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Abstract : The left main descending artery (LMDA) of left coronary artery (LCA) in rats runs around the
left side of conus arteriosus after arising from the aortic sinus and descends to the apex of heart with
branching several branches into the wall of left ventricle (LV). The ligation site of LMDA for myocardial
infarction (MI) is the 2~4 mm from LCA origin, between the pulmonary trunk and left auricle. The
characteristics that rat heart has no interventricular groove on the surface and its coronary arteries run
intramyocardially with branching several branches give the difficulty in surgery for MI which resulted in
expected size. This study was aimed to elucidate the branching patterns of the left coronary artery for analysis
of MI size and for giving the basic data to producing small MI intentionally in 2 male species that are
widely used, Sprague-Dowley (SD) and Wistar-Kyoto (WKY), in the world. Red latex casting was followed
by the microdissection in 27 and 28 hearts of SD and WKY male rats, respectively. The branching patterns
of LMDA were classified into 3 major types and others based on the left ventricular branches (L). The
Type 1, Type II, Type III and others are shown in 55.6%, 22.2%, 14.8%, and 7.4% in SD, 60.7%, 10.7%,
7.1%, and 21.5% in WKY, respectively. The branching number of the first left ventricular branch (L1)
that are distribute the upper one third of LV was 1.2~1.5, and its branching sites were ranging 0.9~2.1
BA from LCA origin. L2, the second left ventricular branch distributing middle one third of LV, was the
number of 1.2~1.4 and branching out ranging 5.1~5.7 mm. L3, the third left ventricular branch of LMDA
distributing lower one third of LV, was the number of 1~1.5 and branching out ranging 7.0~9.3 mm from
LCA origin. The common branch of L1 and L2 was branched from LMDA with the number of 1.1, and
its site was located in the distance of mean of 1.5 mm and 2.8 mm in SD and WKY, respectively. The
common branch of L2 and L3 was branched from LMDA with the number of 1, and its site was located
in the distance of mean of 7.2 mm and 2.9 mm in SD and WKY, respectively. The right ventricular branches
(R) of LMDA were short and branched in irregularly compared with L. The number of 1~4 of R were
branched from LMDA. With regarding to the distribution area of L and the ligation site for MI, moderate
MI (25~35% of LV) might be resulted in 70.4% and 60.7% in SD and WKY rats. Small MI might be
produced intentionally if the ligation would be located at the 4~6 mm from LCA origin in the left side
of LMDA. These data wold be helpful to expect the size of MI and to reproduce of small MI, intentionally,
in rat hearts.
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F& HTh [14, 10, 25]. FFH AZA 5 (et
coronary artery; LCA) 53-8 HH o|=3x 2 2
U E(mm) W= Au2ete S-S 523 (subepicardial
running) SFAX FHYUE Ao AT o] F AFZEF
W 3l (intramyocardial running)S SHAA] A7 (apex
of hearty2 &F3to] 212414 (left ventricle; LV) -5 &
A A8 (1, 7, 8, 14]. LCAS] A= di7l
< 74§ 47 A (septal branch)7} 3 #EA]o]3L, o]ofA
S 127X (conual branch)7} o™ o]& Lve} Y&
Ak(left atrium)oll EE3H= 7EA7F Ut (2, 4, 7, 8,
14]. T8 FEAE EWHA| Y, &, 9EAFLT
S ug} EElE 3|57 (circumflex branchy= $1.2.™
[7], Bkl A AFo] 7EA] (subsinusal interventricular branch)
= gtk 2, 14]

Dbalys} &5 ATAE [7, 81 AF A £
TS WAl L 7] 8 A sklom, LCAS]
A 738 A 133 YO E Y § Arial siATh
e LCA7L AES Tl 2EivA AdAatolEA 3t
FHAE LV ¥ 7R E e FdelaL UL, Y
B AR @3 Z2ov Ly oY, & A
(atrial surface)ell ©128 5717} 79 H|=E F 7=
wrlo] A7l ol2& f3oltal aFlen, LCAS
A BA k] 44 el 3= A4 71K E(ventricular
branchesy> LV $+&:7} 524 (anterior and posterior wall)
< wheh gel=g) 22 S 2-100]1 Hi7) 3olet sheint.
8 Johns$} Olson [18]°0] AEFES L2 LCA
AR she] A3 (myocardial infarction; MI)
< FEe Zds AN G o]F, A MI B T
3AF Ml B2 TS HIRe AES FER
g2 da] 2o|7 At} [6, 15, 2123, 26, 27]. IF 4
4 BFFUL S5 =3te] A9 glo] MI fiol Hx
49 vlgo] A7 B, ¥R 271% 24 & 5 9,
rolgle AHlR AT B2 5 e A, Al T
B9 QE 547 vissiths 48e AU 9

