig. 8 WEHLEROUEMEER~D K o

BT B 7 FAT B v DEE
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v % ®

#R¥E > homeostasis % {FH, HERMABEY
OBER o s 3B oOMEEEC X » TRE
ERRELGE, BlEoREcED L L
bl ERRBED O BRI~ DOBRE LUK, BE
BoPExEoc LhBraBEoRllE s
TWw3.,

WIREBBE I BRI, R, B
Frvr—v, ANLEMERESRF SN, &
HEBE TR EBER RSO IBREL k-
T&fk.

EF 5 BRI & S iR BT o
LI XOBE LR bATHERELHfRFT 201
EWAEBRCTH S E L, o homeostatic 7
B b b2 A, HREEMCDRB BRM
B B & B RERE b B MRS & vk b7 D O HIU
BuxETsz 2adBNTn5,

% = CHEZERERIRBER & ER L TR
RS S ERE 2R\, BEERM TR
FUR U CRIT & Bt o eI Z R 28R L, R
FEK B0 5 B AL To REIREL &
=, X B aldosterone P OEBAKRE L
O TMHKRFZEE 24T 5.

Collman ¢ Cytronberg (1925), Auquste
(1929), Pendleton & West (1932)2", Goud
A941) Bic X » T RGEBYO & & b ElRC
Yo TRENBEE SN S © B BESR, BR
EE LCoOFERE 2 bivie, BEIRDTET
1t Kelly, Hamberger 52 o£BEL 0%
FHWBs 0, Kolffit1n Kolff 2 Twiss,
Rasaner??, Clark? bic X % WG a #Rd:,
X bic Pateras 200w YWIEK L 5 ER
M=t L~ P EORRERER RS

-
@

Wt V1. White 2 Harking (1947)20
bic X ORBERE v, ¥7c Kolff (1947)
15 Kolff & Twiss (1951) SHixigdEr~eH
HBcOFHEERATLURS oBE» & 5.
Clark (1962)% Bk BEREI 5 B1% 1z 7 204]
OEHBEREREAOESE LML TED, K]
TYR IS (1966)% 231k U o THRIRH 4 #1523

LTWw3,

FE OWAT U B ER, 1 molEE
B & AROBE X 0l LTt Oy & b
B B0 &%, FhFhwe Nelaton's ca-
theter Z#ALCTEELLYE, HHXL &R
B WK A 100cm KEFEre < F Lo
DA, 607 NS U TR X BER
LN FEE & - e,

WERERS & TR OB R R O MR, W,
W, BEoFEHEM R iR e
Fzbhb, & CBEERICE U TREBRE

COREREMENS U CERKOMER:FE L 2 5.

LHHEFCORBILA DN LIERRIBEZC X
> CiEATEHED.

‘%%m Peri-Solita o & #{FH LU, BE
TR OB EHERT & 0 g Na, Cl EERs
OB EBE 0T, Na kot ClEE
AT ALERS LD TRARVWNEE LS,

BB 2 h s RREROBRE
MR, ERERE, BEoREs, HEoRE,
BEOLEIRER C R T 5. Kolif & Twi-
ss 1% 200cm O EEEBE T REO RAK
H£EBr 400mg/hr, Clark® % 680mg/hr& i
T 5, B 300mg/hr BEC, EHRIER
Wb OB SR B Tdmg/dl, 1 BEEKP 4
B 3g gt ¢ Kolff o3y 8.6g X b
STt ME LTS, FHED FE Tk 100cm
OWEHE NG E T O RFE O R ABREEL 220mg/
hr T&H - 7.

X by Rasiner (1963)22) 11 4 #l o pkiRs
B EFT o\, 150~200ecm o FEEE BT 2 ~
4 BT 3,000~10,000ml o TR
i, BepEE 780~2,800mg/day, creatinine
10~26mg/day HEt Itz LML TW 5, 4
By 80cm o MEREEE ¢ 2,000ml oEREK
Xk HERTHRE 490mg HPE S fuz L alix
Tnb.

EEORECE 100cm oBEEEcllo
WU CTHRBEERE 261.8mg PR S Iz,

PR gL A2 LIBTERC X 3R
ZOBRFRHEENBRF O X 51K d 2 % 25,
Parson & McCracken (195919 iz X % & FE4f
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Bt EREOR/DMREEN R 15g/day & w
b, BEEROATZOTRTERETSC
CEETH B,

e b s BEERE TR, HEOEME,
HBOIERE & L THERDRIMET 5 &
% Kolffi+:1%) Schloerb?®, Nylander & Olernd
), Clark? SRBRTW3., Eflichbizbi
 THEHOMBNBEERE T LENHER
FER BT, DB rARDOEIR LB
7z,

Fofl, BEEREOREL L CRIRBHERF
B E RN RL TS RRBE TS,
BABSELSST lleus R FOMEbR C » TL
BEREMED S B, ¥ KM, REaEEE
T, KEERTLoFERO BRI HE L
T\ 5 (Pateras?d),

ERA%RO MBERGREHRECE®R A 5 L,
ERMOERENFHEELERXCRIET 2 CRE
Bicho fot, BRIERSVHEEACS -
.

Elikinton 519 cisE 0 A 4 vl il 25
KIMEOBEHFE: LTHWbRTETW S,
B2 A 2 OB EERER <1 A v
Kilg Amberlite IRP-64 % FHu T ififs K4 3%
By X ek b BMELTHBDT, 14 VA
BElEot AR KRECHRNEELBR S,

o ¥ HEHERIA TR & v Na, K o
& IR O RERFE B A BR L, REBIERICE
JABHEY N U CORBRBERE L .

KE BV r— e iz 2R Na pump
BEELT, ffaho Nat #BsHe K %
BH VR TWEG B, BECE W TRIEHE R
Wilas e LTHEE, KoxERIoBERA
DIMF~N—FHCKEORLDOTH L05, B
- i o B Hhc ik Na pump A& L T
Wi, FONBEECITFNO TRV LB
~, ouabain sensitive site BEEEMcH D
BEACRFEL VWP WS o2k, zoF
2 EFEHETE-00EREETHL Lo T
w3,

SR EiET 5 Na*t BRI Hiia A
ERALRTVIREETH U, —HIBHE L

Bom& M < Na pump 28 ZORBALTE
7 Na* #gE#ilc MEMcEAsHL w5 B
DEELZBRSEERRTNS, Lk CIER
B, BERRREEMlcrr Na e+ 2588 EL K
R L TRAEW0 T, Na BEEE» D RILO
AT b CHERE & A EfTThbT, B
ERTO KOG L A EF bR,
FlhbnTbIERbLTrRI I3 TH 5.

ChAREERICI, FHEOERKEKC L2
LG 2 b © Na @B IUHET L CHEE 23T
L, Na ofili e WiRo b FHEE & dics
Ao L TI205 B TRB2 1 1 Ths T
K& BHBEAco Tls fiabhd X5k
v, KoFk & WBIRO k305 % 235K T
A L.

X bR R A AW THE A~ ® Na,
Ko #7252 aldosterone o E4E % #H4
LEOTHE$+ %, aldosterone & LTH
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