el n Bete)x): A4 A28 1998
Korean J. Biomed. Lab. Sci.
Vol. 4, No. 2, p.87~101, December, 1998

B2\ AFHe TEEol 8 =3 AT wA= dF

Jgustm 4%, Fedgn AxRgAdTA", dPLANG BYX agH
EHI - 0lYA - YR - OIRE" - e

22E2: F7Z AERHE S| Ao 2o At ARE FHs st 4E 344,
10719 2 20/ VAL AL $F A7 F 2zte) v L5 2T v nate] A2 278 -
AEA WE BT, ATHEY vlAT2E AE AN He s vm - EASH
£F 15HQZRE ws Ao o] A 275D ARAY WA, Bt A4 12ln Az
F o] 240} maaPon, 25AL BN SR8, 2R 24 2 Apad 2ENC) =
715 A }. Glucose-6-phosphatase2] &3 £+ 1571 € EETNA #4sdtd 25/4€9 5T = 84
©7b A YA gt QAN Aol NE B AFRGLEC R As) 154K, 257
2N 2% AYA S 2P AAREE F2HA T, B2 AFVSE S99
£ A7 ARE B W B2 AZEHLEL 3L oA 43 nA e sl oy
1071 23 20/ LA E A2 715780 AEAES Zajd 227l 2 Aoz puwch

FolA o= 2EHAE ARl 28T EFI

M = ST F A=F A9 71%E FANA 7s

Aow 93y ARt A}
ARA Y x3be AL 4EY AREEo= TEEEL A% E &A= EAVE 3
2 F 559 o2 AETHY FHAY € A7Y &%, ¥/ TE AHESte] 2373

%1 @ % Uk =87t DAYl wek gAe o o gHE JoE Edoly £F, 25 4%
A¥ 7183 2t 2AlA Fu, 715 2 ARG AA 289 G WAT I E 2EA £
H A7t 4 £FAA AR, A4 89 , 259 2FYL AASD B 75
o gte] w87} ARIIE 3 AAHA T FANIE $44 £F SO Baar o
@k @Yl AbElolA Be AAEe] Azdtn 9 ¥ 2EEAY 48 F A% Ao g 2
£ $FE el 94 aQoza 3437 4 Fg riE AL AFY £FOE FA 9
2ol 2 Y UIA + 9L A2 4z o 2 AL BAME 28 £33
g, £50) ARl vl ] P AFE w2 B9 WE AAGE FLAY Fo| Bo}
=8 ol FES 23 e, 4YF & Ao2H Y9 B3 #AIne g2 A

o &E i ol

e 2Ef 22 Agdld 5E Ho| 429 2 2714 & Aoz Atzgdh

AT Z A T2 J8 7] 2 5P A AZHEEEo FFH T A= T e
38 25t =812 2 A2 F onPM A ge a7t FaPsle] g, =6 A gl
P A7 FPo] F& HF o AT 2 W A AR A&EF AFR}EES 29 73tet
2 7M€ 4 Jotn FAE vt Y. vhA A AR 27NE F7NA 29 wds HAE
& L5 a8 HAA AR75S BEAA % 9lem® Fr7te] AR HFA AFRALE
4% w38 PAT 5+ A2 FHAHA BB FAL =3 TATY A5 HAH "Bt e
*=EA 4 1998 99 299 g @713 FhdE dEaAY 2A€dn 8
+H A% 19989 119 199 o). 22 A7AT ot HF R Eo]
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A e Zulge) S & &40
AZYE neisolol grkn A8 SRS, @
B AFPRET AP DA E Lol o
ATE BLEFRLD BANA AF 5ol
#EE F ol A oo ¥ 3ol 9
on, 58 AFRAEEOD AT 429 o
4 8315 ¢ BAY Re ATS eololA =
3o BAY AFBYE AFPHe TR UA
% 4 Ertl dE GBS a9 dob slet
dehy 2 AFE AFFeALTl 42 walol
AR Y IPE WAEAE TR Aske)
Y WAL o5 ATAZ J%5e AEQ
wsd2e FE FFRD TAL vATE
WahE YeYAH A (stereology) T H-§3hod
429 W3 Pde FHoz Prkstel 7Y
&30 4ol viAE At v, FESaA
2t

