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Blood Pressure and Electrolytes in Children
Part 2 Relevance of Blood Pressure to Sodium Transport in
Erythrocytes in Early Neonatal Period

Masashi SUDA

Department of Pediatrics,
Niigata University School of Medicine
( Director: Prof. Kaoru SAKAI)

Systolic and diastolic blood pressures, erythrocyte sodium (Na) and plasma Na
concentrations, plasma Na/erythrocyte Na ratio, plasma magnesium (Mg®") and ionized
calcium (Ca’’) concentrations and plasma Ca’*/Mg®" ratio were measured according to
hours after birth during first week in 21 healthy term infants.

Erythrocyte Na concentrations gradually increased to plateau levels 48 hours after
birth. Plasma Na/erythrocyte Na ratio decreased 48 hours after birth since erythrocyte
Na increased.  Both systolic and diastolic blood pressures began to increase 72 hours
after birth in contrast with plasma Na/erythrocyte Na ratio. Plasma Ca’’ concentra-
tions and Ca’/Mg® ratio decreased at the bottom 24 hours after birth, when blood
pressures were low.

The rate of variance of blood pressure ((BP at each hour—BP at 3 hours after
birth)/BP at 3 hours after birth] was inversely correlated with that of plasma Na/
erythrocyte Na ratio (systolic BP: n=126, P<(0.001; diastolic BP: n=126, P<0.001),

2+ concentration (P<C

and erythrocyte Na concentration was correlated with plasma Ca
0.001) and was inversely correlated with plasma Mg’ concentration and potassium
concentration (P<(0.001).

The sodium efflux rate constant at 1st day was more than that at 5th day after
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birth when both systélic blood pressure and diastolic blood pressure were raised.

These findings suggest that the Na transport in cell membrane may have some sig-

nificant roles in regulating blood pressure in early neonatal period, and that the ex-

tracellular Ca®*, Mg?® and K may have influence on the Na transport in cell mem-

brane.

Key words: Neonate, Blood Pressure, Sodium Transport, Erythrocyte Sodium Con-

centration, Sodium Efflux Rate Constant
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BRI %A 50 gl TOFE Lo~ M) o bEME 2
A% 11,000 ElERT 5 RO, buffy coat #¥Eicy)
By L, packed red blood cell & itz L 7.

packed red blood cell 1 &% FRMEA Na BER
ERE 100ppm (0.01%) DU F v AW 1.0ml v

2 sampies of S0si blood in capiliary tubes

8 B
Centrifuge at 11,000rpm for 5 min
" P e 3 i M
Cut at the layer of buff
uffy coat CEEEET T -
8
Dilution of 2 segments of packed RBC
one is in 1mi Li solusion
the other is in 5 mi Li solusion
. —
L

Measure the hemoiysates by flame photometer

Erythrocyte Na (RNa) and K (RK) concentrations are calculated as
follows.
RNa or RK = ANa or AK X d/0
Corrected RNa or RK = RNa or RK X 160 - plassa Na or K x T
100 - T

ANa or AK' : the values of hemolysates mesured by. {lame photometer
d : dilution ratio of hemolysates

D : dilution ratio of standard Na or K solusion

T : trapped plasma { 2.5 % in this method)

B 1 EBEHCESHRMERA Na, K BEORE
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TREESBFEMEY, MHE2ROBAKBERNERK 5.0
ml ® 100ppm Y F 7 ABERP TELBMI L. ¥
foMif Na, K BERERC, mif 25 ¢l % 100 ppm
VF AW 5.0ml AL

COBMEK & SR %, 775 MATRAERET
ThZhE L, RIMERM Na, K BEIE 1 wRL
fokgiZ, ~=< 2 YUy MAE trapped plasma fETHI
IE LY. trapped plasma fiiid 2.5 % & L7219,

Bk ECEDAE

# 1ml OBIRMAERMELZHIC, 3,000 EEET5
SEEG L, Mg, AMmMERER L ORNERE 5 %5
PrEtk, FRMERBIZI0ERO 155 mmol/l otz Y
VIR THE L., ZhE 2EEYIERL 3HEHEL 11,000
HscEO L, 5 R packed red blood cell s
R L SEEME ¥, AAECHE L.

