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8L, KHE12R) ONBETH3. DMERRIFLT Iy - JLFPF=LEd 15mg/
e Cr UEDZEAREMH 2% (BH18%, ki1R) sBERAMTEEARBER,
bhEVLE (BHELE, TH14R) 2 BARKBERE L. FORLESB, %R, &L
I Fr9 LA T incubate L, FMBAIZY FoLERASE, BERSR, FLUVA
SR UESHEOM medium (2iFFE S, Li efflux D7E% NaLiCT & L7-.

NaLiCT (&, DM ##° N B(CLE LAE(CTEL TVW=(0.32£0.12 vS 0.21£0.09 mmol/
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Red Cell Na*/Li* Countertransport in Non-Insulin-Dependent
Diabetes Mellitus (NIDDM)

Takako Ishimatsu

Genetic predisposition to essential hypertension, as indicated by increased Na*/
Li* countertransport (NaLiCT) in red cells, has been suggested as a marker for
the risk of developing diabetic nephropathy in insulin-dependent diabetes mellitus
(IDDM) . To evaluate the validity of this concept in NIDDM, the author measured
the activity of NaLiCT in Japanese NIDDM.

The study group consisted of 32 patients with proteinuria (albumin excretion
rate> 15mg /g Cr), 28 patients without proteinuria, and 50 healthy control sub-
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jects. All subjects were Japanese.

method described by Canessa, et al.

BE19% %45 1993)

NaLiCT was determined according to the

NaLiCT was significantly higher in patients with proteinuria (mean+SD, 0.37+
0.14 mmol/liter cells/hr) than in patients without proteinuria (0.28+0.08 ; P<0.01)

and healthy control subjects (0.21+0.09 ; P<0.001).

But, there was no difference

between hypertensives and normotensives in patients.
The results of this study suggest that in Japanese patients with NIDDM, diabetic
nephropathy is associated with NaLiCT. Measurement of NaLiCT may be useful to

identify patients who are at risk for developing nephropathy.
1993) Kawasaki Igakkaishi 19(4) : 311—318, 1993
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PEPRIGIEBE OFAESHENIMFET > b o —v
TEBEBTERTH S Z L 3% DEKHKE
PRLTEY, SMEREHEREDOFEIH <
BELTWw3EEZLONTVWS., LELEDS
Mz > v —VRRLRRTH - e BERD
HIC S BIENFKELZWESIBR NS Z &, ¥
W IMAEE S Z NARE WL DI BEDEGEIC
FRTHEFIOAONSE ZEHFHETIFRL, M
PEELAA ORFHBIEDFAEICES L TwaH
HEENTB IR TWS . 4 VR SAREEER
% (IDDM) iBWT, MEDOEFIZ, BEEE
EESHS LT, BET VT I VREPET
52V OB ONE I LV X, BiES
£ BEOWBROMESL, BIEREDLRVWEE
OEBOME L VEBIZE NI LY R Ens,
RIME, 2w USIED#EEERZ IDDM O
EEROEBRATEEZOND LSk >T2. I
£, KEESEOBEEGRRE & U ORIMBREL -
YDA F 7 AN AR R (sodium-lithium
countertransport PAF NaLiCT £B§3.) DJT
ESEHEN TS, $4bb, 19804 Canessa
57 HIARREM: B M ERE OFRMMERT NaLiCT #87¢
ELTEY, X, EEATLBIMEDORKERED
HBHDIX, ZOMERNERICITLEL T3
ZeEIEL. BIE, NaLiCT iZAgEME I

FEOEE~—7— LTEHSh, IhieXd
T2RBPREFIN T2 PEREEEE
BETHRIEEISITEL TWE I EBNRE SN,
NaLiCT #»BEFREDBREATFIZH > THBD
TR EHRINTWEHOID - zh e
DIMEDIFEAEMIDDM iKBESNTEY, b
DE OFERFEEE D5% % 15 5 NIDDM (2R
L TE—ED RN\ SEEZE
NIDDM % 3 R FRIMERE D NaLiCT % #E
LU, BiE & ORER TN, BIEFREDHE L K
DIEB 0 EMET L.