Mz 5 Uy

Mz. 438 FE2 Sprague-DawleyA] 7 21
g AHgstglen, w3 2de 4% 3704, 107)
9,204 2 HE 4 uzxF (HEEP)H A
BT (FFD)e= ddde 7t FY=2 SnlElg
dHE AHLedth 48 BE A= 8 50
4 F 8,15 25710 @ ABTET 2 Ao
HZ2Te2 Urn 2 FE9 ZAFE Fd3t g
=+ FHE 3 AR E A& HYU L 7R
A Ztol| AL-g-3td T

2SUYH. EFTL E Q7N A A
& A FHALE 7178 AHESte] Park 579
Hell oJste] F 594 57043 vlY 1 RM (repe-
tition maximum)©. 2 1034 w2 A X} 7}
AH FTFE At 4EFE E¥l 02 mA
o] A71AF& 7etd o

stEo|dE natay.

1) =X5HN hah A2 28tz e
sty Y8 &% A4S epoxy resin blockg
WEo] 2EPHHZIZ 1 um BHA & Z toluidine
blueo]] &3t BatAn| P oz AFsYrh

2) Early lipofuscin & A &3 AAYHG
10% formalinel] DA s}x, A 2F+5 A
paraffin© 2 ¥ vjalct Eofd Z2-S 4um F
A2 U2 FFAAH L AA 1% ferric chlo-
ride, 1% potassium ferricyanide 2 ¥ @3} Schm-
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orl's solutionol] 1087t ¥+-&-A| A t}. 1% safranin .
2 gzgaeta Fedn A on wajaiel v
SFEE BFeA

HXEo|E A 2rEdy.

1) ojMFxX ZHEh 25% glutaraldehyde (0.1
M sodium cacodylate buffer, pH 7.4) 8# 0 2 4T
oA 242 A1AF F A} F3Aoz 44
% t}2, 1% osmium tetroxide (0.1 M sodium caco-
dylate buffer, pH 7.4)o] 2A] 7+ & 114 8}% T} Caco-
dylate buffer= <=4 ¥ ethanol3} propylene#| g =

& AA epoxy resindl] Xl EE3sle], 2
BHHH7]12 60~70 nme] AHL wHE0] uranyl
acetate9} lead citrate 2 o] & g Maly, 3} AR}
¥ |7 (Hitachi H-600)2.2 7 723t ).

2) Glucose-6-phosphatase BA: Al A3 L
2% glutaraldehyde (0.1 M sodium cacodylate buffer,
pH 7.0, 4T)°l 30% Tt st 9o} AFd
2.2 4ToA 1A A% ¥, 30 pme] 24
g PEo] ALolM 0.125% glucose-6-phosphate
20 ml, 0.2 M tris-maleate buffer (pH 6.9) 20 ml, 2%
lead nitrate 3 ml, 28] F£HF 3 mlE ZAH
Wachstein and Meisel's medium®@ol] 4] 4583+ ut
$A17]11, 1% osmium tetroxideol] 1A)7F & 73
alo BARNH & FRAZLS] T4 Py
2 Az, 272}

LMsHA SN o7 ZAH R, AHEA & STA
(sarcoplasmic-transverse tubular system)Q] %2 %
AHE 8l Loud 579 wol Eo) 2046
Fodez a7 REL PAAz Agste]
6,0008) = FHgsta AstHAA 3wz Fo,
18,0004] &} AR 2 o] &ttt YA f-9 ALY
A o JAYUE (volume density)e] =4 & 10d (d=
10 mm)¢] DA A=} (simple lattice) test gridS, S-T
Al g JHL & ARk ¥ 7} ¢*=160] 1 8d
(d=12.5 mm)Ql ©]%Z A} (double lattice) test grid S
AH&5la] Weibel 509] = Al 4= (point counting
method) 0.2 A& & Weibel 57} Smith*7}
A8e 4 A gsgn

