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ABSTRACT

The programed cell death of the cutaneous epithelial tissue during tail regression stages in anuran tadpoles of the black-
spotted frog, Rana nigromaculata were visualized by the histochemical and transmission electron microscopic techniques.
Metamorphotic changes in the tail regression during the period of the Shumway stage number 31 to 33 are characterized
by the disappearance of mucous layer and formation of compound epithelium through cutaneous thickening. Following
the TUNEL (terminal deoxynucleotidyl transferase-mediated biotinylated d-uridine triphosphate nick end labeling) stain-
ing technique, the apoptotic cells were detected at the distal region of the tail skin initialy, but they can be seen at the
proximal region according to their following development. It has been also revealed that the number of the TUNEL-posi-
tive cells gradually increased from apical to basal direction of the epithelia layers during the tail regressing stages. Follow-
ing the TEM observation, the early apoptotic cells shown in the epithelium demonstrated condensation and margination
of the chromatin material at the nuclear periphery. Another epithelial apoptotic cells were shown nuclear fragmentation,
membrane blebbing and cytoplasmic condensation. Following the process of the apoptotic degradation, well preserved
organelles and nuclear fragments can be identified in the cytoplasm of lysosome-rich cells, however they soon reduced to
lysosomal residual bodies through the progressive degradation.
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dubd o 2 Al xzo] Apgd Ao Az AL (necrosis)&F ME Aol sk vkt T Y379} NK A E£8] 2}8o) &3t
ZbE AL (apoptosis) oF 32 F 7HA] A =2ell o3l dejdmh Al Zlo=m A o] Wtz Qs o] wEe] oA

* Correspondence should be addressed to Dr. Myung-Jin Moon, Department of Biological Sciences & Institute of Basic Sciences, Dankook University, Cheonan
330-714, Korea. Ph.: (041) 550-3445, Fax: (041) 550-3409, E-mail: moonmj@dankook.ac.kr

— 107 —



108 Korean J. Microscopy Vol. 39, No. 2, 2009

A% Aze] Aol s @Aboleh(Wyllie et al., 1980,
Searle, 1982; Thompson, 1995).

M ZAPE A= -5 A ZAPg (programmed cell death) =}
Rozw My, £HE B Axsk Al o] F
vl Aol A AP Z2 IS HeAFeEHN SEHal
=55 goldltl= s ot} (Ellis et a., 1991; Jacobson et
a., 1997). o) =4 Aot AA BN Hhg
S0 Aze} 44T Felo 72§77 AT Fast
goz aAE, A AT PAE 4A87)
A3 oiwe) AzEel Eejgozs Azydst Azt
o] #3¥& $A5A HE 7otk (Hengartner & Horvitz,
19943, b).

A E BN BAE TS 7 AEe EX /1A
E AZ AN A sl Aol okt fAS] &g A
Foll 7Iuke T3 Q17| Wil MZEAE AN AwE 71A
o 23 FEH AlzAbE AL AL AEe AT 2
=9 Aoz HAMH7|= st (Wyllieet a., 1980; Wyllie,
1987). o] & M| EALS] HA > A3yl RS aLE Ao
o] i3t zfolo) o3 Ay}t or FEE 4 AN =
71 vehs el Aelol] JsiM = o] 7psd A
o2 A3 gl (Kerr et d., 1974).

A £} (cell necrosig) = =3t AU G AR
g A R4 FAE T AN =AM g
4, a3 nEzeeole] W] o} A Wt} A
E47)% 9 Az 53] Waom vehbs 2k (Wyllie
et al., 1980; Wyllie, 1987), Al ZAE Al = Al 2] 23 (con-
densation) 7} 54 (fragmentation), ] £3 2] %3 kgl
ARl vt A Fo] nAF2H EAS Holn, HlZxs
7132 213-& 713k A apoptotic body& 3 AJsted 1 2]
o2 Azl o8 24| (phagocytosis)H = FAE veh =
Aoz ByE 3 givh(Kereta., 1974; Gavridli et d., 1992).

