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SUMMARY

The authors observed the ultrastructure of the pigment cells of the frog,
Rana nigromaculata Hallowell, during the hibernation.

The specimens from the skin were fixed in 2.59% glutaraldehyde-paraform-
aldehyde fixative in phosphate buffer at pH 7.2 prior to fixation in 29%
osmium tetroxide, dehydrated in graded ethanol and acetone, embedded in
Epon 812 mixture, and sectioned with LKB-ultramicrotome.

The ultrathin sections were contrasted with uranyl acetate and lead citrate
and observed with a JEOL-100B electron microscope.

The results were as follows.

In hibernating phase, pigment cells of the frog were consisted of the three
kinds of chromatophores (xanthophore, iridophore and melanophore) in their
dorsal skin. The traits of these cells were as follows.

1. Xanthophores

A. Xanthophores were filled with pterinosomes and carotenoid vesicles.
Many ribosomes, a few mitochondria and glycogen particles were dispersed
in the cytoplasm.

B. Pterinosomes were spherical or ellipsoidal in shape. They were divided
into 6 types (type [, type I, type II, type IV, type V, type V[ pterino-
somes) by the their inner structure and especially, type [, type [[. type ][

pterinosomes were well developed.
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C. The carotenoid vesicles were small and large round or oval form. Most
of thosc were gathered into a mass in the perinuclear portions and the parts
of those were distributed between or among the pterinosomes.

2. Iridophores

A. Each iridophore appears like convex lens in the shape and situated
below the xanthophore by a narrow intercellular space.

B. The iridophore was filled with reflective platelets of rectangular or
spindly shapes. Rellective platelets were mostly arranged regularly, that is,
parallel with the xanthophore.

3. Melanophores

A. Melanophores were mostly arranged in parallel with the xanthophore
and iridophore, and situated below them.

B. The melanin granules appear as round or oval forms. Because the cyto-
plasm is filled with many melanin granules, other cell organelles were not
observed in the cytoplasm.

C. The processes of the melanophore containing the melanin granules
extended up the bilateral sides of iridophore, and ended between the xantho-

phore and iridophore.

M g
of ] 59 B A E F BN w54 FE (melanophore) s} ¥ whgd Folo] Bl a4
Z AF3EE (intermedin)e] o] Poi -i’,~*‘ 4 %] (melanin granule) & # etz dAsls

silol g 7o AN HsH: dodlE o 29lel Avke AHAR FAE fuli (Am-
bystoma punctaium; A. tigrinum; A. mexicanum)S} Y-u|$ (Agalychnis dachnicolor; Hyla
cinerea; H. arenicolor; Rana catesbeiana; R. nigromaculata; Xenopus laevis) ¥ Z4 o= 3}
o] & e zlv} (Dushane, 1935; Niu, 1959; Bagnara et al., 1968; Tayler, 1971; Nishioka
and Ueda, 1977; Frost and Malacinski, 1980).

o] HA A E3= A3} (neural crest) o 2Al¥] fol¥] 2 (Dushane, 1934; Zimmerman
and Becker, 1959; Billingham and Silvers, 1960; Brumbaugh and Foriland, 1973; Brum-
baugh and Schall, 1977), A 222} 29} tyrosinasel A 42 £ A T4 ol tyrosinel-
Zul] A-4-5te] DOPA, premelanosome, melanosome 2 tyrosinase 34 % o] ¢l ZA & x}
He JA%ch Bty on (Raper, 1928; Harley-Mason and Bu’Lock, 1950; Seiji and
Fitzpatrick, 1961), %3] Model (1973)2 in vitrool 4] kA 52 M4 Lo }el}E mela-
nosomes] el ek S SHilel @A AT A

