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=ABSTRACT =

A Study on the Relation between Serum Calcium, Magnesium and
Plasma Renin Activity in Essential Hypertension

Gil Ja Shin, M.D. and Woo Hyung Lee, M.D.

Department of Internal Medicine, College of Medicine, Ewha Womans University

Serum calcium, magnesium and plasma renin activity were studied in the gro-
ups of 20 controls and 20 hypertensives.

All patients were admitted to Ewha Womans University Hospital between Ma-
rch 1984 and August 1984.

The following results were obtained :

1) The plasma renin activity in normal controls were 1.40+ 1.48 ng/ml/hr, and
1.59+ 1.97 ng/ml/br in hypertensives. Most of the hypertensives were normal re-
nin hypertension.

2) The serum calcium in normal controls were 885+ 0.84 my/dl and 9.14+ 0.49my
/dl in hypertensives and had no correlationship to mean blood pressure.

3) There were no correlationship between plasma renin activity and serum ca-
Icium in controls, but had positive correlationship in hypertensives (P< 0.025).

4) The serum magnesium in normal controls were 2.85+ 0.82my/dl and 2.62 +
0.34mg/dl in hypertensives and had no correlationship to mean blood pressure.

5) There were no correlationship between plasma renin activity and sesum

magnesium in both controls and hypertensives.
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Table 1. Age and sex distributton of the con-
irols and the hypertensives

Contros Hypertensives

Age(Yrs)

Range 28— 172 29— 81

Mean 5174143 * 58.8+11.9 "
Sex

Male 7 8

Female 13 12
Total 20 20

* Data expressed mean -+ S.D.

Table 2. Laboratory data of the controls and
the hypertensives

Laboratory data Controls Hypertensives
Mean arterial pr.(mHg) 96.5+6.6* 123.1+7.47
Calcium (mg/dl ) 8.85£0.84 9.14+-0.49
Magnesium( mg/dl) 2.85+0.82 262+ 0.34
Renin (ng/m¢ /hr) 1.40+1.48 1.594+1.97
BUN (mg/dl) 13.52+3.62 17.76 4+-7.27
Creatinine (mg/dl ) 0.784-0.15 0.88+0.30
Sodium (mEqg/#¢) 136.36+-2.75 136.85+-3.52
Potassium (mEq/¢) 4,45+-0.31 4,45--0.49

*Data expressed mean-+ S.D.
+P< 0.001



1o f
70
L ]
60
k 100 | & o
o P>005
50 - P >0 05
1_: 9 : o] .o
° 5 : :
= o o
g tor £ . we X=914
B £ 90}
] S 000 _ Lid
g * K] —5~ X=885 .
c 30 ° I3 .
S 2 o
2 3 ° 1]
& 20F o3
o _ X=159 8o b °
-5 X=140 .
ol : .
9 M o0F °
% % ]
Controls Hypertensives Cor;trols Hyperltensvves
Fig. 1. Plasma renin activity of the controls and Fig. 2. Serum concentration of calcium of the co-
the hypertensives. ntrols and the hypertensives.
0.34mg/ dl, 2.85-£0.82mg/ dl, PRA & 1.59+1.97 ng/ ml/ Z-5-8 445+ 049 mEg/¥, 4.45+031 mEg/4 & 3+
hr, 140+1.48 ng/ mi/hr, BUNZ| = 17.76 +7.27my/ d, H ]S AYg BE AALAL oF F7te] EA EhH
13.52+3.62mg/ dl, =] o}e] Wl x]= 0.884-0.30mg/dl, 0.78 o2 £23F o]t ¢ e Table 2).
+0.15mg/dl, S EFEL 136.85+352 mEg/s, 83
11.0 |-
10.0 | ° . ° .
° . .
o . o
o o° ° .
= 9.0 | L) o * Q
g Q o ’
=) %‘ el
\‘E, o % e
c 8.0 L
=
L
o
© 70} ©
£
=1
&
Y o Controls r=0.296
% s Hypertensives r=0.504
1 1 1 ] 1 ! 1
1.0 2.0 30 4.0 5.0 6.0° 7.0

Plasma renin activity (ng/mi/hr)

Fig. 3. Relationship between plasma renin activity and serum calcium of the controls and
the hypertensives.

