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ThHFE dR2xe ¥z BAgle] A%
=31 AT Hed FAETIT F2e] ol
AA =HAE Aol A} Fe AYEA =
AN 2"le 7]5As 7 dojubA 8o Z2ge
AXNFE XS FHUFTEES FU3 = B o
£ AeAEQd 71%E FAstn Iy AL
gl (hypothermia)& #°om(Lyman, 1982:
Branes. 1989). A A7L A3 Astd 3
oM a7 He] glojAle Ale] ohx F
3] 4AF APFA (homeostasis) S E&FH
2 #FA3E Ao HAoth(Mrosovsky,
1968). HIZo& AEY A Y37 A% HL
oz2M Axe Ldo thg A (tolerance)o]
B2 AG TFH FMF. 2 Bxe HY
FHFFEANANE Euda Ik (Schmid,
1982: Block, 1982: Murphy, 1983. Storey
and Storey. 1984). o|tzo] BHE sl F
Eo dig 7AW o Add Wsle tisid we
A7t olRolfen HIde FHE fEde
EdE £, FE3d ojdes AFNA Fo
A7 E HESteY &3Alste 2898 A
= F5& 21 3lt(Storey and Storey.

1990: Chien et al.. 1991).

E3 FHE EFEES He| Avje B
ZHd (arousal) F F F7H317] Al F3Ele Fo] Eol
Aol Han Fhee A7I7 =@gel we s
o Ax=E s F714(annual feeding
rhythm)& BRItk o|2i% Ho] 43 g ©
&, AN 48 @ FHES g, %
o] ZAEo HaA @gu, zm AgEwup}
ol & FFEdd)d we} JAHRe] 7S WA
SN 4= (Carey, 1990) sle}. FHEA ¥e
o A% Hol A Wt Ao 72 9 rlF
S WA F 3, BFHIME EREEY BS
A 37 (yearly cycle)7} 2324 AF g
Aol AEE AdH WsE doFItk(Toth,
1980)= A& & L&A Sl

IREEY A58 ALH n waA Q4
He @359 Axz pAE dx e Fa3
F3tel deo] AT o] dEAFAHNTE F
A3t ArhH(Reuss et al.. 1990). o|& &3}
Fele] MEole &% AFAIMETI RE
AA sk slow Ao #HE FFAE F
A 3 (enterocyte) (Evans et al.. 1989:
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Pfeiffer et al., 1987: Potten et al.,
1988), =dd #H L& Bld FLE Evsid
B82S g vl dA £ (goblet cell) (Lloyd
et al., 1991: Oliver and Specian, 1991:
Rogers et al., 1991: Specian and Oliver,
1991), &3a ZAA e 1%5 FAs= Fu
YA X (enteroendocrine cell), 22l 33
o] 29 (crypt) ¥4l EFHoz BXId &
AaAE Bdstn gegotd g 2zE 2
o] &4 (antibacterial substances)& £H|
3l A el E (bacterial milieu)-& &
A3l Paneth cell(Erlandsen and chase,
1972: Satoh and Vollrath. 1986: Satoh
et al., 1990)%°] Urt. oleigt A=A x|
g A7 Jhed B FEe #IF AFEA
Toth(1980)& t&# (Spermophilus
lateralis) 47 Paneth cell® vlH7x2 W
3loll @3t} Geuze(1971)= 772l Ao
T2 W Wstd, Pudney® Fawcett
(1984) & t&3d A3dY AAd F714 Wil
g3kl H 5(1987)2 &% A3F st
o 83 Q@ $(1986)2 u3F Paneth cell®
A e tidted BEn dga, 4 TREE
o &I AT2A Satoh 5(1990)2 o2 ETH
529 Paneth cells? vlAF7Ze th3lo],
Cheng® Leblond(1974 a. b, ¢)& 7 4%
o] AR thele, REe] FHEE F2
PJeEgy 2% SHHANEE Y T A
Feje] AEo] et GHAHQ Lo gF-Eoln
AA F70o wdEagel Ao AuAxe Fy
A - 75 Wsbte 3 geiA A gen F
(species)oll W& Ho|AR] 1 9zo] LA[s}A
%e Ho] B olHd drh&d AH Hute]
AONEE e FL A #3 AA
F71% WAsle] et At gisit)

old] A3t HHA R FHHY de 4
A FAANES AFAES) HAA T A
724, a8z Fugd HslE FHEEe 3
U oFHE gty $97] %7 2 Uro
AdFIEZ n@gozs AAAJA 24 44
Axel e} 75y 54L& d#iled =gl
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Mz H ey

