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Evaluating the effect of training on
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following maximal treadmill exercise
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Graduate School
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Jeju 690-756, Korea

Abstract

In Thoroughbred race horses, Von, V-HRumax, VOomax, and VLA4
using treadmill has been examined in performance testing. Realistically,
there are limitations to its use, due mainly to cost efficiency.
Therefore, this study was performed to establish the applicability of
echocardiography for the performance testing of Thoroughbred

racehorses.



Six Thoroughbred mares, ranging from 5 to 11 years in age were
used in this study. All horses were subjected to standardized maximal
exercise, using a high speed treadmill for 5 days a week, over a 12
week period. To evaluate the effect of training, all horses were
subjected to M mode echocardiography measurements and performance
testing, prior to and at the conclusion of each training period of the
4th, 8th and 12th week. Measurements of maximal heart rate during
treadmill exercise, V-HRpnax and blood examination including blood
lactate concentrations, were performed to determine the effect of
treadmill exercise.

The following cardiac dimension variables were measured : left
ventricular internal diameter(LVID) interventricular septal and left
ventricular posterior wall thickness in diastole(d) and systole(s), mean
wall thickness and aortic root dimension in diastole. The following
variables of indices of cardiac function measured : the left
ventricular(LV) mass, stroke volume(SV), cardiac output(CO), ejection
fraction and fractional shortening of the left ventricle

The results showed that LVIDd increased significantly at the
conclusion of the 8th and 12th week of the training period(P<0.05).
With respect to the variables of indices of cardiac function, the SV
and CO increased significantly at the 8th week after training (P<0.05)
and LV mass increased significantly at the conclusion of the 12th
week of training(P<0.05). Cardiac hypertrophy was apparent with the
increased LVIDd and LV mass and improvement of ventricular capacity
was displayed through the strengthening of cardiac contractibility, caused
by increased stroke volume and cardiac output.

In the exercise performance, V-HRum.x Increased significantly at the

conclusion of the 8th and 12th week of the training period(P<0.05).



Blood lactate concentration decreased significantly at the conclusion of
the 8th and 12th week of the training period(P<0.05). This suggests
that an effect is evident after 8 weeks of training.

In conclusion, the changes of cardiac dimensions and indices of
cardiac function of the horses used in this study, which were observed
for the 12 week period, indicate a significant response to the standardized
maximal exercise using high speed treadmill, especially at the 8th and
12th week of training. Thus, this study suggests that measurement of
LVIDd, LV mass, SV and CO using echocardiography is a clinically
reliable and applicable method to test the effect of training and racing

potential of racehorses.

Key words : Thoroughbred; echocardiography; treadmill exercise ;

training effect
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Adutel o qA] tiAte] dis T Ao ® o] FojF i Arpikdo] s
A1 19509l 1960 d el BFvtel E e ste] ek wqlo] 11xx
At (Holmes &, 1966). AZAAQL & & #3te] H-2k= 1960dH
A9 de PerssonC @A @ %A S A1E7] g8 HxE EE=
s aQtsto] ARGSrol| wheh, dAAl= Edlto] o] xwitut ofyz}
2% AT gy ol&3ta 2tk (Dermany}t Noakes, 1994). o]¢ 8+
1982 7Y vzl JHHE =4 & s3] v =Eo] i
28S AVIE, 2 s ste] det A7 A7 S AT (Rose st
Hodgson, 1994a).

o]F AFutel e LFsE Brret TEaI FA ol dE A= o
2] 7HA Mo R o]FoA skth. xV|el= E }Q‘r N g 5} 8F 7 Aol
oJs o] FolA I} 78 AH| o] A o EHV AutEr 54 9 A
w241 To] o]&5 1 ¢tk (Dermany} Noakes, 1994). @A AF59
Brpstz] Qe mFE SEAHS Persson(1967)0] fﬂ%gi TR
(track) o} Ed|=HS o] g3t A8t A2 A8 AAl
TS vzt 24 HAAIE = 919 (Thornton, 1985; Erickson

s, 1991, PHAAAPE 5 AFelut Thsete]l 50 WA EH= Fetkel



AL A BAFEE 71 EA 9D VFeE sol AAbel

< T ©do] stk (Derman®} Noakes, 1994).
Hhde] EYode &7 2dd AuelA AdutelAl vkt *Ex
< FHAZIEA, 7} Fost SExE wkA] AHY W, 254 AlA
H3tE &5 SOl vl o] 7t oEH At ow 27 QA 2o
5 3 T Atk Aol Atk (Roset Hodgson, 1994b). Evans 2}t
Rose(1988¢) & Standardbred & 6F% ©|&3slo] Edrdeszo=z A
W 3F7] B v dES iR oR 7&’\}“3}/3\‘3 vk, zbztel 4

