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ABEM S M ESE B E O FRMERSD f L Ui/
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NHEIHR TS, LirL, BIERS) v K Tik#
Bary Ca BE ML TV EDHEL D 5N
FORBELT L =R Loy,

WL~ Ttmn Na 3L Ca BEREVCHES
L, #ifa/ Na & & iR Ca BE & oz kB8
WD EE L LR T B, KR M FEAE &
E DI STEE A I\ T b F—ia & BRI
HRAPA Na 2 L ffar Ca BE 2BIF LcHRE &
DT BT\, B
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ERBEHOMET( - BET S 0BG L5\
2, L L, #ifaf Ca BEIMERREHAETS

FELARFCHBCE b6, £FED Na 175
LR LOBREITHTH B,

- T4HE, KEESMERLE & MERN Na BE,
Ca B L ORESMEPT 5 BT, ML
I — e B T ENE B ) LR ERACTA
At & i FEAE B O MEIF Na I3 L (f Ca BE %
BEL, MECHGRRLIVEFMERBELDERE
BET5E LI, £ED Na 52 L ORI
DWTHER RN 7,

HRELVEE

BE1 KEdESHEEEES SCEENEMNRE
(CHFB U/ BN Na BE, Ca BEORE :

S L RBREHR £ 4 8B Bk U AREH
EEEEEIF (B1461, @166, F#52.5+10.8
F) L, T E SRR MEBEH (516
B, 4r14f), F#Eh52.5115.3F) 2RF L Lic, &E
HEMEEREIE 28 27 3@ LD RIT BT 2
BAREFEA DRI IEERE 160 mmHg & L < 3R EE
95 mmHg Ll EoRES 2 AV ic, EHMEMBEL,
BERAR MES 140/90 mmHg RFHORER & A\
fro &TORERX, HENIEHOREERERZ1H
8-10g & L, 24B:RE+ Na PRtEORNEI X i
DL, RELHOERAL L, BEiCTLE 2 H#R
L300SO 88, MEHER LY v KA
Na &, Ca &k LUt L = L ERBEROR
it & 1T - 72
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Na g, Ca BESLIUNECS AP EEEREE
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HEEE 1AERT SRR L, HAEIRE] R
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mg 2&4h) 2EREAET RN L, HEHS X
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BORMET -0, MEREEHEFR—OEM 1
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foo FHMERIREAME & JRED 350 1 L oFfl &
Lz, WIRIC X B FHME, V3R Na BES
L x Ca BEOELERE, FEMO AT 58N
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723, BHELl, 2 bW GoRMEEREER, &Y
RERK, £FORTICE Y ThrHEEOEES L O
FREELD EORMESRBSEE Y EE LA ENTH
sTe BT, ERRFCIFREOBRN, HEERE
FIZHB L, FR~OBIMOEFT 2B,

U SERA Na BES LU Ca BEOAES :

~RY UEMm LU 40ml &R RPMI-1640
(Gibco Laboratory, Ohio, USA) T2 ZilzFRL, U
v Bk B Lymphoprep (Nyegaard Co., Oslo,
Norway) (ZEE L, ZR Fic3b5E, 400 g ic TEIL
Lice ZEEL-Y %Kiz RPMI-1640 T2 EH%E:
L, fifaA Na BE L0 Ca BEQRITICH Lz,

U 2Bk Na {8F 13 Ambrosioni & DD i #
LTHBIZE LI, T74bb, ) 8% 4°C T%%E
MgCl, BRIC T 2EH®ER, ~~ 7 )y P ERE
(Hematolon, &/ BFERERE T, ®x) WEALL,
Bi-b FET A7 o EAVCTRE LA ) v 8
pellet NOMBNIEEIZ26% TH ~» 1, BEREHEY
VAR B BB L, BICEEST (HIZ775-
A, FF) €T Na BEZIT L, AR Na BE
it mmol/kg wet weight THR L1z, F—i&kicnt
T BEEEDEENFREII4. 7%, day-to-day DOEENGE
ix6. 7% TH - 12,

U o ATRA Ca #EE Tsien H0HFENW ¥ TT
HIE Lo, T/, ) v Bk #% quin 2 tetraacetoxy-
methylester (R{-%, #&A&) 50 M TFiz405 [,
37°C T incubate L, 0%z DT ZF A OMERAT
DOIKGFED 720605 Mz RME Lice SEAV-E
Eo quin2 ofifamEitix, EEFEREOY v 5

