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Group | Group 11 Group 111 Group IV
Control 8 5 8 9
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Surgery 14 12 20 14
Table 2. Classification of the groups
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344

Mras e 5oz 9
2 90 Sge 662] 592 3} gT Ao
o, W% (ventrally)| A= zele] Eo] A8 welA]

A =& Al el

A A= (normal group)-2 7}#<=<+- (sham group)
4173 A ek (denervation group) 3} -2 A]7]el] 2
g AE 72 7|13get wieks A FelEolth
/ﬂ%‘”‘%%% 2EE ﬁ%*lﬂ (i}d—*lﬂ sciatic
nerve)S ARt |7 Selth AAAHE 9% u}
Ae « *j—Ero] A A= TA%& 345 0.01%
MS-222 (Sigma Chemica Co., USA)e] stel] Hymen-
ochirusg Aol el Alalstsich 22wk dekel A
HAA Aol 2% WAde]e] JuId <A
A 5= 3%e AAT F Dok TRA bl

3o} o] 58 1mMmM A EE wlo] oz A

ﬁ-ﬁi

)
2
ru&
v

% °ll “41?5}04 41“’47H°ﬂ ks

ok

Y
I &
o S
Yo
flo —
o
v i
AURIN
IS
£ 3
Xy
RN
ru
L e
[ 4‘1
g
EOE:
2 =
K o 32 o2
Ky

(M)
flo

o= 1“0
Fl
N
\

2
AL
AU
1o
o2
o
e
w2
e
Ho
2
=
e
i)
=
AR

o> 0

3 Stage 6697t AJs)a}glct. o
A2 4A7 (stereosc0pe)6}°ﬂ A *l g3ttt
=3 NTeES AeRAT B
@ RN 679 1274 WIS
=& 7247 Group |3 |12 B5F3)4 v} =3t Stage
63ql &3 NTEE 22 27t witE
oJ5 779} 13F Fk worsle] 7k Group Il¢}
V2 7390 BAPH o2 Stage 630 4] 66714
o) wjeprIRhe o 13 A 42%7] dwel] A
= Growp I3} I 543 AHT o8 2 Hse
= AAe] A AR wsseE 2et 2E A
Fele el el $4004
BolFda wiFFel o] &2 mhul= -
o 7B A7k QAT P vy
et
Wkl FElE 0.1% MS-222¢] ul# 3 Zo
10% F402 957 Z2dlde] HojE 17 of
4 A steieh oA Foll 759 Wy el ok

FE AAY e, 29 o FR4E 53] s

td

e



o

— 3SMPHcte e o= ¥ —

of AT Fol| dZ2 Spapilet. &3 ol & BE W] & 7] F AL 20t
F3} 24 E¢el 4a€ dcianbluez dFe] F  2E A= Fo, ol (HEZ, femun)E A
S 9D wrbA) Axzkel M 24417 B9k 94 @517 glycol methacrylate resine] Zeh g F ol
stttk GAS SR TAB] 9ske] 100% Sl %% Supercut (Leica 2165, Austria)& o] &3} 5

3% ek ReEh 24k (borax) Esbele] 3AzF B um o] AL e toluidinebluez A o
ok $ASET B H08 2F ¥ 2% KOHE %f‘ﬂrfﬂﬂ]’g‘ii Bshele

Aol T} o Sl n TEEAel £

o Aee A $A2F fA s o -

A Trypsin 94 A7213] lokelh 524

W7 57 §A515 o] S-S B 05% KOH
fole) x3}% (23 x};nl—o_ =i Ax) adizarin g
redell 14 3974 kAt WAk WA 9dE
WA fAg Fel RS2 3|ME glycerine
(dlycerine: Z71H]& 1:3,1:1,3:1)ec= clearing

nlo

1. gci2{w Zo|

g o] glycerined] @7} Rsldc) o5 mE
vl e Dinerkuss} Uhler (1977) 283 Hankenz} Yojelme] zele] W@wleztst =AA e
Wassersug (1981)¢] ®Hl& 7|22 skgiH Table 33 7tk Group 19] 7 doizjme] Zole]

2E A= Yz gy g (DSC-F707, Sony, FER & RS AAke] 100.58 (+1.59) 0|91,
Japan) ¢J&l =% d== =}A) (prone position) = 2 22 A71¢] 7PeES 100.83(£1.05, o|3F &
FH T |59 AHAlRE AAEAY] (anaySIS® EE EUAoldler AAATEL 93.71(+
Auto, Soft Image System GmbH, Germany)<- o]-&-3} 3.34) 01t AT 7R vl E A

of Wekelwe] Aolsh WA, Telw ARgme] Qo] olF MelA Akw(p<0.7648), e A AR
2 445]044 249 ke =T AR w2d 2 AN E BAA $2081% 5 (p<0.0001).
k2 A Zol] gt 2 2F (&R Group I18] 79 Aol oF% Hdeim Zem] &
&S A 1-6}04 Zg F2ol| H 3t sppeET) AA 2 100.11(+1.11)°1glr AlA-EGES 95.70(+
AhS 747 vl ad 235k 2 FAkeloll e 54 266)e15lom ol =3t FAAHo=R Fosith
Abo]l vlwE ¢Js Student “t"-test7} A=A, P (p<0.0034).