22 FAE 7]l BAEE AR A Al ZAb] 3
3t T2 Vogt (1892)71 kA7 Alytes obstertnicians 3]
HAeM Hz=2 B33 o] F, Ker 5(19722 4%
A 27t 58 o AEA] Mz J7|w A= TA <) o
o] 53 |, 18 GAAIVE AP oz AkEsi AL
A= Al A8 AFE A S sl o] apoptosise} |
g akodc}. o] & apoptosis7h Bl 7| A7) BTl B
23 AlZES A7 93 Fad 7]Hsde] 1A H e
o} A¥ st A7rF A EH I 9+

B dTe ) R WelEAF It el 24
2 W3lel] Pt oA E MEAPE HAAE FHE
flstel el A28l 2] (Rana nigromaculata) -
e ANz nele B3Pt A A Al
£ AlEste] MEzApdAre] #Ae $Es o TUNEL <
A7 E B3 MEAEAPE A F]] Hl2ES 243}

Moz ghelstglon, wf&o FaAAENA HEE F
3 Azt o] x| Abmle] A FxA EA3
A E A7)0 W3ts A g AFs)ch

ME A YUY

SAEE A AF ddiellA] HA g A7) 7-2] (Rana
nigromaculata) A& A3Ale] 32 (25+2°C) ol A
AREsl, el o] B3} A3 E= HE)r] ] AlEE At
Aol wet AlzFskodet. Shumway (1940)¢l 23] #lA1= A
T A FollA AIBLHA A AI33HA7EA] ©] F-AY
& Aste] H3Eel melpome 24 Al
= Agol AHgsheleh

TUNEL (Terminal deoxynucleotidyl transferase-mediated
biotinylated d-Uridine triphosphate Nick End L abeling) <344
& AEAEA} AWEE A o)A DNA 2do] Jojuie}
= e ol gsle] o8 243 ow sy 98 A
45 v o]t} (Garvridi et a., 1992; Negoescu et ., 1996,
1998). A &3 %28 4% paraformaldehyde (4°C, pH 7.4, in
0.1M phosphate buffer)el] 1143t &, T2+ B2 A5t
ethyl alcohol 2 &4=3}93 o1 xyleneo 2 X3} & Paraplast
Plus medium (Polysciences Co., USA)ol| =Zxj &gl =Zrj7}
23 Algx= AHA| 2] (microtome) S o] &3] 4um F7
o] AHE ARl Aeirle] IR E &tolm= FEf o
BAslgl o, xylene £ o 2  elvle}d (deparaffin) sl i,
ethyl alcohol -9 o] g-3fe %143} A2t}

Z43}7F ¢k2% A|8% 0.05M PBS(phosphate buffered
sdine, pH 7.4) $ o2 SA8t oL, proteinase K= A7
3}z, absolute ethanol ol 43l 51 3% hydrogen peroxidez. A
oA A28l olejA] 0.05M PBSe| oA 443},
TdT equilibration buffer2. Ao Al 158 2|8t &, t}A]
37°Col A 17 WA S A 2]7F B A2 stop buf-
ferz Wh-e-& A=) A)7)1, 0.05M PBSZ 44| 8+ <, blocking
buffer2 x]2]s}lgic}. ©}A] conjugatez x]=]s}az, 0.05 M
PBS= 443t &, 3,3-diaminobenzidine (DAB) g o 2
A Agstde whgo] B Alge SFFE A me
thyl greene 2 o =34 (counterstain)gt 3, ethyl alcohol
X Ao 7 2433 xylene £ ©5kt}7F Permount
mounting medium-g =¥3l1 AW FYAES de oL, 3}
AR AL BAE wgde e s B

E3A 23R 44 Al 2= 2.5% paraformal dehyde-glutaral-
dehyde (4°C, pH 7.4, 0.1 M phosphate buffer) &38| A
A 314 (pre-fixation)s}az, <k&8-4 (4°C, pH 7.4, 0.1M phos-
phate buffer) o 2 443+ 3, 1% 0sO, (4°C, 0.1 M phosphate
buffer) 8o o 2 oF 2417+ =374 (post-ficxation)s}3t}. o]
2 ol 39 d3glom 33 2T F ¥ e
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Fig. 1. Light micrographs of the cutaneous epithelial tissue. A:
Transverse section of the tail in the Shumway stage 31. Apoptotic
bodies in the epithelia tissue are indicated by arrows. B: Transverse
section of the tail in the stage 33. The epidermal tissue became multi-
layer more than the earlier stages. Note the apoptotic bodies(arrows)
in the epidermal tissue. Scale bars indicate 100 um (A) and 20 um (B),
respectively.

ethyle acohol £ o = &3l om, propylene oxide= %]
313t = EM Poly/Bed 812 (Polysciences Co., USA) &£3}-g-
o= ko] 60°Ce] X FAZ oMo FHaA).

