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ABSTRACT

The present study was carried out to investigate the effect of ultrasonic bath in tissue
preparation for transmission electron microscopy.

The method used standard reagents and media, and employed ultrasonic bath agitation
to accelerate fluid exchange.

The liver, kidney, stomach and cardiac muscle tissues of male Sprague-Dawley rats
were used for the experiment, and the experimental design was divided into 4 groups;
The control group using rotators (Traditional method, 1,625 mins) and the three experi-
mental groups using ultrasonic bath (UB) in the primary fixation through the infiltration
processes (UB I, 62.5mins, UB II; 125mins, UB III; 250 mins).

The results were as follows;

1. In the control group, tissues were easily sectioned, and showed well preserved intact
membranes, and cell organelles such as mitochondria, lysosome, peroxisome, rough
endoplasmic reticulum and smooth endoplasmic reticulum.

2. In the UB treated group I, tissues showed holes due to the inadequate removal of
both water and fluids used in the dehydration process.

Also the mitochondria of cell organelles, especially, showed swollen intracristal spaces
and dense matrices due to poor fixation.

3. In the UB treated group II, tissues showed good preservation of cell organelles and
specimen slice sections. Also, no holes were observed.

4, In the UB treated group III, tissues showed leaching of structural components in the
cytoplasm, but no holes were observed.

In conclusion, the ultrasonic bath procedure takes approximately 120 minutes from
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specimen fixation to resin infiltration and gives excellent results.
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Table 1. Experimental reagents
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Preparation Reagent Product Product Nat.
Fixation Glutaraldehyde Sigma USA
Osmium tetroxide Sigma USA
Buffer - S. phosphate monobasic Sigma USA
Washing S. phosphate dibasic Sigma USA
Dehydration Absolute alcohol Merck Germany
Substitution Propylene oxide BDH England
Embedding Epon 812 embedding kit Polyscience USA
Stain Uranyl acetate Merck Germany
Lead citrate Fisher USA

#n|7-2 Hitachi H-600% (Y% HitachiAl A ¥)&
Zt7k A3kl
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Table 2. Experimental design
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Groups ) :
. Control UBI UB I UB III
Exp. step

Fixation Pre. : 2.5% GA 240 mins 5 mins 10 mins 20 mins
Post.: 1% 0sOs 120 mins 10 mins 20 mins 40 mins

Washing 0.1M PBS 40 mins 1.5 mins lmin %X 3 2 mins X3
50% ETOH : 20 mins 1.5 mins 3 mins ‘ 6 mins

70% ETOH ‘ 20 mins 1.5 mins 3 mins 6 mins

Dehvdration 80% ETOH 20 mins 1.5 mins 3 mins 6 mins
4 90% ETOH 20 mins 1.5 mins 3 mins 6 mins
100% ETOH 20 mins 2.5 mins 5 mins 10 mins

100% ETOH . 20 mins 2.5 mins 5 mins 10 mins

S.Ub:gtletr;{ctlon Propylene oxide 20 mins X2 5 mins 5 mins X2 10 mins X2

PO : Epon mixed

Infiltration 1:1 180 mins 10 mins 20 mins 40 mins
1:2 180 mins 10 mins 20 mins 40 mins

only Epon mixed 720 mins 10 mins 20 mins 40 mins

Total time 1,640 mins '62.5 mins 125 mins 250 mins

o 37°C 12 hrs Cs0°C 80°C 80°C
Polymerization 45°C 12 hrs 20 hrs 20 hrs 20 hrs
60°C 48 hrs <

* UB I ; Ultrasonic bath method group I, UB II ; Ultrasonic bath method group II, UB III ; Ultrasonic bath method
group III, ETOH ; Ethyl alcohol, GA ; Glutaraldehyde, mins ; minutes, hrs ; hours
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Apelol we ARAT) IR 2712 2 Wds)
o QT S SHEE A HESe glow, A2
AES AR HE $UEE 2HY Fuz
Bzl laiv(Fig. 3).

2. dE 13

Aztg 7 A8 A9 At AR Ao} 2
FAAD FFo] WEelA 3 A BEEJME 2
< AR IR Ee] PYAHVIE s 2(Fig. 5), A=A
A ZA BEY] ZEE FREAHOZ FAFHG.

N2 2 vlHste] o} A EA A
RER, SER, 2933, FabsiaA, A2 52 2
W3E HAE £ gt b ARAE g8 Tl
A7 = o] & FTEE PP = 3 FEH
o == FA= (Fig. 4).

ALz vaste] AR 7 A
EEH AMFA A EY AEALS AFAT]|HY
AR Hol: Aoz Faslx 13 MEasR
53 @& A YEE Bo)7) = 3o (Fig. 5).

