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Effect of Exercises and Vigil
on Serum Constituents
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Takaharu KONDO, Yasushi ToDA, and Hideji MATSUI

Effects of exercises and vigil on serum constituents were studied in 8 healthy male volunteers with a mean
age of 44. Circadian rhythm of serum constituents was studied in other 8 subjects without exercises or vigil.
Bicycle ergometer was employed as an exercise with a loading of 1.6 kp and a pedaling of 50 times/min for
20 minutes. Exercises were repeated at 6 pm on the Ist day, at 6 am, 12 pm, and 6 pm on the 2nd day and
at 6 am and 6 pm on the 3rd day. Subjects were not allowed to sleep at night on the Ist day, but were
allowed to sleep for 8 h on the 2nd day. Blood was drawn before and after each exercise.

Total protein, albumin, P, total cholesterol and Al-p always increased after exercises. Creatinin, CPK,
HBDH, LDH, and y-GTP increased by the exercise only on the following day of the vigil. BUN, GOT, and
GPT did not change either by the exercises or the vigil. Blood glucose decreased by the exercises with a
decrease in insulin and an increase in glucagon. Gradual decreases were observed during the 3-day
experimental period in total protein, albumin, total cholesterol and y-GTP.

BUN, on the other hand, increased in the experimental group. Circadian rhythm was not altered by the
exercises or the vigil.

Changes in serum constituents by exercises depend not only on the strength of the exercise but also on
other physical conditions. Exercises or vigil did not affect the circadian rhythem of serum constituents.
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Figure 1 The effect of exercises and the vigil on
serum protein.

Each point represents the mean of eight subjects.
Closed circles with solid line indicate total protein
(TP) in the experimental group before and after
the exercises, and open triangles with dotted line
indicate TP in the control group.

Number of subjects and symbols appeare in the
following figures are identical with figure 1.,
except in the figures in which the data of each
subject are plotted.

Asterisks indicate significant differences compared
with the pre-exercise values (p < 0.05).
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Figure 2 The effect of exercise on serum protein
in each subjects.
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Figure 3 Circadian variations of serum protein
in experimental and control groups.
Asterisks indicate significant differences compared
with the 48-hour means (p < 0.05).
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Figure 4 Circadian variations of serum albumin
in experimental and control groups. For asterisks,
see Fig. 3.
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Figure 5 Effects of exercise and the vigil on Figure 7 Effects of exercises on serum creati-
serum urea nitrogen. nine. For symbols, see Fig. 2.
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Figure 6 Circadian variations of serum urea Figure 8 Circadian variations of serum creati-
nitrogen in experimental and control groups. nine in experimental and control groups.
* p < 0.05 compared with the 48-hour means. Asterisk indicate significant differences compared

with the 48-hour means (p < 0.05).
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Figure 9 Circadian variations of serum total
bilirubin in experimental and control groups. For
asterisks, see Fig. 8.
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Figure 10 Effects of exercises and the vigil on
serum inorganic phosphate.

Asterisks indicate significant differences compared
with the corresponding pre-exercise values.
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Figure 11 Circadian variations of serum in-

organic phosphate in experimental and control
groups.

Asterisks indicate significant differences compared
with the 48-hour means (p < 0.05).
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Figure 12 Effects of exercises and the vigil on
serum chloride concentration.

Each point represents the mean of four subjects in
experimental (closed circles) and control (open
triangles) groups.

The asterisk indicates significant difference com-
pared with the corresponding pre-exercise value.
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Figure 13 Effects of exercises and the vigil on
serum cholesterol. For asterisks, see Fig. 12.
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Figure 14 Circadian variations of serum chole-
sterol in experimental and control groups.
Asterisks indicate significant differences compared
with the 48-hour means.
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Figure 15 Effects of exercises and the vigil on
serum triglyceride.

Asterisks indicate significant differences compared
with the corresponding pre-exercise values.
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Figure 16 The effect of the exercises of the 2nd
day on serum triglyceride in each subject.

Subject T.Y. is shown by <>-<, and N.I is
shown by ®-@. For other symbols, see Fig. 2.
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Figure 17 Circadian variations of serum trigly-
ceride in experimental and control groups.
Asterisks indicate significant differences compared
with the corresponding pre-exercise values.
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Figure 18 Effects of exercises and the vigil on
serum glucose.