[15, 27]. & AF&-3F= ¥352 Sprague-Dowley(SD)
159} Wistar 152 #7215 -2 ARS-SkL UHt (15,
19, 22, 27]. LCA A% SIA& A3 954+ =
Ag] Atojolm, o] K915 A slo] A7l MI A7]=
LVE 4-46% B=2 theksbA| (19, 23], @543
M3} (hemodynamic changes)= MI =70l e} 22hX]
3L [22, 23], 20% ©l3te] =7191 79 A7 7159 st
7} AL Aow GeA Qo] [12] MR T Arw T
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aANE Ad 2dS Ferhs A2 4% do] ofyrh
3F LCAE 2SS U & B2 FeA &
Ho|R] ¢k EAo] A, 7EA] £A] $1x]19] A [6],
F35 4 [19] &Zol= oA Ml FE AFEC] 100%e]
ol27] o€t} [6]. 2B & F APLEC] 15~50%0
o278 MI 3717} 35% ©)del dF= & F ol
AEEO] 50% ]3] o] &} [6, 12].

olgst TAl= AR AFNME HolX|gt o] &
al4dst7] 918te] A2 Ahn 5 [31> LCAS] wAIF 4
2 A5 SR o E st sl MI A7]E A

L 4

Fig. 1. The each numbers of ventricular branches of left
coronary artery in a SD rat. The left ventricle was divided
into 3 area on auricular surface. The numbering of left
ventricular branches were based on the area of distribution.
There are no branches that run in left coronary groove
(atrioventricular groove). LA: left auricle of left atrium, PT:
pulmonary trunk, R1, R2, R3: right ventricular branches,
L1, L2, L3: left ventricular branches from the left main
descending artery, respectively. The oval ring marks the site
of ligation for myocardial infarction. The arrows of both
direction represent the each segment of left ventricle. View
of auricular surface (Surgical view of thoracotomy for the
myocardial infarction).
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Fig. 2. The types (type I: A, type 1I: B, and type I1I: C) of branching patterns (left) and corresponding graphs of frequency
distribution of LV branches of left coronary artery (right) in SD male rats. The Type I has L1, L2 and L3, separately.
The common branch of L1 and L2 originates from the left main descending artery in Type II, and the common branch
of L2 and L3 in Type III. R1~R3, the 1st~3rd right ventricular branches. Dotted lines represent the branches observed
only in some rats. Scale bar, | mm. The numbers of left side of the graph represent the distance from the LCA origin
where the left ventricular branches were divided from the LMDA. The number of branches were shown under the graph.
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slod A3 A7), Aske 2719 Ml FEel B3] &
a7t 7 ATE A= ST
ME ¥
AYFELS AFe] 300~350g Q1 SD}F Wistar-Kyoto

St g T ARS8 (pH 7.4)
SF AL FeA S aE F9
&3 (aortic archyS 2Z 3 vh& HAS A

"Ho=a 71
zawd oo 239 ol 1959

ARE-Ete] wAE RS
(Fig. 1),
& EEgold 2L,
PIAE LCA ol=3tolA Aoz vy A
Bt A710l o] ket 28 Al
7t U= HIEE ZAMSIA 2 mm 7HE 02 FESle]
TE 2 ZE FASIATHFIg. 2, 3) [3].