Al FEANEEAM AFAL A 42
Box FuAZEEAME 9A ARAY &4
RER®} HA= A #2= 0+ (Fig. 6).

AT THAER el fute] FRE]
NE2EH FAsht AAY P s 9S4
AAle] Rolm] ALHA Ale] FW-F7re] o] I
o (Fig. 7).

3. A I

Az 7z B252 AR A AAelAMG drA
B[R AY 2o 71E8 o8] 7HA AFAEE
< B2 sl

ZAEE AETAMG vl ER 2 oM 9
g q4A, A 9 9F3e A BEFHC glen
MEAAME ARIA, RER, SER, vl&A], =243
H Fol 2 BEH glon 7k AFEste] duA#
Wiaede & w28 vAsEE FHde Axg
Ax 2 #AHNH (Fig. 8).

AL AFFA S o) FE FAE E71% &,
71AE 2 A WA EES AT YyeE 2 &
AL lew ARA ZAMEEE AL w1 R A

EAY ARA, nAAR el 2 BREFES =
(Fig. 9).

oA FuHZEeE d AZAY B¥] 37
2 A AAAHA Aot dFolME= RERY H
Aol 24 FAHNIL, FRHEAM ARAES
ZFF A A XEFe] glen) I HEA
oMy 2 AT Fo] RAH T (Fig. 10).

AT A TR R &) wde 3 BEF]
e o] & Atelof X3l ARIAEL dF 71A
9] AR HelZ|® At A EE AE=:
27 fAbsld e (Fig. 11).

4. MEH N

AY I ZAME HA] AY T2 op7ix 2 A

H Az A et W) FaAle] AY 12l 7

<3 ABAAA Yehe o8] 7] AFAEES
#H2F 5 Ak

A Ee 27t vxste] FeXe Aot
P24 AR FREG didA g4 &
Ale Hol7|E Flelct. A EAA= Al RER,
SER, #AbstaA 5 A7)HE5L & BEFH] 9l
v odR AE sjEde] £AlZ Mol e AR
EE Ho|7|x 3lglvt (Fig. 12).

Al AFFAA M= o2 FZES] A
A BEE 9lout AbFA A ZEME A
oA g} FAFEHA dF A A EAL A= <l
3 e Azl U= FAE 9o (Fig. 13).

AMEe B EY FSAE ZFRM ot
AEAYW HE 273 BE Are YAE f2s)
A #A=A

AT A ZoME 2 vAARE Abeld 27t
g FEHE, ARAEL J2F Bl %3t
235 [AFHP LY ke 2 BERC] gl
(Fig. 14).

n

B A7 239 o83 AEA 8 AAEnA
HEL A% AE Az EHE st Hin
2 Alzbe] tha o 4R A7 E e 2

=)



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

F2 F4eh A
252 A A AERA, 283 28 23w
W AHAE 23 e ATS AUARE A
of TxA ) 23] FHYL BelA sheich
Az de|A 3t o)A RS 49 AR
Az AL HFE fAbeht dF Aol S AR
53 AxsnH dgg s A sAzte A
$- AR FAL FEAAH RS % AEA
zbo]] vl&)] oF 1/50~1/100 A=) gF2 AH#o] g
3b, 39 (light source) F#= o] 7hA|F Ao v]
3 oFgk AAdE ol &3t Zn|MTERE JAF
et olw) FEZ wAF AejelA ok AH A
2 g AxAd el FHAHE 7R 23 FolA
Hot dubx ez 222 AR AF e} A A7HEs)
7t doludr] AlEsle ®E AR fAAM MR F
23 AL He 32 A ME 239 At
TS WA MEW ARl B HEe],
7bgst g Aelole Al ZMgA F2E REIE
Aol #-9-Alo|et (Millong, 1976). _
aAelle Eeld A FhH A e] glew,
spsby A2 B3 oAVl A ARE A EY
A Bxge] FE2AQ WHIkE fdsied 53
glutaraldehyde: &2 szl lysin®) a-amino
7] Atelell Ix}FAJ} (cross-linking) FHO2A whuy
A WS B3 THEHRE velle Zle]dh (Chew
1983; Leong and Gilham, 1989; Bozzola
and Russell, 1992; Webber ef /., 1980).
Glutaraldehyde¥x Z2U] AR &=7} AR IA A
A7 1mm A2 AHE 2o 2 5L
TS S TR LRI7AA Algte] Felm
=2 o7k %A HEE oAbEn} (Buenett, 1990).
2 AFE Ao Aol web i Hole
glevt YA 2Ae) FAx 2 249 s %
(species)oll WeFHE Fol7} Qom, ukdoz A
¥4 =x GezAgy PoblAe U 1 mm'
2712 S% qleh TS gk x4 Rl 5~
108 A=Z 3,
Mg Hde WA 93 2,
microwave, Z53 2 Al 22 HrlE 5 oF
TR 2AEE VIete 2A A53] EAHe| A&

et al.,

AR LE

ESIEEERIESRSIPE T

3} 3AJo] o] Fo A =F Al 9)vk(lan ef al., 1991,
Palade, 1952; Hayat, 1990; Login and Dvorak,
1994). ’