Zuj7} ¢k8% A]8% LKB ultramicrotome® 2 0.5um
2] Fxud¥ (semithin section)S ) 2Hsled 1% borax
o] =<l 1% toluidine blue g2 © 2 hot plate (60°C) Aol A
QM3 T 255z SA5le] BEEn| Aoz FA HogE
ghalatglt. o]oja] ZwHA W (ultrathin section)2- A 215}
copper gride]] 2-2kA17] o1&, uranyl acetate?} lead citrate=
o] M3le] JEM 100CX-113 FEx}-d=}sin]7d (JEOL Co.
Ltd., Japan) o= 80kV 2] 7H&x1qtel| 4] 3}t

z

AR e g8 Az ABE F2EH (semi-

Fig. 2. Light micrographs of the TUNEL stain and negative stain
along the transverse section of the tail in the stage 33. The epithelia
cells of both of anterior (A) and posterior (B) portions have the apo-
ptotic bodies. DL: dermal layer, EL: epidermal layer, Mp: melano-
phores. All scale barsindicate 25 um.

thin section) © 2 A =2}s}ed toluidine bluez. M sle]
& Az A7 Wy F wel Hsbrh Aztss 2y
wAe] A7) fA9 T FFUPAE ol FolA 9
o3, Erlel = A Zo] Wsle] gloleh. A3 Mz
714 % (besdl laming)#} A4E & 2o] 7| AN 22 A
o) P EF o= o)A Qg (Fig. 14). A WA ¢l w
s me)o] Hsabgel WA WA 32 WA AReAE
227k AASE wlge] A S wla) U3 o]sw Fols

ov), % Fos FREU A=A 24Tt XS
o Z7b) wet B2 se v EE ez BRI (Fo
1B).

w2le] F A o] vl E e HA 33 A9 Jf7E] T
Fell X Ao FA7F 58 u]55%l2m, apoptotic body
£ A AlEEe] 47F F43] SUHE e BEE 4 9
At (Fig. 2). A2 ALl 23 Abw]e] 22 31ehH ke
gelslr] $1ste] TUNEL A& A3 A3, 53] o] =
ALl AlgellAe Au #Ho] HYZe] DAL 71X
o] AEZelAM= ”il*ﬂiﬂ 3t HzAde] 35 apo-

gl

=
[3)
o

—4Erl°%:~‘.ﬁmz£

Hr“

plotic body 3433 Al E5o] 23], TUNEL 4]
& 3 gk fﬂ %94 23 wmat Az, ols Az
pgubeel 27 BolH91¢ Bl 4 YA (Fig. I).
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Fig. 3. Light micrographs of the TUNEL stain and negative stain
along the transverse section of the tail in the stage 33. A: Higher
magnification reveals the apoptotic bodies in the epithelial cells. B:
Control negative stain for the TUNEL reaction. DL: dermal layer, EL:
epidermal layer. Scale bars indicate 10 um (A) and 25 um (B),
respectively.

WA 3L AT A A Habre] 97 2
B Azel A oFg piubge] ekt 714%e] AblA
Tol At Pk BAHA ohekch(Fig. 4A). E=aF
dhgo] vehd AEES gz sl AT A3,
DI EIEE B R  NEE
o) A7) AT A Aol AL 1R AEZe] H]
A AR ATAEE Bo) wlg ARl ol 29
PR EE] FRSATH, )5S HE} Do)
Azt mele] BE pRelA wlmd A v
%) 3hedet (Fig. 5A).