FA M ddAdo] ATtaL ste] EdEURE R4S AASHIH
E

o Ao FRELC X vA= dA wiwel FHagstolst EAA
(submaximal treadmill exercise test)® 7bhs3th(Milne &, 1977;
Sexton &, 1987; Weber &, 1987). I & 1980W Fwl THEH=D
o] JikE o] AHFwme] QlojA Hi RS o] e FHAF ol AA
AL (Harns% Snow, 1988), 71 A3 = Thoroughbred ¥2] AF%
A4 FH7RE A EFEHEYUEF (Seeherman® Morris, 1990;
Rose &, 1990; Harris &, 1999) ] # A7} &%3] o] Fol gt
&y H7HE fAA Adds SV AFvteld g AR E AL Sl
ol el AEshr] e Wy oiyel, wo AWy FEey Brhe
T A=A Auesrrt %% Ht (Evans®t Rose, 1986; Physick
—Sheard 5, 1987). 53] AZdA 85 ddsts F8F YHow
A V00°] Xﬂ/\]ﬂ‘i’ibﬂ] o= ’3‘»‘4 47} 200 beat/min¥d w Ed =t
o FYHEE ult= Aotk (Persson, 1983). 1 2le Hujdubs
oﬂ EEdhs EUEEEREY V-HRus HWA22EZ(VOsm) ¥ 2
HAZE 7] el AREEA sEHs oS & UEhdle ARE A
St (Evans, 1994).
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= Bu o AgeA @rg = A Hdvk(Reef, 1991). ©]% Long
5 (1992), Patteson & (1995) % Blissitt ¢+ Bonagura(1995) ol
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7} Noakes, 1994), AHAEA A QRS F71& SHst] Ada71E ¢
HAo =z dst= 799 heart score ©]&°] WL E I (Steel, 1963),
heart scorex= BTl Edste] 53 Aada ZAdAZ Az
R 18t (Nielson?} Vibe—Peterson, 1980).

oje} ol A WHor To] AFAY] HAE Tl AT
aE wdshs WHEe] v HaESl otk (Webb 5, 1988; Rodiek
, 1987; Physick—Sherd, 1985; Milne &, 1977), A&x53 54
JOH T zwade} LEsHs B A= obA ww|stk A4 ot
Kuramoto 5 (1989)2 A& xou=z F4H HutE A+ ¢ 45
T8S 7 el FoAd A FrFST A $F9lal, Paull 5 (1987)2
A2 ZFvh(endurance race horse) TollA FSHE T T HA
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AAAE 9lo] 773 5~114 Thoroughbred &% 657 (531t
HiAZE 472111 ke) & o s ATk

D Edcd 88
|5l ABAFOlA A1 ZEE Sato 1 RS o] &350t} AL
£ 8l7] ol o] Ef=dolM FREA F1 AAAHA 5T Wt
A Ag FAE 98 BARE 0~10%°14 2,000~3,000 m FE2] A
4R %5 (4.0 m/sec) ¥} FHLF(5~8 m/sec) = 53] o]} AA|EAT

O
o
e

Efgryges A

0
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ZuE F 549 12370 ZFFHuRs EdE=U-e%(standardized
maximal treadmill exercise) & AA|A T +& WHS WA FHF

O o EaﬂE%Ml APzt & BAE 0%IA BH-F= AAste] 5

w1 A 3 73‘/\} 5 1092 =o]il £HEF (4.0 m/sec)= 53F A
&etal A AAEE 0%2 Wil BERLF(1.9 m/sec) & 53T &
o AT

THE0] B F Edrd AAEE 10%2 81 £5E 5 m/sec
FE AlZete] 1+ HF o2 1 m/sec® S7HAI7IH A &EH o072 A9t
A o)et Fefem Estal Ho] f o] ErEe £rE ueprt



i wo]l HE Wele dAHe 22T WA & Azlen 1
TE2 4 m/secE W31 EYrY AAEE 0% 310 £HEES
A F 1.9 m/sec £ FHLFOR 1583 v 2ES o

t}(Fig. 1).
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Figure 1. The view of standardized maximal treadmill

exercise in a Thoroughbred horse.
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2) HAPEH
1.5~2.6 Mz 7}H53+9= mechanical—sector 42} B = M &=
4 FHav 229 7)%S 2EE LOGIQ TM 500 PRO 2531 7] (GE
medical system, USA)Z M REEE o83t AxS3E5 F9sto] 3
A A7) B ANEYE T 7leHEtE S 6kl

Zo3 ArbeE B2 B A Fo 5 Aol 88 i 253
= ¥F duys e EF Foge s
golatA st7] flste] L EF dudls dF &

oAl st 71y AATE AEelA HARs

401'

Figure 2. Echocardiographic assessment using LOGIQ TM
500 PRO ultrasonography (GE Medical system, USA).
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caliperg ©]&3sto] 0.1 mm EA7FA] A5t 72t 7259 ASHUH
S o AREST I M EE 993 (Sahn %, 1978) 9] 7159
wel AAHARA S (leading - edge to leading technic) S &85}

T HPFRe] 95 RHHE FA TAYOR 53 AZHe] FFA
g Aaksolet.

4) M EE =74

A A7)9 715E FA37] fs B BRESE M BE 94 ¢
=9 (right hemithorax) oA B3¢ 1, B = IS fste] F Y
2004 A5 GAS AlFste] #HAA, A 2 ] dAAl A7)
o FE s st & - wF gAS & g5 s
80° ~ 90° 3]H3dte] 7AF(chordae tendineae)F=ollA Ao whEd At
(short axis view)S Fgt o5 M B= AXNE AAS olew A7I=
HAA F7F FE XA 7T M BE AYAE ZEsio] M 2 I

< UEo (Fig. 3).
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S % SELIH AEA1BSLT LD L0 28
H.’:" ! : FlEm  Z2Hltz

Figure 3. B and M mode short axis image of the left
ventricle at chordal level. M mode obtained by the
M mode cursor, which in located in the middle of

the left ventricular chamber.