The asterisk indicates significant difference com-
pared with the corresponding pre-exercise value.
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Figure 19 Effects of exercises and the vigil on
plasma immunoreactive glucagon (IRG).
Asterisks indicate significant increases after exer-
cises. (p < 0.05).

Subject T.Y. was indicated as <>-<, whose
IRG levels were higher than other subjects in
experimental group.

Closed circles indicate the mean values of IRG in
experimental group except “TY™
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Figure 20 Effects of exercises and the vigil on C-
peptide reactivity (CPR).

Asterisks indicate significant differences compared
with the corresponding pre-exercise values.
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Figure 21 Effects of exercises and the vigil on
serum creatine phosphokinase (CPK) levels in
experimental and control groups.
Asterisks indicate significant increases over the
corresponding pre-exercise levels.
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Figure 22 CPK levels in subject “N.T.”
Open triangles with dotted line show CPK levels
in the control group (without N.T.) = SEM.
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Figure 23 Circadian variations of CPK in
experimental and control groups.

Asterisks indicate significant differences compared
with the 48-hour means.
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12 Transaminase (GOT, GPT) (Fig. 24)

GOT, GPT & b ific KO EICETHLE
ot GOTIFXIMBETH 1 HEH24RE, 2 HHAH
2405, W3 HH 6 W LD M U E R L, ®/
TSR 20 DSHE S NAZ B E VA1 5 T,
FERBET I 1 A E 2415 T % 2L DL DO 4 R
Ltzhs, 883 HH 6 IO TH O —E DM
BRI 5 lco WIRBED GPT I3 1 A H 24,
W2 B H 6 IHICHDDEAHRER U 2 HH
N, 3 HEGIFZIEDMHTH - 710 EEEOD
GPT b RO AR, WS s A NERE) % 7R
X1 to
13, A F ke KR % (HBDH)

HBDH (33 2 H H 6 ol # o &3 EiC =
H.U# (AHBDH = +12.8 + 3.6u, t = 3.54, p
< 0.0, 2308 H6IR, 18HOMEEHRICEH 5
Ll ETtsh -7 (61H; AHBDH = +18.4
+ 8.4u, t = 220, p > 0.05, 18 ; AHBDH =
+12.4 + 53u, t = 2.34, p > 0.05) o 30448 &
50 DL Lo BE& LG U 7o s, SEBYATAE & B U (3l
i X 2 LA OREIC SIS 7o HBDH (3
sSHBEETEE 1 B A8 I ICaAE/RL, B
3 HHG6BHCHEICBM TS - 7o RERFETIE,
1 HEIBRHCEE, H2AH, 3 HHG6KIC
A A R L, I & R BRAa ) i, 4 R 20
D ANEE T 5 EHEE S (Fig. 25) o
14, PLER /KRR (LDH)

LDH (2 HBDH & (3RO BHREA IR U o
FEREET LDH Ol §)ic & 22 §) (ALDH) &
HBDH O ) (AHBDH) & 15 1L OAHBE A3db -
72 (AHBDH v.s. ALDH ; y = 1.70x +3.13, r
= 0.67, n =48, p < 0.0l)o F 72, HBDH &
LDH b A & EDOM B % -7 (HBDH v.s. LD
H ;y = 253x —44.40, r = 0.87, n = 96, p <
0.01) o LDHIIHE 2 HH 6 I3 By %1 D HF 5
I 5 U (ALDH = +39.3 + 9.5u, t = 4.14, p
< 0.01), T D3 OB LI TAEE LA EAH S
NI s tce FERICE BFEEFM ST 51,
LDHDHER (Fig. 26) (3, HBDH & 4: < [Alkk D i
fC, SMPECEE 1 0 HI8K, %2 0 HI121
EEA R L, B2 A EH2AM, 3 A H 6 IR

R Utco FERIEC b4 S Rskomin T, B 1A
HI18IHHC @iz, B2 HE, ¥ 3 HHEOD 6 RFICK
A Rw L, BEE, @RS o B N )& 4
b EHEE SNt

15, Alkali-phosphatase (Al-p)