IR ZHE AlBe] A wet gEXT v o
et TS A = @ GNAe) &, 2
Hel &4, A a8 oA A FHH B
28 xatolvt AFE A A Me2 AFAES
wE 4% 9} (Crang and Klomparens, 1988).

E AFgA AnAAZ AHL-F glutaraldehyde:
A8 A7) Ae) Qi ez 2 5w 34
Agololon], £E 2 GEZZL 4°C olshelA,
2213 AYPe Aedueld Aeskgs e
Al g ZA RS AEg 2 A e Y AL,
% e= Aolz Qlt gzEs ARERY Hol
F2Y 4+ 9

O0sO47} 2A9] 314 B2 AMLEE o 27]
o= 12} ST AA)Z A}8-5 92} (Claude, 1948)
I ¥ Sabatini 5 (1963)°] glutaraldehyde$} OsOs
9 olF IAYE NG oF B wWyd wE
o] (Karnovsky, 1965) A/f=a glch

AR FIAAZ o] AME-EE 0s049] 7)5E &
z9] 1A &AWt ol]g} contrastE Z7MAA o
AL F7 7, A BE Al ¢4 AL
2 @A o, A4 R F AAG 36 =%
Al S 3F7] Sl wig slEg ERR 4EA
a1t} (Russell and Burguet, 1978; Muller and
Jacks, 1975).

®F 0s0se AW AF 4571 A7 % 0.5mm
A2 A vl A2 (40 B& =2]7] o
ol AlB2] Z7E A =R olF7) HrlE

ZAe] =71E 1 mm3E 3le] glutaraldehyde}
0s0:% A F TAYLE Fhe] Fojzl 27| ute}
A Aels] £ A &2, AY U+ LAY I+
AMEe 7 239 v 7R BE A7) Jisige
AR [EdME 258 2460 2 5 e
A5 MEALZ|FE] WS FEAEHe] HAHLR
1A A zhe] B AY [ FolME FEe 14
o] o]F-o]2|A] ¢el mlA| x| BE x|} Bkl

=&} 5 At

Az A= Al 2dA=t & 5 e A



Lim BS at al.

Yhe SN WS A7 o FolAe Aol &

o] c},
AR e aAAG 4D 439 F2 A}
gobd, 23R A 2Auel do} ol ol

uk-S- glutaraldehydez} OsO48} HF-S3led ALZE-S
HA st MEW o2 27|FE] AFAFH] dFA
=2 A dle] Hu, #FY 275 HE e
fele] 7% Pk g AL Had 1-34)
7459t 3~43) AEE SFNE wIslr] FHE
AAe] Fgslm, o] At AR AHEo: EE
Fo24 A F3E ¥Y & A9 3 (Bozzola
and Russell, 1992).

E A ME 230 2§ EFE T
AAZ|7E o8-8 AT ZFoA 72 A
= B7atn a2 AR A 'ERE
U=

g5 AL GF Loy oM ES EF] AHEEH,
o ES A48l A3HA | EFRs F wiR
AU A8 AFIA ] ol TR A =Hil FHA
o] 7Zhate] EhAst &e] clol & 4 glvh. ¥R
&S M8 g AL AFEeM AlAksle] A}
BEE Fo Ty EeM AHE Gt o] FiA R
5 geozA A AFAHE EESZ, A9 A
35 Hadd dast Ao e ASFE e
A A 239 55 20T 9o, 2
T Az BFez A Ao AF7 oA H
I AT B e A L2 M9 s 4
717} «13A = =3 FeS ool A &
AL e A —‘E—J 2x35 Al 5 2A W4E
2l FES 427 & sk Wb AFEolA Azt
st A HD Az 25 AL wkRE Ao
AZ A FE2 BE xelA Folie Fasv
(Muller and Jacks, 1975).

2 AN AR I FelA FAH 27202 T
o] Ho} AlF AE|A|zte] Xy ¥ ME 7]A
9] HEE Rolxe Ao HAPOIA A7 2
=3 AE 238 nHTE RE SH44 FX
X8 S wA £ okl Alsdd.