me)e] Halabgel FAsA A Y
A mEANE BE Ho| 295 AL o WA
A AR Ansh fAR 2% 4 ngon, U9
one] me) A AxEe] wWde] ue
A Bolsslee ST 4 5h(Fig. 48). TUNEL
A Az}, Aw)e) Hslzze] AT AT e P
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Fig. 4. Light micrographs of the TUNEL stain in transverse section
of the tail from stage 31 to 33. A: The epidermis of anterior portion in
the stage 31. B: The epidermis of anterior portion in the stage 32. C:
The epidermis of posterior portion in the stage. Irregular change at
the surface of epithelial tissue can be seen. Arrows indicate the TU-
NEL-positive apoptotic cells. DL: dermal layer, EL: epidermal layer.
All scale barsindicate 25 um.

w41 4 MG Tt BRARG, 714D
Ars) M| =2 A = gpoptotic body7} A E M EEo|
&el= At (Fig. 5B).

o] B3 HA o] Fa = HA 3B AY e IR
°ﬂ*1vt— 718 Adsude] AlpR| I A A7) 9 *Ul
A= So] A=A A=) o] FA 7t v &

o w}a} g3)2e] = G435 F7Hshed, 4ol unos_:a
wj- =43t *JEH% T°r skl (Fig. 4C). AoM 23 Ao
o] FEg N ZEe] g4 &3
P 25 FlEglon, 7|4

7(
Zo] Aol 6394 %3} s <dsl Azl &

1 2 Ao
= &

= 4E e
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Fig. 5. Light micrographs of the TUNEL stain in transverse sec-
tion of the tail from stage 31 to 33. The TUNEL-positive cells appear
brown and dark brown color. The normal cells are counter-stained
with methly green. A: The cutaneous layer of anterior portion in the
stage 31. B: The skin of anterior portion in the stage 32. C: The skin
of posterior portion in the stage 33. All scale barsindicate 20 um.

A" AzE=x A= (Fig. 5C).

MY B4e WS AT oA B
Al AT 5o AR TR o] FeiAl
FHAS vl de shar giglon] ATHE Abole] gl Rol
A= M=zA E7](cytoplasmic process)el] <&t Al E7tw
(intercellular brldge)7} FAEe] 9lLo] TAF ) st
I 5 A £] AR Rl A -2 (desmosome) o] -
W] sl AR 7| AT 2] MlEete] A}
L B = Xl vl (hemidesmosome) o] &A= o

I
5

-

mlo

Ak 717 AF3E 7| 25 WAL A
et A4 vl B, FF] B dge] do
£ 214944 (euchromatin)e] etsle] glglom, 423
ol &= PR 2E3HA F2E ] ik (Fig. 6A).

whH, Whe] AuA 2= 713 2] Aalel uls] HApd
=7F vlad kA E=el W eRI¥e el o)A
B 7] (heterochromatin) o] Wrd=gjom, 8 Fw o= =z
whts] 2w 42 A (rough endoplasmic reticulum)7} F3-3)
A =l dsdek(Fig. 6B). 2] Fapdatadn]s
Fe B3l MlEAPEAL] o zHE Abele] mAlT2A
A N EA7)Re] wEkE Es A, me]e Esht
A= A 31 A 2] 33 Al A& 2]4% (lysosome)
< U5 Z3ee M EZEo] FEHYH o] HEES T2
713 el A3 7]A L] A FeA ZFslelon, Al=2A
Witell mAAR7F BEEA] sk, mlEE = okel 2w
AXA|, FHA|, A5 7] B2 (free ribosome), A8} B2 (lipid
droplet) 5-o] Wet=e] 9ldet. w3t v {7 HEd o
2 AuAzes 2], A E dFRE Fule] iy
7| ekske (Fig. 68).

o] 3t BASEHA A zALe] A e] Edsl
veh s A 32 A9 23] mReME P WA AE
Zrae) o3 fAIEY M Ee] AHRIE AshA WEEH e
A 7= (intercellular space)o] AlelR|mA] Q1AM =9}
5 dAbe] JEES 2 Aute] B W
o, Al ZA M 2 2lHe] AR Frkshe A
o2 #FAFHT(Fig. 7A). A 33 D}ﬁ]ﬂ ZA] REME=
o] BAo] dotd & v AF7F 25| o] apoptotic body
E A Al ZzEe] Yehtsd, o] 52 HFAH o= el +
Z5 A AbedaA (residua body)E 34 3kdet (Fig. 7B).