2. HEROKRMERAN Na, K BE, m# Na,
K, Ca 414> (Ca’*), Mg /4> (Mg?)
BE L MEORE

MR, SRR RIS - B DA L
ToFERASTHLL E, HIA{KE 2,500 g LA EOREIE21%
(FERREH 39.740.858, HiAfhE 3,281+321g) %%t
gL L1 218 FhFhicownwT, B3, 6, 12, 24,
48, 72, 120D 7 A A v TEIM LT 147 v
AW THREF L 7.

FE A~ vAEA~= F 7 ) v P EETCREL D
v, BB 50 plx 3RS Lic. HmEs EHic 11,000
BT 5 4@ U, buffy coat #3BI¥I¥ L, packed
red blood cell ¥ & UM M&EHEREL L 7-.

packed red blood cell B X UM 25l #F N F
hy oo ABEROCEM L, THEEC X DRIMERP Na,
K BE, M Na, K BEXEE L. *74, Mmifg 25
pl o> Ca?t, Mg?t BEY, ThFhHE) Ca?t/pH
7+ 74 F— (CIBA « CORNING #), v Uo7
n—EFE v b (Magnesium B-Test Wako) & & 9 #l
E LT

BMATOLHBERN ., FERB LA F~ o THAR
MEF (v v 2 v B 3.8cm) v CIRFE T
FE, SRaRIRIMAE % B L. MFERIER B -
Z 5 EILAEfT, T OPHELXRIEMES L. RN
B OEILERA L.

3. HEWROFMBRE Na FHESMFORE

AR OREE214D 5 H104 (FERAE 39.6+1.18,
HI%EFE 3,220+448 g) AR LT, HAEK2RER
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DLOREAL, BRSO RMEA Na BE
%% [ ARNa=(RNa;—RNag)/ 2 Bsfdl] %1 v+ o
~— METOIRMERA Na BE TBRL, ROBRE Na 3
H3 (Na efflux rate constant: ERCNa= ARNa/RNag)
BRI

HEEEYECERRETER L, FEEOHENL paired
t test THREL, ¥ LKSEROMEBIZEHEEERLYE
U R s L.
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1. FEWCLBRMBEA Na, K BE, M Na,
K BEOMEZO®RS F 1,2, B 2)

2 ODORI B HETHIE L1289 v T A OFRMERA Na,
K BEAEWES EUoMEBEREYE 1 wrLi.

TS & B ARMERA Na #8E (LUF, RNa—cap)
3, o) vk £ AFRIMERM Na 88 (LI, RNa-
cho) (ZEBRDLRIEh -, —F, THEEECLS
ARMERAKBE (LLF, RK-cap) &, #ita v vk
L ARMBAKEBE (LUF, RK-cho) L9 EECEME
R LA (p<0.001).

B 2 & RNa-—cap & RNa—cho 5L U RK-cap &
RK-cho OB %= L7z. RNa-—cap (¥ RNa-—cho
CHBOMHBENED bR (p<0.001). * % RK-cap
H RK-cho ¢ HEOHENSED LR (p<0.001).