Al-pl3 B #% 5 i S U 72 (Fig. 27) o
ZOREEIZ 04 ~ 0.TuTH 5720 Al-pDiili ) iC
KX BEW (AALp) 1, - &I D13 5720
ATP & AAlp (r = 0.21, p > 0.05), AAl-p& A
P (r = 0.10, p > 0.05), AALB & AAlp (y =
0.87x +0.29, r = 0.33, n = 48, p > 0.05), AAl
-p EAGPT (r = 0.19, p > 0.05)DW<, Al-pd
ZH)Z ALBOAED) & EOFBMNH -7 hs, N+
OEHHEDH M 4 fF Dl 5o AlpDHER
(Fig. 28) &, MMM TEH 1 A B2URICHE%
W3 HHG6MICIEE AR L, HRBECcHH 1A
Hoaws, %52 A E18IFCEfE, S82HH, #3H
H 6 B S AR L, WiBED BNCIE 13180 5 foo
FNZS a3 e, 3 TMIAE 2 & S o
SIMABED KM D Al-p 3584 @& R UTco T DY
T, BLAEH, 2 B8 H24NR O EE B E T
Hotzo Al-p EED KNG AT H D, HBICHEfT
U720 5 i T & S D315 40 - 72 (Fig. 29) o
16. -y-glutamyl transpeptidase (y-GTP)

y-GTP (J dih 8 5 1 S % 7k U 7 s eg 2
AH6KOME HOB MDA +2.4 + 0.8u, t =
292, p < 0.05 EHETHoTco 4EFRICE D7
WS TIadr o tco KERBED TY @ y-GTP {3
M Ui ©d - 72 (Fig. 30) o TYHI T v-
GTP O Tt DN & bl b LWIEE Cdh - oo
v-GTP D FERh DR % Fig. 3LCR LTz SR
BT 2 HH24M;, %3 B 6 M A Bl
Thotco RFHTHE, B2HHEHO6K, 3 AH
6 I, 18ISl , 28 2 HE 18 IC B2 7k L 7o
ISR D A NE T AR EHEE Sttco F5R
BT y-GTP Wi L7z (Ay-GTP (G£3 H H18
i —45 1 HHEI18H) = —1.5 £ 0.5u, t = 3.00, p
< 0.05) o
17, i i

JEBRHE SAVI T IO L VY, Vo O T B3
MR BAMEAL U 7o (i Sc THA o SA IO ik
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Figure 24 Circadian variations of glutamyl

oxaloacetic transaminase (GOT) in experimental
and control groups.

Circadian variations of glutamyl pyruvic trans-
aminase (GPT) showed basically the same pattern
with GOT.
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Figure 25 Circadian variations of a-hydroxy
butylic dehydrogenase (HBDH) in experimental
and control groups. For symbols, see Fig. 23.
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Figure 26 Circadian variations of lactic de-
hydrogenase (LDH) in experimental and control
groups.

Note that the similarity in pattern with HBDH
especially in the experimental group.
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Figure 27 Effects of exercises and the vigil on
serum alkali-phosphatase (Al-p) levels. For sym-
bols, see Fig. 3.
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Figure 28 Circadian variations of Al-p in . . .

experimental and control groups. For symbols, Figure 30 Effects of exercises and the vigil on

see Fig. 23. serum -y-glutamyl transpeptidase (y-GTP). For
symbols, see Fig. 2.
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Figure 29 Circadian variation of Al-p in
subjects K.M. Figure 31 Circadian variation of y-GTP. For
% — % K.M. symbols, see Fig. 23.

A+A control group without K.M. (M £ SEM)
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e AL D S B B U 7o B 5% CPK, HB
DH, LDH 5 XU TG, Al-p % 3 B H 6 B
T Bic b LW 5 Ukc (ACPK = +36u
IV vs. S +7.6, AHBDH =473 u/dl, v.s. ¥
= +1.84, ALDH = +148 u/dl, v.s. *F-¥ = +31.9,
ATG = +16 mg/dl, v.s. *F¥H = +6, AAl-p = +
1.3u v.s. 345 = 4+0.5)0 —J7, BS 3l &aiic
MR > T LR Ulco T ORI 3 A H 181
DIET I TH - 72 (ABS = +47 mg/dl, I
#)=—3.3 mg/dl)o T 415 DUELERA D K55
P, DEXOZEALE B LT Al it 0 d 5