—48—



60

30

Serum magnesium(mg/d!)

20+

11.0

10.0

9.0

808 o

8.0 |

Serum calcium {mg/dl})

7.0

/3 L 1 1 1 L

o Controls r= -0.095

¢ Hypertensives r=-0.175

1 1 1 i i

7 60 70 80 90 100

110 120 130 140 150

Mean artenal pressure (mm Hg)

Fig. 4. Relationship between serum calcium and

the hvpertensives.

o0

P>005

X=285

1 L

Fig. b.

C) PRA S ©3 24

Controls Hypertensives

Serum concentration of magnesium of the
controls and the hypertensives.

EEDER

A 230 A PRAE 1.40+1.48ngme/ hr, 48T

o) 4 159--1.97 ng/ mt/hr 2A,
318 g} Fxjo] gl on (Fig. 1

2] 2]

) o] A4 Renin
), A Awe AR

mean arterial pressure of the controls and

B2 To] A 8.85+084mg /dl, 4 FJA 9141014
my/dl 2 PRA 2@ Zgx]d] FAskdoa §o8 I
= 99 = (Fig. 2).
Zu7 PRA S 4
02963_
, AR T4 r= 0504 = EA3
A7 A S B P 0025, Fig.
2o B4 Zgste] A
A& Fo A 123.1+74mHg,
gs’i_lﬂ B 29

3
T A 1

43&4_9_1,

ol q r= —0.175 i/ﬁ A 1?%“‘“’
sglek(Fig. 4).

E) PRA ¢} &3 uhou<$ste] A

2 vl $e Al 27 A 2.85+ 0.82m9/dl,
el A e 2.62+0.34mp/ dl 24 oF Fxhe]l FAE
o2 %98t Role gt} (Fig. 5).
vlauj4e5l PRA 919 AgalAls gz
~0229, AP ToNA r=0208 08,
97t ¢lgick (Fig. 6).

T RS FA vt g9k 34

ﬁ_ ﬁécg: 8 #A oo, AANETAAr=
A r= — 0147 24, FAEH o
ol gtk (Fig. 7).

/Q
3

L

4
23

AA r

H

T
B
S



o
6.0 -
//
T 40t
; L
E .
£ ] o v
.E 3 0 = LN ] -
3 : . Y} ] ° . R
c TJ" . °
o ® ° % e
< w e M
E 20 b . o
&
]
o Controls r=0.229
1.0 +
« Hypertensives r=0.293
i 1 1 1L i 1 1

1.0 2.0 3.0 4.0 5.0 6.0 7.0
Plasma renin activity {ng/mlihr)

Fig. 6. Relationship between plasma renin activity and serum magnesium of the controls and
the hypertensives.

6.0 |- °
40 b o Controls r=-0.111
o Hypertensives r=-0.147
3
E LI
£
~ o0
£ I
% 3.0 ° .« ° .
?:’ LA |
o © 00 Qo Y o
(] o .
= o . . .
o 8 ©
g (-] Q ° y » ¢
(‘IIJ) 0 L4 .
M .
20 °
4
¥/ | 1 1 L ] L i ) 1 1
7 60 70 80 % 100 110 120 130 140 150

Mean arterial pressure (mnHg)

Fig. 7. Relationship between serum magnesium and mean arterial pressure of the controls
and the hypertensives.

Q 2t Zgd ol % Az HAE 222 2T o)k Se

hroeder @ Brattleboro® 2 4], a4l Ewl A glo) wl-a

Zrgol il w49 Aol wRGSe] AW 34 & 3 AN Age] AY-EL B 7 Rl dhE
A AYEE F/ANT LA gook, Gz PR TASE, stins 5 d%d 2uE s



2] 2o Bellizan ¥ Villar®’ & Gestational hyperte-
nsion & WA¥l 5= i D4 AFwn gbul ¥ sty
on, 552 7—&% A5 "ol L000mg ol Al A el &
PAE 2009 % 15 el w)sled, 7Y 24 A3
o] 5007/!9013}‘21 73-9- 10~20 gro] WA Fteba 5}
gk ole FEAYAAE dge] TEH o
spontaneous hypertensive ratell 4] & ghg AbEA] 7
o] mIE gl o,

e, whovgel 4olsh AN ga Al A o)
S ATE BA god, 295 shsAE b
% B9 AR B AGelA ANAA WY @