SATES 524 A4 5 dEsddelA HAAAWE (LVID), A
A FAFANVS) 2 HAd FHFALVPW) E 424 371D 9 75
ZI(s)ell SA83laL, AW #5 A4 W JAAd 59 gy
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Figure 4. Echocardiogram demonstrating the
determination of the left ventricular dimensions.
Diastolic dimension was measured between the
endocardial surface of IVS and LVPW at the start
of the QRS complex of ECG. Systolic dimension

was measured between the septum and the posterior

wall at the lowest point of septum.

Aalsa= AS5E 2719 AR Aol EoA HAEd QRS complex @]
AAAE Adste] A5k 13] BEF(SV), A== (CO), A
& EF) 42 FAAUWAE d5EFES) S 253 X jgd Z2 39
of 9Js] A5 ASHAT

AL LV mass) I Hit AAEFAMWT) += Devereux®t Reicheck
(1977) & #&3to] AXtsiai.

Z, LV mass= 1.04 X [(LVIDg+LVPW4+IVSy) *~LVIDs’] —13.6
MWT=(LVPWd+IVSd) + 2
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e 47 F4& f18 B BE9 M B 94 $F
° HEe] YdE 4

~60° 3 AAA thEHFE(aortic valve) Fo FHAAO
Hst ths dis@wtuto] o]gref] o YztEFo] whEold
o} o]¢h7] Feob thE @l cusps7t FEo] BY wf AME
o] 5% el & o3 M BT A9AE AFAA M B
EEsHT 283 s Gg71d7] el S48tk (Fig. 5)

L N
Fyoa APt %

-

Aod Bl Tew LYPEP 67mm wlVET Bes GABEPH

Figure. 5. The right parasternal short axis view

at the aortic valve level. The cursor was positioned
to bisect the aorta and the M mode image was
considered acceptable if one of the valve cusps
could be seen clearly during systole and diastole.

The aortic diameter was measured in diastole.
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Figure 6. The view of telemetry electrocardiogram and

application of electrodes.
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#HuHs EYrdes uad BrhE e 2u A3 2 47, 8
F,127F Fo] 72+ 134 F 43 M BREES o] &3 AAxSE AN A
7] 9 uEY 5 7lsHsE A, Edad 2urgt & FHuiAdd
s, Hupvss EdEdSE 3 dagtx el o AYsetAE S5t
ATt

EYoyd Zue mE A= 19 2ol 2wt Sk wet A
Fxgute] o3t 247 A AU (LVIDD) = 21 Ao 110.4+2.59
me| o 21w 45, 8F 9 125 = 747 111.84+2.44 mn, 113.9+2.47
m 3 115.4£2.50 m=z S7FAvh =, 2 el vla] 7] A AY
7ol 4F Foll= o7t Tkt oy 8F ¢} 125 & Tk YA 9 F
FATHP0.05). W 45 FEUFEoR2E 12F 35 494 A 7t
HAH(P<0.05). 12F F 7] FAAANAE S = Aol Hlal F 4.5%
S7FskGl= ol Aol wEd F e A FUHE YEhdth 75
7] #FHAANA (LVIDs) = 21 Holli= 63.912.58 mol o 2w 45
85 W 125 Fol= z+7; 64.552.49 m, 65.1+2.65 mn % 66.9+2.36

27}
mn O = SFIHA F7}stSl T

47 AN FAFAAVSD = Zu Aol 27.4+1.35 mo] gl o
%1 45, 8F W 12F Fol= zbz; 27.7+1.42 mn, 28.4F1.41 mn @
28.711.34 mzE F7tstdh. 757 F4AA A AVSs)E 2 Hele
39.2+£1.56 molal Fw 45, 8F H 12F Fel& 27 39.3+1.53
m, 39.571.53 mn 2 40.1+1.42 m=z °k{F Z7}8l= Adko] glony &
ZFoli= g1t

47 #HA4 98 FALVPWA) WHE 2 o= 24.7+1.30 mn

ojlom Fw 45 85 4 12F Fo= 47 24.9%11.35 mm, 25.4+1.33



m 2 25.911.40 mE Z7}stgth 57 Z34A SHEA (LVPWs) =
Z3 Aol 37.5+11.65 mmol Fu 4F, 8F YW 12F Iof ZHzt
37.3%11.64 mn, 36.8+1.58 mn 2 36.2+F1.52 m= A= AL 9l

ou WE 2 Aok Ht AAEFAMWD) & 2 Holl= 26.11+1.30
mol QI Fa 45, 8F W 125 Fol= zbz; 26.3+£1.34 mn, 27.1+1.3
m, 27.5%11.32 m=z ¢ S7HE AyE Bt HPAA TAEH =
47 s (Aod) WHals 9A] Zu o= 75.1+11.52 molAd L
W Zi 45, 8F W 12F Fol= A2 75.3£1.57 mn, 75.6£1.55 mn
2 76.2£1.59 mZE ot FUFstlov Az SAgtele FeAt 1
A ekSket
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Table 1. Effects of treadmill training during 12 weeks on cardiac