MRELUISHE
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MRIE, NFERKZENENC T HARERBY
ZOHEREREIC L VFERRE L2 s h, BT
® NIDDM 8604 (BH324, k284, F
PEE57. 1214 1% LN DM B L8 .) TH
v, NEERKZARB K v 7 252821 7 WHO
DA TIEEME, HARFERBES O EHE
¥ X 2IEMERIBOIEE 504 (B3, &
M124 , SEHIEER52. 2514 .35%, DU N B LS
T.) RXEEEELE L. BREREEORELR
TeOWBRCBWTIE I V7 F = EN1.5
mg/dl A EDF XS Uz, DM B0 5 bR
TNT v 7V 7 F = 15mg/g Cr LU
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FOBARZHED, pOHLIRRKEBEL, R
M LE P IEREIR R R LB REE 2RI L
B324 (BH184, Atklit, FHER
58.9+14.65%) % FEIRIRIEEREE O RGHEE,
REE7 VT8 ve 7 V7 F =t 15 mg/g Cr
DU 028% (Bikl4g, LM%, FHEE
54.9+13.5) REHREEMER & U THEBREL
7.

2. 5 &

NaLiCT O#lE %, Canessa 57 DJRE%E—
TR U I2RTR OFETHIT L. ~oN) >~
Bimt, RMskzSBEL, %EE (75mM
MgCl,, 85 mM Sucrose, 10 mM Glucose, 10
mM Tris - Mops
aminomethane-morpholinopropane sulfonic
acid) pH 7.4) T3 E¥eEL &, HLY Fv
LAY (150 mM LiCl, 10 mM Glucose, 10
mM Tris-Mops pH 7.4) WNT37°C, 3K
incubate L T, RIMEKWIC Y F7 L2 WASE
7o, DWTHIMEREFUREL, EEOY 7
7 AR L 30 gmol BATFIZ 7% o 7o D R FER %,
—EBOKMIEKEZF M)V LA 2EFT 28R
(Sodium enriched medium : 150 mM NaCl,
10 mM Glucose, 0.1mM Ouabain, 10 mM
Tris-Mops pH7.4) £ €< F NV T AREEL
T WE R (Sodium free medium : 75 mM
MgCl,, 85 mM Sucrose, 10 mM Glucose,
0.1 mM Ouabain, 10 mM Tris - Mops pH
7.4) CEER Y, 37°CTZEh 6053 incu-
bate L7z. %D, M medium T Li efflux

(Tris (hydroxymethyl)

ZHIEL, ZDEDOZES NaLiCT & L7z, VF
v MR ORIE ZEFEOGE (Perkin-Elmer #
Model 503% M) & THTL 2. KEEBED
KE 1L, Mann-Whitney @ U test ZFy, P<
0.052FEE L7,

MEE, ERE, BAMIEFCT2EZWLIE
3|, ASRMES%Aw-FEZETHEL, X
EEAMME, IRFREANE 2 h Zh O EZ KD
72. WHO OEMEDE#ER - TH, Hdw
BEEFZRATOFEERBIEEZEE L. &
MFE DR M2 TR L. [RET7TVT
$ i RIA ¥R C24RF IR % AT 3 HaEte e
L, ZOHhREEZBRERO 7 VT 5= (2) 4
PO TCRHELRT VT Y/ 2Vv7F VT
£l
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1. BRRISERUREMRE

DM #n > &, EHRGHRZ, FERES
TR HIRT 310.1+5 4 T, EHREERO
6.5+5. 3F I LUEEICEN» 72 (Table 1) . F
#¥J Body Mass Index i, 3B EEZ%L2R
»dpolz (Table 1). EHRBERE D25
144 (43.8%), EEREBEEHE O284H 3 4
(10.7%) HEME%EHE L7 (Table 1). &EH
RGWEEL, FHNGEIAMEL Mo 2 Bkl

B, MEEIEARRERCIELER
WwEL, X, IMME MY 7Y T4 FED N Bkl
LEBICEETH> 7 (Table 2).