Ago] Foha s ggey,

Thulin $12 & 39 ¢ 829} Faalel A8 vpa
dl 4] A5 22 wssiela s19 o) Mecarron?’ o
Sake sl 4A %ol mAY WA #9
sl FaEe] g #AsIg e, FF AFAAE
v g2 T sk &

—4‘—‘:7]- Z25 AL &
43 w4 A4 AN %
EOF:E*] Rl S Fotel g ol A2 &
B Aol Agd 2L =l
Catecholamine 3} Angiotensin [§2] B EE9|
Hujm}A 2 Z-go)| Final common pathway & o]
Fank ohlel, 93 24 FAT 2 Ws
ArgAly| o, 23 ZEe] S a2

Z{ .5."_/(*' 7\1 ]-4_14)15) .

o o

Txmvw AT waEo] Yok, 226l ol
2 2R gRelA 249 AATe] FaHgAY
dG B4 ool AHol gl nus PN, 2z
o E T AT A% 9 2k 5
sx e foe wum] 7 gl

BELRAA A5 IFTE Lol

H
Aoz iJ_o]‘O:]g)lO) o] 441

transport & Z71A7) 320, a4 5nES 9 8o}
283, 52 49 2 gL Aza
B4FEE Bzl Helel ol Aot B

L ostglemEl, & e o) A o) E3l Rgkeh
TEY IR A B3 BeAe 4oz fHH
vhool Welvt Al A Az 249 2Y
7 9] Al Foleta Anshg s
TE AgolAE 2 FAE MG LEN 7
BRELE AAIIA, Frd e s
0, oA Akl A Badl A2 glen, Fa] A

3] A &) s}r}el Thiazide A9 oA 7} 7
& °]2-8 F7FA]A positive calcium balance 5 34
goe 019447%4 B e A AR 2
ol & AAE 2E A
e zdee, 2 aaE
e =, A9 Lva‘—aa oM% % =37 2% chan-
del o stel Solat Arratfol 9o,
Resnick? & 4] 3 94 24 o]-£e PRAS] wle|shed,
A Reninl¢] Tl A 2 ol Lol A3l E,
ol Azl FgF o] FrE YHEH, oA F
e &g zesha, Renind] Fu5 A kA7,

A BEY e E FAATNA FgE, I Re

i
rr
f
i
e

¥
S
i
R
m‘}f_.
ct{‘r
ol N
ofht
lo
rﬁ,

o

nin 2|8 T gt ol 28] Frke A2 F osar
coplasmic reticulum © 24e| Zgo] £ulz AL 9

mgtctar &ha 1;]-
2 QT AEs ZET PRA Abolo]l  HAabe] 2T A
= Fg AaAst addod, 4T Ae $AE
L

Moz folg ool 4 F 2 ek (PO.025).
B B¢ o £AE 34T Aol ohl=e olE3 ]
waplE el g,

et o] Ak dqale] AlabalAl e old] & o
#A 9= @ol Walker 5%’ A 7|52 ojl 7} gl
= Lt FRpl A vl el SrRE e, Al
bertT Yo mA gt ARl A BAH] Qoki ®m
st et
44

O\l

3 2 2 Magnesium Salt 7} 2| 26 2]-& o]-8=]
722 1925 o4 IS SRt A g o, A g4
el A FE2olA vtadl & AAA7"E, 2o
A% Es} 57153, Anglotensin [9] 9 4% =
22 FAANDD S

gk Resnick 5% & mlzu] $3} PRAE w3 gt
clar ¥ 93ked, 3 ReninX) ¢ Z& gt A& Angiot-
ensin [[¢ ¥Er} =3, 7 Ax A7 234 2UE
<8 B3] vtadj4S dAAR HEeletn sy
SETY