B dgo AlR" FEE HX E(rodentia)d]
vl &3 (Tamias sibiricus asiaticus Gmelin)
2 FHrI(12¥9-29), €571(7-89) = o]
ZlAdEE B854k Aol AV|EE 108 A
Fste] AtgsH )

HPEEL ether® nl3dte FHe MBS
T HFUHE salined FFAIZ g A&
2% glutaraldehyde-2.5% paraformaldehyde
(Millonig's phosphate buffer, pH 7.2)&%t
Y-S FRAVEF 2% 224& dHsn Y
Yol 4A17F AAs Angstn 2L &F
oz &fEAZ 1% Osmium tetroxide
(OsO ol ¥ mAstct. alcohol® propyl-
eneoxide& At&3tod 33 propyl-
eneoxide®t epong AMgsted ARIAFE A3

+ epon 8128 ¥ujst¥ MT 2000 ¥ H
7] (ultramicrotome) 2 57 1 pm9 ZwAd
HE WE uranyl acetate 9 lead citrate
2 2% 94389 Jeol 2000 FX 118 A=}
Aoz APt a8jn AXE9FE Fa
ARzt AEe AAE image analyzer®
ol &ste] Z AR A=V E, AEW Y
go] =7, aln AEWAAN Fye| aA|she
H&%5& Z38
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oo nAl g2 2% Figs. 1, 2)
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=
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AT FE o EFE sk ANHFig.
3.

Fig. 1. Columnar cell of the small intestine in the active
stage contain many mitochondria (M) and microvilli

(MV). x 6000.
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2 2F7Y AR 2 ZEE S ok

AEAS B Fo] nEZcolel {E gE
22S B2 & + gidoy nEF=E ot
B %709 vEl 1 7 e s, A9
A AR EE710) Hig 2ol A4 S
2 T e3ien f9 2EAgY] $E 8F
o vl @Wo] &7 AHFig. 4).

N ot

AL

AAngdel zAs et 7 EF7) vE FAA
ZAs g HAol & rld B d A4
slA A5t Yo (Fig. 5). MEHANN= #
£ He FRASE TEISF JheH &5
vla} BPFd A viEZsgele] £ A
vehdn & AW A7|Ee Tl o gth
(Fig. 6).

Fig. 2. Columnar cell of the small intestine in the active
stage observed rough endoplasmic reticulum (rER).
Upper portion made up gap junction (arrow) with
neighbor cell. x 12000.

Fig. 3. Mucous cell of the small intestine in the active
stage observed mitochondria (M) and excellent scretory
working. x 4000.
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Fig. 4. Columnar cell of the small intestine in the
hibernate stage observed excellent mitochondria (M) and
free ribosome (R). x 5000.

Fig. 5. Mucous cell of the small intestine in the
hibernate stage observed free ribosome (R) and loose
granules (Gr). x 15000.

Fig. 6. Mucous cell of the small intestine in the
hibernate stage observed free ribosome (R) x 20000.
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E
BE FEES ATEANA AL Holdr] A8
M sk o gg WA =HEd Olﬁid
oA &S o AW YA AESH] M
At 3tve olFeolm trEde %“EO]E}
(Mrosovsky, 1968).

g ¢ sled Bl o|FE HHstA 5= A
< 22X, Yo & AF adgmn YA gL
2R Zgo o&lr Yojdri(Alerstam
1990).
WL FHEEC] FHEAH Wl gy
& BEH0E {37 s AAHe e
%%a Ael HRstxn 3zt si7be Aeiy

FHEHZ Eo7lHA AZIMAE #AE A5t
d el E Ay r)del gloiale Ae] oy
i =3 A AL S 58Hc /fA8E
RAoltk(Allen, 1967: Branes. 1989: Lyman
and Chatfield. 1955).

THFdE 159 BN E ASEHA EF
hAL7b o) Fol 2]t &gl &) A2, CH*H—J.
At BEFEY W 7)Fe] AA Pax
A}, FHE o] FolA g} niRsiR| 2 Qt&‘dﬂl
28 A o]FojAH(Lyman. 1955: Oh and
Kang, 1979: Pengellery and Fisher,
1961).

ohEd el AET By vEhd AFA 2T
A E] &F7e] Fele AMEE B EF 7
o EFFS dAF FEE 29 (Cheng,
1974. Cheng and leblond, 1974a: Evans
et al., 1989: Lloyd et al., 1991: Oliver
and Specian, 1991: Pfeiffer et al.. 1987:
Potten et al., 1988 : Rogers et al., 1991:
Specian and Oliver. 1991)
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Zogotel AP P AALTES BAL 4 U 9
TRV E Be 7Y FEldiags 22 ¥
Fuddet. o9k #& BEAE Cheng(1974b) 2]
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BAgS B2 4 Utz 3o FHI|e 9F
Az dAAES ¢ F IR

o#F e HANEANA LFTdE X LA
Zaxn, g2 o Y A =3 U
AAHHE L ¢ 27 2ela A4 o) F
2 HYol Abe] Ao F& AT AU
ol AL A& AlX HAFA Fee A2
9} dx3hH(Cheng, 1974a: Cooper and
Warkel, 1978).