LCA 714 €] W2 &5 Folx Alztate] 474
S ol F2 7= 9EZU Y 7HA (left main
descending artery; LMDA)Z}Y. 3} 3L, LMDASIA &
222 A (right ventricle; RV)Z 2.2 EX|3le 7R &
LCA®] 2 E2%4 A7} (right ventricular branches of
LCA; R), 9% 0 2 EX|3to] A& RA 2]} AW (atrial

Ay
9‘15
RN
>
Y

surface)> 2 @2 ¥ 3= 7HXE LCAS] A&7t
A (left ventricular branches of LCA)ZFaL I th &4

W (left auricle) ¢}l 2 LVE 3 S2310S o 1% 1/
30 EEsHH AZAAAFo] (TG )T Bl A
Bz gele 7S AR LEAA 7 (the first left
ventricular branch; L1), 7F2-8] 1/39] ®X3}= /A&
EA] 212414 7EA] (the second left ventricular branch; L2),
o 1390 EE5he 7HAE AA A5 A 7HA (the
third left ventricular branch; L3)2}3 3}tk RS 2 4
o]7} wig- &I A X7} thFate] AE s i
o] @ 4 gl 2 F9f Bx P Yol AR o, 1
Zol7F 4mmo]3l ZARF YR O™, &AM o=

2l

.7&0/\1

Tl

Ao wiel MEEs BrkFig 1). 398 A4 oA 3
mm ool £X|3l= 7HAl= FESHA] kot

LCAS] AA7HA] 4 /32 A5/ & 71EL
2 UFeH, | E(Type ) & A Al 0] x5}
= L1, L2, L37} 22 A8k -3 o|th(Fig. 24, 3A).
11 (Type 1) & L1} L27F F5 72 EA|5HA T 4
el 915 133 $70 13 FHgel] BEsH, L3 =
2 BA5hs frEelthFig 2B, 3B). Il 3 (Type 1)
L1o] #4138 & L29} L3¢] F&7HK & #A k= /3
o] (Fig. 2C, 3C), 71} F8-2 9] #Fol mEA] ¢
= Aot

B ATs s AFE st MIS fEet
doll A Ml Z719] td-s EA8 o8 A
71€] MI 37915 AlAlstat &klar, $47H
HARTHA = LCAYA Vo= 457t 9= &
A BF A EABIER [7, 8, 14] LCAS] #4]
FolM= AT

rr

o, o
Jo fd oft U 1

&O

= ot

A& 37(2t 2X /Y

AFH A SEH2E FYstar ge A A7=
Zo] 13.8+12mm, Z& 10.0+0.9 mme|At}. LMDA
9} LMDAYA] X[k 7= 9% 414 HollA 4%
25% Ul & 3k JATh LS E ige] e
ME AT A4S /A shaA W3 BEsHAl
9] LV 4FoA AFRAEE A A 7 2
A= B BAT AAVK] S 453% 1% U9
AXBH= AL ST LIdME 7000 9
EXxsie

LCA ¥4 #32 SD 3F M 1 & Role A
15 vl2]2 55.6%, 11 L 6 vlB|Z 22.2%, 1l & 49}
22 14.8%92H, LMDAS} H|S=3 2 7Hx7) 924
W ollA] ZEhx A RaxstE el o]2X
o2 71t §8-2 27k (7.4%)1 A ERT
(Table 1, Fig. 2). WKY 3F X = SDe} A thEX]
2tk 1 FL 1771 E 60.7%, 11 T2 30k 2 10.7%,
1 FL2 2vlE 2 7.1%, 718 732 67IEIZ 21.5%=2
SDET} 2+ =7 UElSTH(Table 1, Fig. 3).
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Table 1. The types of branching patterns of left coronary artery in the male hearts of the 2 species of rats

Species Sprague-Dowley (SD) Wistar-Kyoto (WKY)
Types I II 1T others 1 1I 1T others
Number of animals 15 6 4 2 17 3 2 6
% 55.6 222 14.8 7.4 60.7 10.7 7.1 21.5
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Fig. 3. The types (type I: A, type II: B, and type III: C) of branching patterns (left) and corresponding graphs of frequency
distribution of LV branches of left coronary artery (right) in WKY male rats. The Type I has L1, L2 and L3, separately.
The common branch of L1 and L2 originates from the left main descending artery in Type II, and the common branch
of L2 and L3 in Type III. R1~R3, the 1st~3rd right ventricular branches. Dotted lines represent the branches observed
only in some rats. Scale bar, | mm. The numbers of left side of the graph represent the distance from the LCA origin
where the left ventricular branches were divided from the LMDA. The number of branches were shown under the graph.

