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The element changes of Electrolytes and Hormones

Pre & Post the Performance of Exercises Induces
by Environment Temperature
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< Abstract>

In order to elucidate the interrelationship between electrolytes
and exercise the investigation was undertaken to determine the
electrolyte levels in young males took on varied environmental
temperatures (13C, 24 C or 34C). 10 healthy young males were
used for the experiments. Our results showed the following
significant changes;

1. The raising of the environmental temperature, the weight
reduction were increased due to marked sweating.

2 In the electrolytes of serum, decreased the K’ concen-
tration at 13C, but increased the Na  or Cl concentration at
94°C. and increased the Na' or Cl, or Mg~ concentrations at
MT.

3. The raising of environmental temperature appear to be
increased PRA,Ang I, Ang II and ALD levels, whereas no
changed ADH level.

4 Serum levels of PRA, Ang I, Ang II and ALD were
incresed after exercise, and their increments were incresed parallel to
the increased environmental  temperature. However, there no
significant change in ADH, level.

In conclusion, exercise induced not only changes of serum
electrolytes levels such as Na" CI', K', Mg, but also serum
hormonal changes such as PRA, Ang I, Ang II, ALD.
However, ADH level was not changed significantly. These
changes were more prominent In exercise at hot temperature
than in lower temperature.
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kA sl §l cH(Houdas & Ring, 1982 ;5 Houdas

5, 1978). 4& 9% wAshE e AL
o] )% eERT ¥ Agolt WA
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Table 1. Physical Characteristics of Subjects

S —— _— =

exercise group

Agelyear) 19.4+£0.97
Height(cm) 173..01+:5.40
Weight(kg) 64.0+7.80
Body surface area(m’) .76 +0.124

Values are mean=* SD.

22 54 ¥W

24 A x99 MHAAL vgE HgE] 47
3t7)o] 7} ol %<1 13T(1999d 34
239 &% 40%, %% 33m/sec)s}, BE}7|ol
ZbAF A g 5Q 24°T(19999 54 54, F %
53%, <% 0.7m/sec), 18| i &387]|o| L&
g3 f4olgtn Y4EHe 5 34T(1999d
69 149, ¥ % 53%, &% 4.3m/sec)= 3.
¢ FEE R EE5FoAM AAEA FRS
Z1& #HsA Esd. &% F8= 2.5km
ge7| 2 don, 33 EF LF 1A|0A 24
308 Alo] Y& & oA AAlstt.
zAgue gF Az (Na,K,Cl, Ca’,
Mg' )3} 8% $ 2% (Plasma renin activity;
PRA, Angiotensinl;Angl, Angiotensin II; Ang II,
Aldosterone; ALD, Antidiuretic hormone;A DH)
o8 &3t

A Ay z2 FAHAS 98 A T AMES
25Km E#dgzgl7] $% A& AR, &% €

G FFo] &4 FoUE 3 &5 Ao
20me4 FEtgch PG YL FA U4l
712 g&3 g MER Rso, g4 ¥
A8l7] A7A -196TC el AA A4 =B H
w3t g5 AfA F Na, K, ClI'Y 5%
= AT Add BEAFAQ electrode® & ©f
835l BAHI, Ca'9 H%EE OCPCHL
2 BAslglen, 85 Mg < add EF
& o] &3l v A A w3

s282 EA(Renin, Ang [, Angll, ALD,
ADH)& 7y -4& o]&43 ¥WAlHYg FAY
(radioimmunoassay) 2.5 &} %1 t}.
A% TS+ Table 29 3t}
Table 2. Experimental Equipment
E:gﬂnﬁ:‘r&fﬂm Manufacture| Model No Remark
Electrolyte Kone Microlyte SoramiNaT K63
Analyzer

S5 Ca’’
OCPCH] obabalel | Hitachi 7150 |70 0
AW | W-e# | Hitachi 7150 |Serum Mg

Renin, ADH,ALD,
RIAY] Pamasa CL-750

Hormone
RIAY Aroka Renin1202-24 |AAngiotensin 1, 11

ool SAF Ay gt FAAYE
SPSS/PC+ %7 package program= ©|-8 3}
ow, 2z} ZA3 & g Hi¥(mean) H HF
HAHSD)E F8Hx, &% H-F Hd Ao
of g FJA S Student t-testE A
dack 2} 59 Aolo] it #oA HET
Q) 1 HR-A (one-way ANO VA)S & &%l e
H, 5%(p<0.05)°lWE EAHoR Fosrial
Bkt A HAE5 LS Newman-KeulsHo 2 4
A 813 o