Ve
Vr

Vv = AFYE, Ve = A5 A&, Vr= A
A A A, Pc = intersection® AE Ao 4, Pr =
A F)

AtEAL 58S dE3E 5 e g @da

|o

Pc
Pr

Vy =




B ¥ 12x1212 Z (Z=7.5 mm)Q] GE&=
(multipurpose) test gridE AM8-3te] HAFHOZ
Ag & AL oF Ao L3t

Sc

Sv = =

Vr

7l

2L

. 4
mag < A
1,000

Sv=FUYUE, Sc = YAES 9, L = grid
AHA el Aol, I = gridX o intersection¥ = th At
Ao} A %, mag. = W] &)

Ag e U (numerical density) A4S 10d
(d=10 mm)Ql DA A=} test grid& A&k Al
3, o 2o A &3H

1, W
1.58 (V)2

(Nv = 25, Na = 984T QL9 #,
Vv = &9 #|3)

AFHAN 25 FEL Minitab T2 IW-L
o] &3l studentt £XZ EUZ 95% A3 73t
o FAsES 238

=B Lol 2L Travis 502 W 23}
o dEzd 2z FTTY 4 AAntt 2788 9
A9E 93t AAAr| P& BEL AF o
HZv) & 6,0008), 8x10 cm 27| 2 Qs A}
AgolX 1 55 ALstR)

T

2
BYHOIZN B 2T e AYTEH Aol
dAte MEFTFoE SIATAN SHFE
(=]

7F2 53 (cross-striation)2} &%} (intercalated disc)
o ¥jgo] Ao, AR FE A
et 2449 AR vle 344
o2 #AHYT} (Figure 1a). thZ 15744 ZA
€ T g8 /t25H 9 wjdo] 44 st
2] £g 3to] Yol LA o, 24K AT
3 #1389} 421 (contraction band)2] FAJo) &
2t AL LT H vl wEted i FIt
HE Ao o} 24771 9= (atrophy)d ¥
5l = 3 A kot (Figure 1c). T = 250 Y+
A E 8, 157183 de 2R Fo] o
& BEFEzlen, 2AEAYe] FE3} (vacu-
olization)2} =44 +2] &3 (fraying)d-dol &3
HAch ®Watol)g 15/ML 2 vlwstd 2 o
FEU9 ¥4 g W £x2 #2HAG
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(Figure 1e).

AgEe 59 939 AzTH vasdq &
W Fejo) Wl Falsded, 48 8/l
A ojn] gz 157/0Y A vEhd 24/ o
%% Wy #F=9er (Figue 1b), 43T
15098 iz 25098t 1 37)7) A%
42| (hypercontraction band) #EAdo] #TEFEH
Az, 2AFe FE574 3ZFH #AHUG
(Figure 1d). @ F 25/ YoM = A9 54
3 2AFY v g FAAE 2R 4 9
#A4 Botelz 2R Falet &4l Byt
Ho] AR wde BEALAYU F2E B
o} (Figure 1f).

iAol sigkal AR T 8709 (Figure 2b)
olx 24/ B5E WHEs #AFHJ oY =
3l 4] whgFidol A dZT 80 Y (Figure 2a)
7 BB =3ALAYHS Ao BEHA ¥t
ot =3t A e dxF 15709 (Figure 20l
A AH SRl G GRS ES Ao,
FYT 2570 Y (Figure 2e)ollA] 1 wh-g-Fde &
7h=lo] eyttt AP Eg 15709 (Figure 2d)
oA e MARP L FANSE B o, 2570
4 (Figure 2f)oll A 1 ¥h-g-FAE FItE o] Ve
o}, &= 1570 YD o) dZE T (Figure 2c)2.t) A
B (Figure 2d)o] o] 73 wh-g-S B on 2574
4 9A) RE=T (Figure 2e)5.t} A&7 (Figure 2f)
o] o] 7% W& KAt

HXE0|EN & wA Tz BldA o
27, 482 LS ME A 3 E B
<, gy a3 E¥rt ZAHoln AHYEA
TS THAHQA WA ol FH, AP ARe =27
% e A Hoje 719 glo] AT A2A
o] FYddAN FREE Zde THHAL
v 23 (sarcomere)e] Zole wl-§ FLsAT
(Figure 3a, 3b). 2T 1571 Lol ALEA] W84
o] AEZ Holg x3idMArt BAHAJYL, A3
e FE3}F @hdo] AHA BHA AN FF
HAack st A2 HFe] dsle A #F
HA @z &vre] FeHle FAAEQ e #
Z =] 91t} (Figure 4a).