LCAS| IZAAMIIX] EX| fIX[2t == LCA °o|=37E 2mm oJUolA vee Aol 157HA
1) SD 3% (branches)Z 7F4 Btom BEXsle A9 Ha Al

SD 3#9] 1 oA L1 £+ 182 Hd 12019, = LCA °|=32%E 13+ 1.1 mme|Ath 129 4= 21
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Table 2. The numbers of the left ventricular branches of LCA and the their mean distances from LCA origin on its types

in the hearts of male SD rats

Sprague-Dowley (SD)

Classification Type 1 Type 11 Type 111
mean of the number of left ventricular branches (mean of its distances from LCA origin, mm)
L1 1.2 (13£1.1) 0.2 1.5 (1.6 £0.9)
L1&2 - 1.2 (1.5£0.8) -
L2 14 (5.1x1.7) - 0.5
L2&3 - - 1.0 (72£1.5)
L3 1.4 (88+1.5) 1.5 (8.6 +1.7) 0.25

Table 3. The numbers of the left ventricular branches of LCA and the their mean distances from LCA origin on its types

in the hearts of male WKY rats

Wistar Kyoto (WKY)

Classification Type 1 Type 11 Type 111
mean of the number of left ventricular branches (mean of its distances from LCA origin, mm)
LI 1.5 Q2.1+1.5) 0.7 1.5 (0.9+0.6)
L1&2 - 1.0 (2.8 £2.8) -
L2 1.2 (5.8+£1.6) - 0.5
L2&3 - - 1.0 2.9+ 1.0)
L3 1.1 (93+1.2) 1.0 (7.9 £2.3) 1 (93£1.3)
(33t 141903, LCAY] ol 3HH 4~6 mmollA] 1} 2) WKY 215
Q= Zlo] YR Boken £7]ehk= Ae| Bt A WKY 3179 18 oA L19] & 2622 Hit 1.5
€ 5.1+ 1.7mmelek. L39] & 21 1.4)°1 o], LCA °]& 3+5H 2mm oJHelA v Zlo]

37, 8~10 mmollA] 71Al8kE Zlo] §7HAE 7HE
E}kkoﬂl &9 7INFEY AdE
SATH(Table 2, Fig. 2).

11 FollA L13} L2 FF7FI(L1 & 2)8] 7= 72 B+t
120193 LCA ©]:=325-E 2 mm ool EX5k= A
o] 602 LS Ao x| @] Het A

= 15208 mme|ct FHZQI L1k o7 X3k
o I g 3(EHA 02)01TE L3S 971X (branches)
7P EA&le] FF 15921 8~10mm Ao B3}

M e 42 7P WA 1 B APE 86+
1.7 mmo] i t}.

I oA L1e] & 6FHd 1.5°19, 2mm |
oA b= Flo] 402 Fko, ol X9 Ht A
1.6+ 0.9 mmo| Tt 129} L3¢ FE/A (L2 & 3) &
43+ DPIAAL 6~8 mmelA 37EA7F A8k o
ol 3o Hit A= 72+ 1.5 mmo| ATt =Y ZF Sl L2
o} L3o] #X]sk= Aol A=l ZHzt 2409 1o ol A
LFERSTE

o 1}

B+ 8.8+ 1.5 mmO]

L
yu
L
L

157}A] (branches)® 7Fg @W3tom EX]sl= A<l ¥4
7+ AZE LCA °]= 3ol 2.1+ 1.5 mme|}t}. L29]
FE 21(FHT 1.2)°193, LCAY o] XFE 2~4mm
A Y= Aol 9714, 4~6 mmolA Y= o] 87}
A2 goken Rrlste AP HdE AZe 58+
1.6 mme| 1t} L3¢] & 198+ 1.1)°1213L, 8~10 mm
A 7IAIER= Aol 117K R 7H o] YEelstory o]
E9] 7|X%9 Agle Ha 93+ 1.2 mmo| A THTable 3,
Fig. 3).