At

i &

24g T AES) $3b B o) gz Wsts
o FEsh 2B TEH SHo=,
A £2] AFEAL(apoptosis) HA] T2 AHlEol 9
3 THlElt 2 zEA o3 FA3E A JAIFe] L
)=k (Wyllie, 1987; Schwartzman et al., 1993). &3}l
PAF me) 2AAAE szl s b pol s
(collagenolytic enzyme)7} Bu)= 322 72 2| A] hyalu-
lonidase7} F-w|€eh= ARilo] ulai3] om (Eisen & Gross,
1965), 7441 5= 2 (thyroid hormone) =38 oFAF2] wHe)
HAol A 7] EFlel] DgpAieleis AMde] BRI
(Gona, 1969; Hamburgh, 1981; Brown & Cai, 2007).
Qe ow 3)pe) Yulzae wu) fAFe] ey
MM PrAHEE FHS A5 Fo htEA JiTe
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Fig. 6. Transmission electron micrographs of the normal cutaneous epithelial cellsin the stage 31. A: Microfibril-rich cells are the predominant
cell typein normal epithelial layer which adjoined with basal lamina(BL). B: Lysosome-rich cells appeared among the microfibril-rich cellsin the
epithelium. D: desmosome, HD: hemidesmosome, N: nucleus, rER: rough endoplasmic reticulum. All scale barsindicate 2 um.

A2 BIE FF = AF] AEER oFA 3,
Ao g=hl F3 A=l st (Bisen & Gross, 1965
Schreiber & Brown, 2002; Brown & Cai, 2007). el A]¢]] 7+
ANz Ee) sk BdsAE Avle] 95 oW F 2
o] MEEL M EAE AL o8] =e)= 37 (Daset al., 2002;
Schreiber & Brown, 2002) 7|#82-2] M xzZo] L7|AH =7}

ol Jh7e] A w3 xAL FAE "ok (Niki et d.,
1982; Nishikawa & Y oshizato, 1986; Y oshizato, 1992; Suzuki
et al., 2001).

el g e A7 Asle ZeA edezat AU
ZZ, 123 3N E So=2 FAHe] ¢)Ed (Holbrook,
1983; Robinson & Heintzelman, 1987), 722 z2]2] E|3}=2}#]
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Fig. 7. Transmission electron micrographs of the normal cutaneous epithelial cells in the stage from 32 to 33. A: In the stage 32, the microfibril-
rich cells are the predominant cell type in normal epithelia layer which adjoined with basal lamina(BL). B: In the stage 33, nuclear fragments and
residual bodies (RB) can be identified in the cytoplasm of the lysosome-rich cells. AB: apototic body, M: mitochondria, N: nucleus, rER: rough

endoplasmic reticulum. All scale barsindicate 2pum.

ol A s= 73 hydulonidesert % SJ&E 485}
w, oluf me|e] A& A olE EA] Eu|r}
FAF ] HaHAe] Alefe] FrEos AMde] Mg
2=} (Niki et al., 1982; Schreiber & Brown, 2002). 7] +2]
Azt gAY FReA 7 AAGE Zpe] 2 A4 719

238 T BE AZEo] AEFDsh R, YAl
N 9 71ARe] MESTe] Bdsls Aoz A
¢1=1] (Robinson & Heintzelman, 1987; Brown & Cai, 2007),
FAAI71S] A5 BA7] Zh55Ee] =3 Edu
I T3t A A7) BEe BE AHF5ES mIoA
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TEHow HAHL
brook, 1983).

 AYE B3, AT fAM AYHE mele)
shebg = Abs)zge] A RE] AlzbEiche Al TUNEL 9
Azp A we 24 Alme] FabdxdnAd #
Ave o FAF 5 amc} Emzo me)e] 5|3 Aby]
oA A AL A3 s z7)e] H2Eel wee)
W] GeRb) Aol A3 BE oz o9
glom, 2 ozr vl EHReNE F|ARE o
o] gels|gict.