3. d+4d3

3.1 AF ® A2 Wz

R %7 13T, 247C, 34TCY 9 2.5km
g2zl A-Fo AT Ao WIEN=
Table 3% 2o,

AFel Wale 13CAA = 324+0.2964g, 24°C
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o A= 340+0.1101g, 34Tl A= 600%0.2082¢
o RFALEI LUnFE AL AL

A3 FEdAFECH)e] F7)8HH .

|22 13CoAA %5 d-F5 vag] v
+5 Aol 36.01F0574901A F  Fo=
35.30£0.680% (p<0.05), 24TolA¥x= 3657+
040191 A 35.75+0.652% &9 A (p<0.01) 2t
2t A4S B 5 oy, 4T 3704+
024391 A 3681 +0459% 9z AW 7H4

st A¥o = e

AT EMHE W T2E ol

FTEST % & -3 wgod Zolzl {3
PRAC] FXx(ng/m¢/hr)v= %
1.56094990A] 549+374 %
(p<0.01), Ang I 9] & %(pg/ml)= 541.0--459.6201 A]
1471.0 £128743=2(p<0.06), Angll®] &5 (pg/mb)+=
21.71196791 4 51514604 =2(p<0.06), ALDE % (pg/
md) 102.1 6621904 161.8+100.152 2k} 1-2]8}
A(p<0.01) F7FsFE ADH+ 357 « &

Ao W3tz flado.
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Table 3. Changes in body weight and temperature after 2.5km running on the track atl different

temperature(n=10)

Temp. Body Weight(kg)

Pre-exercise Post-exercise Diff(pre-post) Pre-exercise Post-exercise Diff(pre-post)

o Er— —_ x = e

[Lxer time
Body temperature(C)

(min)

T E—— e w3t b e E

13C 64.59+7.5600 64.27+7.59]

-0.324£0.2964 36,01 £0.574

S =gl Ta g i
39.30 £0.680 -0.705 206907 12.86310.177

24C 63.8217.394 6348+£7309 -0.340*0.1101 365710401 13575+0652" -0821+£08954 12.86+0.498

34T 63.40+7.430 62.80+7432 -0.600%0.2082 04+0.243 ~0.237 £ 0.385 3.06 1+ (.42
K )82 37.04%+0 681 4 0,450 0.237 01&;?_“11{13 0.429

I'-ratio 0.1815 0.2231 a ??4 3 0.6788 10.3751 1.4559

Pvalue p<(.05 p<0.001 p<0.001

values are meant SD
+ Significanlly different from Pre-exercise (p<0.05).

*+ Significantly different from Pre—exercise (p<0.01).

3.2 QN5 7F 13CY o] Yo A4
L =R

IB“CGIH"E] TE A3 dF M@y s=
= W3le] A= Table 49 Fig. 1, 29} 3t}
13°C ol] A] %J_% A do A= Na'el ¥&%
(nEq/ £)¥ &% A 1391137904 &%5%
138812328 A9 w3yl ATt K'Y ¥
E(mEq/ L) & A 5211048401A 5%
466105042 72 8t A(p<0.05) #4359t CI
o] FXx(mEq/L)v &5 A 1059114504 &
¥ 107211818 A FrlstE Aoz
EFWr), Ca' 5 S(mg/dd)= &% A 9.02+0.305
oJA] &&F 910103208 A FrtslE Ao
S8 YENY. Mg FE(mg/dd)yE % A
20410171914 +&F 197+02798 t}Aax 7
ek, FA8 oz Na', Cl, Ca'’, Mg"”

TEMP, temperature, Exer lime; exercise time

33 QA2 24CYU v 3HHo Aa|A
4 32 W3}

ACANE 5 A 59 4% Qs &
2 9] W3l Tableb9t Fig. 1,29 2}
Na'¢] FTrx(mEg/ L)y +% A --FE& nd
138.1£1.97o A 140.71£1.162 F7}ste] & oo
T5HASE BFA}. Na'¢ *5-‘%:9} u} z}
VA2 Cl 9 F5(mEg/L)y % # .
1119433804 1166+263058 2% % %g}
5 Al(p<0.01, p<0.05) F7FskAct. K'e %+
(mEg/ )= &+ A - 3F& WH 412*()'343*-‘4
A 42110260 & t}ﬂ 789 on. C
FE(mg/d)sx: & A - FEF BAE 931+0.31]
ol A 940+0.3160 %, Mg”‘ﬂ &5 (mg/de) S Al
; 1.84+0.17801 4] 1.88+

&5 A -
0.148e.2 ti F71& HIU.

-F MW
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Table 4. Changes in concentration of serum electrolytes
and hormones after 2.5km running on the track at 13T.

