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INTRODUCTION

Side by side with Ca,P,K,S,Na,Cl, and Si,Mg
is an important element. Mg also has a great
difference from Ca which has many similarities
to Mg as element. That is because Mg has scant
single and peculiar symptoms and signs and is
often masked with coexisting other electrolytic

abnormalies. In vivo, it is known that Mg has

activating and catalyzing actions on enzymes,

such as activation of phosphoric enzyme, reac-
tion including ATP, action on many tissue
phosphoric groups and so forth, playing a cen-
tral role in the transfer, storage and utilization
of energy. Especially, the correlation between
Mg deficiency and cardiovascular diseases at-
tracts attention. Arthura® reported that Mg de-
ficiency caused thinning of peripheral arteries
and arteriolae and subsequent hypertension. A
study on the changes in the concentration of in-
tracellular free Ca®* during Mg deficiency was
made in rat leukocytes with an aim at elucidat-
ing the defense mechanism of the body. It has

** regulates various cellular

been known that Ca
functions. For direct measurement of intracellu-
lar Ca’* concentration, an assay system using
fluorescent probe quin2/AM was recently devel-
oped and its much detailed analysis has become
possible. AndersoonZ) observed an increase in

Ca®’* concentration following the stimulation
with FMLP and indicated that the increase re-

sulted from the influx of extracellular Ca’* and
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Ca’" release from its intracellular pool which
were caused by stimulation with FMLP. Fur-
ther, there was also a possibility that Ca®* re-
lease from its pool occurs first after the
stimulation with FMLP, resulting in Ca’* in-
flux. The present study was made to examine
that Ca’®" is involved in the stimulus response of

neutrophils of the Mg deficient rats.
MATERIALS AND METHOS

1. Animal care and diets.

Twelve Sprague-Dawley strain male rats (120-
150g body weight; Japan Clea Co., Tokyo) aged
5 weeks were individually housed in stainless
steel wire bottom cages in a room maintained
at 22-24°C with 50% relative humidity. The room
was lighted from 07:00-19:00. Animals were fed
a basal diet (AIN-76TM) for 10 days. They were
randomly assigned into two groups each con-
taining 6 rats. As shown in Table 1, the basal
diet was a purified casein-based diet based on
AIN-76TM. Food and deionized water provided
ad libitum.

2. Preparation of rat neutrophils

The rats were killed by exsanguination from
abdorminal aorta using a syringe under light
ether anesthesia on day 10 after fed with experi-
mental diet. Blood samples were taken into a
heparinized tube and diluted two fold with
Hanks balanced salt solution(HBSS). Lymphop-
rep density gradient was used for the separation
and sedimentation with a 1.5% (w/v) dextranT-
500 solutions described by Suzukia). Cells were

isolated and stored in Dulbecco’s phosphate
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Table 1. Composition of experimental diets.

Constituents

Control

Deficient

Amount (% )

Casein 20.0 20.0
Cornstarch 15.0 1.0
Sucrose 50.0 50.0
Fiber 5.0 5.0
Corn oil 5.0 5.0
AIN Mineral mix 3.5 3.5 !
AIN Vitamin mix 1.0 1.0
Choline bitartrate 0.2 0.2
DL-Methionine 0.3 0.3
Magnesium?’ 500 ppm 14 ppn
These mixes were purchased from Oriental Yeast Co.,

Ltd.,Tokyo and Wako Pure Chemical, Osaka.

1)AIN-76"" mineral mix prepared without Mg(g/Kg):
CaHPOt.500.0;N8Cl,74.0;K3C6H507H20.220.0:](2304.52.0;

manganous

cupric carbohate.0.3;K103,0.

Sodium selenite, 860x g,

2)Mg0, 24.0;magnesium oxide was

mineral mix and Mg was

spectrophotometry.

buffered saline (PBS). The trypan blue exclu-
sion test exhibited 96% cell viability was ob-
served in the final cell suspension.

3. Determination of cytosolic free Ca’*

The content of Ca’* of PMN were analyzed by
using Rink’s (fluorescent Ca’* indicator, Quin
2/AM) method”. Spectrofluorimetric experi-
ments were conducted on a HITACHI F-2000
fluorescence spectrophotometer (Ex339nm, Em
492nm). Double wave length excitation method

were used in order to investigate how time-

determined by atomic

carbonate,3.5;ferric citrate,6.0;ZnC03,1.6:

01;CrK(S04)2-12H20,0.55;

omitted from AIN-76T"

absorption

dependent changes in the fluorescence of quin
2/AM and FMLP dependent activation. PMN
were stimulated by 107"M FMLP. A saline me-
dium containing 145mM NaCl, 5mM KClI,
1mMNa,HPO,*12H.0, 1ImMCaCl,, 0.5mM MgSO.-
7H.0, and 5mM-glucose, buffered at pH7.4 with
10mM Hepes/NaHCO;/100ml was used for all
experiments. The hydrolysis of quin2/AM can
display as monitor by changing of fluorescence
spectrum. Quin2/AM was added to a final con-

centration of 30 #M, from a stock solution sus-
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pended in dimethyl sulfoxide (DMSO, storage at
—20°C). PMN were incubated for 20 min, after
which quin2/AM was added the suspension was
washed twice with PBS. Just before use, a sam-
ple of the cell suspension was centrifuged and
resuspended in medium. Each cuvette was 5.0-
10.0 x10° cells/ml and the cuvette holder was
thermostated at 37°C and equipped with a con-
tinuous stirring device. The fluorescence produc-
tion of normal condition (F), after the addition
of FMLP and 0.1%Triton X-100 (Fmax) for de-
stroy of cell membrane were measured, respec-
tively. Finally, 100mM ethylenebis tetraacetic
acid (EGTA) was added in excess to chelate all
calcium (Fmin). The formation of Ca’* content
was used as previously described by Rink"
Ca®*

cent intensities measured at 339nm excitation

was calculated from the ratio of fluores-

and 492nm emission using Rink’s method. The
formation was-as follows;
[Cali=Kd(F-Fmin)/(Fmax-F)

An excellent fit is obtained to the theoretical
behavior for simple 1 dye: 1 Ca binding with an
effective dissociation constant Kd of 115nM. The
values obtained using program for measure-
ment of Ca’* concentration were converted into
Ca’* concentration by the automatic data proc-

essing.
RESULTS

Body weight gain of Mg- deficient rats was
shown as Fig.1. Table 2 shows the plasma Mg
concentrations and white blood cell counts. The
procedure was illustrated in Fig.2. Almost two
dotted lines of fluorescence intensity are the ef-
fect of stimulation with FMLP and destroy of
cell membrane by Triton. The Ca’* level at
time 0 was estimated from the fluorescence in-
tensity following the addition of FMLP. The re-
sults of the examination of the activity of PMN
and the involvement of Ca’* indicated Ca** con-

centration after about one minute from the
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Fig.1 Body weight gain of magnesium deficient
rats. The rats were fed AIN-76 purified diet
for 10day and then experimental diets for
10 days ad libitum. Results are expressed as
means £ SD. * P<0.05.

stimulation by FMLP to be higher compared
with the control group and the difference to be
greater with time as shown in Fig.3. By scan-
ning the changes in fluorescence intensity due to
changing the Ca’* concentration, its was shown
that FMLP stimulus was transferred as a sig-
nal, resulting in a increase of the intracellular
Ca?* level. For measurement Ca’* concentra-
tion, cell membrane was destroyed by adding
Triton-x100 after stimulus response and the

maximum Ca?* level was determined. At the
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Fig.2 The procedure and Ca’*-dependent fluorescence
intensity by addition of FMLP. Triton. and
EGTA.
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Table 2. Plasma magnesium concentrations and white blood cell counts.

Day 4 7 10
Plasma Mg Cont. 12.73%0.81 13.5813. 49. 14.27+1.70
(ueg/ml)  Def. T.9441. 79%%  4.88+1. 56%% 2. 68+0. 32%%
Total WBC  Cont. 6,420&1,870 7, 9604&1, 510 8,700%1, 680
(cells/mm®) Def. 7,860%1,590 25,230+11,780% 34,020£16, 940%%
Neutrophil Cont. 1,232£553 2, 448780 2,070£870
(cells/mm®) Def. 1,091£637 6,904+2, T03%% 12, 45046, 570%%
Eosinophil Cont. 10212 129441 1404100
(cells/mm®) Def. 99116 986+386%% 1,97041, 430%%
Mononuclear Cont. 5, 086+190 5, 38412, 030 6,4904£910
(cells/mm®) Def. 6,671+221 15, 21745, 956% 19, 600£6430%%

Results are expressed as mean = SD.
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Fig.3 The concentration of Ca’* in Mg-

deficiency and control groups. Values are
mean *=SD(n=6).

* P<0.05: *x P<0.01.

* p<0.0 ; * * p<<0.01.

beginning of Ca’* concentration was almost
150nM and is reach in approximately 400nM in
Mg deficient group. Its amplitude is nearly 3-
hold higher than that obtained in the normal
condition. After about one minute from the
stimulation by afmlpa in the Mg deficient
group to be higher compared with control one

in Ca** concentration.
DISCUSSION

From the above results, the present study sug-
gests that the liberation from the intracellular
storage site and the extracellular inflow are
thought to be involved in the Increase in intra-
cellular Ca’" concentration and the change im-
mediétely after the stimulation. The change
with time are thought to reflect the liberation
from the storage site and the intracellular in-
flow, respectively that Andersson suggestedz).
Korchak® has

extracellular calcium mobilization and correlated

examined intracellular and
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these movements with the observed pattern of
phosphoinositide remodeling using the three
stimuli FMLP, concanavalinA, and phorbol
myristate acetate (PMA). It was indicated that
Ca’**can be mobilized from intra-and extracellular
pools; the pattern of calcium movements has
been shown to very with the stimulus. In case of
Mg deficiency, the intracellular Ca’* concentra-
tion is increased not only immediately after the
stimulation but with time, so that both the lib-
eration from the storage site and also the
extracellular inflow are thought to be elevated
as shown in Fig.3. It was assumed that the
opening control of Ca’* channel and/or the
metabolic turnover of inositolphospholipid might
be involved in the increasing system for intracel-
lular Ca’®* concentration, whereas a control sys-
tem through cell membrane, some regulating