Aol A A A o) A A 2 0] w2 o] (Lopashov, 19445 Goodrich,
1950), <kl 4F (Bagnara et al., 1968; Bagnara et al., 1978), ¥} (Breathnach and
Poyntz, 1966), &4 (Brumbaugh and Schall, 1977) 2@ %% (Griineberg, 1952; Quevedo,
1973 A TP A7t A she] 3
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SN -y S 2 S v B 2 (xanthophore) s} iridophoreis oF &} f-off 4 744 Fol gl A
A Ei ), i Qg sty o], of 34 £ pterinosomes} carotinoid vesicle, iridophorei=
reflective platelete] a4 2 £rjstoxw FARAch 2xg ul 9} (Dushane, 1934;
Bagnara et al., 1968; Bagnara et al., 1978; Butman et al., 1979). ] &4] 22| 4] & 4
71 31el pterinosome?] -7 W slo] v}t ¢l -0l 4}, o]% pterinosomeg Nishioka?} Ueda
Q977 = a2 Af-%-4 (fibrous materials) 7} lamellaeZol| w}2} #] 14 pterinosome,
] 2% pterinosome o it, Yasutomi¢} Hama (1972)% 2] 13], #] 23] "2 4] 3 & pterinosome

o kg

of A £ 9} QA & iridophore EA) & B Ee) Er]dl o dlo] Gulale] glov], o
E71 3 Bul HAlm »bw]e] A g s g ato) 1r1doph0re9] reflective platelets} 235 288} of
W g+ vl o} (Bagnara ef al., 1968).

o) b ol FHEA] FA e Ak WAl Zeol Aeto] A, fA2, A 3 G
Aoz disgen], Emsle 2F %354 (hamster, squirrel, bat, frog)el A X Al %1+
Aok ssteAl & R Uil e AsAS, dedel W Al gelAs Wk F
%2 oFHwrst 9ot (Lyman and Chatfield, 1955; Mayer and Bernick, 1958; Mayer,
1964; Draskoczy and Lyman, 1967). =2t} Ewly] okaf 3 54 44 0] u] A F2o 2

B A= al A wk glo] I A1 A FEql Suls] A F-2] (Rana nigromaculata)+- A 3.2 B}
of X o4 A ety

o
i
o

HE H oy
v ARl ST FEE g 2ad Pt FuelA AU AT (Rana nigroma-
culata) 24 Bel7) (129 F40 19 F9)9 Ae 2l
Aggl oirys o) o) w4z & pH 7.20] 4] 0.1 M phosphatei S1-324171 2.6% glu-
taraldehyde-paraformaldehydec) s} 295 osmium tetroxideo| 13- 14 dhe}, 74} ethanols}
acetone ©. 1. th4=&)} % Epon 812 mixturee] Zulfdfe] 35°C, 45“C W 60°Coel A 23HA] )

)}, ol s 249 LKB ultramicrotome o it ZwhA 3-8 wll-o] uranyl acetatee} lead

citrateo 5 A &}o] Jeol-100B& A A3]n| 7 o it 313 &b9) ).
| ot

Szl el 9] K44 RS A4 2 (dermal chromatophore)d= v} &4 2, iridophore " 3

7
A 2 RGA ERL A E 9lvh o) 84 3=, pterinosomey} carotenoid vesicle, iridophorel=

reflective platelet, 28} A& B G ZEE S04 sbal o a1 9124 9lglch

v BRA 2 o] Al mE ZlA vl ubin ol §) Aol s, Al Ee] ek §lal i vig lo“’!
o e AR AR e i B i Fiks 10, ol 29 o
e el dulel 2F aaaglon], @ Fdel 48 el alol AL (Fig D,
A} 4317} 9] pterinosome} carotenoid vesicleo] A2 o 92 21l on], e ribosome

2} 4<9] mitochondriar} pterinosome A}o]of R-alx}o] <lair} (Figs. 1,2,3,4,5). v} 34
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25 AFole] A EZ 7AL- u]§4% (microvilli)el] ¢ dted wm= -FA interdigitationsly
(Fig. 3), Al zel ZA4 B{AZ 57 Aol AL 4A 2 v]4EsE dsle] vla
A wlA interdigitationdle] A &9} (Figs. 3,5).

Pterinosome & z2.3 A2 3 mi- EI-%]?%‘} o2 AAEZEA AdA o, =
pterinosome-{- A} b -l dlol| s o] @ 729] 9] carotenoid vesicled H] 4L e A
o] sabs ode} (Fig. 1).

