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ABSTRACT

T-butyl alcohol (TBA) freeze-drying method originally designed by Inoue and Osadake
(1989) was adopted to dry specimens for scanning electron microscopy and the results
were compared with those dried using critical point dryer (CPD).

Small pieces (1x1x3mm) of liver of Sprague-Dawley rats were cut and fixed in 2%
glutaraldehyde in 0.1 M sodium cacodylate buffer after anesthesia, and processed for
scanning electron microscopy by several modifications of TBA freeze-drying methods and
by the standard preparation method using CPD.

The bile canaliculi and sinusoidal endothelial surface were observed. Tissue dehydrated
with TBA before TBA freeze-drying preserved the structures best comparable to those
prepared with CPD.

This result suggests that combination of dehydration with TBA and TBA freeze-drying
is a superior method to the original TBA freeze-drying method dehydrated with ethanol.

Key words : Bile canaliculi, Scanning electron microscopy, T-butyl alcohol freeze-drying
method, Tissue preparation
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M E

FAPAER A FAE HT TS Az o A}
45E Azl o9 7HA] WUle] ded, 1 F
Ao £7] ekl ARE 2 93 4HE 71EY
FAAEE g EF: gt A dAMARIE
ALg3e Whfe] s BEA LR g AlLE 9]
o (2H48 5, 1988; Gabriel, 1982).

FAAZHEL AzAAANA 2AED e 24
o] Hgs Az 4 9le] dA7kA LA F
AtRAE R A B2 A FeA 7P et vy
22 duA Q= FAAA"R A REAAES 95
FAAZY Aol B AL IAHT F 784
stzdoA A FHAZE WHTA FV)EHE A
g3t F FAAFE el dedE, fU14HE A
gl Aol $2AZ HH F dAEE =AY o
27 (e crysta)®] FAE EY F 7] T
B} $pshupbg e 2 43 x 9lo) (Boyde and Franc,
1981). ey, FAAZAZYL e A7) bt
ARA] dom AlgE 5 g WA wfFe] Fof
e de AH5x Esk3 9)oh. t-Butyl alcohol
(TBA)E ®lde] 25.7°CE A2 9 YAweN F
Aol 7h53hal B AR R AN B4Ea
& evaporatorE AHE-3te] AFA e A S3AIZ
W 2 &x7F -25°C7HA] "= Aol glH
(Inoue and Osadake, 1988). o Hd dF=
Lol o8 FAAANER A FEA 2] TBAE A4
3 We] A=Ee] 7)E FEAEAZY o
e £2 ZAx7 23" ¥ 9lvk (Inoue and
Osadake, 1988; Mizuta ef al., 1990). oleo] HAF
AL oln] Baig whHe] ElA W SEU1eAS
AEsa o vpEE AP 8 B 978 AR
skl

Mz Y oy
AYFEL A% 170 gm W 22| Sprague-Dawley

A FAFHE AHgedd AY5ES E7ME Nem-
butal (6 mg/kg)-& FAFsted w3l 7fE3led 7}

A& AAZ F 1xX1X3mme FAV|E AHAsle
2.5% glutaraldehyde, 0.12 M cacodylate buffer
(pH 7.3) &N =7} TASH. 34" 22L&
Eof glFol oz 9&% 2% osmium tetroxide &4
o2 447 S FIA F, 474K 9 O 2-
5)ell ]38l 100% t-Butyl alcohol (TBA)E 271
F JFTI(-22.5°C, °l3 ZH)eAM TEAAN F
High vacuum evaporator (Hitachi HUS-5GB)E
ARg-sled A1FAE (1X107° torr)ell M 2417 et
EAAZ (freeze dry) 3t}

(L q2F. FAAQ el 93 5=
ethanolZ &< isoamylacetate X3 F JYAAA
Z7] (critical point dryer, Hitachi HCP-2)& A}-4-
sl 234

(2) #4524+ FFD). 3324 ¥ st5doz A
gt 22]& AAA L2 Y249 liquid Freonol] E7}
FEETAA F AA-L &4 stz 100%
TBA¢| =3ket.

(3) 9FYez NZH-TBA FAAJAZZ(CT

o). FAE =3E Y gFde=E Ay §
100% TBAS] $75}.
(4) Ethanol ©:-TBA 2|34 z2F(ETH).