dimensions in 6 Thoroughbred horses. (Mean+SD)
(mm) Pre-training 4 weeks 8 weeks 12 weeks
LVIDd" 110.4£259°  111.842.44*" 113.9+2.47>¢ 115.4£2.50°
LVIDs"™ 639+258  645t249  651+265  66.9+2.36
IVSd™ 274+135 2774142  284+141  287+1.34
IVSs™ 39.2+156  39.3+153 3954153  40.1+1.42
LVPWd' 2474130  249+135 254+1.33  259+1.40
LVPWs' 375+165  37.3t1.64  368+158  36.2+1.52
MWT 26.1£1.30  263+134  27.1+1.32  275+1.32
Aod™" 751+152 | 753i157 756+155  76.2+1.59

““For each variable, values with different superscript letters are
significantly (P<0.05) different.

LVIDd" : Left ventricular internal diameter at end—diastole

LVIDs™ : Left ventricular internal diameter at end—systole

IVSd™ : Interventricular septal thickness at end—diastole

IVSs™ : Interventricular septal thickness at end—systole

LVPWd": Left ventricular posterior wall thickness at end—diastole

LVPWs'™ Left ventricular posterior wall thickness at end—systole

MWT™: Mean wall thickness

Aod™ : Aortic root dimension at end—diastole
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T 9 125 Fele 747 1,202+
of vla]l xmw 859 1 747y 2973 =7
Zu717F T FIHE fY3ke 45 F9)F 125 & f2
(P<0.05).

A (CO)S . Ao= 37.3£5.43 (/minc]low Zuw 45 8
F 4w 125 Fo|= 7z} 80.6+2.90 £/min, 86.974.95 {/min %
91.6£6.14 0/min &4 Zx A Bt} BF F94 A F7tstglon
(P<0.05) =73t 5 45 35 7|¥o% st A% 859 125 $FolA
T8 ol A7 Q17 = v (P<0.05).

#HFAA FEHE(ERS 2 Ao 80.6+1.13%°19 oW ZFu 45, 8F

125 Sof Z+7} 80.8420.99%, 81.3+1.13% % 80.5£0.97%% &
o] itk HAAAUA #EEEFESE HAAA AEHEF FASHA

Aol 43.6+11.14%010°0m Zw 45, 85F 9 12F Fo Z
43.3%1.04%, 42.971.17% % 42.1+0.98%% & WHEo] Ut

HAA LAV mass) S £ Aol 3,074£329.7 gollon xa
45 9 8F Fo] z}z} 3,179+341.3 g, 3,397+348.0 g & 3+ =
a9la 125 FollE= 3,547+362.4 g7 xu Hol| vlEl 15% Z7}ta}ko]
el abs BATHP<0.05).
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Table 2. Effects of treadmill training during 12 weeks on indices

of cardiac functions in 6 Thoroughbred horses. (MeanzSD)
Pre-training 4 weeks 8 weeks 12 weeks
SV* (mf) 1,083+64.7*  1,131+61.6"" 1,202+64.0™ 1,239+71.3°

CO™ (¢ /min) 37.3+543%  80.6+2.90°  86.9+4.95°  91.6+6.14°
EF™ (%) 80.6+1.13 80.8+0.99 81.3+1.13  80.5+0.97
FS™(%) 43.6+1.14 43.3+1.04 42.9+1.17 42.1+0.98

LV' mass (g)  3,074+329.7* 3,179+341.3*" 3,397+348.0*" 3,547+362.4"

““For each variable, values with different superscript letters are
significantly (P<0.05) different.

SV" : Stroke volume

CO™ : Cardiac output

EF™ : Ejection fraction

FS™" : Fractional shortening of the left ventricle

LV' : Left ventricular
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Hoj e e X 37 Zo] HuRs EdEdes T Hd4lutE
Z1 Aol 225£7.3 beat/min 0|3l Fu 45, 85 H
= Z}7F 2227£6.7 beat/min, 219%6.0 beat/min % 217+
A st o 3E ghell oAk 1P H A Fbrh &
Tl e EYEEEE (V-HRm) & Z 4 8.910.36
4 Zo 9.1£0.37 m/secE 3t S7F8FRA I 879 12
ZF 9.9£0.32 m/sec, 10.1£0.28 m/sec® 94 AA 7}
‘3}‘31DP(P<O.O5).

Table 3. Effects of treadmill training during 12 weeks on maximal

heart rate in 6 Thoroughbred horses. (Mean+SD)

Pre-training 4 weeks 8 weeks 12 weeks

*

HRmax .

) 225+7.3 222+6.7 219+6.0 217+5.2
(beat/min)
V_HRmaX** a a b b
8.9+0.36 9.1+0.37 9.9+0.32 10.1£028
(m/sec)

" For each variable, values with different superscript letters are
significantly (P<0.05) different.