Zkel 0.05 o]&}kel 5ol F3le] FAH oz {23} Group 1119] 79 Hdejm Zole] Hiu| &2 A
o Fdsisidh -] 100.99 (£0.77), 7Ph4&<-o] 101.95 (+

Table 3. Ratio of right to left femur length

Classify Group | Group 11 Group 111 Group IV
Control Ratio 100.58 (1.59) 100.11(1.12) 100.99(0.77) 100.05 (1.54)
Ratio 100.83(1.05) - 101.95(0.85) -
Sham Pvaue 0.7648 - 0.0599 -
Significant difference No - No —
Ratio 93.71(3.34) 95.70(2.66) 96.12(2.10) 96.06 (3.28)
Surgery Pvaue < 0.0001 0.0034 < 0.0001 0.0021
Significant difference Yesk** Yesk* Yesk** Yesk*

Significant difference: comparison between control and relevant groups values are expressed as the mean +/— SEM (n=5~ 20).
*p<0.05, **p< 0.01, ***p< 0.001 when compared with the control using a Students t-test.
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Classify Group | Group I Group 111 Group IV
Control Ratio 100.71(1.80) 100.31(1.72) 100.77 (0.69) 99.98(1.72)
Ratio 100.36 (0.83) - 100.74(0.79) -
Sham Pvaue 0.6911 - 0.8783 -
Significant difference No - No -
Ratio 94.05(2.43) 96.15(2.36) 98.12(1.84) 98.22(1.94)
Surgery Pvaue < 0.0001 0.0017 < 0.0001 0.0473
Significant difference Yesk** Yesk* Yesk** Y es*

Significant difference: comparison between control and relevant groups values are expressed as the mean +/— SEM (n=5~ 20).
*p<0.05, **p< 0.01 ***p< 0.001 when compared with the control using a Students t-test.
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Table 5. Ratio of right to left femur area
Classify Group | Group Il Group 111 Group IV
Control Ratio 99.26(0.73) 100.11(0.70) 101.13(0.40) 99.75(1.41)
Ratio 100.09 (0.69) - 101.68(0.75) -
Sham Pvalue 0.4579 - 0.4956 -
Significant difference No - No —
Ratio 90.43(1.51) 95.61(0.65) 96.08(0.49) 95.73(1.08)
Surgery Pvalue 0.0004 0.0011 < 0.0001 0.0091
Significant difference Yesk** Yes** Yeskr* Yesk*

Significant difference: comparison between control and relevant groups values are expressed as the mean +/— SEM (n=5~ 20).
*p< 0.05, **p< 0.01 ***p< 0.001 when compared with the control using a Students t-test.
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Legendsfor Figures

Group |. Frogs 6 weeks after stage 66, stained alcian blue and dizarinred. x 4

Fig. 1. A frog 6 weeks for control. Both hind limbs are alike.

Fig. 2. A frog for sham operated (skin incision only). Both hind limbs are aike.
Fig. 3. A frog for surgery. See the shortened right hind limb compared with left one.

Group I1. Frog 7 weeks after stage 63, stained with alcian blue and aizarinred. x 4
Fig. 4. A frog for control.
Fig. 5. A frog for surgery. See the shortened right hind limb compared with |eft one.

Group I11. Frog 12 weeks after stage 66, stained with acian blue and alizarinred. x 3

Fig. 6. A frog for control.

Fig. 7. A frog for sham. Thisissimilar to Fig. 6.

Fig. 8. A frog for surgery. See the straightening and shortening of the right hind limb. compared with |eft one.

Group IV. Frog 13 weeks after stage 63, stained with alcian blue and dizarinred. x 3
Fig. 9. A frog for control.
Fig. 10. A frog for surgery. See the straightened and shortened right hind limb compared with left one.

Light Microscopic View

Fig. 11. The proximal end of left (normal) femur of frog 12 weeks after stage 66 for surgery. Cartilage of proximal end of femur showed
hypertrophied zone(H). Ossified cells (arrow) are shown in femoral head. Stained with toluidine blue. x 100

Fig. 12. A frog 12 weeks after stage 66 for surgery. Cartilage of proxima end of femur shows the reserve (R), proliferative (P) and
hypertrophied (H) zones. Stained with toluidine blue. x 100
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Abstract

Effects of Sciatic Denervation on Growth of Hind Limb Bones
in Hymenochirus boettgeri

Jang-Shin Sohn, Hyoung-Tae Kim

Department of Anatomy, Medical School, Chonbuk National University

The effect of peripheral nerve on limb growth and maturation has received little attention after the limb
differentiation stage. This study investigated the effects of paralysis (loss of function) on growth of bones in the hind
limb of Hymenochirus boettgeri.

Complete denervation of the right sciatic nerve was performed at stages 63 and 66, animals were sacrificed after 6
and 7 (Groups | and Il) and 12 and 13 (Groups Il and 1V) weeks. Denervation was assessed by degree of paralysis.
Specimens were cleared and double stained with alcian blue and alizarin red for cartilage and bone. Length and area of
right and left femurs and length of right and left tibia were measured by using an image analyzer program after
photographing, and the ratio of right to left femur length and area was calculated.

There were no gross morphological differences between the control and sham groups. In the experimental groups,
the ratio of femur length was 93.71% and 95.70% in Group | and 11, and 96.12% and 96.06% in Group |1l and IV. The
ratio of tibialength was 94.05% and 96.15% in Group | and |1, and 98.12% and 98.22% in Group |1l and IV. Theratio
of femur area was 90.43% and 95.61% in Group | and I, and 96.08% and 95.73% in Group |Il and IV. Comparison
between control and experimental groups showed statistically significant (p< 0.05). There was a histologically
maturational delay in proximal end of denervated hind limb, comparing with opposite side.

These results suggested that denervation of sciatic nerve affect directly the growth and maturation of hind limb
bones in Hymenochirus boettgeri and loss of critical period of bony maturation after denervation.
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