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lc . 20
I (large type 1) , 30 I
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(masticatory muscles) (biceps brachii muscle)
22 : 16
, lc
I , la b
(ventromedial pathway) (anterior funiculus) (lateral funiculus)



(externsor muscle)

(lateral funiculus)

22

18

Kumagai
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13%
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55 ( . 4 8 24

1

Gedational age(week) Carnegie sage  Number Crown rump length(Foat length) ()

4 7 2 45/ 50
13 2 30/ 42
5 14 2 62/ 65
15 2 731 90
6 2 107 / 117
17 2 129/ 140
7 18 2 158 / 159
19 2 165/ 174
8 20 2 189 / 220
21 2 202 1 225
22 2 234/ 238
23 2 250 / 280
9 2 33/ 43
10 2 51/ 58
11 1 73(13)
i) 1 93(14)
13 1 102(18)
15 1 123(26)
17 2 149(29) / 155(31)
18 1 150(34)
19 2 167( - ) | 175(36)
20 3 165(50) / 180(40) / 188(41)
21 3 178(38) / 188(42) | 195(42)
22 1 210(47)
23 3 218(48) | 220(46) | 225(47)
24 1 220(53)
25 1 235(53)
27 1 240(64)
28 2 250(62) / 250(65)
30 1 260(66)
31 1 260(69)
) 1 300(80)

]
O}
]



(Carnegie stage)®

4 10-13 5 14 15
6 16 17, 7 18 19 8 20-23
9 34 31 , (crown rump
length) (foot length) 2
2.
5-50

(Wild 10, Leica, Swiss)

10%
70%, 85%, 95%(2 ) 100%(2 ) 5-20
, histoclear xylene
rotary microtome 5-10 . 10%
isopropy! alcohol 45 C
silane coating  dide glass . hematoxylin-eosin(H-E)
Trichrome . histomount
(triceps brachii muscle)
(biceps brachii muscle), (rectus femoris muscle)
(biceps femoris muscle), (gastrocnemius muscle)

(anterior tibialis muscle)



i)

10% (perfusion) 9 12
H-E
13 34
i sopentane 10 -20 C
10
H-E :

periodic acid schiff (PAS) ,

myofibrillar adenosine triphosphatase (myosin ATPase) reduced nicotinamide

dinuclectide-tetrazolium reductase (NADH-TR)

2) PAS 2
; ; , 1% periodic acid (Sigma
Chemical CO, &. Louis, MO, U. S. A) 5 ,
5 : Schiff (Merck KGaA,
Darmgadt, Germany) 10 , 0.5% sodium meta-bisulfate
2 3 . 10 Harris hematoxylin

3) Myosin ATPase . 28

, 5
. Tris buffer 1 , acid  akaline
preincubation (PH 4.3, 46, 10.4) 15 . tris buffer
1 2 , 37 C 45
1% CaCl: 30 3 , 2% cobalt chloride 3



akaline 30 4 . 1% ammonium wulfide

(D . 40% 50 sodium cacodylate (Wako Pure Chemical
Indugtries Ltd, Tokyo, Japan) 31 g, CaCl: 10 g, sucrose 115 g
: 17
(2) Tris buffer : 850 , 0.18 M CaCl: 100 , Tris (hydroxymethyl)
aminomethane (Sigma Chemical CO, &. Louis, MO, U. S. A) 12.1 ¢
, 1 N-6 N HCl pH 7.8 12

(3) dkaline preincubation : 15 M akaline buffer (2-amino-2-methyl-1-propanol
buffer, Sigma Diagnogics Inc, &. Louis, MO, U. S. A) 335 , 0.18 M CaCl:
0 35 , 1N-10 N KOH pH 104
50
(4 : 15 M adkaine buffer 335 , 0.18 M CaCl: 5 , KCl 185
adenosine-5'-triphosphate disodium salt (ICN Biomedicals Inc, Aurora, Ohio, U. S.

A) 76 , 6 N HCI pH 9.4 50
(5) akaline . 15 M adkaline buffer 134 160 , 1
N-6 N HCl pH 9.4 50
(6) acid preincubation . 0.18 M CaCl: 100 3 875
, 1N-5 N KOH pH 43 46
17

4) Reduced nicotinamide adenine dinucleotide (NADH-TR)

37 C 20-30 , 1
. 75%, 85%, 95%, 100% , 0.5%
safranin(Sigma Chemical CO, &. Louis, MO, U. S. A) 30



(D . trisshydrochloric acid buffer 10 , nhitro blue tetrazolium (Sigma
Chemical CO, &. Louis, MO, U. S. A) 10 , NADPH (B-nicotinamide adenine
dinucleotide phosphate, reduced form, Sigma Chemical CO, . Louis, MO, U. S
A) 4 pH 7.4