HRumax © Maximal heart rate

V—HRmax : The treadmill speed at which maximal heart rate is

achieved
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EYEd 2y A% 984 W5 ¥ 49 Po] Ay A
+£0.87 10%ul, 9.7+0.95 10%/molg ot =
Aol ol wel F7lete] 1 8F o= 10.8+0.60 10°/ul =
3 | Z7}8H(P<0.05) WHd 125 Fo&= 10.1£0.58 10%/m o=
8 Fof ulsl kgt Fasksit
W S xw Ao 6.7+0.84 10°/molg ot 1w 479 8F
ol 8.0+0.50 10%/ul, 7.7£0.75 10°/m o5 24 UA Z713

vi;; -1
F(P<0.05), 12%F F+= 7.010.69 10°/me = zuw A F3o7 78}
:

jlz_
49 g/100mellot = 8F
g/100m = 94 A F7FsE = (P<0.05) 12
g/100m o & APF59 A9} FAlsHA 2u A FFEOE FAFHITH
PCV T E zu Ao 42.7+14.18%°] oy w7t A3 wat
Zu 459 85 Fo Z7t 46.3+£3.12%, 49.7£2.33%% ZF7}eFaL

125 Foll& 46.1£2.19%% 85 Fof vl& 2=

N

Table 4. Effects of treadmill training during 12 weeks on hematology

in 6 Thoroughbred horses. (Mean+SD)
Pre-training 4 weeks 38 weeks 12 weeks

(1%%@ 02+0.87°  97+095°  108+0.60° 10.1+0.58"
(1\’(‘)@1/3% 67+0.84°  80+050° 77075 7.0+0.69"

(e /%%mﬂ) 152154°  158+1.49"  17.9+0.85°  158+1.31°

PCV (%) 4274418 46.3+3.12*° 4974233 46.1£2.19*

““For each variable, values with different superscript letters are

significantly (P<0.05) different.
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e 9% ZAEE Wit 2w do] 9.1+1.33 mmol/ (¢, X1 4F ¥
o= 9.0%1.30 mmol/ ¢ 0.2 okt FFAR oY 8F 4 125 Fol=
Z+7F 6.0+£1.08 mmol/ £, 5.1%£1.24 mmol/ ¢ 2 F94 AUA FAeA
TH(P<0.05). 7|zt S7te wmE F deids WEe 2w Ao
4.8+0.36 g/100molglom 45 8F W 12F Fo|= ztz} 5.6+0.13

7]
g/100m¢, 6.4+0.29 g/100m¢, 7.0+0.34 g/100M o = Z w77+ 7+ Zhe
T4 Al F7Fsksl ok (P<0.05).

Table 5. Effects of treadmill training during 12 weeks on blood lactate
and TP in 6 Thoroughbred horses. (Mean+SD)

Pre-training 4 weeks 38 weeks 12 weeks

Lactate
(mmol/ ¢ )

9.1+1.33% 9.0+1.30%  6.0+1.08>  51+1.24

Total protein
(g/100me)

4.8+0.36° 56+0.13"  6.4+029°  7.0+0.349

"9Ror each variable, values with different superscript letters are

significantly (P < 0.05) different.
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U/0, 418.3+121.08 U/ o= 17}L AW 2w 7|7 F7E 9

8% CPK B L HES 2w ol 122.0+24.22 U/ o]%lom %
W45, 85 @ 125 Fele 77 171.0+30.77 U/, 220.2+86.43
U/0 9 218.7£65.56 U/t o2 R%F Zuw Mo nlste] {94 A
<7tk oH(P<0.05).

Table 6. Effects of treadmill training during 12 weeks on muscle-

derived enzymes in 6 Thoroughbred horses. (MeanzSD)
Pre-training 4 weeks 8 weeks 12 weeks
AST a b b b
183.2+12.50%  249.0£32.87°  301.3£78.58° 418.3+121.08
(U/¢)
CPK a b b b
U/ 2) 122.0£24.22%  171.0£30.77°  220.2+86.43 218.7£65.56

P For each variable, values with different superscript letters are

significantly (P<0.05) different.
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d BHL Fx
nhE AEsk= Zlolth(Lightowler &, 2004).

Thoroughbred & AbAINA = Aol & o] AFntz AJFsvia
e ol . o= olHd HAUOE s AAL F9 1A
vk A (vearling sale) Al&olA A&=A715 4317 flste] A3 xas
U AHEA AREo] F7Fekal Stk (Young, 2003). 265S & SAMY
F ] 5wkl Eclipsed] A&FAZE BE ZHEu 20% ¥ FAR oF
6 keolddth= Aol WA old A HS F3HUA(Kubo
1974). 7152 v]=r 33wl Secretariati AFA7F 10 kgo] g2
7 AukE ko] 500 £ /minolal Hoh AFA 4] # (VO0sma) < 240 ml/min
ololdth(Betros %, 2002). HFo| 9= AE 7 F(National hunt
racing) ol 2FdW ZAFul 20052 ARZSHE AFI7S =A% 2
W AFsEHI 7974 AA vlEdAZE Advkal B skt (Young ¥ Wood,

370k 55 E Bbel sk H o] s & e AuE
W AEs] st A FEe wokstd WSS AR TE o]
g3t &5 & ue] AiEErt 4 mmol/ Lo REdE %5 YER
= H g3t 4