Table 1. Clinical characteristics of patients with non-insulin-dependent diabetes
(NIDDM) with and without proteinuria and in healthy non-diabetic controls

NIDDM Non-diabetics
with proteinuria | without proteinuria
(N=32) (N=28) (N'=50)
Sex (male/female) 18/14, 14/14 38/12
Age (years) 58.9+14.6 54.9%£13.5 52.2+14.3
Known duration of diabetes years 10.1+5.4 6.4+5.3 —
- Body mass index (kg/m?) 23.0+4.4 21.9+2.8 22.8+2.9
Treatment
(diet/oral hypoglycemic agent/insulin) 3/7/22 9/8/11 —

One or both parents with hypertension 37.5% (12/32) | 39.0% (11/28) —
Hypertension (SBP = 160 or DBP = 95mmHg

or both or taking antihypertensive medications) 43.8% (14/32) 10.8% (3/28) -
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Table 2. Laboratory data in patients with non-insulin-dependent diabetes

e E ¥ & 5

(BE19% %45 1993)

with and without proteinuria and in healthy non-diabetic controls

(NIDDM)

NIDDM Non-diabetics
with proteinuria| without proteinuria
(N=32) (N=28) (N=50)
Systolic blood pressure (mmHg) 137.1+21.6(a,b) 126.1+12.9 120.8+12.7
Diastolic blood pressure (mmHg) 76.6x£11.7 71.7£6.7 72.8+8.7
Creatinin clearance (60~145ml/min) 70.8+25.5 78.1+20.7 —
Serum creatinine (0.8~1.5mg/dl) 1.0+0.2 0.9+0.8 1.0£0.2
Blood sugar (70~110mg/dl) 189.0+83.3 (¢) 138.2+46.4 —
Hemoglobin Alc (4.6~6.0%) 8.9+1.7 9.2+2.2 —
Serum cholesterol (130~220mg/dl) 199.7+57.7 188.4+39.8 185.1+39.6
Serum triglyceride (70~200mg/dl) 164.4+77.6 (d) 128.1+78.4 124.4+63.9
a 1 p<0.001 as compared with values in Non-diabetics
b : p<0.05 as compared with values in diabetics without proteinuria
c:p<0.02 as compared with values in diabetics without proteinuria
d : p<0.05 as compared with values in Non-diabetics
NS
NS
0.6 0.7 .
. e °
0.5' 06— .
é = 0.5 :
g 3 0.4 * . 5 . L
£3 & < ] H
£ . 2 0.4 . T
= £ 03] ) . £3 i
i - T w
2 0.2 m $+ 52 1,8 .
N § € 0.2 ..o "'
0.1 H s .
0.11
0.0- male female male female
’ (0.21£0.08) (0.1940.09) 0.0- (0.341+0.13) (0.31£0.11)

Fig. 1. The influence of sex difference on red
cell sodium-lithium countertransport in
healthy non-diabetic controls. The dots
represent the individual values and the
line is the median for each group.

2. N#

N #5044 D NaLiCT O3 E 130.21+0.09
mmol/liter cells/hr T, Zh %z B ClRT
2L, ZOFHEIZZNZTNFME.21£0.08
mmol/liter cells/hr, Z10.19+0.09 mmol/
liter cells/hr THEMHFE %27 L 705G FH
FEEI3RL (Fig. D, Fe 0@ bFED R
»oiz.

Fig. 2. The influence of sex difference on red
cell sodium-lithium countertransport in
patients with non - insulin - dependent
diabetes, The dots represent the indi-
vidual values and the line is the median
for each group.