Pre—-exercise Post-exercise

Electrolytes

Na' (mEqg/¢) 139.1 £1.37 138.8+1.23
K' (mEq/¢) 521 10.484 4.66+0.504"
Cl" (mEq/¢) 1059+ 1.45 107.2+181
Ca’ (mg/de) 9.02+0.305 9.10%0.320
Mg' (mg/de) 2.04%0.171 1.97£0.279
Hormones

PRA (ng/ml/hr)  1.55%0.94954 549+ 3,784
Ang 1 (pg/ml) 1.0 459.62 1471.0+1287.43°
Ang [I(pg/mé) 217X 1967 51.5+46.04°
ALD (pg/me) 12.1 +65.21 161.8+100.15™
ADH (pg/ml) 1.68+0.473 1.981(.958

Values are mean+SD.
+ Significantly different from Pre-exercise (p<0.06).
++ Significantly different from Pre-exercise (p<0.01)

288 o7 K', Ca’, Mg ¢ &%(mg/de)
A& Aol Wzt gldy-.

8 28 F PRAF%=(ng/mi/hr)v &%
.38 wW 245+13219A4 7.74L3517%
(p<0.001), Ang 1 & %(pg/md)= 1060.0E777.65
o A1 3594.0*3591.33 % (p<0.05), Angll's *(pg/
ml)x= 149115319041 724+ 76595 (p<0.05),
ALD® ¥ %(pg/ml):= 100.7£47.2091 4 1839+
65.19% %2 &A1 (p<0.01) F7tst ey, ADH
9l Fxy Ao W37t fiddh

T - TR, =
j S

34 IR A LS 34TY W Yo AsA
W o aE g

4T e &% A -F gF HafdN =
o] W3l Table 63 Fig.1,20] YERY AT

Na'®l ¥%(mEg/l)v &% % -F& H4H
1370109491 A1  138.6+1.78% (p<0.05), Cl ¢
=S (mEg/ L) 10481063014  107.2%1.14%

(p<0.001), Mg "9 &=(mg/dO)e +53 219+

A3¢ A235 (2000.5)

0.12901 4] 2.35+0.097%, 2zt 28k Al(p<0.05)
Z718t9 04, Ko Fx(mEg/ L) 48711153
o Al 499+1.155%, Ca (mg/dl)e] &%+ 944+
0.27201 4 966+0.1960.2 &% # - Jo] AHe W
3171 ATk,

Table 5. Changes in concentralion serum
electrolytes and hormones after 2.5km running on

the track at 247T.

Pre-exercise Post-exercise

Electrolyles

Na' (mEqg/?) 137.0%£0.94 1386+1.78
K' (mEqg/€) 487+1.153 499+1.155
Cl™ (mEq/ ) 104.8+0.63 107.2+1.14"
Ca'' (mg/de) 9.44%0.272 9.66+0.196
Mg'" (mg/de) 2.19+0.129 2.35+0.097
Hormones

PRA (ng/ml/hr)  3.78+2.441 1275+ 4.487"""
Ang 1 (pg/me)  28820+262571  7070.0+4452.48°
Ang Tl(pg/m¢) 146.5+87.35 4388+ 404.31°
ALD (pg/me) 86.7+41.40 241.4+140.58"

ADH (pg/ml) 1.52+0.319 1.69£0.247

Values are mean+SD.
* Significantly different from Pre-exercise (p<0.05).

#«*  Significantly different from Pre-exercise
(p<0.01).
s«+*  Significantly different from Pre-exercise
(p<0.001).

daEs A &% A - Fo| PRAF =(ng/ml

/hr)< 3.78 = 2.441 || A 12.75 4487 =
(p<0.001), Angls 5 (pg/mi)e 2882+ 2625.71¢
A 7070.0 +4452.48 % (p<0.05), Angll's *=(pg/
ml) = 1465+ 87.35 ol A 438.8+:404.31(p<  0.05),
ALD®9 Fx(pg/ml)< 86714140 A4 2414+
140582 62 8t Al (p<0.01) F 78t o, ADH
o] =% (pg/ml)y 152103199 A4 1.690.2475
37t {1t
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Table 6. Changes in concentration of serum
electrolyles and hormones after 2.5km

running on the track at 34TC.

