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Studies on the Body Fluid Volume and Sodium Balance in
Essential Hypertension - With Special Reference to the Plasma
Renin Activity, Fractional Sodium Excretion and
Spontaneous Blood Pressure Fall
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Department of Internal Medicine (Section 2), Sapporo Medical College
(Chief : Prof.O. Iimura)

In order to investigate the role of body fluid volume and sodium balance on the pathophysi-
ology of essential hypertension, plasma volume (PV), extracellular fluid volume (ECFV), total
exchangeable sodium (Nae), plasma renin activity (PRA), fractional excretions of sodium (FENa),
inorganic phosphorus (FEP) and potassium (FEK), and urinary Na/K ratio were measured in 210
benign essential hypertensives (EHT) with a regular diet containing 239-290 mEq of sodium.

The values of PV, ECFV and Nae in young (under 40 years old) or in mild EHT were lower
than those in middle-aged (40-59 years old) and old (over 60 years old) or moderate EHT.
Moreover, PV, ECFV and Nae were significantly higher in low renin EHT(LRH) than each in
normal renin (NRH) and high renin EHT (HRH). Immediately after hospital admission, a clearly
inverse correlation was found between mean arterial pressure (MAP) and PV, ECFV or Nae. This
correlation was more remarkable in young and middle—agéd EHT or NRH than in old patients or
LRH.

FENa and FEP, which are assumed to reflect total renal tubular and proximal tubular sodium
reabsorption, were significantly correlated positively with age, severity of hypertension and simultane-
ously determined MAP, and inversely with endogenous creatinine clearance (Ccr). FENa was
correlated positively with values in the logarithm of PRA and inversely with ECFV and Nae in
EHT. LRH had significantly lower FENa and FEP as compared to those in age-, MAP- and Ccr
-matched NRH. On the other hand, no significant differences were found among LRH,NRH and HRH
in urinary Na/K ratio and in FEK, which may reflect the mineralocorticoid effect on the renal tubule.

Following 2 weeks of rest after admission, MAP, FENa and FEP decreased and PV, ECFV and
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Nae increased significantly. After 2 weeks of rest, a significantly positive correlation between MAP
and PV, ECFV or Nae in all EHT was also found, with these relationships being particularly
marked in middle-aged and old EHT or LRH.

These results suggest that an expansion of the levels of PV, ECFV and Nae occurrs and that
PV, ECFV and Nae may play an important role in maintaining the high level of blood pressure in
middle-aged and old as well as in moderate and low renin essential hypertensives. It is also sug-
gested that the volume expansion may result from an enhanced sodium reabsorption at the renal

tubules, particularly at the proximal tubules, which seems to be indicative of a reduction in renal

pressure natriuresis.
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Table 1 Comparison of plasma volume(PV), extrac-
ellular fluid volume (ECFV) and total
exchangeable sodium (Nae) among young
(under 39 years old), middle aged (40 to
59 years old) and old(over 60 years old)
patients with essential hypertension.

PV ECFV Nae

(m//cm-%normal) (m{/cm)| (mEg/cm)

Foun 89.2+1.3Y9 82.2+2.1” [14.0+0.3
& ln=66 n=53 n=61

. 97.5+1.4 86.7+4.5 |14.5+0.3
Middle g3 n="74 n=95

old 97.212.4 85.3+3.0 |14.4+0.5
n=34 n=25 n=30

2 young vs middle aged P<0.001
» young vs middle aged 0.05<P<0.1

® young Vs old P<0.001
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Fig.1 Correlations between mean arterial pressure and plasma volume (PV),
extracellular fluid volume (ECFV) and total exchangeable sodium (Nae)
in the patients with benign essential hypertension, immediately after
admission.
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Fig.2 Correlations between mean arterial pressure (MAP) and plasma volume
(PV), extracellular fluid volume (ECFV) or total exchangeable sodium
(Nae) in young (under 39 years old), middle aged (40 to 59 years old)
and old (over 60 years old) essential hypertensive patients, immediately
after admission.
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Fig.3 Correlations between mean arterial pressure and plasma volume (PV),