3. DM#

DM E£60&4 @ NaLiCT o ¥ ¥ f# 130.32+
0.12 mmol/liter cells/hr T, Zh 2 BLRTL
B3 3E, ZOVHERZRERENEM0.34+0.13
mmol/liter cells/hr, Zf¥ 0.31+0.11 mmol/
liter cells/hr T N # & BRI BEESEZ T
Uzt E BEZ 3% L (Fig. 2), FiL
OB RO o7, DMEDS LEMER
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| e |
0.71 .
1]
0.6 .
£ 051 ¢ .
&2 04 . RE
- v -
g5 03 1.1 i
E E 0.21 -t o’!
0.1
HT(+) HT(-)
0.0- (0.32%0.11) (0.32£0.13)

Fig. 3. The influence of hypertension on red
cell sodium-lithium countertransport in
patients with non - insulin - dependent
diabetes. The dots represent the indi-
vidual values and the line is the median
for each group.

<0.001
| ’ |

0.77

]
0.6 .
é = 0.5 :
2% []
£ 04 : 1
8 < 031 i i
a E b
s ® 0.2] 4] H
0.1 i
0.0° Non-diabetics NIDDM
(0.21£0.09) (0.32+0.12)

Fig. 4. Red cell sodium-lithium countertrans-
port in healthy non-diabetic controls
(N=50) and patients with non-insulin-
dependent diabetes (NIDDM) (N=60).
The dots represent the individual values
and the line is the median for each

group.
| p<0.001
l——— p<0.0l ”— p<0.001 |
0.7 .
s
0.61 o
- . .
g £ 057 °
g2 ' .
£ 8 0.4] it b : :
‘g g . o0 o
s < 03 i RS .
3 g R ki o
eroz ; [4]
.
0.11 1.1
0.0- with proteinuria without proteinuria Non-diabetics

(0.37£0.14)

NIDDM

(0.28+0.08) (0.21£0.09)

Fig. 5. Red cell sodium-lithium countertransport in patients
with non-insulin-dependent diabetes (NIDDM) with and
without proteinuria and healthy non-diabetic controls.
The dots represent the individual values and the line is
the median for each group.

FRTREEL, BIEOERIC X 2HETIE
EE=ZRTD o7z (Fig. 3).
4. N#¥r DM BEOLEE:
N # & DM ¥ NaLiCT 2t#3 % &, DM
HINERICEMETH -2 (P<0.001) (Fig. 4).
DM ¥ D 5 b E KRB MHRE & BEROLE T
13, BEEE32:4 @ NaLiCT 0¥y {E 130.37+
0.14 mmol/liter cells/hr, f&M#£284 D NaLi-

CT O¥H¥{#E1320.28=0.08 mmol/liter cells/hr
T, EHRBEHIEBRCEETH- 2 (P<
0.01) (Fig. 5).