Pre-exercise Posl—exercise

Electrolyles

Na' (mEq/ ¢) 138.1 £ 1.97 140.7%1.16"

K' (mbg/¢) 4.12+0.343 4.21+0.264

Cl (mEg/ ) 111.9+3.38 116.6+ 263
Ca"' (mg/de) 0.31:+0.311 0.40+0.316
Mg (mg/de) 1.841+0.178 1 88 +0).148
lormones

PRA (ng/me/hr) 245+ 1.32] 77435177

Ang 1 (pg/me) 1060.0 X 777.65 3594.0+ 3591.33°
Ang H(pg/mb) 14.9%15.31 724+ 76.59
ALD  (pg/mt) 100.7 4 47.20 183.9%65.19"

ADIL (pg/me) 1.65+£0.973 1.6420.740

Values are mean 5D,
¢« Significanlly different from Pre-exercise (p<0.05).

¢+ Significantly different  from Pre-exercise
(p<0.01).
¢«sx  Significantly different  from Pre-exercise
(p<0.001).

35 13T, 24T, 34TC&% o #Afd R =
2 & Wi}

oA Lew Zhe] Asjd ¥ FTEE Fh
Fig.1, 29} 3t}

Na'®l &% 13C9} 24T7kol 13T wjr.th
a0 & Al (p<0.01) ZF7Fstl ey, 13Tk 34T,
24°C. 34CAtolol &= -2t ko] 7} AU
K'e] %% 13C$ 24T, 13Ce 34T
80l Al (p<0.05) E7}8gl o), 24Tk 34CA|
olo] f2]% Aol7t AN

Cl ¢ Ca'e 5%+ 13C924C B 34T 3ol
&ol g #ol7t fUAY.

Mg''e] w5+ 13C9 34T w28
(p<0.05) Aol7b Ao, 13T 24T % 2
4T 9} 34C7rol = f9 3 #ol7p AT
PRAS ¥%3 13T ¢ 34T (p<0.01), 24C %}

4C 7o) G2l &t Al(p<0.001) S 7Fetl e, |
3C 9 24 CAelol &= F2l st &ho] 7k 1Y
Ang I 9 H5%% 13T 24T (p<0.05), 13C
9} 34°C (p<0.05) 2 24T %}

934°C A}ololl & 2] 8} Al (p<0.05) kel 7t QLA T
Anglle] 5%¥ 13T¢ 24T, 2 34T &3}
o] felg Aozt flUTt.

ALD®e %% 13T 34C3rel 2%
(p<0.05) zko]7} A ert, 13Tk 24T, 24T %}
34CALolol &= el g zte]7F fIUH-.

ADHS H%: 13C¢ 24T, 2 34T 2z 3
o] Geldk xpe]7t AU

4. 31 &

4.1 A7 RN A2 W3}

13C2 w AFAAE 324102964, 24CL
= 340+0.1101, 34C A& 600+0.2802% &5
7} ALssbaE wokr). (REE WI(1990)0) °] sk
talz] 2ol wrEabe 1100 me/hr, wFeHE 9
29 = 1300 ~ 1500 mé/hrolw], ©o]Z1L ¥ 4
oA 13C WatEe 1610 me/hre]al, 24T+
1586 me/hrit o) (EE 1(1990)e] Eel”] &
o] 799 fAMg Aact 34T HFE
2757 ml/hre U 191(1990) 2] vlekEe] 4 e}
oAl on, oA ASFAE A7 WG
o] Z7t2 MFo| iy Ao Alm¥r

42 A& A diAtel VA= 9%

(1) Na'

Na' & Al oo o] & 7Hd W N
(140mEq/ ¢ )& A8 A% skl 7H%
a o&g ulAl Na'e F% Wile FNH
o] W3lE HAE 4 dow Na'el W3t A4
7} renin-angiotensin systeme]+} ADH®] 4|
of d&& FAH.
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(1 13¢
Pl 24T
34C
mEq/| 4K” mEq/| 4C|~
1™ — - e —————
7 |
1
s 10_ -
0.5 -
S_.
.0.5 A—r—"—————— ) 0
2500m run 2500m run
mg/dl dca™” mgq/dl 4Mg"
T —— ‘3.67l
1.5
pr——
0.4+
1 -
0.2 4
0.5+ 0 - 7 7 R
0...|.._.|- -0.2 [
2500m run 2500m " run

Fig.l. Incremental amounts of electrolyte after 2.5 km running at different temperture
* p<0.05 K% p<0.0l

“ 481 =



g ol b gyl Ay WME W s o] Nt

ng/ml/hr 4dPRA

25
20 | * & C] 13¢
154 I 4 24T
Il 34 C
10
5 T
0 -
2500m run
pg/ml 4 Ang | pg/ml 4 Ang |l
15000 1000 -
r__'—'* w
oy oo 750 -
10000 A T -
S00 -
250
) el
pg/ml 4 ALD pg/ml 4 ADH
5004 - - ] =™
400 + ‘ol T