H

2 @T7elA rtavlgRle o T7ie] FAgE o

o3k Zolsb ggleor, W A AE FA A
o7 fo g AAgA s g9l, PRASE foj% 4
A 7 Sl e



olbo g4, Z H whavge] ET MY
o}, aa kel ¥ alol WAt IS vehix|
ow, ARTeA ggE PRAS FA|dxon
gk oFo] AlmlalAE Rgjor), Dgoled
}aim_, PRA | wh& 31&qte ofifg
£ AF AEgern 1y
'?%vﬂ} whav 48] o 3 ke
Z e Nas} K9] sjae]l= o
1

[e] ﬁzﬂ o UEMBZ), 01594 ,{Liz]-

o ¥ it

o

2

Lo g2 P
X fo

o
X,
e

o
=

5
ols

r_‘_:

29

_“

nr&ro:&»n
_%
[od
®

Hy

B
™

Srlo

K fo o dr =
f“lo N‘O E}m ok

i
iy
op ot

o
EO
N
L
2 |
bt
u-]o
i,
PO
lo
f
o2
-
i,
3

]

1984 395¢ 19841l 8YU7kx| EelA TEH

Ab 20 9} 2% P 49l 06 F Aoz A
24, utaul4 ¥ PRAE 245l thext 22 2
AE e}

1) PRA = FAv|zFo] A 1404148 ng/m/hr,
AT A 159197 ng/me/hr 24, v o] A
Renin x]9] &t 3=}el )

2) ¥R ZgA £ ALAETAA 8
AT A 0.14+049my/ dl 24 oF Txtell EA

=4 ~|9r ]?ﬂ- z]—o]jl. 040-1_1_’ %ﬁ_ -goﬂ
o FAlHoz felat AatalA = ¢l
3) PRA ¢} il HA 276 4

_Z:

o

R
LA g o, 4T FAgH ez fo

g oFe] AalalAl £ 2yl (PC0.025).
4) B vl gRE A4 2T A 2.8540.82m

/dl, AFFAA 2624034 mg/dl 2 A of F-7kel] £4|
}H o7 o Aolrl G, FT HgRlekE <
Tl A 25 A o2 {5 Alaad st oo

\:}.'

5) PRAS} st fobs AAul 2T 4T &
TAA 25 BATHe s fE AAA

ol 4o 24 Zg U ulau|gre] F algke] 2o
b ma gk Wale] wAlE o gl

2ol Ego] 2 aus P 74%4.

REFERENCES

1) McCarron DA, Low serum concentration of io-
nised calcium in patients with hypertension, N
EJM, 1982 307 : 226 — 228.

2) McCarron DA, Calcium and magnesium man-
nesium nufrition in human hypertension, Ann,
1983 ; 98 : 800 — 805.

3) Resnick LM, HL John,E Jean and HA Mich-
ael, Divalent cations in essential hypertension :
Relation between serum ionized calcium, mag-
nesium and plasma renin activity, NEJM, 1983
5 309 : 888— 891,

4) Kesteloot. H and Geboers J, Calcium and bl-
ood pressure, Lancet, 1982; 1 : 813 815.

5) McCarron DA, CD Morris and C Cole, Diet-
ary calcium in human hypertension, Science,
1982 ; 217 : 267—269.

6) Schroeder HA and B West, Relation between
mortality from cardiovascular disease and trea-
ted water supplies JAMA,1960 ;172 :1902—1908.

7) Stitt FW, MD Crawford, DG Clayton and JN
Morris, Clinical and biochemical indicators of
cardiovascular disease among men living' in
hard and soft water areas, Lancet, 1973 ;1 :122
— 126.

8) Belizan JM and V Jose, The relationship bet-
ween calcium intake and edema, proteinuria
and hypertension— gestosis : an hypothesis, Am
J Clin Nutrition, 1980 ; 33 : 2202 — 2210.

9) Ayachi S, Increased dietary calcium in the sp-
ontaneous hypertensive rat, Metabolism, 1979 ;
28 :1234— 1238.

10) McCarron DA, NN Young, BA Ugoretz and
S Krutzik, Disturbances of calcium metabolism
in spontaneous hypertensive rat, Hypertension,
198133 :1—~162—167.

11) Neri LC and HL Johansen, water hardness and
cardiovascular mortality Ann N Y Acad Sdci
1978 ; 304 : 203 219.