% %=
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DO Na i (ouabain &M Na/K R >
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7, Na/K cotransport, NaLiCT) 2% »3%R
HEIN Y 2 s ORED BENT—h—&
RLAREMD D S . L L, MR Na &tz
BT 2B ICL > TR E->TBY, »
F R L Rk, SHEEESHIEL
7z NaLiCT ic2owTiZ, 19804 Canessa 57 23,
A RE M IEAE B O ARIMER ¢ NaLiCT O
HDTTHEL TH D, BIMEORENERRZRFD
EEMEZECTHREESTTEL T3 Z L 2H
£ LU LIk, NaLiCT A MEEINE DEE~
— =L TEHSh, InEXRFT 5 RES
FHRIN T3P, NaLiCT i, #IfEAN Na
A4 EHIIEN Li A 4 BRI N BB TH
L0, HENTIR LI A4 Y REFEELRWIZD,
EHENCIZ Na A 4> & NaA v enwishn
LHETH B2, FRIMERD NaLiCT 138 Dirhz
R#N%E D renal brush border membrane 128
I} % Na/H @ik R OWEME LHET 2 L vwbil T
BY, ZOWEEITEIIE TO Na BRINE D
%KL TWAD TRV Rl E12Y, Na
BRI O, FEREOHEMNE N L CIED
EEEZbHOLTWS. LeLAEERE Na/
H #3#15% & 13 amiloride 12 X 2 HIHIEE D& A
HY, WMEPFEA—DOEERENTEHDOTIER
W L aHED H Y, REMERMEEOFE
WZHR7:9 NaLiCT OIEMERERCEL TER?
THATH%. IDDM OFEERETH NaLiCT
EELTLEL TB Y, 2B EREDOGRRK
FELBoTW3 I ENRBI NN |
» L, NIDDM 281} % NaLiCT #EEiwicBaL T
3, HEPD R, —EOREBFEON TR
W0 S EDEE OMET Tk NIDDM &% 13
EREAEL, NaLiICT EEiITELTEY,
X, %05 bEAREGHE IZREE I UERE
HNEBICTTEL Tz, NaLiCT OJuE# ik
NIDDM 2 5> T & BREFIE DGR T & & -
TWAAREES R STz, BHIRGHEEDSH
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<, BEMRED28%H 34 (10.8%) ZERw/-4
BXEEMETH > 70wt L, BRIk
EAIE S DFE & H324H144 (43.8%) I E
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MEE 2V, SIENEEOBRR T -> T
waEEZ50. UL, NaLiCT iz, DM
HoobEMEOHE L 2K TREEEN
5 <, BERBER L BERCEIEORKERE
DI IZFE IR o Tz, RIRMER OB 25
FEY 5 iE, MEHOEBEOIMAE%2HIE L L iTh
77 & WHO 23818 LT 5 9329 R
WZIIFET 7% & THREE R BIDm L, HEED
T =ML VERLZBDTHD, K
BRI % IEREC 5T LS T2 walREME 2 B
%. L#»L, NIDDM & NaLiCT OJiizix
RIME, SIERRISORF bENT WA
REME b R AN . SARIMUE B E I M % £
7% TH NaLiCT #ITEL TB Y, BIRILE
1Z NaLiCT K5 L T3 LI kEL H B,
EHOR W DM #E#D > b EHREMEEIR, N
BCHLIE LY 7V 254 REBICEL, &
BeIiEsS NaLiCT DJt#icBE L T 3 mlReME:
XHs. X, B, IDDM BEicBwT, Sl
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NIDDM ORI iE, 4 YAV VL 1 >
AN UHAWEED 2 OBEZSN TV S,
NIDDM 28w T#% NaLiCT &4 >RV v
LB L T 2 AJEEMEIEH 5. NIDDM i f
S EA YA VIFED Na OFRINAZEINSEE
MEZERST 2 DR bHY, @1 RY
VIMEDS NaLiCT 2Ji#E s €, ZOFBRELT
EMEZ5[ S I L TWAARESED H 5.
NaLiCT Otz 3FEAHEE BE0EE L T
WBEREME S H 2 0%, EEHEDHVI: DM ETIX
NaLiCT f& & & & B RSB 3R s s
o7z, NaLiCT X, BIIE WS 1 D20ORF
WELEST, £ ORFLIERICHEL T
2rBbhz. X, NIDDM 281} 2 EIED
FIH, BIREEL E OSSR LRTFORELZ
JCHY, IDDM BT A2EMME L 3R %> T
BHETRTFICEDSARERDH D, ZORDIT
NaLiCT »&EIMEDE R/ TERER RS Ld o
lezedbEZoN%. BATREMERELE
HAD NaLiCT KWEBEN TV EWIHELH
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X
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DBV B LEZ 5N,
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It B8R CEIB#H LT
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associated with Diabetes
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