2500m run 2500m run

Fig.2. Incremental amounts of hormone after 2.5 km running at differenl Llemperture
* p<0.05 &%k p<0.0]l % % & p<0.001
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Bo@dFoA 13ColA €2l7] %9 Na¥§kx
M3l % Aol M|dte] Aozl AW A
Maron $(1975) % Viru % (1971)¢] 43¢}
Q] ] 8} gt} (Tabled). ©] A} 13CTEE 9
vl 3le] &% F AF #HA7l 324gelUEdHe
ool FEo] YA e NaAde]l | fn
Hl =8 AL A= A5 vEE F U
S AJAbEIE, 2A @olA Aol FEEH W
F-%-o] vl Na'9 &) =ga ¢ uAelA
% Na'5%e HUul @4 AFre ¢udo] ¥
PR FY=7] wieleta skl

24ColA del7] &% F¢ Nases &
ol HEte  f-9 & Al(p<0.05)F 718 % o
(Table 5), °l& 34C9 ZA$% vl37HA A
(TableB). Na'¥5 =2 F7I Woege A &
Az g o FFHo] 7MY & Y AL
2 AzZtEc, 28y B Ao &% §F Na
o] ¥: 7 A== AEAHA HAHE HoAY
= 3o ollglen Cl'e % 94 Na 3

AL Zgoz WEEY.

(2) K

K've AX ol 713 B doldolm AXE
olfol= AfHoer HL F(4~bm Eq /1)
o] o ME 99 KeExs AAoly &
S e FRAH FF9 yrgol WHET wud
o] glomg ul$ F WYolA F =4 o
of g} K'e] Ao #|Adtes QAR Qled
9 e ME -2 EYXE ZHIY T
& fAse 28 Qo] AFo] AEE=
ALDE & 4 dEd ALD: A Re #HE
ZHdsle FEE FA Sz F

%A K'skel wW3le= 13ToA @E7] &
A %5 Aol nlsle] 3}AE)

g o} 24T, 34TColA = W37t U & 4
3 o] ZAxtel o]l FFA Ko wWslo] yha|A
= oy E.a_cﬂ]*ili Ztel7k Y. Rose &
(1970), Greenleaf & (1977), Van Beau- mont
(1974), Costill and Fink (1974),  Criswell &
(1992)2 %A S7hggar ®iaisklar, Ry
#Z James % (1972), Costill (1984), #H &
(1994) % Kunstlinger 5 (1987)2 <2382 %
48tk Radlgct. %, Armstrong 5 (1985)

& W3zl gl FF3A =] e FE
olt}, o]l g Aoly FEWHolY AR &=
o] zjolo] 7| ALR AEECT. #FFA
gol £42 gdo| FHHU K9 e ¢
Al F7HE 4 ey e FHoE QA
renin—angiotensinZl| ¢ ©]©] aldosterone®] <7}
b Na'S AFs7] 9% Ko AF4
K9 &5 #Za2¥ % dow(James 7,
1972), 71 A& 7)ol Ko HE71 A9 A
o]7} S FE AgE H "o AME COE
A7 UgtE AoE AlsdY.

a8y B Ao e K'Y X9 ALDS9
Atolel]l A #|AZE A§EA Ak (Table
4~6). 9% &7 S+ &% F ALDF
29 FME L AMLNE K9 571 348
2 e A 257 F7MEe w2 ALDE =
o] Z7tglo]l 24A17t w9 K'58x7F F71% A
& K'y %7} ALDol®]e] 8Rle] 9lsle] =A
Z4 g F dude A& AlARES(Tableb, 6).
=5 ALDO E}%Al{M 20~304%-°] A Yof gt
t}'A (Ganong, 1993), ¥ A golA g 20%
o9 &EH o2+ ALDo| A A Frxol I
& A G F g2 ALDS K FE7}
Mz d@Ael gle d37 UkE ez A}
IFR20=

(3) Ca"

chg vl F9 syl #Heu o9 FET
AA AFe o 001%E AA|sa glow F&
e Yol A =AE oo Fir,

Zhr2 e A fgiho BA 9 MEY A
& A=Y EFFHA 840 HFY 5
2ol Aol Mxo] FFE VAL FFFA
Za% 71%E& 933t gt Ca''e FEE
Z A8+ JNAL 2+ L d g\ | TEL
(parathyroid hormone)¥ ZA] & (calcitonin)
o] k. = F (1994)e] ©J3¥ Ca 9] F&=+&
SEHF9 v EFHAFTE Lo AT FE
& frAEnden, &% 3 FH| ©E A
ol fta AT EJ HAHFE olsle W
& Adag M3, 47 2 9 W dxEF Y
EUE &% MFES &4 ol ¢S MW
A WA gk ¥ A Aol 938
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BRI ol b A A g

H 8F Ca ¥5v 4FI{F2E 13T, 24T,
34T A e & &xoA 97l &%F 69
gt abol = fUNSY Frhste A& R, o
= Wilkerson (1982)2] 432} <l #| gk,

o]}t F7Fi= Na 59 o] 8o FFo|
oIt AR, & Yo "WAZ Mt +5Y
o F7e} & AA 7T £HE 9% 8F

F2| F7lol] 7]1% AAA =,
=2 WMo} AyR|e] F
& Holt.