(2) Trishydrochloric acid buffer : Tris (hydroxymethyl) aminomethane 6.5 g,

concentrated hydrochloric acid 3.34 1 pH 7.4
Cooper  *° NADH-TR [
lla b , Saron Hikida(1992) myosin
ATPase
Myosin ATPase pH (preincubation) ,
2
2. pH myosin ATPase
pH 104 pH 4.3 pH 46
Type | O L [
Type lla ® O O
Type lIb o O )
Type llc ® o @
, 200

(Optimas Image Analyzer Ver 6.1, Optimas Corporation, Bothell, WA, U. S. A)
() :
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20
(Ix1 )

(Ver 6.1, SAS Ingditute Inc, Raleigh, N. C, U.
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(upper limb bud) 12
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05 , 02 , 0.1
13 ( 1B) 7-11
09 , 0.3
14 ( 10)
; 15
(hand plate)
, (hand segment)
16 ( 1E)
(digital plate)
(finger ray)
18 ( 1G)

(interdigital notch)
19 ( 1H)

20 -23

- 12-

(dorsocaudal)

8-10

D)

17 (
17

20



21

(pad)

2A).

2G)

14

13

16

18

20 -23

22

(pad)
( 21)

05

1).

(lower limb bud)

0.2
2B)

2D)

2F)

- 13-

22
23

0.7
2C)

(foot plate)
7

(toe ray)

21
23 (

(

20

2H)

24-27

0.3
11

2E)

19



12 ( 3A) (surface ectoderm)
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13 ( 3B)
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ectodermal ridge) ,

(brachial plexus)

, . 15 ( 3D)
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2-3 ,

- 14-



14 ( 4B)

15 4C)
16
17 ( 4D)
18
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8 22
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: 31 (
b
b I
(p<0.01),
(p<0.01) |
(p<0.05).
(p<0.01).
lc I
(p<0.01)
(p<0.01)
17-27
(p<0.01). 28-30
(p<0.01)

llc
28
lla b

(p<0.05)
(p<0.0)).

llc 17-27
I 17-27

28-30

(p<0.05)
(p<0.01)
I (p<0.01).

, llc 16

(p<0.01)

17
17
(80 |

(p<0.05).

(p<0.01)

(p<0.05)

(p<0.02). 31



(p<0.05).

28-30

(p<0.01)
(p<0.02),
I

(p<0.05).

17-27
(p<0.01),
(p<0.01)
(p<0.01)
(p<0.01).
(p<0.01).
28-30
(p<0.01). 31
(p<0.01),
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3 Mol ME ZHREY LWEH(%)
llc; OlE8 89, Ll 218 MR, |18 4% lla: lla¥ A%, Ib: Ib¥ MR
2% |yoy ®N 13 | 15 | 17| 18| 19 | 20| 21| 22| 23| 24| 25| 27| 28|30 | 31| 34
triceps brachii | _llc | 100 | 100 | 98.3 | 96 | 973 | 954 | 941 | 97 | 934 | 94| 90| 89 | 94 | 903 | 647 | 42.3
u 171 41 271 461 59 3] 661 61 10| 11| 63 8] 23| 23
s 0.7 | 171 20 31
lla 12 | 193
lib 1] 5
biceps brachii | _llc | 100 | 100 | 97.7 | 98 | 973 | 947 | 938 | 93 947 | 97 | 9 | 8 | 908 | 883 | 6653 | 417
i 23] 21 27 53] 62 7] 63| 3] 5] 15| 8] 9 33 27
| 1.2 27 18 | 32.3
lla 9.7 | 187
lib 371 47
rectus femoris| _llc | 100 | 100 | 99 | 99 | 983 [ 9659 | 93 | o1 | 920 | 95 | 96 | 94 [ 015 | 88 | 647 | 417
U 1 1] 17 41| 7] ol 71| s a| 6] 73] 9 3| 2
u 12] 3] 18313
lla 10.7 1 20
lib 37 5
biceps femoris| _llc | 100 | 100 | 98 | 97 | 97 [ 962 [ 931 | 92 [ 912 | 96 | 94 | 93 | 918 | 873 | 64.7 | 407
N 2] 3] 31 38| 69| 8| 88| 4| 6| 7] 73] 97| 23| 3
; 09 | 31 20| 33
lla 2] 19
iib 1] 43
tibialis anterior| llc | 100 | 100 | 983 | 98 | 977 | 95 | 918 | 89 | 913 | 89 | 94 | 02 | 8 | 88 | 663 | 423
LI 17 21 231 6] 82 11| 87 11| 61 8 11| 73] 33 23
! 1] 471 18] 31
lla 9.7 | 19.3
lib 37 5
gastrocnemius | _llc__| 100 | 100 | 97.5 | 99 | 975 | 954 | 899 | 88 | 904 | 96 | ©3 | ©93 | 0908 | 887 | 647 | 413
U 26| 1] 25 46101 12 96 4 7] 7] 8] 93] 3 23
| 12 ] 2] 18] 31
lla 10.7 | 203
ilb 371 &5
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¥4 MR8 @& 247 #XH(em?)
e ; oj2s MR, L 218 M8%, |18 M7, lla: a8 M7, b lIIb¥ dF
= e eek 13 15 17 18 19 20 21 22 23 24 25 27 28 30 31 34
triceps brachii lic 80.0| 89.2| 76.8| 875 926| 768 729 | 743 768| 743] 775 8541024 109.0 | 100.8 | 131.7
U 166.3 1 172.1 | 1495 {1441 | 144.3 | 1354 | 175.3 | 163.7 | 166.6 | 1665 2343 |} 171311721 1 183.7
l 8441 8771 90.6|105.1
lta 140.7 1 172.3
lib 140.0 | 171.4
biceps brachii fic 835] 906 785 726 840 775 682 738| 732| 754 725 95110201078 9381278
Ll 150.1]140.0 | 1274 | 1464 | 135,11 1366 | 1629 | 15646 | 137.1 | 183.6 | 210.8 | 171.7 | 1744 | 1822
| 7141 8681182 ] 100.9
lia 149.4 | 1744
fib 142.7 1 170.8
rectus femoris it 821 7441 799 723 | 780 729! 684 694 714 770 747 | 863 | 976| 96.7|101.9 1259
LI 1662 1126911281 11342 131.911319161.9!163.7 {14568 {172.71179.41176.3 | 170.7 | 180.0
| 6491 9651185 | 1024
IE! 1468 1 1716
lib 146.2 | 172.6
biceps femoris lic 768 803 756| 748 86| 77.1| 652 696 700| 758 743} 9061033 | 95.0 1063 | 131.7
L 136.7 1 122.9 | 144.0 | 14341 126.1 1 137.7 1 157.0 | 152.0 | 147.3 | 1743 | 224.7 [ 1719 {1732 | 1835
| 70.2 | 8471046 110.2
lla 146.2 | 174.0
Hb 146.1 | 172.1
tibialis_anterior tic 776 822 781| 665 786 744 | 675) 704 733 742| 733 799 9521063 | 9061332
L 142.8 1 142.7 | 134.7 1 152.31130.3 | 1294 | 1474 | 1555 | 1457 | 169.9 | 188.3 | 1836 | 172.6 | 184.4
! 7041 87.0]118.7] 93.8
lla 143.2 | 172.6
lib 1429 | 171.1
gastrocnemius e 68.6] 938 793 724 793 728 685] 680| 720 7441742 | 81.0)104.0) 106.9 | 1054 1 137.8
Li 145.0 | 131.7 [ 1344 [ 131.7 [ 132.0 | 129.7 | 136.8 | 164.9 | 141.4 | 167.0 | 197.3 | 167.2 | 70.9 | 180.3
I 69.5 | 86311139 906
lla 1385|1743
lb 138.4 | 173.8
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ABSTRACT