8%E7)9 AXe AXFLe FHIALE FTE
Aot Zo] e Fo| AYPFAMLR vEEZ=
golE AFY 5 o] dX AT, FYFAYHY
RBojEel W&o ¢ F43A dojvks A&
#EE F AAG. sl AZMe AFE
e frelelBigo] IA F/rEAAL HE
Zrglole] £ A Ao HY /Y 24|
g5 57dA HE A e A =8
Al dojvte e TFE 71 2l Ay R
F vt 3= Toth(1980) k= Zduts A=
v FR71F A9l A, E3 2 A7) H
oA H et HAM T 7lFel glojAwHe] of
Uzt £3d Add2 59 eg ¢4 & At
(# %, 1987).

ol9} & dHe T3 W3R Hol FH
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AT} HANEE U7 dAREe] M3
ool dA dAny g FHAHo] Wi of
Z e Ee] W&ol Aseia YzEct,

ARAL

Alerstam, T., 1990. Bird Migration, Cambridge
University Press, pp.5-25.

Allen, G.M., 1967. Bat ll. Dover Publication Inc., pp.
154-162.

Vol. 38, No. 3

Block, W., 1982. Cold hardness in invertebrate
poikilotherms. Comp. Biochem. Physiol. A. 73:
581-593.

Branes, B.M., 1989. Freeze avoidance in a mammal:
Body temperatures below 0°C in an arctic hibernator.
Science. 244: 1593-1595.

Carey, H.V., 1990. Seasonal changes in mucosal
structure and function in ground squirrel intestine.
Am. J. Physiol. 259: R385-392.

Cheng, H., 1974 Origin, differentiation and renewal of
the four main epithelial cell types in the mouse small
intestine. [. Mucous cell. Am. J. Anat. 141: 481-
502.

Cheng, H. and C.P. Leblond, 1974a. Origin,
differentiation and renewal of the four main epithelial
cell types in the mouse small intestine. I. Columnar
cell. Am. J. Anat. 141: 461-480.

Cheng, H. and C.P. Leblond, 1974b. Origin,
differentiation and renewal of the four main epithelial
cell types in the mouse small intestine. I
Enteroendocrine cell. Am. J. Anat. 141: 503-520.

Cheng, H. and C.P. Leblond, 1974c¢. Origin,
differentiation and renewal of the four main epithelial
cell types in the mouse small intestine. IV. Paneth cell.
Am. J. Anat. 141: 521-536.

Chien, S., P.R. Oecltgen, J.N. Diana, X. Shi, S.P.
Nilekani, and R. Sally, 1991. Two-day preservation of
major organs with autoperfusion multiorgan
preparation and hibernation induction trigger. J.
Thorac. Cardiovasc. Surg. 102: 224-234.

Cooper, P.H. and R.L. Warkel, 1978. Ultrastructure of
the goblet cell type of adenocarcinoin ofnthe
appendix. Cancer 42: 2887-2895.

Erlandsen, S.L. and D.G. Chase, 1972. Paneth cell
funtion: phagocytosis and intracellular digestion of
intestinal microorganism. J. Ultrastruct. Res. 41:
296-318.

Evans, M.J., R.A. Cox, S.G. Shami, B. Wilson, and C.
G. Plopper, 1989. The role of basal cells in
attachment of columnar cells to the basal lamina of the
trachea. Am. J. Resp. Cell. Mol. Biol. 1: 483-489

Geuze, J.J., 1971, Light and electron microscope
observations on the gastric mucousa of the frog. Z.
Zellforsch. 117: 103-117.

Lloyd, S., M.K. Wijesundera, and E.J. Soulsby, 1991.
Intestinal changes in puppies infected with toxocara
canis. J. Comp. Pathol. 105: 93-104.

Lyman, C.P., 1982. In: Hibernation, and Torpor in
Mammals and Birds (Lyman, C.P., J.S5. Willis, A.
Malan, and L.C.H. Wang, eds.). Academic Press, New
York, pp.1-11.