£ 2 B MORTHED BHEEK L 2 IEELYR L.
FRMERPY Na BE, KBE &L BLoE cllEE
CERRD bRt

BT L 2RMERA Na BLUOKBEHEOR
EATBFERIThZh 45 %8 L0°2.0%, HEE
BB ehTh 25 %R LU 2.0 % CRIFLEREY
LT

2. HEROFMmBKA Na, K BE, m# Na,
K, Ca 44 (Ca?), Mg 44> (Mg?)
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£ 1 EMEELEL2Y v X HFMEA Na BE, K BEOHKE (N=89)
_ _ statistical _ _ statistical
RNa-cho | RNa-cap significance RK-cho | RK-cap significance
Group data  Mean (mEq/1) | 11.7 12.0 N.S. 84.7 |110.9 p<0.001
S.D. 3.13 2.61 4.28 4.88
S.E. 0.33 0.28 0.45 0.51
Corelation r _ 0.8397 - 0.5485
Regression Slope —_ 0.696 — 0.622
Intercept — 3.82 — 58.19
% 2 FMEZRCkTLIBENOFE (N=10)
Erythrocyte Na Concentration Erythrocyte K Concentration
Hemolyzation statistical statistical
(=) (+) significance (=) (+) significance
Group data Mean (mEg/l) 10.3 10.0 N.S. 112.9 111.3 N.S.
S.D. 0.60 0.51 3.70 1.82
S.E. 0.19 0.16 1.17 0.57

RK-~can (mEall)

190

No= o83
¢ = 0 8197
P < 000 P

N o= 89
£ o= 05485
o ont

50 100 o e 50 i) (] 90 100

REa-cho (sfali) R¥-cho {afa/i)
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B (PMg?t) $ & U RNa/RK I, PNa/RNa H;, PCa**/
PMg?** koRIEER2%E 3, 3 waRL.
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RS  HEEIC LR LIAD .
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RLUL# R L. PM? Q@i 2EHBE IED LR
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U T B EEY R L.
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£ 3 ME, KRMEA Na, K #E, 1 Na, K, Ca®*, Me?" BEORKRNEE (N=21) Mean (S.D.)

3 hours 6 hours 12 hours 24 hours 48 hours 72 hours | 120 hours
Systolic BP 70 70 72 71 72 75 ¥k 77 ok
(mmHg) (6.4) (7.3) (7.6) (7.1) 6.1) (8.4) (7.6)
Diastolic BP 39 39 41 * 41 44 FHk 47 *F% 46 F¥*
(mmHg) (5.2) (7.3) (6.6) (6.2) (5.3) (7.8) (6.4)
RNa 13.0 12.8 13.1 13.8 * 14.3 ** 14.4 ** 14.2 **
(mEq/1) (1.71) (1.44) (1.28) (1.76) (2.06) (2.17) (1.97)
RK 102.2 102.7 105.0 ** | 107.0 ***| 106.3 ®k¥| 107.5 **k¥| 107.Q Fk*
(mEq/1) (4.34) (3.89) (3.38) (2.70) (3.85) (2.53) (3.32)
RNa,”RK 0.127 0.125 0.126 0.130 0.135 * 0.134 0.133
(0.018) (0.014) (0.013) (0.017) (0.021) (0.020) (0.019)
PNa 142.9 143.3 145.5 * 145.8 * 144.9 * 144.1 143.1
(mEq/1) (3.82) (3.28) (3.86) (4.14) (3.40) (3.28) (3.16)
K 5.41 5.29 5.22 * 5,01 *¥* | 4,03 *kk | 4 gy kkk | 4 gg kkE
(mEq/1) (0.42) (0.31) (0.34) (0.35) (0.37) (0.24) (0.32)
PNa, RNa 11.18 11.34 11.17 10.69 10.32 ** 10.26 * 10.27 *
(1.46) (1.35) (1.07) (1.41) (1.43) (1.58) (1.53)
PCa®** 1.08 0.97 *¥% | (.96 ¥k | (,93 ¥k | ( gg *kk | ] g * 1.04
(mmol/1) (0.12) (0.13) (0.11) (0.12) (0.13) (0.13) (0.11)
PMg?+ 1.55 1.56 1.56 1.56 1.58 1.64 * 1.63
(mEq/1) (0.22) (0.22) (0.21) (0.19) (0.23) (0.22) (0.22)
PCa?* /PMg?* 0.713 0.636 ** | 0.626 ¥¥*| 0,607 *¥**| (0,634 ** | (.633 *F*| 0.654 *
(mmol/mEq) (0.135) (0.132) (0.125) (0.124) (0.138) (0.134) (0.121)
Asterisks indicate significant differences from the values at 3 hours:
* 5<0.05 ; *p<0.01 ; FF p0.001
® 4 MFELKRIMERM Na, K BER I CmRERAEOHEBEER
Diastolic BP 0.7317 *%*
RNa 0.0448 0.0644
PNa 0.0063 —0.0324 0.0008
PNa/RNa —0.0426 —0.0621 —0.9710 ***
RK —0.0399 0.0848 0.1254
PK —0.1209 —0,1746 * —0.3554 **¥*
RNa/RK —0.0566 0.0451 0.9600 ***
PCa?* —0.1503 —0.0922 0.3378 **¥*
PMg?* —-0.1511 0.0595 —0.3395 ***
PCa?t/PMg?t 0.0072 —0.0806 0.4140 ***
Systolic BP Diastolic BP RNa
* p<0.05 5 ** p<0.01 5 ** p<0.001
PCa?*, PCa®*/PMg? L HEOEOHEB* R L. EILE (%)=
@ ZBLEROHEBEREG (F 5, 5) (# M oRIEE—HAE% 3 REOREE)
S SRREZ R L TABRE LU TORIETH + (4 3 FeE o RIE(E) X 100

