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Table 1. Average sizes (mean + SD) of body and hindlimb buds in the larvae of Korean salamander, Hynobius leechii

Days Body Limb bud Length Limb bud Width Limb bud
After-hatching Length(mm) (mm) L/W ratio
1 12.2+1.26 0 0 —

3 14.2+0.30 0.39+0.03 0.27+0.05 1.44
5 15.2+0.66 0.48+0.09 0.37+0.04 1.30
7 17.7+1.21 0.61+0.08 0.39+0.06 1.56
9 19.1+1.29 0.97+£0.09 0.41+0.04 2.37
11 16.2+1.57 1.28+0.18 0.33+0.03 3.88
13 17.6+0.21 1.57+0.10 0.40+0.05 3.93
15 19.5+0.35 1.81+0.40 0.46+0.05 3.93
17 19.9+0.07 1.74+0.10 0.43+0.05 4.05
19 20.3+0.28 2.28+0.40 0.49+0.02 4.65
21 25.1+0.07 2.90+0.33 0.61+0.09 4.75
23 23.4+0.42 2.94+0.31 0.60+0.05 4.90
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Fig. 1. (A) Body lengths (B.L.; ©) and lengths (L; 0} and widths (W; m) of hindlimb buds in Korean salamander,
Hynobius leechii, at every 2 days after hatching. (Mean + SD).
(B) Length/Width ratios of deveolping hindlimb buds of Korean salamander.
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Fig.2

Fig. 2. External morphology of the developing hindlimbs of Korean salamander, Hynobous leechii. 100 x

A: 3 days after hatching. A small bud protrudes from body wall in front of the anus (arrow head): early bud stage.

B, C: 7 days(B) and 9 days{C) after hatching. Compare the sizes of growing buds in the three consecutive developmen
tal stages (A,B,C) of limb buds.

D: 11 days after hatching. The growing bud has a tapered tip.

E: 13 days after hatching. Foot plate has been formed. Internally, first and second digits can be discernable.

F: 19 days after hatching. The shape of the hindlimb is near complete except the presence of interdigital membranous
tissue.

G: 23 days after hatching. A completely formed hindlimb.
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Fig. 3. Longitudinal sections of the normal hindlimb buds of Korean salamander, Hynobius leechii. In each section,
the left side corresponds to the distal region of the limb bud while right side corresponds to proximal region. Bar:

200um.

A: Early bud stage. Thick epidermal cap composed of multilayer of epidermal cells covers the undifferentiated mes-
enchymal tissue. Basement membrane is already present between two tissues {arrow heads).

B: Medium bud stage. The thickness of the epidermal cap at the tip of the developing limb bud diminished compared
to the previous stage. Internal space is occupied by the homogeneously distributed, undifferentiated mesenchymal cells.
C: Late bud stage. Overall histological morphology is similar to that at medium bud stage.

D: Note the accumulation of prechondrogenic cells at the proximal region of the bud (arrow).

E: Foot plate has formed. Prechondrogenic cell condensation is still in progress at the future regions of tibia and fibula
{arrow heads). Also, note the well-developed epidermal thickening at the tip of the bud ().

F: Basic skeletogenesis is at the near completion. However, interdigital tissue still exists between digits, and well devel-
oped epidermal tissue is present at the distal ends. Arrow head indicates the part of epidermal tissue extended from the

growing foot plate tip.

G: Most of the interdigital tissue has disappeared (arrow heads), and basic limb skeletogenesis has been finished. Fe:

femur, T: tibia, F: fibula, 1~ 4: digit numbers.
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Fig. 4. Sections of the hindlimb buds of Korean salamander, Hynobius leechii, treated with either MNNG (A-F) or
retinol palmitate (G-H). In each section, the left side corresponds to the distal region of the limb bud while the right side
corresponds to the proximal region. Bar: 100um.

A: 6 days after MNNG treatment at early bud stage. Note the protruding tissue at the tip of the bud (arrow).

B: 18 days after MNNG treatment at early bud stage. A mass of undifferentiated protruding tissue still exists at the tip
of the bud (arrow).

C: 24 days after MNNG treatmnent at early bud stage. Protruding tissue disappeared. At the proximal region of the bud,
a part of femur can be seen (arrow), but skeletogenesis at the distal region is very poor.

D: 12 days after MNNG treatment at medium bud stage. Note the incompletely formed distal tips of the tibiba and the
fibula (arrow}). The shape of the distal-most tissue is quite abnormal.

E: 18 days after MNNG treatment at medium bud stage. Note the irregular shape of skeletons without clear distinction
between skeletal elements.

F: 30 days after MNNG treatment at medium bud stage. Hypomorphic skeletal pattern. Only a tarsal-like cartilaginous
element is present (arrow) instead of whole foot skeletal elements.

G: 18 days after retinol palmitate treatment at early bud stage. Hypomorphic development of limb skeletal elements.
Only a femur-like cartilaginous nodule can be discernable (arrow).

H: 30 days after retinol palmitate treatment at late bud stage. Femur (Fe), tibia (T) and fibula (F), developed normaly,
but only a few tarsal elements developed distally.
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The stages of larval hindlimb development in the Korean salamander, Hynobius
leechii, and the effects of MNNG and retinol palmitate treatment on the limb
development
In-Sik Park and Won-Sun Kim (Sogang University, College of Science and Engineering,
Department of Biology, C.P.O. Box 1142, Seoul 100-611, Korea)

The stages of larval limb development of Korean salamander, Hynobius leechii, were estab-
lished and the effects of a potential mutagen, N-methyl-N" -nitro-N-nitrosoguanidine (MNNG]), and
a potential teratogen, retinol palmitate, on the larval limb development were examined. In the
normal larvae, developments of hindlimbs can be divided into seven stages according to their
external and internal morphological features. The skeletogenesis, judged by the condensation of
prechondrogenic cells, initially began at the proximal part of the limb buds and, later, propagated
to the distal part. In the larvae treated with either MNNG (10 ppm) or retinol palmitate (37.5
ppm), limb skeletogenesis was inhibited especially at the distal region of the limb buds, and the
inhibition of limb skeletogenesis was more severe when the larvae were exposed to the agents at
earlier stage of development. Our results suggest that the sensitivity of the limb bud cells to the
mutagenic or teratogenic agents is limited to the quite narrow period in developmental stages.