Carotenoid vesicle-® A2 gla oz oAz & Fwile tlolglid o]Fo] el
ow (Fig. 1), pterinosome Afolel] AlAlal] 9l7] 1 sbglel (Figs. 1,3,5).
2 6 7bA o g g dgleh Al
tpibo]l vhepip= @l (Figs. 1,3), A 23

G712 (fibrous matrix)o] el € (Figs. 3,4,5), A 39
°

o] #4) L] pterinosome - 421} E 0] 1] -ghof
% pterinosome- Zifref o] dhale] qlar gh

pterinosome-2- A-v}<dro)} A4

¥

pterinosome->- Az1}<iol| 49| lamellae &9 @ A3l dd (Fig. 3,4), #| 43 pterinosome
2 o] Ao lamellaeZz & dAJste] #Aa7on Folx 9= §d (Fig. 4), A 53
pterinosome-> A-v}<roll 7w o] A w7 A corelr ¢ A EFe] halo moro z el
= 3 (Figs. 4,6) % 4] 64 plerinosomes- 41}4<] Auio] 2529 AAAEE B Fe)

7t A= 9 o} (Fig. 5).

o9} zbo] -3z pterinosome?] o ule}, 79| #| 1 & pterinosoment A EAHo] B F=
A E (Fig. 1), A1 13, A1 23 2 ] 328 pterinosomee 2 FA = oAz (Fig. 3),
Al2d, A1 38, A48 4 A 53 pterinosomeo T w A E (Fig. 4), gz A 23,
A 53 2 A 63 pterinosome?] o] FHA| ) skaks] i}t (Fig. 5).

Iridophore: iridophorel= o alA] 32 ole] -9lell §A%t89x, FHeoez Az 99
(Fig. 0). o #e] 204 el 00 ghelstel BA @ s elgdm, o sl H4

B oguld] i vl O] re]ecuve plateletsit ] )7 <L\t (Fig. 6). ©] reflective platelets
= AR A el e e alelsiglen, spele]l 57k (interspace)o] glol T w4l
(Fig. 6).

S WA Tk WAl 5 w9l 29 iridophorest @ shel hF R el
A A stolet (Fig. 6). 32X« J&%xﬂzﬂ o #lulo] QWb glelsto] BIFA G mekg s)
o0, @ Feol qlo] 9 Fig 1. AAL A LE AN EAS] A% A
oz A ol AE EARE A R4 Do, T9 AL AT e AR EAE
NE e Qi el g xn o) irdoghore Aol A5 s set (g, 6. 540
Ao A$ma 2 (fibroblast) ¢} collagenous massz} E4 4 M-FA|Z T R 4] a5
Al (Fig. 7).

il &

& AE P, el

SFAl o] o 5Al 4 WAl 2 v Al £ iridophore U Fa e bl X
[e]

Foll A FA L DAl Ee v Al ST JlAdE ZFa glen, o #xie v
M A% (intermedin)o] FAl 2 WA £ A=pate] o Al w1 Al svlg F4b

i

mwi= 2 gk 7] o & iridophores} 4} & nl-%-3lo] W E S 1beldrt (Dushane, 1934; Setoguti,
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19675 Bagnara et al., 1968; Tayler, 1971). <k1479) A4 B4 2 g ahs], A2 dA
o ¥a Tz Jehdlz 9o, o5+ (Lopashov, 1944; Goodrich, 1950; Orton,
1953), =4 (Breathnach and Poyntz, 1966) % 4+ (Brumbaugh and Schall, 1977),
Z4-5 (Grineberg, 1952; Little, 1958; Deol, 1963; Comings and Odland, 1966; Quevedo,
19730l A% kA o) AAskel 29 A WA G Ak 2 AgelA B AT

2] (Rana nigromaculata)¥= S15-7] 9] kAl4i9) o] 3F4-9) MAa BHAER o4 X
SAE el At on, o] A& BEAEE v AE wtz ol A e Az, irido-
phore W =l o F Fog Ao u =gt

o] 3ka] o #&}e] Bagnaral (1968)c| Hyla cinerea, Agalychnis dachnicolor '3 Rana
pipiens ol Al Bagl Z3h o] I elFof A& v A Eo & velel Fedel §14 8