Ca''%4 s 28

Ao THHYE

| =

(4) Mg’

Mg AM¥u gol& F K
Y2 AFA]S)ar, w) o] ﬁM i e W
T Al &
gt 2182 288 3 } :
Al o] diAbe Al A ?-%! ATP- Ai)l‘ NE-8-&
E£3H3 ofe] kg9 AA AL U *-Hfﬂ—:ﬂ!l*-l
gt #8E FATG A 5(1993)S AE
FES des &@x ez F “c] 5
AAIEIAE o 83 ofady s A A
T zpo]7h il e o] et fﬂ@h: FE
Aol M F g LRl cpar 83 o
ole}i= Wh & Rose & (1970)8 19694 X~
= upehE o gjol] ok 8ol gl EelA &
d vty o] A7 Ael uls) A7) Fo
123t W& 4FE& YEdgn Rausge
7 McDonald % (1988)2 o]2]gt & '5%-2] 3}
A¥ vladlgy FEL FF] AW &7 QA
79 S AXxREY vy AEE HAE
wked sl =) 8¢l

,-‘-_1_1'2_17
T ik =

‘j] ¢ Hag HIT‘}I '?"E-“’t‘l “]’F“'L'“ﬁ'gl 5
37} Fv|R& zZog oAt A v 34Tl A
Ga]7] &% Fell 28 A(p<0.01) E718 %o

U, & o5 dke W) 1y
43 &8 dape] WA= o g
{i Agol A FAHF oAGFo
g9 5A4& 49id g5 3@ PRA
< ANPoie] F%FIH Nae %71 3
AstAY Wi Aol ZEE uw PAR A
Al ¥ (juxtaglomerular cell)ol] A 1] & o]
angiotensinoger-= angiotensin I

4 B2

_——

TR W S o] N4l

M 3Al 7] oL, o] A& WA
converting

(decapeptide) & =
9] 3 q 4 (angiotensin
enzyme)°ll 2] ®F <2 angiotensin
[I(octapeptide) = vl ol A #HIE& A5 A
2 AN FES A S, Anglli= o
e Ao E 43 angiotensinase ©l
of sfo] @) ¥ o] W& A 3} gl v
ALDE WAlul oAl A4 sw aluje] Na',
Ko #38& wan A4F S FAs= 9%
8l AHRolE FEEOE AW 9 f‘l S
QoA Na'°] AFFE —v’}*I?’I”I = W=
A} A A 7 #)
A

D-’i o

s A8& @t ADHs:
(supraoptic) " & *ﬂﬁq(pdm\mntlmuldr)ﬂl
A o] M slaa] FSdol A E Atz AHESE
o] F7lalALL e A U Angllol] 2]3
of WFow feHt oMol opulia
(nonapeptide) =24 4142 Henle loop 4852}
Ashel #83tq &9 FREE F7HAA
e Waal gAHE FHAI7I At
At}

€-& Al ol 5=

1]
wFA ol Fatslel &ee] A
¥7F Qojupal Ao wol #fiuko| zhAsiA|
v (Wade9t  Claybaugh, 1980), 7Zl3}* o
renin-angiotensinZ| 7} 2t o] #]{}S G714
e AEFEFE %Rlﬁ}"’l-‘-" e}
L5 F7HE Anglli= ALD®F ADH
A}=18kn], Share?t Claybaugh(1972)
Schrier § (19792 sl o] aatgdyp 73t
of 7k 1% ALDS} ADHS| #H|& FFHA
71 A7) dckar skl

wodatel A b AHEHldlA 9] PRA, Ang |,
Anglle] F5%= &5 2271 F71§el we} 5
Zbet A%E YEhAey ALD9E ADH:
ot abelzh U (Fig  2). 13Tl A €]
25km ©@e]7] && Foli= Na gkl Aol