DY TN —EBRBEEERIB%LUETH B LK
b, METEZLELI, TO®, U SBREEER
¥ (NaCl 145, KC1 5, NaHEPES 10, Na,HPO, 1,
MgSO0, 0.5, glucose 5 (mM), pH 7.4, 37°C) (= Hi%
WLy, #RSHEKET (12048, 5 #H
WEEEER 339 nm, FBHEE 492 nm TRIE Lz,
ARaA Ca BEGUTOFERXL W EH L,

(Ca?*Ji=115 X (F—~F ) / (Fp—F)nmol/liter
115¢% Ca*t-guin 2 HEGOFMHREEH, Fidfik
BHRDOEETH B, Fo 3 digitonin 1z X b #ifa
M6 quin2 ZEHE L B8, Fo, HES
=» Tris © pH #8.5LLEicL, 2mM ® EGTA
THBfast Ca BEE 1oM LT Lk#Bo®Xch
2. R—BEDHELIIREIT6.8%, day-lo-day O
EEREUIT. 7% TH - 12,

MLy = EEZT OFA LT veAEE (CIS
RIA % v b S FUSHF, Hf) T, mERLORE
F Na, K, Ca BEIIHEHHERE (Greiner G-300,
Langenthal, Switzerland) T#lizE L7,

it it

WREIFHTERERZE (meantSD) TEFE L1,
BEEZ®REIL Student ¢ paired t-test Ik X un-
paired t-test A\ TIT\vy, p<0.05 2HE L L1,

& R

W1 EBMERFR X UORRBEOmE Na, K, Ca,
7 LTI CBE, ML= EME R X U4RERIR
Na, K, Ca, 7 v7F = HHEBR2R 1R L,

Table 1. Clinical Characteristics of Hypertensive Patients and Normotensive Controls

Normotensive Hypertensive
Mean Blood Pressure (mmHg) 85.2+10.4 114.1410. 5*
Heart Rate (beats/min) 63.6-+8.4 65.4+7.2
Serum Sodium Concentration (mmol/liter) 142.0+3.6 142.9+2.2
Serum Potassium Concentration (mmol/liter) 4.224-0.39 4.29-+0. 46
Serum Calcium Concentration (mmol/liter) 2.3240.09 2.3240.08
Serum Creatinine Concentration (mg/dl) 0.96-+0.09 0.9740. 14
Plasma Renin Activity (ng/ml/hr) 2.2641.28 2.10+1.67
Urine Volume (ml/day) 12381189 12124265
Urinary Sodium Excretion (mmol/day) 156.0410.9 151.4+10. 2
Urinary Potassium Excretion (mmol/day) 50. 618.4 48.849.8
Urinary Calcium Excretion (mmol/day) 3.4540.07 3.204-0.08
Urinary Creatinine Excretion (g/day) 1.1240.11 1.2240.13

Values are mean=+SD.

* p<0.05, when compared with values in normotensive controls.
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Fig. 1. (A) Intracellular sodium ((NaJi) and (B)
free calcium concentrations ([Ca?*Ji) in lym-
phocytes of normotensive controls (NT) and pa-
tients with essential hypertension (HT).
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Fig. 2. Correlation between intracellular

sodium ((NaJi) and free calcium concentrations

((Ca2+Ji) in lymphocytes of normotensive con-
trols (NT:0O) and patients with essential
hypertension (HT: @).
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TSN, SBRHEOVGTRICETY, U %K
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Fig. 3. Correlation of plasma renin activity
with intracellular sodium ([NaJi) and free calcium
concentrations ([Ca?*Ji) in lymphocytes of pa-
tients with essential hypertension.
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Fig. 4. Percent change in mean blood pressure
(%AMBP) in salt-sensitive and nonsalt-sensitive
patients with essential hypertension after salt
loading.
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Fig. 5. Intracellular sodium concentration
((NaJi) in lymphocytes of salt-sensitive and non-
salt-sensitive patients under low and high salt
diets.
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Fig. 6. Intracellular free calcium concentration
((Ca?*]i) in lymphocytes of salt-sensitive and
nonsalt-sensitive patients under low and high salt
diets.

Table 2. Clinical Characteristics of Salt-Sensitive and Nonsalt-Sensitive Patients during Regular Salt Diet

Salt-Sensitive Nonsalt-Sensitive
Number 10 . 10
Sex (Male/Female) 6/4 7/3
Age (years) 58.31+8.9 55.318.9
Mean Blood Pressure (mmHg) 114.118.7 115.3+10.6
Heart Rate (beats/min) 64.2+2.7 65.249. 1
Serum Sodium Consentration (mmol/liter) 142.842.9 143.742.6
Serum Potassium Concentration (mmol/liter) 4.34+0.69 4.29-+0. 47
Serum Calcium Concentration (mmol/liter) 2.29+0.09 2.3440.11
Serum Creatinine Concentration (mg/dl) 1.0240. 16 1.0540. 15
Plasma Renin Activity (ng/ml/hr) 0.83+0.50 2.0611. 10*

Values are mean=+SD.