A% A% 24 AW VLAE S5, AuEE o
S Mwshs F48 AXRA QUL 200819 Hojy

= o = 747 gulete Vooodt V-HRua® 574

T AUEE o]&3t A (heart score) S FAE FEoIUL
AAEE o g3k RS 2o BRshA kol AAAFE AE o] ofu
AFutse] AFE Frgy oz A EH AT (Steeld Steward, 1974;
Nielsen¥} Vibe—Peterson, 1980; Leadon &, 1982; Illegra®} Illegra,

o
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1986). 18 Sampson 5(1999)2 AZAAF7F AbaavZ(VOy), A
P 2 13 9E% gEdeE ok Aol glvke A7AYRE B
atrl ARZAFE AT SEsES

L skt w}E‘rH HTole AZx2STE o
A5 YEtE VOomaxs ©]-831 *ﬂ‘

o B S VOomax A7} AT0F &
e AsliAe v 8] Wol 51 Efrdd 35 A

St AgnE eFEERE 54 APttt S A gtk iR x
T ol g% NASHL AL HAsHA ool oY ]
B lomw Aupkgel oA et Srol AFey wAd
5 7PATsa 9t (Sampson 5, 1999).

Grossman 5 (1975)2 AtghellA 44 vid) 7]

AdudE 2AS AN AEed e 48RS 274 FPow A ost
Atk =, AT EFol soluA WA gl A

S7FtAY, SAlel AA Bol FAYGR & Zolrk. A A¥-3t(preload)
7 S7FeHAl =W &) o] AW Fdo] Frhete] 2AF Sk §

Aol &7 U

_]E

=

i
_IXE
o
i
o
rlr
o
flo
N
=4
o
N
rEl

2

o
=2
=
ol
(1
ok
ol
ol
g
2

-hI _1
H
1o
N
N
N
v
o
e
£
2=
)
i
_1
4
N
>,
12
1%
4z
ﬂ¥l
o

dE g7 Fats STHAA oo AR gAY %j—ﬂ%ﬂ =
Ha AAH e FAE A9 Wb flo old REE2 whEhE Aol AlA
vebd o} (Fagard, 1996; Huonker %, 1996).
2 AT E Ae Wishs 7] FlauiAde]l 2 el 110.4£2.59
mmoﬂﬁ Za 125 Fofl= 115.4+2.50 mz ¢ 4.5%9 S7PF 32E0a
%7] #HAAWAE (LVIDs)S 1 Mol 63.9+2.58 mollor Zw 4
% 85 W 125 Fof Z+7} 64.522.49 mn, 65.1+2.65 mm Z 66.9+2.36
m= 2FF SIS Young (1999)-> Thoroughbred 2A4vFE 18F
¢ BATFE ZRE v Fo AFxS9E S 49 2w d B
47 HFAAWACl 7% TR Tt Sl B AT E 4.5%

¢
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Thoroughbred Z9]
&) Aojd o=z A (Gunn, 1989) 3 H]& (Poole® Erickson, 2005)
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WEFS dYsted SaskA R 7]—”&"*2&% 13 vt=y A7)
A9, dyxor @
sH s dAste=d ids) %3}
Sampson & (1999)° °lstH HA=
Fick 7% (Evans®} Rose, 1988b)ef © }
& Ao HuyE ?‘}017} Oioqxl‘j} s jr S o= Afol 7t ol Wt

Z+7y 1250 m¢ (Evans® Rose, 1988a) T+
, 199 o ® & d b Al w8 77t 20~50%
<7t A (Thomas$} Fregin, 1981; Thornton &, 1983). Evans%f

Rose (1988a) &= Thoroughbred “Loﬂ/ﬂ HuF3 Edrdes F9 A

A=
e Oloﬂ Hlel A2 g deERith Olrﬂﬂ apol= % 30% Fol &
At AWz $F T Falo & NuESs) ghaw Fo] 78 o7
oAAZI

oA uwol AerEFa 13] grEe] ojwd JFS vA=A
of talr= dA7-e Zlo] =EANt, WE Ao mEW X so]l ¥E
Ao Yehs AutEsFoly 13] wrE el d&FS mXA ge=val st

%3 (Thomas &, 1983; Bayly &, 1983; Milne &, 1977; Thornton
s, 1983), Paull 5(1987)2 #7"¥ =(endurance horse)= WO =
AEEEFI Aol 13] vrEFe] Fdd @3 TS A & ol
ME FYA Ae Aot flukar skalvk. 2Ev ol e A 7 A
Lol A Sl Avbsg Aol S W] WEoR ddHEt

|
ol AT FFYo| FEA R Adbsred 2957 wolth(Detweiller,

&
k=

Uk Thomas & (1983)2 AAIE 11.5%°14 12 km/h 52 EF
£ F 13 AeEYel 10% s7hesivka shlvh. ol A=

)
=
AMEHEs 150 beat/min®] L2 £HLES 10573 AAIEE 79 A3
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Knight 5 (1991) TAE TEHT F FF AIF 657 Fol 13 vE
o] 1,426%+50 mlolA 1,271+68 ml=
o] A% Edeldor g Hd 13 wtEFe Tk A G
G492 7ok Bdo] glom, oA FF Edold 4
o] %= &g&3tt}t(Tipton, 1984; Scheuer2} Tipton, 1977). i
Hil Egoy zpAdEQ 13 wEeknl Aurzeke flsk LEa ) o
T AP AeAH Fhe xT|dAel wolzt Asty] witel H3tsttt
(Blomquist$} Saltin, 1983).