27A% £33 & Ethanol® €3 F 100%
ethanolel] A} 100% TBAZE X 3slgdch,

(5) TBA &4-TBA $AANIAEZF(TTH). F
IAE A2 TBAR &3l 100% TBAG ¥
see

FPE$ A% uoln) A8e 424 F 2o
forcep 2.2 gt F A|&d)el] F35l3 jon coater
(Eiko IB-5)& AM&-3led 20 nm FA9 gold coa-
ting& A|8& F Hitachi S-450 FAAAIEn]AL
2 20KV FHAStetel A TSkt

2 =

449 B oY F2E F B AT leiA
935 pulg F2eA 2ag BART FEo
Wle) BE Aele] FpiE o wAss
gage] FARE Ao wmn Agsidon
WAe Be AR AY9H ARed, o5

4



Uhm CS et al. : t-Butyl Alcohol Freeze-drying Method for SEM 301

Aol vlud dAfger WS & AHe=
259 (Fig. 1la). SEFRe] oo =2
w3 fAgsigen deFgt 2719 WIAE 7HA
T 9ok (Fig. 1b).

FF2] SA o2 o7t W] s Wt &
Azt plAERE Aoyt gl en dHH: F
B wyse] glgdeh gAY ZiAREE $)
Hel dded, 719 Adel Ex3ls nAFEE
BHHAZ EEF] AT (Fig. 2a). FEFIAE
v=e] 2u2 42 FEFH A2 Ay FE
o8 shEo] leir WE Fde] I Abolo] F
o] P2 EAF= WAL AFE] oAHAH
(Fig. 2b).

CT#e FM% WAL A sHeEe
Aoz A DI sz EEF] g ol
wslke} (Fig. 3a). SR W=l #dL vw
A #@sig ot WA shgAEs BrEEE &
715 olFT e e EUES /T U
o} (Fig. 3b).

ET#9] 243 WA= dA3A dsken, oA
FEE CTE vlgtde 2 A=) sttt 2
N FH3 Y2 EAs T (Fig. 4a). FEFY
el e @ FE o8 dFEHe] ot
FFZAAM 9 22 A2 A=A @t a3
< ®HY FFH ANl EFA AR (Fig.
4b).

TTZY FHFL 27| vlard dAsigen o
7ol EA3RE vAEEE WS 7S A9 UK
o} (Fig. 5a). TRFEHY oo ®dE HHY3A
2w a4 E7]E PN Slsd e e
 A=7H FAFE T (Fig. 5b).

|

FAAAER A REAAS A 2z F 9A
ARAZIE AHEE AEE ZAZAE A2 F4
AR RES Agsle ¥ AREHE 253
uhelel, 2 9o FHIo: dAARAZRIE AL
= A 7HE Z9)7) 93} hexamethyldisilazane o)}
tetramethyldisilan 5 TAAH L FH 43 7]= oA

AZ AHE3le F7]FA AEAA AR Bl o
& Aoy 2L AT AT U (F
A3 % 1995; Nation, 1983; Dey et al., 1988).
asy, ols WER EuAEe W] o3
FHAAE A AAT 5 W] Wi AR F
B3] gk H¥o wdz 22 HAL AF FEAY
4 SUThH(riE HAA), ofe wbsle] AEE F
EYFAZ F A2AE PEARES AR B
H g FAYE HAE = e A L
22 AAIHe} ¢+ (Boyde and Franc, 1981),
o2 Whge] HAlE B ¥RV T
g Lo Ao A ARe) $ANH) A2
84 2% A4 22 o 239 AYates st
of 23l Ay 239 sk BAse Aol
2l Inoue?} Osadake 5 (1988)2 Z=2]o] wleir
Z 100% ethanol2 ®¥]lA ] 25,7°CQl TBAE. X33}
F, 34T YA WO NN ARE FHATZ,
HEEe] AAHu] AN EH3tn e
evaporatorE Al&-3led AZA|F|= vbHS Afikeled
2 7R A A&t 53] At T2E
s ¥ F2 AE Eugt bt gloh o W
B3 A Seqt dAe gle] 44 24E F
AN 4 9l 2o FHA CHEE 2R
o PFE PATeEN 232 WS FHi3sa
ob-&e FAAZS EHAE d& F v o=
et o),

B oodFe glo]A= (1) Inoue?} Osadakeol] )3
A TBA FAA SN2 o] FAHAE A &
Az wlez eldsrbE ASFF O 4, 53
o238 (2) A& dukH oz FASIA B4F}A
ok AelellA ZA o] EA e o] HHE o
& gelsbr] sisted (Y 2, 3) 471x]2] TBAA
g uhgel] ot AYS siglon, T YA
AAZIE AHE A (Y Dol s del
A 2R v watdo.