Early Development and Differentiation of Muscles

in Developing Human Limbs

Joon Hwan Kim
Brain Korea 21 Prgect for Medical Sciences
The Graduate School, Yonsei University

(Directed by Professor Hyoung Woo Park)

This study was performed to know the differentiation of fiber types in developing
human skeletal muscles of the extremities.

The material consisged of muscle samples from different muscles, i. e. biceps
brachii, triceps brachii, quadriceps femoris, biceps femoris, tibialis anterior, and
gastrocnemius, of 55 fetuses between 4 and 34 week of development.

Serial crosdy cut frozen sections of different 6 muscles were stained with H-E,
PAS, Masson's trichrome, NADH-TR, myofibrillar ATPase(preincubation at PH 4.3, 4.6,

10.3 ) and analyzed quarntitatively as well as qualitatively.

The results are as follows :

1. By the end of the gage 12, the upper limb was observed as smal elevation. The
lower limb bud appeared one sage later. With further growth, the upper and lower
limbs became adult shape.

2. The limb buds consiged of a core of mesenchyme and a covering layer of the
ectoderm. At the apex of the buds, the ectoderm was somewhat thickened and was

known as the apical ectoderma ridge. Blood vessels were developed fird and various
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sinal nerves penetrated into the mesenchyme, then osseous components were
developed and finally limb musculature was found.

. The firg identification of the upper limb musculature was found a sage 17. The
lower limb musculature appeared at stage 18.

. All muscles consiged of undifferentiated type Ilc fibers before the 17th week of
development. Large type | fiber began to appear around 17th week. Type | fibers
appeared around the 28th week. Type lla and Ilb fibers appeared around the 31th
week. The timing of the fiber type expresson was equa to al 6 muscles and there
were no differences in percentage of fiber types except a few cases. When muscle
fiber size was measured a each developmental dage without consideration of fiber
types, fiber size of extensor was larger than flexor muscle of the upper extremity.
Also larger in extensor muscle of upper extremity than in extensor muscle of the
thigh. Type llc and large type | fibers were larger in extensor muscle than in flexor
muscle of the upper extremity and large type | fibers of flexor muscles of lower

extremity are larger than those of extensor of lower extremity.

Key word : human, embryo, fetus, myogeness, muscle growth, differentiation
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