AFF 1574 e FLEd d=2EH v
& 2 u 2 AolE ERed, 2479 WE
& BF¥ L 52 el Bn, FAF A
AALE7} ok Bgtole A FAR HA 2
2 o) F2A3 233 @ito] AAEUY (Figure



4b). 220 A A HAA G A o]z} FHolAF
I =347 FFHJ AEAE ST 2
712} WisE B4} (Figure 4c).

2T 247 EolMe A7 453 @
g, A EZHA 9 F43 ofo wWE 42472 4
3, AIR A9 BT wjE R WA o] FEHU
o (Figure 5a), FHE A g 3323
o] FAH A (Figure 5b). AT 2470 L ol
A ASda9 A3 958488 JFHE
Aol £33 22 A% 2AXue B g
5o (Figure 5¢), A5Ful o A4 &
o] #AHAUR (Figure 5d), &¥re} E81 847
(Figure 5¢) AthALE A ¢} AL A ©4, a2ln &
23 A= F2H U (Figure 5).

Glucose-6-phosphatase A alZt. Glucose-6-
phosphatase?] 84S Yehlle AHELS 24 #
E AlololA A=, /MY =T (Figure
6a)7} 41 (Figure 6b)el| 4] 1 &4 o] 713 &4
el e, 15709 dl&T (Figure 6c)2 4@ T
(Figure 6d)< 8/M Y73} vl mdle] 1 4o &
A3l FFado] JeElded oled @42 24
X At AA Jepgrt. AT REH o E
LT FAE 4L Hole R ERE ARG
a2t 25789 tl &2 (Figure 6e)3 A& & (Fig-
ure 6f)& EAARWBLe) Ao]7} 48] glucose-6-
phosphatase2] ¥+ & Ao #aAF 45 gArh

ixal sty 2. SRl 2FE 294
Al A 2 A9 AFUEE PR Hrt

3 A3} Table 13} 7}

29479 2S5 2T AJF BF A%
w2}l 7 g F715o vehgon, 48T 2570
grte] 1570148 A HE Fgoldnt. sHAl
o &2 AT |3 Aol verd
2 gtk AHEA AHALE= A9 ol w
g 22, 48T BF #FadHe ooyt
T e §9% zlele AAL 5 ¢ o
279 A5 257/ FNA ki AT FLEE B
Aoy, AP A 15ETANA ol AF

RaERe vt el AL AyAs) B

W2 43 Frtd @ 2 #te) FUHEAG
ol& g F7he d&ERF, AET EFoA et
on A FHEL KA 24 Fol
hgh A1g A v &g AN e o, dzea
4P7 2% ZaEdoy a2 Haged YolA
WEZE 25 LA, 4PEE 154 LA 7}
ZEREELE AT AHEAY AHL =S
A5 A i AHEA FHve BT AL
HAou, Al A FUEE 29 W2 g2
T, ART 25N S E Aol 9HA
7 Ao 2 zle)g 2T AP A
ol EF falAd & Bolx &yt

o) @2 2 Ao A2 G
B westne] RS vebd AL Table
20} Zh AL ke Ao W U2,
AAF BT A Z7kE At sFAIw AEFo]
hz ol vl& G 2 57 Bgked, 87 gl

Table 1. Results of morphometric analysis of myocardial cell in sedentary control and weight training in rats

8-month-old rat (n=5)

15-month-old-rat (n=5)

25-month-old-rat (n=5)

control trained control trained control trained

Volume density (pma/pms)