1 oA L1 L2 2571 &2)°] & 302 9
7+ 10]913L LCA °]& F5E 2 mm oWelA] EX]3k=
Z10] 2, 4~6 mmelA] Y= Zo] 10]UT}. o] 4
AMe Hi AgE 28+28mmoIUTh SHHeE B
A st EE3= L1 & 2090 L3 3714
(branches)’} #-A|3}o] H 10192 8~10 mm Al
A 271 7F BAEII A 2 Hg ARE 7.9+23 mm ©]
STt

I FellA L1] & 3¢3+F 1.5) °1U3, 2 mm ©]H



o2

x

Agol 2k oo AT 13

Table 4. The number of right ventricular branches of LCA on its types in SD and WKY male rats

Sprague-Dowley (SD)

Wistar-Kyoto (WKY)

Number of branches 1 11

1 1 11 I

Number of rats

Number of rats

1 _ -

2 7 -
3 7 3
above 4 1 -
Mean 2.6 3.0

1 - - -

1 4 3 1
1 10 - -
1 3 - 1
25 3.0 2.0 3.0

oA BE BAI glden ol 2o Bt Ae
0.9+ 0.6 mmo] Atk 129} 139 FE7A(L2 &3) &
2 (Fd 1)°IAL 2~4 mmellA X3 o] | B
AT 29+ 1.0mmeE I 9= w$ =g 9
29l 129} L37} #Aske Aol e 247t 1999} 2
oA Hersttt.

R 2X 2 HH =+

LCA®] Re 7HAME 24 7 qdsisls 1 =
1~59tHFE - 2.0~3.0)(Table 4, Fig. 2, 3). L3} v}371A]
2 REAAZEE W FAE 8l AJL #A e &
9] A& et on, A4 A7) vlE] 2 Aol
= @dT(Fig. D). °l5 T L LEF AE7HA o
2= ASE ATh

o #
=

A= A, 28, 71U, 27 53 vl MiS
Sarato] Alglo] 2ol ERolt). gol AL, o] 4
S0, 414 FHENS 25 23lo] 7e] glo} Ml fE
o] 41, AYEE )8 A T 5 AT, WU A

3 o

]

= T, =4 =g
A 5 Hlssitke S AU Qo] de 22o]
3T [15, 27). F 2 AH-hs F5-2 SD 8719} Wistar
AR 2lE it ARSSkaL )lH (15, 19, 22, 27].
LCA ZZ A= #H-eW7 A& BAjg] Alo]=
LCA o]=3ollA 2~4mm AE "oiZl jrolr}. et
AH = LCAZH A2 5S Ul 85 SER [4, 7, 8,
14] 70§ (thoracotomy)s & o] /&) Auk= 3¢
< I3 oe 9 LCAS ZAF st A7 MI Z7]
£ LVO| 4~46% A== tpeFsit) [23]. il M1 =27]1&
25~35% 2= A7 Jov 5H A ¥ SHhemod-
ynamic changes)= MI ZL7]dl] wa} 2242 3 [22, 23],
20% olate] =711 79 A% 715¢] Wt A A
o2 g 9 [12] 20% ol3tz A7 A= A

o|A A &Jtal = AZgolth 2] AEo] 43| F
AEA eldhs WHE Lve] A7 ¥sks Fale o
FoR| L 3o 100% AFo] AIHT [6]. Aol i

She LCAS] 77k 2A3ke ol 9ol A [6], %
W [19] o] 92Ol olo] That Wae shvaE
T AW S e A AP A= o] BE 5
o Fgo] Basitt [6, 21]. Bt A9 WA Aol

Jev FE F APEC] W7l 15~50%¢° °]l2H, Ml
717} 35% ©13 FFHE F& F 6 MY AEE0]
50% o|&tol] o]|Z2B R [6, 12] YE5H A W3S Hol
= A3t 2719 MIE A FE5& FEs] U717t o
22 Ago|t}.