= -3

M DAALZEI RS DM L T4 F &0
HERDINK TH Do 1. MEHEIC FH9 2%
%%, TP, ALB, CHO, Al-p, Po 2. lijd 5
RFENC L O o9 ks i3 BIL CGE3 HE 18IK),
CPK (3B2 RH), TG (¥ 3 HH), y-GTP,
LDH, HBDH, Cl GE2RHG6M), Cr GE2H
F12KF), IRG (G2 HH18M:, 253 HH6H),
3. ZHUIWESE, BUN, GOT, GPTo 4
BRI 5503, BS (32 HHEI8RE), cprGE
2HHEEHE I HBEDI8E)

TP, ALBOEG %O Lot id, JEBE M 5
BR A D ALENC & B EfE B 2L 5N b, 30 ol
AT TS0 VI Lo @ma#Eich U, s
DA T1E <, AN X 28N b £ WO Hi s dh -
tes

CHO W K o0 8 A &4 L TiipicFaE L T
WA o, 20MB%RO R, TP, ALB &
AREDBFE BB Z 0N b, 42 DBESTH, CHO
DFEIICE LR ACHOW, TP OMEE)IC X 25
iﬁﬂll 4% ATP & IS IE DB NS -7 Wertlake

53 stress AWM CCHO S ER4 5 &G LT
wzms‘, W ic & A CHO D LS O 38
HLUTH2DpEPIEANTH 5,

Al-pl3iEf# 0.4 ~ 0.7u EFU7e GOT, GPT
DB L5 LIS 5 DT, IHRo (b, M
L D o5 s P T 75 & — D D 28k & 13 2
o Al-pDIETIC X 2 W) AAl-pld, AALBE
BEDIEDOMEAL D S7chs, ATPE EAEISHE

BIGR DS 18 <, RO A MIHINE &5 21 < v, 5
WICE D PO LS AP &b ESMHEMSE, &
HskDZE L E BIIE 5 EHEN SN 5,
PEEBREREA L TMIICHEAL TH S5 43,
HMENC L 2P O EFEBHTLETPH 50003 ALB
DT EMBNBIEDL 5120 LA, PIdEY Vi
L& E L THlRNICE micEZ o n Tl , i
PICKOBO 1 F—pEdnBML, s ol
PEIMAP AN U/ EBEZ 2D MELTHS D,

CPK (3B #5972 Wi A 0k Lichs, 48
LA UIDOEE 2 A RDOHENBRDATH 100 W
Me DFBBME I NI EEZ B, FHEWIC R L
CPK IC DT isozyme i THaf Ly, )<
MMBID F5Th Dk 2Mihkobo &
Zbhitc,

v-GTP, LDH, HBDH, Cr, CLiZ5 2 A 6 It
DIEWEDAH LH Ulco WIllIC X 28 L2 0
N5,

BS I3 BIC L DS N Uteo I B EH) <
— P EREL, ERER O @ U O E) T SN S
LT EMMONTNSY OT, A [0 §) £ fif
SFEBShOHHDEHLNERZ LD CPROD
EHIF IRIOEH L3I EEZ 515, CPR
i BSEILICIKT L, IRGEWIC ESU oo 1)
ICEORROTFEBE AU, 503 HEH
BR2NALT BS R IRIBIKTFL, 4IRGH L
HALikEEZONSE W

BUN, GOT, GPT {3 i f)ic L OZ WL I -
7o Foa ORTINOK Y T3 GOT, GPT i35 %)
B b5 Utco MEE BT OSAE, BRIMIER, b5
WOzt EOMBEICK DL EBZ OND,

JEkeh, TP, ALB, CHO, JERBED -GTP, %
MEEO CPKS Ml L7co TP, ALB, CHO (3%
A & BRSNS N T D03, FERBET & illil
LD T, %w@35Ctmmbhmma®”w
MM T &I, HE AN H & 05 CPK i B
LTWd &0)#&’—%% D, A SR O KO
CPKOMipli b H A TEIIED M L b 8% 5
N5, FERF T CPKIZWRA LIsirotce HHLE
1 C & AR 0 B £ ff S A & RIS J8E D il o &
ATND EHEE S Nbo KBED NT #1d CPK (3
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