7] O ulEA) 2
%

Al "y

1 B yq) 52
o] M| &

PRA, Ang | "}, Angll?} F7F8t ., 24T 9}
MATCoAMe FFLRE A ¥ FHo8 Na
J wEE oue SIhslSlL s PRA, Ang
I, Angll X ALDe°] F7l8tfltt &% § Na'¥

ol Wall oy SR FAAse A% 4w
ol Aolor} PRA, Ang I, Angll ! ALD2] #
Hl = 24 & 5o vle|ste] S8, o]
renin®] W17} @] W Na o F%wsle] 7]
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OB PE RIS @RS A3 A23 (2000.5)

A&7 M= &5 F Hel &4= QA% 8
Fo] A9 W 474 FROE Udo F
748 A3 Ang 1, Angll, ALDS] 717} <4
Aoz ZiYe zZoeE AZtEY. ALDE 24T
ol oA del7] +FA F7HeH %7}
ZNEFE 2 $74%° 9 . 28y ADH
= 25km €¥]7] && F F718HA] U
o] = Beardwell 5-(1975)} Wade Claybaugh
(1980)2] A} Al YERG vt} o] PRAE &
¥ F7] 9343 F7Fét=d vldle] ADHE
o At 70%9] SEAEE Hod &FolA
= A A8 Fokel #Hol FA 343 F 718
obAra} fALgE Aoz sjAlE, ol ADH
7l €49 2Eg2HY &% Aoy S
=t} Wade®} Claybaugh (1980)2] A #}e}
&tk 2 AFolA gt o] Z oA
25km ©E7] &£Fo8 A% Na'9 = F7
71 48R e Ax ADHe| ¥H|%7F7F e
Uz e 3 YRlo g Alr g
& AE7) F71E4E AT HA, & U
go] F7Fstar ol FAFe Tt N F
Z 0 7 o]o]Zt}(Wilkerson 5, 1977). & 9 &2
a4y A9 E(carotid sinus)il  HEY S
(aortic arch)®] ¥ 71y 4w Sle
tea-7]o]  Z8-8t (Share®t Claybaugh,
1972) ADH?¢] Ab=38FAl % aL(Vera®t
Croxatto 1954 ; Kozlowski & 1967), 4% 98
Aol A AF9F == Na'el 5% F718 A8l
ol ADH9 ¥u|7} A5 v(Convertino &
1981), Mafjde] Eddol «¥ ALDS wH|7}
F7VeHA goka @9 ey ¥ A dae
Ho 54 dgte]l 44T Rowell(1974)
o] Ao e Avlteve F7ENeY 5
7] 8to] F7IEedE ol ZTEEO] FI}
gYcte AL EFo] A BEdHE ok
& o % & 8} A (hemodynamic) ¥ 8}8 =AA Z¢
& ovgo. =3 o] AEF¥XER U
Ao 2ol giFako] Aol (Rowell, 1974),
o5 #7|oA UAlEE T2 AAHE P
A%l % 328 ¥R 718 F A
He shte] 9oz Ag ¥ . PRAS A9
g olE ZTEES WAVl FEAAM AaE
oj el Hog Hol AAES] Ay FE

rr

) g

A 4L & F= U

o] g9 FFA Ha|AN TEE WIE Ko}
&% 9] %79 ¥ renin-angiotensinA 7} 2% H
i §lele] ALD7} 4718w ADHE 7+ =4
HEg-3h= ACS® ALRHUY. £§ ADHE A
g olg T EES HWizl: &YW Z2EY 2V}
48 1 3719 Fo] o ol wFo &
d 2EH 29 FI7F @YFEHEEH ¥3lE A
Al Zejdte Ao R AR €.

5. 4 &

7ol g Yoot Ao FHHoR @
g AT G2 dey 1098 g @
ALE7} 13C, 24T, 3TY W LEFVAF
g% A8d R s=ge] JEwstel wa )
i HES A% bgEa 22 482 dAYH.

1. AFE {HLE7) Ae¥8rs L3 7
o2 JEhu

2. 8% AHa&AL 13CY "= K7l #4238
i1, 24CY wWx Na'3 Clo], 34C o w=
Na', CI', ¥ Mg' "7} $7}sicth

3. 83 Z2&F PRA, Angl, 119+ ALDE
£ F 2% F9%A F71 s ey, ADHE
w37 gl

4., FHIEEY $F F F7HELE PRA,
AngLlle} ALDelA eF-87 2571 718+
2 .

olAt®} & AIREA 137C, 24T, 34C9 &
FoA &F F AMalAe we 13TCAAM=
K'o] 438, 24C, 34T A= Na', CIT %
Mg o] F713 Agoz yey, %7} s
-8 g9 Na', Cl'7t £78HA Hol &
gAoA %A NaCld3dol HLsioh %3
8% $2808 PRA, Angl, [1$} ALDE &%
T F7Msl ey O F7HELS 1 BAUSTE
¥ ket