9 3, M4 4|3l pterinosome carotenoid vesicleo] H-io] 31w gl v, pterinosome

o s gl uhtl of kA Hom T 40 alsl
Nishioka$} Ueda (1977)% <kAl4- &= 7|52 (Rana mgromaculata)OH ] o) 3hA) 2] pteri-
nosomeg- vt A{EA ) lamellaeZo| who} 2gbAl 2 FEete] HMwd u} 9 ed L

AROIAE £ge) TrE AHEAs Ao AAYEe] AAG Holol wehAl 6
o pterinosomee i Al Weigivh. el A WA EE G4 A1, A28 9 A3,

pterinosome ¢ 2 FA=E A E, A 23, A 3%, A 43 @ #5389 pterinosomeo & FH A

%, zelx A28, A5 % A 63 pterinosome?] Al Ex Hirsigieh.  ofspie] 2t A

Xof u}z} pterinosome?| A< ?—}_%O] A AEE A 5o o)A -2 pterinosome?] A sgt
HoZ A s Aold 7jal &E’rl

Aok Al | Y ALEA
24 FAstda AbgEch Al 1Y, A28 A 3Ee] A4, A
someXth #AE g AL Fhst By A A At (Hoffman 19683, ¥ &} =4l i
v &gk U -‘f—u] ]O] 715 A 3} (Fisher and Manery, 1967)¢] w}& ojj 34] £ 1| o] pterinosome
gl A o} A Bty 2] w o] olxlrs} A 2= v, endoplasmic reticulum, ribosome, mitochon-
driaz} 4 _}{E
o A Z9F Q1418 iridophoress Al Z o] Wuprtol] Gt @ o ~]*]:5] nl, A ZA & reflec
tive plateletsiz 2 ¢]=z} 9132, ©] reflective platelets Fg]o] o+ T4 BFA 2 E7] 42
EA A whulo] AL A FAZe B Fon % g3k u) reflective platelets2) 3},]'7]%9_33_
Aste] si-Emle] ure MG etz wwmalglch (Setoguti, 1967; Tayler, 1971;
Nishioka and Ueda, 1977). ¥ A& Az #F7] AFelelalgl z-& gzl reflective
71 A -2le

— }?J

Aase), osheh

¥, # 69 pterino-

F AE 919} 7H0 AlEA G 9T ez AlEET)

plateletse} &} FxE& 3zt iridophored: &

w7 145 A 4 sk ol
o} 72 A4 L iridophore 9]l 9l FAa i*r(’r E Erlden A& shyle] o]y
= A % 9}, iridophores] ¢l reflective platelets®] ukAl7) 3 Atole] A& Ak S )
W Zloi gzme., ma irdophore Felo] YT EAL BFAE Frde] e I
A shgel ARlel e AL s Bodel AR AR Astses B4 % ol
A7 el A4 shgle olge] A Wi Ao Abndh

Iridophore} Q1A & FM & B-GAl 29 e Bagnara® (1968)2 B.asl zle], %]

ATFe ol Al 5 Fa B4 E E7] 5L 247 iridophore F=8]o] el 9l9low], iridophore
b WEgA 2 Atelo A o] Frlgol By FAL HRAEE S84 dhEle] o A 4 H gl
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ok &5oek T ATelel Al Fe e polrt glens SErldl A S ERA 2
B o] §A=E FAL s A (Raper, 1928; Harley-Mason and Bu'Lock, 1950)
# o] ] A Felo] A % premelanosome, melanosome, melanin granule 3 4 A9 =}
Aol x| ata Fodah qhdol 9o welga] sEA el wWE AL sule P4 H

o) 57\ Aol Fekel A el 2| ook Yelehe on QA ofok & s ek bk

2 of

Flo) A 10 Al el AP m T hakalol Slekel ol g4 Sel A2 (Rana
nigromaculata) 2] 3324 S 9 59 glutaradehyde-paraformaldehye (pH 7.2) ¢} 2% osmium
tetroxideo] %% 43} 3 ethanol®} acetoneo it t}<=, Epon 812 mixtureof ZEr|3}o
LKB ultramicrotome ©_it. Zwup4d F W& wli:o] uranyl acetates} lead citrateiz oA &} o