2* and/or a regulation system me-

factors of Ca
diated by mitochondoria may be concerned in
the reduction of Ca’*. Intracellular Ca’* has
various effects on a wide range of cell func-
tions, i.e., contractions of skeletal and smooth
muscles, deformaion and movement of cells,
cell division, phagocytosis and secretory activi-
ties of cells in the pancreas hypophysis and
adrenals. Recently, it was suggested that Ca®*
is mediated in the release of transmitter sub-
stance from nerve endings and the membrane
transforming mechanism of axons. It seemed
essential for health care and protection of dis-
eases to keep the homeostasis of Mg and other
electrolytes. Further, it was found that Mg
plays some important roles in various physio-
logical activities such as peculiar membrane
functions, nerve transmission, Ca’* channel, ion
transport and immune response. It is also nec-
essary to investigate other fluorescent indicators

such as fura-2 to measure Ca’* concentration.
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SUMMARY

It has been investigated in order to clarify the relationship among magnesium(Mg) intake, Mg
density mg/1000Kcal and various disease, Itokawae) reported that 150-300mg is optimal amount of
Mg for recommended dietary intakes from evaluating dietary intake data in normal Japanese man.
Recently, the amount of Mg intake tends to decrease by changes in the nutritional environment.
Phagocytes such as polymorphonuclear leukocyte (PMN), monocyte or macrophage incorporate mi-
croorganisms and foreign matters intracellularly and kill them. This bacteriocidal process involves
partially the degranulation which discharges the granular contents intraphagocytically or
extracellularly and partially the formation of highly-toxic active oxygen by activating acid metabo-
lism. PMN plays an important role in early vital defence mechanism though its phagocytosis on
those microorganisms and bacteria which have invaded intracorporeally or its bacteriocidal action.
On the other hand, Mg can be regarded as a natural weak Ca2’*-antagonist since Mg has a compet-
ing effect on Ca’*. Both elements are physiologically important minerals. In the present study,
changes in free cytosolic Ca®® concentration of isolated rat PMN cells following N-formyl-
methionyl-leucyl-phenylalanine (FMLP) stimulation that a bacterial chemotactic peptide were meas-
ured using quin2 acetoxyl-methylester (quine2/AM) as an intracellular Ca’* probe. Mg deficient
group was higher than that of the control group in Ca’® concentration. After about one minute
from the stimulation by FMLP in the Mg deficient group to be higher compared with the control
one in Ca’* concentration. In Mg deficient rats, the intracellular Ca’* concentration is increased not
only immediately after the stimulation by FMLP but with time. It is considered the effect of the

2+

storage site and extracellular inflow on Ca’* concentration.

I ETICMgIBEUE (1000kcal2i/c ) OMgREE), B4 ORFHE L Mg OBIREIALAICT S icREIBEEN
T3, RINEAERAICBY ZMgOBEEBRE L L T—HHD150-300megBBETH 2 EMEL TS, E,
MegERBEABEEOL/LA SEIERICS B LENhTVWS, LIAT, ZEZEMK (PMN), Bk, 5@~
s 07— YORIEARMEMPENZENICRDALZTNSLEBELTVS, CORBIFAOBETRIANS S
(IR O SRR HS— BRI ERRT % 5] 2 & UIEHEMLRIRBHIC & » TRVWEBH AR T EEBEREEH WL TV 5, PMN
RIAPICBA L idy . REMEIICH U TAERO—KBFERIGK BV TERLSREZE->TW5, —4, MgidCa
EFORROETERAEL TV B EEL SN TS, Ca, Mg& bIABFINICERL S x5V TH L0, KR
W5y b D DEEL 1-PMNOBEMCalBE OELEEM~TF FTH ZFMLPEZHBA. quine2AM %27 v — 7
ELTHRIE Lo, HEEPINEEE Ca BB I3 Mg REH TIMBER I VEBEER LI, $4bb, MgRZBICBWVWTF
MLPI & 2585 558 1 HRICINBE ELE LE#ER LI, MgRZETRMRANEHECaRERFMLPICEL S
FIBERITH D TR BEOBRE & SIIEM Lz, TOT &3, MIENCaRESIEMA,» & Llians» 50
RAOHEPEE L TWE EEX SN,
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