HL, SRRECEROMEBMBGREBRI L. IR & & CHIVRBIME DBt - PNa/RNa it
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0o Lo f """" L] - LIRS
1 @ and

ERC R A TN TR A ] o e TTH TH TR
Hours alter Bieth ours atter Boith

& 3 FERBHOME, /RMEKM Na #E (RNa),
K #FE (RK), M4 Na #f (PNa), K
B (PK), Ca?* 8 (PCa?*), Mg?' it
B (PMg?") OD&IHIZH)
*P<0.05, **P<0.01, ***P<0.001
(3 HEfEfE & o Hegs)

OEARIEEOAOMBIZ R L (BWEIIME : p<
0.001; ¥RIEHMAE : p<0.001).

F o BEREANLE 5 X OIREEOBELER & RK/PK
HoBRIEEOFEOHB AR Lz (BMHAME : p
<0.05; PFRMIMIE : p<0.05).

3. FHERVOFMBKE Na RHELMELDOR
&

® BIEREESEADHE (K6, 6

FRIEKEE Na #HER (ERCNa) i, H54BTEE
CAEEA R L (p<0.02), BN & ORI
Fug s TcHBLEELYT L (p<0.002).

@ HRMERIE Na HHE L HRMOERA Na, K BE,
BIUMMKBELS OBFE R 7D

FRMEREE Na MHERIZMPKBE & FEOEDOHB
BIgAED bt (p<0.01).

¥ LARIMERA Na/FRMIRAKBEL L EBOADHE
BABARR RS St (p<0.001).

@ FRMEE Na HHROBE(LE & BMEHLEOE
tEOBGR (F 8)

FLEPBCBIIEBAUTOL > KERL, KRl
ERIE Na FiHROLLE L BEHMEOE (RO
*H 8 iRl

BlLE=
(%8 5 4 B oRIEHE) — (8 1 4 H ORIEE)
FROERE Na MHBOETAAZ VG, IELM

I

S N = 147
£ r = 0.3287
20.0 P < 0.001

Erythrocyte Na Concentration

15.0

10.0

5.0 '
0.70 0.390 1.10 1.30
Plasma Ca®’ Concentration {(mmol/I)

<

o N o= 147

~ r =-0.3395

20.0 P < 0.001

Erythrocyte Na Concentration

1.00 1.50 2,00 2.50

Plasma Mg®® Concentration (mEa/l)

0.0

Erythrocyte Na Concentration

5.0

Plasma K Concentration (mEq/1)

B 4 ROIFRA Na BE L M5 Ca’t BE,
Mg?  BE, K BE & OM%

EDERABRKEVHEIBD L.
CHEBL Lk T

L L, $Eten
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5 MECEABLKME Na, K BEOCELES-OHBER