Myofibrils 047+0.03 046+0.05 0.48+0.04 0.49+0.07 050+0.08 0.47+0.05

Mitochondria 0.36+0.03 0.361+0.06 035+0.03 0.3240.05" 031+0.07 0.30%0.05

Interstitia 0.13+0.03 014:+005 0.15+003 0.16+007° 017+0.04 021+0.08""
Numerical density (Number/pm®)

Mitochondria 036+0.18 0.35+0.05 0.371+0.04 0.37+£0.07 0.38+0.06 0.391+008

Mitochondria 0774002 0.78+£005 073004 0652006 0622009 0.64+0.09

/Myofibrils ratio

Results are expressed as mean+S.E. *; Significant difference (p<0.05) between trained group and control group
*. Significant difference(p<0.05) between trained group and previous same age group

The number of determinations are in the parentheses
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Table 2. Changes of the number of lipofuscin pigment granules with age in the myocardial cells of the rats

Month

Group 8 15 25
Control 0.5+0.72 (20) 1.2+0.49 (15) 2.4+0.76 (20)
Training 0.6+0.38 (15) 1.7+0.36 (17) 3.6+0.82 (20)

Each value represents mean the number of lipofuscin granules+S.E.
Number in parentheses represents number of fields counted

A i Z2F0] 05+0.72, AP Fo) 0.6:-038% L}e}
oo, 157 QoA R o) 124049, A o)
1.740.36, 25/l A h2Fo] 244076, AT
0] 3.6+0.822 8 MAe] =180 glojA] Ad
o] xFE 843 3.

i
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2 27 =g 94 8oz 7
48 F e AN AFREEFo) A2 =3}
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AFFTETLR s E A2 g 3
3l FAES vm - BFE(T. 5 {442
A AR FFoz A &F o] RopAH
frel Adv)el FAdo] Frtso] 3o 2 g
2 oz JdidEc AFAAY HaEL
52 HF AN AEE $5 & 2EHAE FZAE
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st 4o o] HAF FUIEE Ho] A TFHE
%9 EHE ¥ o)A AFPN Yehnd A
g vE P Yk 2570 e Ad ey A2
JME 1542 vmdle] gt die] ko)
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FA e 22 55 FFo T2 vdehte 9
AP 2AEATh =L AP L A2
HIAAEE 4 F Ue AEE gY dgee
P2FF o}F™ zolE Holx gsgtort 1571
9 4372 Y Ad7H vwsle] g gk
€5 B33, 25719 4@ e HEAYEE
o] g & F71E Qo) oA & Frle nATZE
o2 dHAT O £& FFHF A= A
o] Haon, ol 15719 AR T A oju] &
ol 238 AT 7eo o= &5t Y
Axetn Y2E.

Glucose-6-phosphatase &4)-2 8/d2o] 487
I 2T BT i g2 ZH4EE EHS
H, 157488 FTolM = o] dA3 74a
H A, 25l e AEE, A2 BF AY
w8 £ Holx gttt ol AL 25
EA] A o] FA = ARG AL 15719
o] FHE o JbA] FH=E WAL doFen,
3} 257h el A= ole] & W3y} ul§ A3
Uely] e g gadd. Coleman 52 ¥
AF EEo|VG 2 ~EIHAEZ QA ATA
T AIEAEL g Fedssl 2eddn
3=, B ddlA dERdG 15709 o] 39 F
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Figure 1. Light microscopic photographs of the left ventricle (alkaline toluidine blue, X 200): (1a) control rat
aged 8 months, (1b) trained rat aged 8 months showed wavy myofibrils, (1c) control rat aged 15 months show-
ed wavy myofibrils and contraction band, (1d) trained rat aged 15 months showed interstitial proliferation (),
(1e) control rat aged 25 months showed vacuolization in the myofibrils (arrowheads), hypercontraction bands,
and shape of that myofibrils are frayed (*), (1f) trained rat aged 25 months showed atrophy of myofibrils.
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Figure 2. Light microscopic photographs of lipofuscin pigments in the ventricle (Schmorl's solution, X 400):
(2a) control rat aged 8 months rarely showed reaction product, (2b) trained rat aged 8 months, (2¢) control rat
aged 15 months showed moderate increase reaction product in the sarcoplasm, (2d) trained rat aged 15 months,
(2€) control rat aged 25 months, (2f) trained rat aged 25 months showed widespread intense reaction product on
entire surface of tissue reaction. '
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Figure 3, 4. Electron microscopic photographs of the ventricular myocytes (uranyl acetate and lead citrate):
(3a) control rat aged 8 months showed typical normal myocardial cell (X 8,300; inset X 6,800), (3b) trained rat
aged 8 months showed intact structure (X 6,400; inset X 4,000), (4a) contro] rat aged 15 months showed mar-
ginated nuclear chromatin, lipofuscin pigment (arrowheads), and small vacuoles {(arrow) (X 6,800). N: nucleus,