Lyman, C.P. and P.O. Chatfield, 1955. Physiology of



July 1995

hibernation mammals. Physiol. Rev. 335: 403-425.

Mrosovsky, N., 1968. The adjustable brain of
hibernators. Sci. Am. 218: 110-118.

Murphy, D.J., 1983. Freezing resistance in intertidal
invertebrates. Annu. Rev. Physiol. 45: 289-299.

Oh, Y.K. and H.S. Kang, 1979. A study of mechanism
on hibernation. Yonsei. Med. J. 40: 17-32.

Oliver, M.G. and R.D. Specian, 1991. Intracellular
variation of rat intestinal mucin grannules localized by
monocolonal antibodies. Anat. Rec. 230: 513-518.

Pengelly, E.T. and K.C. Fisher, 1961. Rhythmical
arousal from hibernation in the golden-mantled
grouna squirrel. Can. J. Zool. 39: 105-120.

Pfeiffer, C.J., D.C. Pfeiffer, and S. Szabo, 1987. Early
ultrastructural changes in rat duodenaimucosa
associated with cysteamine-induced ulcer. Exp. Mol.
Pathol. 48: 102-113.

Potten, C.S., S.A. Roberts, S. Chwalinski, M. Loeffler,
and U. Paulus, 1988. Scoring mitotic activity in
longitudinal sections of crypts of the small intestine.
Cell. Tissue. Kinet. 21: 231-248.

Pudney, J. and D.W. Fawcett, 1984. Seasonal
exchanges in fine structure of the ductuli efferentes of
the ground squirrel. Citellus lateralis (say). Anat. Rec.
208: 383-399.

Reuss, S., E.C. Hurlbut, J. Speh, and R.Y. Moore,
1990. Neuropeptide Y localization in Telencephalic
and diencephalic structures of the ground squirrel
brain. Am. J. Anat. 188: 163-174.

Rogers, D.G., M.L. Frey, and A. Hogg, 1991.
Conjunctivitis associated with a Mycoplasma-like

Roh et al. —Electron Microscopic Study on the Mucosal Epithelial Cell 393

organism. J. Am. Vet. Med. Assoc. 198: 450-452.

Satoh, Y., M. Yamano, M. Matsuda, and K. Ono, 1990.
Ultrastructure on Paneth cells in the intestine of
various mammals. J. Electron. Micr Tech. 16: 69-
80.

Satoh, Y. and L. Vollrath, 1986. Quantitative electron
microscopic observations on Paneth cells in germ-free
and ex-bermfree wister rats. Anat. Embryol. 173:
317-322.

Schmid, W.D., 1982. Survival of frogs in low
temperature. Science 215: 697-698.

Specian, R.D. and M.G. Oliver, 1991. functional biology
of intestinal goblet cell. Am. J. Physiol. 280: 183-
193.

Storey, K.B. and J.M. Storey, 1984. Biochemical
adaptation for freezing tolerance in the wood frog.
Rana sylvatica. J. Comp. Physiol. 155: 29-36.

Storey, K.B. and J.M. Storey, 1990. Frozen and alive.
Sci. Am. Dec. 263: 62-67.

Toth, D.M., 1980. Ultrastructural changes in paneth
cells during hibernation in the ground squirrel
Spermophilus lateralis. Cell. Tissue. Res. 211: 293-
301.

24z, AR T, A2, 1986. 7 8H# PanethA X2 1]
ATz gE71et A7l Hlw, o 753
2] 19: 363-374.

HYE, 73, AL, 1987 &3] 4ol 2 Hut
o FHEEA X v P2 R AAEE A5 A
17: 83-97.

(Accepted June 9, 1995)



394 Korean J. Zool Vol. 38, No. 3

An Electron Microscopic Study on the Mucosal Epithelial Cell in the Small Intestine
of Ground Squirrel, Tamias sibiricus asiaticus Gmelin.
Young-Bok Roh, Kyung-A Chung, Ji-Sook Chung, Jung-Sam Kim, and Il Kim (Department of
biology, College of Natural Science, Chosun University, Kwangju, 501-759, Korea)

We investigated ultrastructural change of small intestinal mucosal epithelial cell, columnar cell
and mucous cell, of hibernating ground squirrel during activating and hibernating stages. In active
columnar cells, many mitochondria and rough endoplasmic reticulum were observed. In
hibernating columnar cells, more free ribosome than rough endoplasmic reticulum were observed.
In active mucous cells, large and many mucosal granules, mitochondria and rough endoplasmic
reticulum were observed. Mucosal granules have been secreted excellently. In hibernating mucous
cells, small and little mucosal granules and many free ribosome were observed.