ADiastolic BP 0.5882 *¥*

ARNa 0.4610 *** 0.3960 ***

APNa/RNa —0.4358 *** —0.3858 ***

ARK 0.1158 0.2364 **

ARK/PK 0.1878 * 0.2212 *

ARNa/RK 0.4443 *¥* 0.3403 ***

A Systolic BP A Diastolic BP
* 5<0.05 @ *FF p<0.01 @ ¥FF 50,001

© RHH, AMEBRBLLA OB R % KW 5 95 e
s I RBILC, BIEERRIET » i £ OFBRBMIC B\
5 40 . P < 0.001 TRHHEORBIRBE B LI E@MEIhTLED
5% 20l FE SRR Na BE, FRNKE Na 85 %
g~ o7 A v BFWRMERE Na #% (Na £ )
LA OBER B L, AKMRE Na BEBIEO 27 ) — =
=8 vIBREL LTHRN R RE LY,
55 72 . Ut THRIERPY Na B G008 B L 19 5 4
52 Balo Na WideEo | B L 2 5.

-20 0 20 40

Rate of Variance of Plasma Na / Erythrocyte Na
Concentration Ratio (%)

2
S N = 126
P r =-0.3858
260 P < 0.001
= -
SR 39 Lot e :
@~ -
e :
&2
Tz 0
o »
>8 . .
5% -30 : .t
h=}
@ O
o
e 60

-20 0 20 40
Rate of Variance of Plasma Na / Erythrocyte Na
Concentration Ratio (%)

E 5 M% Na/RMHKA Na BEHOE(EL
MEDZA( LR - DR

Iv. % ES

MR & B E RS I BEcMEE LTk,
ARt (FFM) SMEETRRMEREDO Na Bk
DETHEREATHAD DD, RO Na #%

FELIF I T CHROERA Na BEORIEREE L
T, MRS %R LiRimER & 2 ) VISR T
HHEW 2BGTELA, BEMEA 0.5ml~1.0ml
DETHAERERR LT 5EOWETITHER T L.
T TEHLBORMNBTRIESTER~< 2 ) o b
FHEED 2HVLCEEL, FHERE LT
Y vk & BB B R 1T - 72

B 2 R L Ric BRI & ARMERA Na BE
2 ) VR X 5 L0 L BIFHEBEEEATED bR
fo. EleroREEREL Y v L AWEEE X<
—HL (F 1), BELLTXTOEETENTER X
HREBEH, L2 ) vikic X 2RMERA Na BE %
HEZT 2 Z EATTHETH - 1.

FABICRMEBAKBEIC DLW TLEHBTEC LS L0
il ) VIR X B A 0L BIF A HBBERAED 5
hichd (H 2), THEEC S AROBEAKBERE®E
W2 ) vERIA LD LEELYRLE. Jhil
AHEEBELLESLERL VY. £hid, &
FOFMEOKEBREL Na BEOHIEELH D,
b2y vEWTRNERE G AH, RLUBELTLH
ARIMER D b K OFHES Na OHEBELI D LS\
BEEZ LRTWA, EMEE CIIRMERE P
¥ BRI 5 AH L BRI O 20, RIRAKEBE
BlEEIREa) v I230L 0D EEZR LD
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K6 14B&L5EHOME FRMRE Na HEHROLE (N=10)

1 day after birth 5 days after birth
Systolic BP  (mmHg) 71 = 6.0 79 =+ 7.0 P=0.0017
Diastolic BP  (mmHg) 39 £ 7.2 51 + 8.0 P=0.0010
ERCNa (hr'Y 0.115 + 0.040 0.086 = 0.027 P=0.0157
RNa (mEq/1) 13.7 £ 2.1 14.7 + 2.1 N.S.
RK (mEq/1) 105.5 + 6.9 106.9 + 3.0 N.S.
RNa/RK (mEq/mEq) 0.130 + 0.019 0.138 + 0.020 N.S.
PNa/RNa (mEq/mEq) 10.82 £ 1.59 9.93 + 1.63 P=0.0754
PK (mEg/1) 5.06 £ 0.34 4.93 + 0.39 N.S.
ERCNa : Sodium Efflux Rate Constant
-~ 20
1o o< 0002 n P < 0007 020 :l? b
% 5 & g -E 0.1s ®
g 80 : % 50 g 00 g
4 s H 2 R~}
% - H & 3
§ - 2o s w0 Zoos = 10 ]
: T S y
™ TS I ! o0 e °
T 3 1 B 1 @ ®
Days alter Birin Days atter Birth Days aftec Bioth f 5 . A4
[=]
B 6 14H&5EHIRY 2 IME S RMKE Na a °
wEOTL s .
5 o0 .
= L T T
-0.10 -0.05 0.0