extracellular fiuid volume (ECFV) and total exchangeable sodium (Nae)
in patients with a) low and b) normal renin essential hypertension,
immediately after admission.
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Fig.4 Comparisons of plasma volume (PV), extracellular fluid volume (ECFV)
and total exchangeable sodium (Nae) among the patients with less than
3 (1), 4-7 (1) and over 8(IIl) of total score of Veterans Administra-
tion’s severity index. Values are the mean + SEM.
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Fig.5 Comparisons of plasma volume (PV), extracellular fluid volume (ECFV)
and total exchangeable sodium (Nae) between patients with 0 and 1 or
more of VA optic score. Values are the mean + SEM.
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Fig. 6 Relationships between logarithm of supine plasma renin activity (log
PRA) and plasma volume (PV), extracellular fluid volume (ECFV) and
total exchangeable sodium (Nae) in benign essential hypertensive

patients.
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Fig.7 Comparisons of plasma volume (PV), extracellular fluid volume (ECFV)
and total exchangeable sodium (Nae) among patients with low (LRH),

normal (NRH) and high renin essential hypertension (HRH).
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£t m//cm-%normal Tl 5 &, LRHoO M,
MmAEE INRH Il L EBICE L 7ed Lk, EEZHD
g & X —FT 5.

AREME S AR I 3 1 5 (A s:, Na F#ncBl3 2 9ot 71

v, LRH ok, kA Na B K0T %2 &ic
F1F 5 Na BRINOHE BT 5. Licbli~re s &
{, 2z T3 FENa #*BRMEE L&D, ¥ - FEP %
SR M o> Na BRINOIRE - L TH G 2 ofR,
AAEHFFE O FENa, FEP (1464, MAP, VA score & 1F
B 7o\ LixF oofm, Cer & kfiiEBI %= L 7= (Fig.
9, 10, 1. FiedbbH, KAEBE TIIE, ME LA
L URERAIEER (GFR) & F L4k, Afix&is
BIRME > Na FRINERAME T L T Na Befit 3R 28k
3 %. fols & FENa oBfRiz, mmAEz > Towk
Fixiel, b IBRATHERICIEHEE Y25 &
4% Epstein and Hollenberg"®m i % & % DT H
5. IEHE#E, AEEETHCEWTS, st
Cer % GFR (MK T3 2k, BRME D Na FRIE
TURkBkfED 5o Na gt i 2 RUET2— 87 L b
Ezbhb. —F, MEAERT Do E D Na Bt
N K9 % = L1, Guyton et al®, Shipley and
Study,”Koch et al.*®»: pressure natriuresis & | T
BicBETsLcATHS. ToBFIE, $£1 mE
S RE S ARERAR R ORI X 0 SR ERED-H o Na
BEM 2SR 5. 28 2 i i FE -5 AN R A0 B = A
BN O KT A &8, oncotic pressure a1 F X4,
T ORER, FARAIE o Na BRI & p 2500950
LREESR TS, FEZORBE T, BRATLEKE
LU R AIE o Na FRINOIgfEc4H % FENa, FEP
MAP EEBIWCIEHBET 22 LB bC L TED

(Fig. 10~a), iz ERLosE 2 o FIcHY+5 30
LEzbRL M, BEOBEEEE2xRT VA I
#o> total score (¥, FENa, FEP L HE 1 FMHEET %
S, EEOBEEE R, dhRomERLERT (Cor) %
BriE, B4, O, RIS score b 23 FENa, FEP
—EDOEFRERE e e (Fig.9). Thbb, BE
HIEE 2B RME O Na BRI & B <AHBIT 2 &
Z, TNICEEEEY S 25 OIE R X OBHEEE
OHRET & Bbhte. # = Ckic, FENa, FEP o
A7 5 B, IE 3 X 08 Cer % match L7z B¢, LRH,
NRH R FENa, FEP # [#chiad L 7-4& 8, FENa,
FEP (30 #h & LRH cHBIKGAT Rz b (Fig.
12). % b, KFEBED PRA 3 BRAE D Na {%
I BB L, & <o LRH ©ixsF#, miE, Cer
T EmBIRIT, AN A E T B R M o Na BRI 2
NRH X oKk L T2 bDbLE 2 bR iz <, LRH
GIEFIMER (NT) Lo imF @<, Cer i<, 7l
o 535 &, FENa, FEP 2 NT#x v F5H
FTREEE 2 ONDD, EEw 3 Fig. 12 o 2 & Lkt
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McER Lo, ZoE:, LRH (3 NRH, NT =