Jeol-100B& A Azlv] 7 oin saalel vpoou) b A dolv

o) s Fele] v A 4] 3= w) 8h4) 2, iridophore W FAl 2 mfAl 2R FASI S
ilﬂ, of& Al el 542 vkt A
L oA E

A. o) 34 2= pterinosomes} carotinoid vesicleso] A ZA] A=A 2doeow, T
ribosome®} Z4-4¢] mitochondria 3! glycogen particleo] pterinosome *}o]off ﬂ‘} =] 2

B. Pterinosome® Zx #A-& g1¢ mi= glgidloln], o] Aukde Uy FEudd wEk 6
742 & (x] 14 pterinosome, #] 2 &) pterinosome, #| 3 & pterinosome, | 4 3} pterinosome,
A 5% pterinosome, #| ¢ ¥ pterinosome) ©. it -] n], %3 A 13 pterinosome, 7 2 &
pterinosome, A} 3% pterinosomee] wukwhE] ¢l o},

C. Carotinoid vesicle-f’; 20 1% iz kgl doln], w4Like] carotinoid vesicle® |

Ul Wefe] ®efoi wolols, olM-t{- o] Al&°] pterinosome Alo]o] {-abs]o] e
»kf%
2. Iridophore

A. Iridophorey 2 Eal =9} o] peprfar g Al E7E F7le] o ste], dl Al Z o}
off &1 A 8tgl ot

B. Iridophoret= Awlal = ulsdl o] reflective platelet® 2| 9] gloleow, 2 33
A A o e gt

AL A=

A B sl o Rt irdophorest 4 SAel AL Dl A4,

B. S F42 98 e ¥ en dAEzde] A9 e, Az &7 &

C. A& Agloi AYA E904 B3 Ze) E7]+ iridophored] oF &z wo] &

al7} o &4 Z9} iridophoreo] Alolel] 9 =] sheir).
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Fig.

Fig.
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Fig.

Fig.

Fig.
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EXPLANATION OF FIGURES

1. The xanthophores below basement membrane (BM). They are filled with pterinosomes

(pt) and carotinoid vesicles (cv). These are mostly to form a mass near the central area
of the xanthophore and surrounded with type I pterinosomes (I). The parts of caro-
tenoid vesicles (cv) is observed among pterinosomes. The processes (p) of the melanophore
are adjacent beneath the xanthophore. x7,300.

2. The xanthophores (X) and the melanophores (MP). The nucleus (N) of the melanophore

appears as partly small infolds of the supranuclear portions. Melanin granules (mg) show
the same electron density and processes (p) of the melanophore extend to bilateral side.
% 5, 860.

3. Pterinosomes of the xanthophores. Interdigitations (id) between xanthophores are shown.

Pterinosomes are round or oval in shape. Type I (1), type I () and type H pterino-

somes (M) are well observed. Carotenoid vesicles (cv) are dispersed between or among the
pterinosomes, X11, 000.

4. The xanthophore. Type 1 (1), type W (ll), type W(N) and type V pterinosomes (V)

are well observed. Many ribosomes (r) and a few mitochondria (m) are dispersed in the
cytoplasm. X 14, 660.

5. A xanthophore and a melanophore. Interdigitations (id) between melanophore finger and

xanthophore are seen. Type I (I), type V(V) and type VI pterinosomes (V) are obser-
'ved. x18,330.

6. .The three kinds of dermal chromatophore, xanthophore (X ), iridophore (IP) and melano-

phore (MP). They are arranged in parallel with the surface of skin. Iridophore (IP)

is filled with reflective platelets (rp), and these are rectangular and spindly in shape.
X 5, 860.

7. Melanophores in dermis. Melanin granules (mg) that fill the cytoplasm are round or oval

forms. The nucleus (N) appears as partly infolds of nuclear envelope. Each melanophore
(MP) has processes (P) filled with melanin granules. Collagenous masses (C) in the dermis
is observed between two melanophores. x12, 660.
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