¢ =0 B18Y
< 00Nt

Effiux Rate Constant fne"'}

Sedius Eftiux Rate Consiant {nr ')
=
=

.
/
.
. .
. /
N = 70
w0 8671

000 roon o 00
v a0 5 00 6 00 01 R e

Sodrus

Erythrocyte Na / Erythiocyle X
Concentration Ratio (afq;efa}

#lasma K Concentration {(sfa/t)

FRMEREE Na RE L ME K REOBK
() BLUMRMIKE Na iR & IRifEk
P Na/Jrfiskiy K @R EHOBE (B)

B 7

DEEZ Bh.
ReABOBMOMBETH DN, ‘2 WRLELED
2, BAEERC X ABE CHENOREE BT B HRmBRKN
Na #E, KBECIThLE22@ZS LY, HEOBEM
L ABEI LWL LEbh, Thi3EMEE TR

Variance of Sodium Efflux Rate Constant (hr™)

B 8 JRIMEREE Na HBEOZ(LE & (Ui
DELBOBME

BAH->ThH, MEFWORMEKL—R M~ 7Y v
METHIEERAZ & &, F7 trapped plasma fIE
IO L OBNMEOKBIER CELLDTH L.

¥ LBERBC L TRHENESRY, HEMNEEG
FEBEL, BEFLAFERMELB LR

PlEo X o il a v vikd BIF/AABEREEAED S
hizzo &, FLEEENBIFARI & L0, HRIMEKA Na,
K BEORIEEE L TEMBEEIEYTHL Z LA
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LI ERT A LAERER TV D0 shiE, T
nAas5vFEe v (PGs) R v =v—7vFF
Ty YR X ORGBRTHAME & BEENRD D T
DTH5H.

Bz mxays5 T o v RICBE LT MERFEE
FD B % PGFy. & MEHRIFAD 5 5 PGE; Ok (PGEy/
PGFg.) A & MAEEE Lic &V 5 G LmEIRE
YEA D3\ prostacyclin DR HEME & M FE A AEE
LizEWaED s, 7 vEFFFvvILE
MEAFYHEET L L0 5BEY LA, MEMETS
%L BABESBE (GFR) ik rv=v—7
VEFF vy RERIET D EHBEIR TV S,

L LAER X AMEEEC >\ TEDOEBEPERED
BB Lot L BiER S il EEIEME
EA B THAE ROFRMERA Na BER X URMBRE Na
WA HE L, M Na 8X00E» 5 HiE BRI
ORI % EE L.

MRS Na #5% & AEEBF OBSEIZ ©1 T Blaustein ¥
i1, MEFEGMEBRED Na £ TH#EMET T2 &
MBI Na* 25 EE L, Mg/ Na*/#ifar Nat
B AEAT 22 s, Nat-Ca? THREEZN LT,
ERGMRA O Ca?t AUEMNL, MERRIHEE S L
B EMRNRTB.

SEOESE SO TR, M Na/fRE Na BE
HARAT AR, Lok 2 IEFRMERR Na BES L
A58, mEREFTAIESER L. CREFER
BHOMEOEEC K3 %MK Na X054 Rg
TEHLDOELHEIR.
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B Na 25T 207 L LT, F9FmEK
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folig Ca®t/MiffE Mg?t BEHIMEELZRTE14R
DFRMEKE Na MHEBRFESARCHEKLEELZRL
fo. ZOZEMLRMEMAED Cat BER XD Mgt
BEOCEAFERMOMBIK Na it B8 Bus
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