W UBRME RS )5 Na BRI U L, pressure -

natriuresis OEEIZNKEE L T D ATREM AR L X 5.
I bz, AfEBFZ O FENa (3 PV, ECFV, Nae * &
FEBI L (Fig. 14), & < LRH <3, FENa{EfE> %
D B RME o Na BRIYEtE 2 437, Na B Kic k&
EHTBAREMED D 203 B.
gz, LRH 2317 % BRI Na BRITTAEOBF
CHOWTi~ %, &3, BRME O Na BRI EY
BLiEd b oL LT, infod, mE, GFR LI
1, BimigE(RBF), filtration fraction (FF), B4
M5 O ZEE) 7c & o B K F <, renin-angio-
tensin-aldosterone %, B prostaglandins (PG),
kallikrein-kinin (K-K) Fis O R B 7c L DM
e (RPN T 285 2 b . %t Schalekamp et
al*YPedersen et al.®®ix, &HHEAA L WAIERED
B (1 4T B HE % renin subgroup [T Mb#F L, LRH (2
NRH, NT ictb L, GFRICZ 37w 03B i & 1
(RVR) % L O FF 235 <, RBF (MEEx xR T LS
LTuw5. —JF, Case et al.®® 3 renal cortical blood
flow (RCBF)#% xenon o washout il L, LRH
EE, mE, GFR % match U 7= NRH, NT I »
RCBF 7% < RVR 3@\, BBk & & %t/ Bk
o¥FZ 1 LRH, NRH T2 70 L k<, LRH o
RCBFE4, RVRBER B ME 0 RENLELL Y, T
L5 R-AT, MR, B PG, & K-K %7 & RVR
AT HRFORE, B2 B0GHETIcL S
BmE o EEENSEY T AR RER L. oh
LHERDMEIEE LOBEY £ 25 L, LRH T
13 RBF, RCBF 384>, RVR, FF 38k 1L, 79I
R A R B A o A P B K B o KR, oncotic
pressure _EF 7x E AU, AL ZET B R M o Na,
KOFBRINHHE 2, ¥R, Na &2 i sEiE iR S
No LRSI N D. AT, BickiT 5 Na i oRiEs
g, BEERTFOELLE 25 L, R-AT 51 0%
REAHRE R O FE) 1B M A e, RVR 288K, RBF %
KT, FF % EF 8 L®, £oiERIEF Na gt 2%
DI B L bR BME . L EREOFT R AR, FOR,
BB LI Ll HEOMRE "%, LRH
D R-AT RO Bt s h s 2454
%734 < ®9LRH o FENa, FEP {£ F iz R-AT, 755
PR OBERETTAE A B G- L T\ B AT REME (15 im A Fnu
—%, Zhc3 RS A7 < sy, LRH oE%
4o mineralocorticoid excess 123k ¥ % 3 D254
5. F 2 TEE LT, Bz B )% mineralocorticoid %)

FLIEER 3

ROEELLC, Kb Na/K bk X 05 45 Na &
o B K etk (FEK) ##l%E L, <% LRH,
NRH cxftb L. LasL, R Na/K i, FEK i
i, TR A TERER T b ER Y RH L 23 (Fig.
19, V7 L Biek s KRB omE» 5z LRH o
fRAE, BRIz mineralocorticoid excess 73B85-3 5% &
ORI/ L Teh - e,