wEbA] e gk ek BEE vEe R
4t MI Z71& A BdS Bo] d= A2 55 &
A2 Wit A3 AL oA mg T8 dolrt,
2 A= LCA A3} MI 2719 tist ARE AlF
P EAoR 7 del 2203 9= SD9F WKY ]
o] LCA &4 & AA7IA = gt sl #-3+4 A&
LAl LCAIA A8k S47HA19F s de 7t
= ALt SV S FHARIIR = MIE v
7] 918 A2 thde] ofl™ LCAIA ¥rEA] A5t
SFOL TA] oA Rk A 87] wiitelth [7, 8, 14, 19].
F 2782 AW (auricular surface)2} A W (atrial
surface)ollA] &34 A tolFA AXE Yei= A
Artolargto] FElalA] gtk 1E|a AF, F=H, &
Heol 22 tE AX R RV E BdeHe A
=5% W 3 (intramyocardial course)= ST} [4, 7, 8,
14]. LCA F3J& o]=3toll4 2 HE v E(mm) o=
Algulgetil 29 Z=8) (subepicardial running)3FAA] &
AW Aol YA o]F AFEHZF W T3 (intram-
yocardial running)S SFHA] 4174E (apex of heartys F
sto] LV $E5-3 &9 [1, 7, 8, 14]. AF A o] 74
= LV &5, SARA A Exdte o2 7t
g U=t 2 & 2~1022 g 301t} [38].

E AFA LCA2L] 7FAE(branches)ol] st &

N > lo ot

2

(ot
1

)
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A7} UL FE°)| 22 Nomina Anatomica Veterinaria
NAV) [1712 9342 ugor NAVY e 22
Nomina Anatomica(NA) [111°] Wkt Z12]u} LCACA
B2 &H= £4 714 (septal branch)2} 52912 714 (conual
branch)E A €] 3}z, AX|FollA LV B¥(wall)ol] HE8)+=
7HE L 3o AAAatelaigel fIX|ste Flo] oy
3, B U2 7RES] REVF TEER [3, 5,
9, 10, 16, 24, 25] NAVOI|A] AMg-ah= A4 Ao 7}
A] (paraconal interventricular branch), N.Ao| A AM&-3l=
r2] & 71A] (anterior descending branch)E A& &=
$AATE 3 3]E0]7EA] (circumflex branch)g= 815
AR 4 SISiTE AR A Al 7ER] = NAS SHE
7R BFalA|RE o] f-of= AR A A A
%, 5, AR AL Ao o] FElElaL o] ARk
LCAS] 7HA7} IX8HHA F8she F=olA 283
T d= folol7] wEolr} Bt VAN A 7HA]
oF ZEA = AA & 7HA | &7 g e Solx A
S8 etk 24 AF oA XS o2 ZepA vhet LV
Q&S| st 7EA7F IFa el X EA] &
[8], ©] xFF} o= AE HasHA v2F3d] de AW
Hell 24 [14], Folia A ol 7RI ZA X & Aol
71 2, 14] w2el o] gol= A3l Frhar Ayzhgt
ot $HA 2 Aelx] #Esk A3 35 LCAS] #Al=
ARES 3l 7k 77 7P F3L ol B #7717 7
= 7HRE] U Y&y} 9 B2 BX5LY AL &
A0 2 BA|3 7= 7HAES AR dAge 1k
A A #FuEs HasA g3 LV 94
Al 9ERAEE A A 7 OXE BES
om & Icardo 9 Colvee [16], Ahn 5 [3]°] &2
gk AF 9] LCA A B&F AT

ot 2 AFolA= LCAS] 7] F e 3l
7HEA AA ] XS o] 71A]¢] ©]82 Ahn F [3]
o] AMg-3F LMDAEIAL 3113, &7 e 8o
21 L12kaL 3idch. B o9} ysiA dele 7THES

o Ok

-
Fed A FES EReEdE o =gl H3 Ml

]
LMDACIA #AsHe 917F s, 2 7K
142 TRFsIglh FPl2e 21 R Fo4 RVA &
FEohs 97F AT oA RVZA] Eaxshs 7S
Hohe B (1419 9] Sk Zlolth oY A5 LCA
£ 7% s RV H7A MUt dold ¢ Atk AAlR
29 ooxE RV Ho] HiE 2H o2 dol e A

£ = 5 Uk

.7t]o/\1

Tl

AAFollAl LMDAY thgh W3- oA % Azt
ujel gEbr] E2Th Ahmed 5 21 F 9 7Y
ol thgt A-ellA] BZE4 A AR 71A] (anterior interven-
tricular branch), 71 5 [1], Chimenti 5 [6], Liu 5 [19]
S XS B2 ATAELS AXAZU - I (left
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