13] BE%2 13 5 A AdodN g Wks g4 oz 4
S Adsaet 13] HERel wet Ad9n. AuERY Sk &

g <8 TS dnth(Evans, 1994).

< 1,083T64.7 mteE Sampson
1,046 me3} fARSE A AS VeI,
Aol wE) zw 8F9 125 Fo ZA7F 1,202£64.0 ml,
7hakQlek. st AutEEe X

d =
21 45 Fof 80.6£2.90 {/min®®E ¥
A

o rg oft =

l*N

R
2

37.3%15.43 {/min®lA] = 5
7b7E QAglod ol Sk £EA, & S Aolel wE AvbEs
o Wigle] AA AFE W How AmHH, 2w 859 1275 Felt
77} 86.9+4.95 {/min, 91.6£6.14 (/min®E i F 4F J|FOo=E
o7 s S77F AATHPL0.05). webA 2 AgelA AurEd St
of mZ ol Q= & T AR W 58 TV 2 85 Fel o

Ebs 2E 9 4 Ak
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)

Young (1999)& 2A4ule] AFz ZuAddA Zu & A 1=
HAAYWA d=go] % 7+AFHtk 3k ¥, Patteson(1993)8 E

=
Gtk M E ARtE d3A S Basgith

1 %!
GEgo] 2w A 7tz 80.6+1.13% 9 43.6L1.14%04 %1 125 ¥

I 97%sF 42.110.98%% & WEol At olyst o]
sEol wep skl At o2 wstE e J]Er oy Q/Ek
FEFE W] wiEteltt &, %59 TRl mek ARt wAE o

o> Ztzh 2 (Colan, 1992) <PFH ZefelA A T5&3% 24
AWE G5 A FH, FEEE 9 Avsgel %S
T R T (Vuille2t Weyman, 1994).

Young % (2002)2 1859 Thoroughbred AFrtE tidoz A%
oo o8t AT S HuAbain o] BAE AFstg=d A
AGF Ho kRN vl Aol Stk $8lth Lightowler
5(2004)% 4859 Thoroughbred @¥ Thoroughbreds %S AFE-3}

of WA BAF5E Bk AT AYAgFol AL D AFTAG

94 A mEdtE RS W AREeE BF AP Ry
TEE Polste] AYAEFL AT Aol AFEFUS AFH] A
A4 elet sk,

Buhl % (2005)< Standardbred 37} 103F& Wdez 671 &
dF . F 43 AFEEFAE FAst] AFATI} AFeHA s
TaRed 71 T AAAWAE, HAAEF D FH A [FATL
A AA AZA7I7F ARG S, R AR ATl
dek= AFvbzt v 250k nop G347 AAAWNE o JAAA8F St
E Hol HAA AVst AFsEHdeE FA e #AVE #EEHAT
ST

o Aol debd ALY Sk 2w A 3,074£329.7 gollA
Z0 125 $of 3,547+£362.4 go % 15% < 7F5F+=dl, Young(1999)
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o] 2Am} 2w ¥ 4% A¥ 33% T7hst Ao vt H¥k FEH
7t Zlell =3egitt ol e dt 2koli= Young 7181 2AvHE 7

AN
2o 15 69 ZoF AA AE7) Holx= Tr IS AHI

FFI
2 AN H

Mo it
Ol
=
(0]
oi
o
3
=y
(@)
=
@)
o
0[]
=
o
=
@D
[N
o
g
(0]
>~
%
O
ol
2
o
o
o

= ol&337] weler = HEn

ob=¥ Young 5(2005) Felle A5 FAd ATl AddE
Fol Asd ¥ & WAZE AT s, & AgelME 121k E
dudes 2az 7] HAAAWd 2 #AA8Fol S A
o (cardiac hypertrophy) &7} WERom, ol2 <l 13] vt= Ul
AerEEo] T7HE AAY 59 TR AdY e eHol FE
e e T

BTt 25 T AMEs S4S wvY AR *Eed 54 4

waIE FAsHZ] f@ AREEo] gkvk(Evans, 1994). EFEH =Y
T HALE o8 A, AMEreh A HAE Avkss 120~210
beat/min W elolA= JHAlel wet v FgEA Aol ATH(Evans gt
Rose, 1988c).
oA Hrjpusre HAEE Aol =AY wel o dF=
WA okol 559 Hrtele FaekA kil skl e (Seehermant
Morris, 1990; Evans® Rose, 1988b), Foreman % (1990)<> 800
m/ming £E5% 880 m TR ZW T HUHuvrEsa HI v s
i, Evans® Rose(1988b)+= EFEY xuw % %Zof& Hoj et W
s7F kol Bkl
2 AT Hudutsae Za des 225+57.3 beat/min, ZiL
455, 85 4 125 Fofi= 247 222£6.7 beat/min, 219+6.0 beat/min,
217%5.2 beat/min® #ZA3FA oW FoxH7t A HA = ob Evanse}
Rose(1988b) 9] A} HAMSFH 21, Krzywanek 5 (1970)2 19%F
°] Thoroughbred Zelr Huldvtess 4 d¥ F4 223
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beat/min®©]$13, 204~241 beat/min H{ kil s}

T HArE 217~225 beat/min® FAFsE SAXE H QI
Hugstolet EFEdsolx HuteETE o] &3t
P A= AEtEs57E 200 beat/minel] o] 2

E]F(Evans, 1994). 28y /AR Hddds52] 2ozt AsH]

S O

2 o

Hﬂ 39 o
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EdEusEEs Ahitadn )
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|
2 %7} ©th(Evans$ Rose, 1987).