B, KIESEEDBHHKORBIC OV TR L.
PR 1 m*24 b o Sk & 400 ml T o [ ik SEiER
(FEW) # LRH, NRH [HTHl#+% &, FEW (3%
F i LanE oMEME o R Ao L e (Fig. 13). £ 1T
B H 7K B i B 3 e % Bl A 9 % I8 vasopressin
(ADH) level 13351 % LRH % < ¥ LRH o> [ 7k 8k
MK T ADH 2 —50 e BB R LT 5 & 133 2 8
W —F, B L7 &<, LRH o FEP (3 NRH »
Fnk ik <, LRH o FEW K Fo—[R iz, s A
AL R f%E o> Na FiR IR TTAE i 2R3 2 5 HRUET R e
NOEBEAT O 0BG DR EE R S b
4-2 BREE:HRE, A Na 25 L UF Na Bt

LA

BERE 70\~ U 3RS RE O AFE BT O BT AR L #
DHTHEEL, FiciiESEFT 2 ES D7l
el Lasl, ZOBEOBEORF SR EOEE) Y
Beat L e 1B T i, £ 2 TEELIL, AR
LR DL L B (AR Mt DA%, Na&Eo
A% B Na iR E) & oBI#E T iciRk L, fheTH
ARG o i FEMERF 1o, Na SEf 230 pac BG3 %
DA L T,

2 B ABE%#ic & b MAP #35 mmHg L) TR
LTy, BEHGThbERC PV, ECFV, Nae
(38850, FENa, FEP (334 L 7= (Fig. 16). 772 L,
Cr i3 ABOEE > Zic\ . Ticbb, HREERIC
VTR ST R S o Na BRI A L, Fokt 5,
H¥, Na B84 % 0 &5 2 b, 2zt GFR
NELELBREYREX b oL Bbht. BREE
DEEFICD LTI, BRI 4 2338 B RE o BRI
—BNTHH 5 & & WA LSO hig, BARKER
DFEBEIEENC T AR RRARAE R 03B 53 4 W e
HERIEhb, Lal, BoOLRERELBHRT 2 LR
fiE o Na BHRPUIME T L, KRP~oK, Na gl
T2 L vwbh a0 L, AR OIFE
noradrenaline o 533 FENa, FEP # {4 & % %
i, AR EERN B R ER o FENa, FEP (&
ToOBEH#HREIE 2 H-. LA, MFEETZDL0
1z % pressure natriuresis O A HE T35 7 HVER
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s, BREER 1, REBELHET PV, ECFV,
Nae 3 MAP ¢+ BB CIEHBI L 72 (Fig. 17). zooz &
V3, RO BERSER L /ORI T T, ARERE
o M EHER 12 volume factor 23ps7e b EE 7oyl 5 5
G AR L 5. Dustan et al’®7%, [ 48T
VB AR SRR M (A & PV 25, 22 R RarE T
5 —8 L CIEAEBI L7 b = L& BIL, =0
BRI, ARG X % vasoconstrictive factor
DOWEEH BV, kWY skER & L€ volume factor o
BIS- AT A rREME A HERI L C 5. FELOBER
REFERIR Ic & B0, Na & & MAP oBfRd, b0
B EEE— LT 2bDEE2BbNRLD, ZOEFIC
BIL TSI bicF Mt x3 L X 5. ks, H
RIGEH ORI, Na & L ME 0B fRA2 S, h, ZFEH,
£ XU LRH, NRH zh Zhctigt+s &, F, EF
#o PV, ECFV, Nae i1 MAP s H&E/cIEAEBS /oL
BEOEM YR LIch, BFEFETI»»5HBE 2R
fehs- 7o (Fig. 18). =1, LRH, NRH » PV, ECFV,
Nae (zu-3° 1 s MAP & IEHIBS 7o\ Lz REE o f#E A A
w~L, FofRE 12 LRH © X » BECTH - 7=(Fig. 19).
BT, ABRLEEIC X 0 AR OB NMETI L 1ok
Wiy, AAE D FEMRF IS 2 ), Na Ty o&Elix
WXL, #oREIHESE, NRH kL, fh, #E5X
CLRHTIhREWEE LN, 2R, LXK
YT E, A Na & L M & oBIR % 31 B, i,
ARG, R, KHELEYTSBR LN BLET
HHZEDIIRI NI