AB7F FAMAA] ko Tdd Ao HHE do
Hy gpAA o) o]o] X3, AF Y Teljrl F o] F

Ai“il B
e AL de
g 2 H

2 Ultrasonic Bath for TEM Specimen Preparation 321
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FIGURE LEGENDS

Fig. 1. An electron micrograph of hepatocyte, the control group. Bile canaliculi (BI) with microvilli,
numerous mitochondria (M), rough endoplasmic reticulum (RER), smooth endoplasmic reticulum
(SER), glycogen particles (G), lysosome (Ly) and peroxisome (P) are observed. Uranyl acetate

and lead citrate stain. X9, 600. Bar=1um.

Fig.2. An electron micrograph of absorbed and secretory cells of the stomach, the control group.

Mitochondria (M), secretory granules (Gr) and rough endoplasmic reticulum in the cytoplasm are

well preserved. Uranyl acetate and lead citrate stain. X9,600. Bar=1um.

Fig. 3. An electron micrograph of cardiac muscle, the control group. Myofilament (MF), mitochondria

(M) and intercalated disc (arrow) are observed. Uranyl acetate and lead citrate stain.

Bar=1um.

X9, 600,

Fig. 4. An electron micrograph of hepatocyte, the ultrasonic bath treated group, 62.5 mins. In the

cytoplasm, mitochondrial (M) swelling are observed. Uranyl acetate and lead citrate stain., X

9,600, Bar=1um.

Fig. 5. An electron micrograph of renal glomerulus, the ultrasonic bath treated group, 62.5 mins. The

artifact holes (*) in the tissue are seen. Epithelial pore (arrows), basement membrane (BM) and
pedicles are observed. Uranyl acetate and lead citrate stain. x14,600. Bar=1um.
Fig. 6. An electron micrograph of absorbed and secretory cells of the stomach, the ultrasonic bath

treated group, 62.5mins. In the cytoplasm, mitochondrial (M) swelling are observed. Uranyl

acetate and lead citrate stain., X9,600. Bar=1um.
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Fig. 7.

Fig. 8.

Fig. 9.
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An electron micrograph of cardiac muscle, the ultrasonic bath treated group, 62.5 mins. In the
sarcoplasm, mitochondrial (M) swelling are observed. Uranyl acetate and lead citrate stain. X
9,600. Bar=1um

An electron micrograph of hepatocyte, the ultrasonic bath treated group, 125 mins. In the
cytoplasm, numerous mitochondria (M), rough endoplasmic reticulum, smooth endoplasmic
reticulum, glycogen particles, and peroxisome (P) are well preserved. Uranyl acetate and lead
citrate stain. x9,600. Bar=1pm.

An electron micrograph of renal glomerulus, the ultrasonic bath treated group, 125 mins. The
artifact, holes in the tissue are not observed. Also cytoplasm (CP) of phodocyte and glomerulus

" basement membrane (arrow) are well preserved. Uranyl acetate and lead citrate stain. X14,600,

Fig. 10.

Fig. 11.

Fig. 12.

Fig. 13.

Fig. 14.

Bar=1pum.

An electron micrograph of absorbed and secretory cells of the stomach, the ultrasonic bath
treated group, 125mins. Mitochondria, secretory granules (Gr) and rough endoplasmic reticulum
in the cytoplasm are well preserved. Uranyl acetate and lead citrate stain. Xx9,600. Bar=1pm.
An electron micrograph of cardiac muscle, the ultrasonic bath treated group, 125 mins.
Myofilament (MF), mitochondria (M) and intercalated disc (arrow) are observed. Uranyl acetate
and lead citrate stain. X9,600. Bar=1pm.

An electron micrograph of hepatocyte, the ultrasonic bath treated group, 250 mins. Electron
lucent matrix of cytoplasm due to long preparation time. Mitochondria (M), Lysosome (LY),
Peroxisome (P). Uranyl acetate and lead citrate stain. x9,600. Bar=1um.

An electron micrograph of renal glomerulus, the ultrasonic bath treated grbup, 250 mins, The
artifacts holes in the tissue are not observed, Also cytoplasm (CP) and nucleus (N) matrix are
electron lucent. Uranyl acetate and lead citrate stain. X14,600. Bar=1um.

An electron micrograph of cardiac muscle, the ultrasonic bath treated group, 250 mins.
Myofilament (MF'), mitochondria (M) and intercalated disc (arrow) are observed. Uranyl acetate
and lead citrate stain. x9,600, Bar=1pm.
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