HAute EgledEe= 2w A 8.9+0.36 m/sec

i

Fﬂi

ui

i

Rl

o>
2B I o gy —

i)

k) Ade T e THol gEst & A9
50%5 AT %D} (Persson¥ Lydin, 1973). AFv7t &%5& 3=
S B RE AT frt SUFEA At 5
2w oA mg Fast Q4o|th(Evans$t
Rose, 1988a).
Stewart9} Steel(1975) A&+ FA7F AH ARG W2 AFr1e
AF AFoA FElehA] Xk sGlth o]zl ™ FAVF s o
of 1 MAS ETEE G olatd Aojgte TP o R Fmobd 4 Atk

AFEn e AYFE Z71E F2E=d) Perssond Bergsten(1975)
< 24 FEvul(trotters) oA A AT olde 2uE Foto] IRFEN
FE7F 30% F7FeFTAL Sk ole et Tk ol dFE W 2l



Z71E Yehy = Aoz By 9 th(Allen® Powell, 1983)
B AP E 2w o v Zu 85 To| AYFS FRFERAE

2 PCV7E 274 oA
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38
lo
=
o
ol

ol
rlr
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=1
2
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o
fr
o)

o %o 2 Hgo 3t v HPT A
Fedol FPANOEE +F A5 27 Y B 2R Zrletol
S

=

= el A=
= AT FAAAM e A" a9
(Rossdale &, 1982; Rose, 1982), T4 Ax9 AAZ &= Al
A ST/t AI Skl 7I1s MEErtge] YERdt(Carlson
S, 1976). Z12lut Allen¥t Powell(1983) & T4 &2 5 ollAl= v 4ol
AfFEol Ad Nd9Y dF & W AT wF A8es oE 9E
T~ W88 Hol™ Thoroughbred @ollA & M52} My 7HE 3
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gy I

2+ AFNANE 2w AR E} Z3 45 T 19% =718 ot o=
IHE 5o WE WIE FAHEY 12F Fo= 8F T Hrh §94 A

dadto] 20 A FEOR 3T

RS ZATNA AL g #gell o8] YERdTHGollnick 2} Saltin,
1982). Thoroughbred &¥} Standardbred 7 FvlollA] # F-3to]sl &
soll thst 5 W 9 FAs Rl W ATy Atolel FoA Q=
A7 A9 BaE g3 (Davie s, 2002; Davie®} Evans, 2000),
Wilsons (1983)= HiFstolst &5dAtelM ZAbs s AAE &5
sHoll te T AxE AA
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= Tl Ak EH e b}EMJE— Zolty, dF AisEe HAFsEF
AR o2 Hae] ¥ MiksRe ol2E AL P £ AL ¢
& 8= 7Hue e Brtete el Ha Atk (Costil, 1972). =
< AL 2EeY = w2 ANE s8I FHAAAAH R (V0o &
zkal Qle AFvhe B HaFekes adhsow Aot gAad
tha 3tk (Hodgson¥} Rose, 1994). 3 Goer 5(1999)2 Zw7f
¢F ¥ 65F9 Thoroughbred AvlE WAooz 109 EoF HuH3d E
tdes 5 94 AT we A Bo 22% Aasdvial skslv
B AdFoE 1257 Eded e i dF AAdrse 2u A
& 9.111.33 mmol/ ¢ o] ot Z 45 Fofli= 2FRFE R 9.011.30
mmol/ ¢ & °FgF A AEHAQ 2uz 859 125 Fol= 747
6.0+1.08 mmol/ ¢, 5.1+1.24 mmol/ ¢ -F4 AA A3 (P<0.05))
Goer 5(1999)¢] Aot FAsIl o, 2 e 5 dibs®
a2 Ak EsHol FHE AS A U oY FAkEe
A3t A7 = AR Eed Akl 8F D125 Fo 37 HAAUNA,
HAAEFY 13] v, AUE™ S AV dAH e A9E YERY
AR A e 2 HE el = Aol AW G 217t
5.5~7.5 g/100mt= W7 witel ©wARe] Frie s ey
ot AWMAZS AFueld g EahH or], dehihes w
2] AP A] 9] 71/\31—4.1— gl ol £AS T o= Qglel H;g-ljro]q. Al

2 Av F& AFof stth(Rose9t Hodgson, 1994c¢).

2 AFoME w A 4.8+20.36 g/100mF-H Fw 125 & 7.0+0.34
g/100m¢7kA] +814d QA S7Fe skl o Wasrh ARl glol 3o x
well 93 W3tz B o7}

256 AbkAel §4= AST9 CPKEA 5wk ow FATr) Zrleh=
tl(Andrews &, 1995), 7t A% 52 el wet et st
(Harris &, 1990). o]&$t Whg-2 4%k 18 &AJolut U4l Fakdel S7t
5 o] A7l S5 ERe] Wistell 71918 (Anderson, 1975; Boyd, 1985).
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