ZF a ¥ 3

D wATF, e, FHi &% 4% ¥F

- 165 -



RIGIRE ] & sl Ay W % 3289 s

mulE )l oA R S EE WElo] v A=
A, ANXQx  PHEMHHYE, Ui,
p.182, 1994,

2) AFA 1 +% A A&, RATIAL

p.233, 1990.
3) Armstrong . E, Hubbard R W, Szlyk P
C, Mathew W T and Sils I V
dehydration

. Voluntray

and electrolyte losses during
prolonged exercise in the heat, Aviat Space
Environ. Med, 56(8), pp.765-770, 1985

4) Beardwell C G, Geelen G, palmer H M,
Roberts D and Salamonson L.
assay of plasma vasopressin in physiolgical and
pathological states in man. ] Endocrinol. 67, pp.
189-202, 1975.

5) Convertino V A, Keil L. C, Bernauer E M and
Greenleaf ] E:

and

Radioimmuno-

Plasma volume, osmolality,
PRA activity
exercise m man. | Appl physiol Resporat
Environ exercise Physiol. 50(1), pp.123-128, 1981.

6) Gilli P, De Paoli Vitali E, Tataranni G and
Farinelli A! Exercise-induced urinary abnormali-

vasopressin, during graded

ties in long distance runners. Int | Sports Med.
5(5), pp.237-240, 1984.

7) Golf S W, Happel O, Graef V, Seim K E :
Plasma aldosterone, cortisol and electrolyte
concentration in physical exercise after magne-
sium supple-mentation. J Clin Chem Biochem,
pp.717-721, 1984.

8) GuytonWB:Textbook of Medical Physiology.
Saunders Company, 8th edition, p.949, 1991.

9) Houdas Y, Lecroart J L., Ledru C, Carette
(r and Guieu J D:The thermoregulatory mechanisms
considered as a follow-up system. In: Houdas Y
and Gueu | Dleds) New trends in thenmal
physiology Masson, New York, pp.11-19, 1978,

10) Howell, Fulton, Ruch and Patton : Textbook
of physiology. Saunders Company. 21st edition,
pp. 1586-1587, 1989.

11) Lijnen P, Hespel P, Vanden Eynde E and

Amery A! Urinary excretion of Eur. ] Appl

Physiol. 53(4), pp.317-321, 1985.

12) McDonald R and Keen C L: Iron, zinc and
magnesium nutrition and athlitic

13) Melin B, Eclache | P, Geelen G A, Allevard
A M, Jarsaillon E, Zebidi A, lLegros ] | and
Gharib C L Plasma AVP, neurophysin, PRA
activity, and aldosterone during submaximal
exercise perforned until exhaustion in trained
and untrainde men. Eur | Appl Physiol. 44(2),
pp.141-151, 1980.

14) Nielsen B, Sjogaard G, Vgelvig ], Knudsen
B and Dohlmann B: Flud balance in exercise
dehydration and rehydration with different glucosee-
lectrolyte drninks. Fur ] Appl Physiol. 55(3), pp.318-
325, 1956,

15) Rocker L, Kirsch K A, Heyduck B, and
Altenkirch H U

exercise on

- Influence of prolonged physical

serum  volume, serum proteins,

electrolytes, and fluid-regulating hormones. Int |
Sports Med. 10(4), pp.270-274, 1989.

16) Rose L I, Carroll D R, Lowe S L, Peterson
E W and Cooper K H: Serum electrolyte changes
after marathon running. | Appl Physiol. 29(4),
pp.449-451, 1970.

1'7) Shapiro Y, Pandolf K B and Goldman R I
Predicting Sweat lLoss Response to Exercise,
Environment and Clothing, Eur ] Appl Physiology
48, pp.83-96, 1982

18) Tatton H D, Fuchs A F, Chille B, Scher A
Mand Steiner R
Saunders Company 21th edition 6~7, pp.190—~
193, 1989.

19) Wade C E and Claybaugh ] R: Plasma
renin activity (PRA) vasopressin concentration,

Textbook of Physiology.

and urinary excretory responses to exercise in
men. J Appl Physiol. 49(6), pp.930-936, 1980.

20) Wilkerson ] E, Horvath S M, Gutin B,
Molnars and Diaz F |
content and concentration during treadmill exercise

Plasma electrolyte

in humans. | Appl Physiol: Respirat Environ
Exercise Physiol. 53(6), pp.1529-1539,1982.

(19991 12€9 5 #H, 20008 39182 A €])

- 166 -