* p<0.05, when compared with values in salt-sensitive patients.
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EoZ{RE: Ca BEOCELEL ORIz, r=0.80,
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BELABRORBERS ooy, Bl X 5FES
MEDNERE, U BRHN Na BEOEIIE LI
r=0.53, p<0.05, VU KN Ca BEEOCELEL X
r=052, p<0.05 ¢ EA4FBEOEMHBEER L (K
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Fig. 7. Correlation between intracellular
sodium ({Nali) and free calcium concentrations
(CCa?t]i) in salt-sensitive (®) and nonsalt-sen-
sitive patients (O) under low and high salt diets.
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PR oMiar Ca BE 83T 5L, Ca-p e
Fa ) VEEERNI AL VBT - ¥ RiEEL,
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Fig. 8. Correlation between percent change in
intracellular sodium concentration (%A[Nali)
and that in intracellular free calcium concentra-
tion (%A(Ca2t]i) in salt-sensitive (®) and non-
salt-sensitive patients (O) after salt loading.
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Fig. 9. Correlation of percent change in mean blood pressure (% AMBP) with (A) percent
change in intracellular sodium (%A (NaJi) and (B) free calcium concentrations (%A[Ca2*)i) in
patients with essential hypertension after salt loading.
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Ev=BCik Ca BHFIOBREGRERAAE LA
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LT3, SEIOWMETE, HEHE SS B CixMiar
Na BEREM L2, NSS H#ETEITETH -1
Zh OO R, ME#OME ERCHERA Na #
MBS LT3 L #RET 5,

SEIOFFTAERT, SS #L NSS Lot 5—2
DEBELEFMEN Ca BECE(TH S, WEED
Y w3k Ca BEE, Na BE LRSS, SS B CH
L7y, NSS HCTRAETH T, Ibic, HiE
HBoY Lo ERE Ca BEFLE L MEE(LREFED
FHEEZR L, Thbb, AEAMEOMmMELEIZ
TAERERN Na BEOR 2 L T#iaA Ca BEXLLES
ETBEEZLND,

Lo L, BEs X OEEickT 2 FmEs Y
»oSEkPA Na B, Ca BELoBICK, FEATL
I EEDHEBEATED bivied -t Bizkom<,
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Intracellular Sodium and Free Calcium Concentrations in

Lymphocytes of Patients with Essential Hypertension

Tetsuya OSHIMA

The First Department of Internal Medicine, Hiroshima University School of Medicine
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Alteration in intracellular free calcium concentration ((Ca%*] i) has been implicated in the pathogenesis of pa-
tients with essential hypertension (HT) and suggested to be a consequence of increased intracellular sodium concen-
tration ([Na] i) through Nat-Ca?t exchange process. In order to determine whether (Ca?*] iis increased in HT
and to clarify the relation of (Ca%*] i with (Na] i and the effects of salt intake on (Na] i and (Ca?*] i, both (NaJ i
and (Ca2?*] i were determined in lymphocytes.

Study 1. [Naliand [Ca?t) iin HT and normotensive subjects (NT):

There was a positive correlation between [NaJiand [(Ca?*])iin HT and NT, respectively. In HT, (Na] i and
(Ca?+] i were higher than in NT and they were negatively correlated with plasma renin activity.

Study 2. The effects of changes in salt intake on blood pressure, (Na] i and (Ca%*) i in HT:

[Na] i and [Ca?t] i were increased in salt-sensitive patients whose percent change in mean blood pressure
(% AMBP) was more than 5%, but unchanged in nonsalt-sensitive patients whose %AMBP was less than 5% with
salt loading.

In conclusion,

1) the finding that [Na] i was positively correlated with [(Ca®*] i in lymphocytes of NT and HT suggests that
there may be the linkage between their regulatory systems,

2) it has been found that [(Na] i and [Ca?t] i in lymphocytes increase more in low renin HT than in normal and
high renin HT, and

3) the ability of salt loading to raise blood pressure due to retention of body fluid appears to be closely related to its
ability to increase [(Na) i and [Ca2?*] i in lymphocytes.