M: mitochondria.
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rigure 4, 5. Electron microscopic photographs of the ventricular myocytes (uranyl acetate and lead citrate): (4b)
trained rat aged 15 months showed proliferation of perinuclear interstitium (*) and vacuoles (arrow) in those areas
(> 8,500), (4c) trained rat aged 15 months showed mitochondrial aggregation and lipid degeneration (X 8,500),
(5a) control rat aged 25 months showed proliferated interstitium and atrophy of myofibrils (*) (X 6,800), (5b)
control rat aged 25 months showed large vacuoles (arrow) in perinuclear interstitium ( X 6,800). It: Interstitium.
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Figure 5. Electron microscopic photographs of the ventricular myocytes (uranyl acetate and lead citrate): (5¢)
trained rat aged 25 months showed proliferated interstitium, disrupted sarcolemma (arrowheads) and atrophy of
myofibrils (*) (X 6,800), (5d) trained rat aged 25 months showed lipid droplets in random and hypercontraction
band (X 6,400) (Se) trained rat aged 25 months showed separated intercalated disk (*) (< 10,200), (5f) trained rat
aged 25 months showed mitochondrial degeneration with vacuolization (arrow) and loss of cristae (arrowhead) as
well as those aggregations (< 12,800). L: lipid droplet, HB: hypercontraction band.
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Figure 6. Cytochemical electron microscopic photographs of G-6-P activities in the ventricular myocytes
(uranyl acetate and lead citrate): (6a) control rat aged 8 months showed the reaction product (arrowhead)
between myofibrils (X 10,200), (6b) trained rat aged 8 months (X 10,200), (6¢) control rat aged 15 months
(% 12,800), (6d) trained rat aged 15 months (X 12,800), (6e) control rat aged 25 months showed the activity
was drastically decreased with age (X 12,800). (6f) trained rat aged 25 months showed the reaction product is
only occasionally found in myocyte (X 12,800).
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Effects of Long-Term Weight Training Exercise on Aging Heart in Rat
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There is considerable interests in the effect of regular, vigorous exercise, in particular weight
training as a possible measure in improving myocardial function. The present investigation aimed
to examine possible effect of a long-term weight training program on the heart in aging rats.
Male rats aged 3-,10-, and 20-month-old were divided at random into a control (sedentary) and
the exercise group. The training group was exercised for S days a week by 1 RM of ten times
with weight training apparatus. This investigation examined the changes of the heart muscle
relative to histological, ultrastructural, cytochemical, and stereological studies in rats. Quantity of
lipofuscin pigments was clearly increased in the weight training group of 15-month-old rats, and
mitochondrial degeneration, vacuolization, and interstitial proliferation were observed as well. In
the weight training group of 25-month-old rats the frequency as separated intercalated discs,
fraying myofibrils and hypercontraction band increased in number compared with the same 15-
month-old group. From the experimental result of glucose-6-phosphatase activity, the enzyme
activities decreased in the weight training group of 15-month-old rats, and more decreased in the
same 25-month-old group. In stereological study, both 15- and 25-month-old training groups,
mitochondrial and myofibrilar volume densities significantly decreased, whereas interstitial
volume density significantly increased. From the experimental results obtained in the present
study, it is suggested that long-term weight training exercise do not cause any significantly
qualitative and quantitative ultrastructural change of the heart muscle in the young. On the
contrary, long-term weight training exercise stress may actually induce degenerative changes in
the heart muscle in the old age.
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