12) Thulin T, M, Abdulla, I Denker, M Jagerstad,
A Melander, A Morden, B Svhersten and B
Akesson, Comparison of energy and nutrient
intakes in women with high and low blood pr-
essure levels, Acta Med Scand, 1980 ;208 : 367

—47—



373,

13) Shine KI, Myocardial effects of magnesium, Am
J Physiol, 1979 ;237 : H 413— 423.

14) Clowes GH and FA Simeone, Acute hyperca-
lcemia in surgical patients, Ann Surg, 1957 ;146
: 530 — 540.

15) Weidmann P, SG Massry, JW Coburn, MH Ma-
xwell, J Alteson and CR Kleeman, Blood pre-
ssure effects of acute hypercalcemia : Studies in
patients with chronic renal failure, Ann, 1972 3
76 : 741 — 745,

16) Brinton GS, J William and DL Lynn, Hyperten-
sion in primary hyperparathyroidism : The ro-
le of the Renin— Angiotensin system, J. Clin.
Endocrinol. Metab, 1975 ; 41 :1025— 1029.

17y Aoki K, K Yamashita, N Tomita, Tazumik and
Hottak, Defective calcium transport by cardiac
sarcoplasmic reticulum in spontaneocus hypert-
ensive rats, Circ Res, 1977 ;40 : I—62—69.

18 Mulvany MJ and N Nyborg, An increased ca-
lcium sensitivity of mesenteric resistance vess-
els in young and adult spontaneously hyper-
tensive rats, Br J Pharmcol, 1980 ; 71 : 585-596.

19 Devynck MA, MG Pernollet, AM Nunez and
P Meyer, Analysis of calcium handling in er-
ythrocyte membranes of genetically hypertens-
ive rats, Hypertension, 1981 ; 3 : 397 — 403.

20) Torrsson MA and GL Wright, Transport of

calcium by duodenum of spontaneous hyperte-

nsive rats, Am ] Physiol, 1981 ;241 : G 344 —347.

21) Wright GL, MA Torasson, JJ Barbe and W Cr-
ouse, The concentration of ionic and total cal-
cuim in plasma of the spontaneously hyperten-
sive rats, can J Physiol Pharmacol, 1980; 58:
1494 — 1499.

29 Suki WN, Effects of diutretics on calciuvm me-

tabolism, Mineral Electrolyet Metab,1979;2 :125
—130.

23 Cohn JN, Calcium -and vascular reactivity, Ann
1983 5 98 : 806— 809.

24) Stone PH, MA Elliott, EM James and E Brau-
nwald, Calcium channel blocking agents in the

disorders : [l He-
modynamic effects and clinical application, Ann
1980 5 93 : 886 — 904.

25) Hurwitz L, L] McGuffee, PM Smith and SA

Little, Specific inhnibition of calcium channels

treatment of cardiovascular :

by calcium ions in smooth muscle, J Pharmac-
ol Exp Ther, 1982 ;220 : 382— 388

26) Walker BS and EW Walker, Normal magnes-
ium metabolism and its significant disturbanc-
es, J Lab Clin Med, 19365 21 : 713— 720,

27) Albert DG, Y Morita and LT Isei, Serum ma-
gnesium and plasma sodium levels in essentil
vascular hypertension, Circulation, 1958 ; 17 :
761 — 764.

28 ) Blackfan KD and B Hamilton, Uremia in acu-
te glomerular nephritis : The cause and treatm-
ent in children, Boston Med Surg J, 1925 ;193
1617 — 628.

29) Altura BM and BT Altura, Magnesium and oo
ntraction of arterial smooth muscle, Microvasc
Res, 1974 ;7 : 145— 155,

30) Horton R and BG Edward, Effects of aldoste-
rone on the metabolism of magnesium, ] Clin
Endocrinol Metab 19625 22 : 1187 — 1192.

31) Coraboeuf E, Ionic basis of electrical activity
in cardiac tissues, Am ] Physiol, 1978;234(2):
H 101~ 116,

32) Meneely GR and HD Battarbee, High soudium
—low potassium environment and hypertensi-
on, Am J Cardiol, 1976 ; 38 : 768 — 785.