B Ao AT d FAAE Yol EXzle v
57 AAAA Az vEd A d27s
TTZo|92m, 7et Zolde DAlge] Vel &
FAsA 4 WRFAG mA§EI}F FAAY 5
E2 = 59 ¢l FFEA olE A
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A2 FFTolA 71 Astd T CT+, ET+9 &4
2 A wyo] FENY. FRYIEHY WA E
9 A$xE HEzLH TTRAAE A4 ez
BEEger o APTAME HEY el 9l
2v Fwe] FF wye] veht WA F2E
FAE) 7L o AFE ek ol WYL FF
A 7 Asd R, ETE% CTE9 £M2 A
A} 335301 Zol gt o)Ak &AL 23 W £
B E2 ethanole] TBAR 413 X35 = =3 A
Jri 1yE How 2P

AT Wl EAles vlAgE] Fel W 5
2 )Y mAgEs M2 FAAY ZHole w3}
vehte A, ZEgAlEe] 2elM EAlEie A 52
AR olAte] g W AF HAEHE LAl
2 AN 2 TTEE A o2 AgE
oA Aol elite] EAIA] gowME o]t
A7) vehd AL goez FApAEn] ALY &)
Aol glelA F-AHI FE Azlel] o W3 s}
T AR TEEtedol g vedEI AR
#oh

TBAE AHEsle] &43 & 372 2247+ 4y
22 BAPANM t2A L GARARNE AHEUE

dsh AR £EOE BEAY S e Aol Ha)
Im, 53 gelg g A= Wew 9 o

7 W) PO clort A8 BEAZ] 242
AA7} FEsEE BREd. B 9FAES W)
APAEE g3l AND 2 e Hge) e
AY e AP A

2 e

543 g 82 3 u%% ZHHg TR
AZYE B3t Az FAAAHe
A SR AMEE dAPAZ
BE3 v wste] oo 2 22 29

I

TBAE AMH-3 FAA Az sloiA 28U
T G5 HJHE FE }04 AT Ao F2
B0l = ethanol g AHS-3= 7l ¥o} TBAE AHE-3}
B Aol 4% A4S 48 U 2 "é?‘%ﬂ“”ﬁ
< i FEASAEYEY] A9E 4 § X
gt oz AHRFHA| AN 2T Qe ;Q'H]‘é‘
AHEE] e 248 1AV B Aoz Alesl
o},
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FIGURE LEGENDS

Electron micrographs of liver dehydrated with critical point dryer. In a, hepatocytes (H) forms
2 cell-thick cellular cords and bile canaliculi (arrows) are formed between hepatocytes. Sinusoids
(S) with fenestrations (arrowheads) are present between hepatic cords. In b, bile canaliculi are
filled with microvilli (arrows). In ¢, note microvilli (arrows) exposed through sinusoidal fenes-
trations (arrowheads). Bars =5um (a), 1um (b, c).

Electron micrographs of liver freeze-fractured in liquid nitrogen after fixation and dried by t-
butyl alcohol freeze-drying method. In a, sinusoid (s) and bile canaliculi (arrow) are noted.
Some area are poorly preserved (*). In b, note that edges of bile canaliculus are elevated with
thickened, stubby microvilli (arrows). In ¢, endothelial fenestrations (arrowheads in c¢) are
present between surface ridges (*). Bars=5um {a), 1pm (b, c).

Electron micrographs of liver transfered to t-butyl alcohol directly from buffer after fixation
and dried by t-butyl alcohol freeze-drying method. In a, the tissues are relatively well
preserved, however bile canaliculi (arrow) are dilatated irregularly. Sinusoid (s) is seen. In b,
clumped microvilli project outside bile canaliculus (arrows). In ¢, thickened edges of endothelial
fenestrantions are noted (arrowheads). Endothelium has also surface elevations (*). Bars=5um
(a), 1um (b, c).

Electron micrographs of liver dehydrated with ethanol, then, substituted with t-butyl alcohol
and dried by t-butyl alcohol freeze-drying method. .In a, note that the tissues are better
preserved. In b, bile canaliculus has fewer microvilli, and some microvilli are grouped
(arrows). In ¢, endothelial cell surface are irregular and fenestrations (arrowheads) are scatter-
ed even in the surface mounds (*). Bars=5um (a), 1pm (b, c).

Electron micrographs of liver dehydrated with t-butyl alcohol and dried by t-butyl alcohol
freeze-drying method. In a, note that the tissues are preserved well. Bille canaliculi (arrow)
and sinusoid (s) are noted. In b, microvilli (arrows) fill the bile canaliculus. In ¢, endothelial
surface are smooth with fenestrations (arrowheads). Bars=5pum (a), 1pum (b, c). ,



304 Korean J. Electron Microscopy Vol. 28, No. 3, 1998




Uhm CS et al. . t-Butyl Alcohol Freeze-drying Method for SEM 305




306 Korean J. Electron Micvoscopy Vol. 28, No. 3, 1998