5 # B

AREME M EAE DR R, R eI 5 % i, Na f{
HWOBEN L, TOBFEYHLICTL, GOHERXA
LicWATERE 210 Pl & L, migs (PV),
fasb s (ECFV), #ac#it: (Nae) 3 0%ic Na gt
& (FENa), fepsipitt® (FEP) #E. hb%
S, BEREE, M, Mm#E renin iHE (PRA) 7ok &
DOBIFE T IR L, T oRES 2 70,

1) PV, ECFV, Nae % # 4 (39 1% L\ T), =4
(40~59 3%), EF (60 LA L) o 3FFTH+ 5 &,
PV irh, EEMCHLEFH CERIE L, ECFV,
Nae iz & FIEEfE A % % 7c.

2) PV, ECFV, Nae |3, Veterans Administra-
tion (VA) # ¥ c X % & M 3 & T 4E & (total
score) 0~3 D& < BEAEFIIX score 7> 4~7 K LU 8 LA
Lo@-fEiEL Fickh L, &7, R score( Dffi

AREMEIMERE S 5 5 &, Na PB4 % wise 73

TRy, WIh b EEE iz offRamL
Ei

3 ABES BRETCHT5KEREOPY,
ECFV, Nae (2, REHIEDFHIME (MAP) A&
WCEWHEBIL, - oM, FEBE R X OUE renin
B (NRH) T B THBH D, EFE R L UMK renin
B (LRH) Tihn s B % A7,

4) AFIELFE o PV, ECFV, Nae (37 PRA o
#Hf(log PRA) L ARICHAHBIL, Ehic, LRH, NRH
% L O high renin &4E £ % (HRH) o 3 BT+
i LRH 2% 4 % < NRH, HRH pJEicfKfE & 7 b,
BREICH R IER A RD I

5) FENa, FEP i1, Wb HEK, F4p, VA total
score ¥ X O MAP L IF 1z, N A # creatinine
clearance (Ccr) & i1c#EBIL 7.

6) FENa(xlog PRA FIF#HEIL, &b, LRH
o FENa, FEP (1 4 #, MAP, Ccr % match L 7
NRH oz bkt U T b iefEfER R Lic. &7,
oo HdikBER 3 NRH X » LRH C{E(EOMH 2=
L 7. 7ok, Bz 5 1) % mineralocorticoid {EH o5
ThoEF Na/K ks L O A5l v — # & K ghtt
23 LRH, NRH f-c2 %7 sus.

7 AfERFE o ECFV, Nae (3, FENa &+ F&icif
AEBA L -,

8) 2 A ABTE N X BREH (B R It Ly,
PV, ECFV, Nae (330, FENa, FEP 13154 L, o
TR BB TH - oo’ Cor BB 607281k
RDIchs - T

9) HAARMFE®% o PV, ECFV, Nae 3 [@ 8 & O
MAP BB EMHEB L, - 0Bk, BER RS LIV
LRH CEEZE CTH - 1.

LA Eopi#ED b, RIEBE OGIKE, A Na =i,
FRAELI, REEE, 2o PRAEMEHE & KT, Fok
Bl i 2 & e B R o Na BRINTTE ST e b
pressure natriuresis mechanism #5585 3 %7
BEMEAVRIE S i, X5, BARBEHRORES
E 2B &, KE, Brich, ZEERS IO LRH k135
FHEEMERF R I (v R, A Na ko e Tl %
BEI L% EHERIS hute,

[ AW TeD—TILE LA IER AR AR T E B3 15-1D
d oo
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