TUNEL e ikt oz sate) wet 29)8 243}
o] DNAS| 4345 A8k 83 AP o= apopto-
sisol 23k R AEALE PAshe Fo APPos A
259t of $AY LS whA= vE) ®AAZ] dUTPse] 3
7EeS ZuEls T eA| Y e AH3E A (terminal
deoxynucleotidyl transferase) S *|2]gto 24 E-do] Yo
W DNA2] &7 (nicks)S ®A3h= Wel 7|25 73 %
o (Garvridi et al., 1992), /| x7)dl= AE IA) o
ot AEZETA GARE FAF ] WASe] T Aol
o) FAle] A7|=E7|= o} (Gras-Kraupp et al., 1995),
A o]_‘c,r_ /\E]zs-h:ﬂ—\ﬁ,] 117]2—10] 7}]/\101 0]-?—0-]22] ;{-1;(4—5] =
23 75 AlzApgAt gs] zldgd 7|9 o] A2E
T Aoz EXE 4 gl F8% *a’?ﬂ%‘_i 22|zt
Al = ¢ic} (Negoescu et al., 1996, 1998).

wE B3t o] AlxtEE WA 31 ©HAle] A mRe] 7
9 TUNEL §9Aol] FAdubs-& Hol M ZEo| didt ulA|

T2 HENA 3t Azl FHet o] vehiA
dE Aoz o] MEAEALY] 27] AL HEE] ¥
EHZq ol Wizks Wel7] o] RE o|u] Az, Ae|Hl W

7} e wstel] Mgt AMS Eld 4
we)o] E3r) AeYEE WA 32 dACA nE] e
9 A A Ql EA 31 A9 Ak el fAbsE Wl
1 AT Al ZzFe] oS E3Ee] T3
el FlFAS. =, Ao FAF2E vwdt
EHRL] Au]Z wlde] BEEHA W=
ZZo| A= apoptotic body o] &3 o] v Iz
o old Wb} dojihs FE olfk mele] E s
A mels el AT 4936l Ha5T melel
o7} grobel we} Wekne] 4wst BF Fom ofd)

Azz s}
gutA o g M ZAEAZE A Fe Mz HgA=
DNAS] #o] o}z éli shelsh b oz DNA
719951 o] o143 QA% DNA #7]J 5] 2zt 3
4 dAzHE AL ehdEle A A e] wlwlaEtA T Hf Q)
o} (Cohen et al., 1992; Collins et al., 1992; Oberhammer et al.,
1993). webAa] AN ZAPEA} 2185l HZ2E Elshr] ¢

v s} QAL o 5

92} (Hol-

_l

%F%
c-.i

e
s
>

o
-q,

7.0 O]

Mokl &
O

Bl JuoaR of
=
>
bt
K

o
X
>

ooy 2 32

A& 712 DNA #7193 52 Wasted do] LA e
Az w72 WS el =
w9 mapd Roz AlgFH.
Az A& o]t vl T2 FE] A}, Aud =
HE = A ZAEAR] sﬂEH = %X—S— D
AlZFE L Folo] de] 33
ol MEAEALR *017P~ A ZME FFH2F Aol
o)A DNA7} Fzk9]x oz AHoiw= d4kel DNAS o+
37 dojulr] wEqld (Wyllie et al., 1980), TUNEL 94
oA oFAuSS Wl M A d3st AxpEn)AA
ulA F2 A AR S $ABE e 7 olhe
o] 5= He Al Wstel] A DNA EHolgh= A
3tsbe Wyl wA dojubr] fE]l Aoz f550.
H3}e] wix|ut ©HAQ) Wb 33 Al 8] 22 m R A= A
ZE°] H3HAA ] %J%Hﬂﬂdﬂ Am] Ao AA A3} A
ZAo] $&Eo] Wy AuAEEo] HYPssiA &3}
At o= *ﬂix}“gx% A Az 2AeA dubgoz
F& 4 e AHPFA PFeA W o= (Brown & Ca,
2007), Al ZzApg AL Al o] zls) el w2t Fxlxo=w B4
g AE 7R AR 5] S8, 71A 2] Ml 25
M 3o 53 B3R Q3 Alze] FE3t 4= 3
ZE ek TUNEL 448 Bs g<lst Aol = fAdut
= Bo|& A=z 33} gpoptotic body7} A FHHEE o
Az HF Aol A5

r
2,
)
e
o
‘T—"

")
-
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