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A =

TES g FHLEL A Y FEE LEE AFH 2 AFHAxn
dom FFELE EY AU AR ALHo2 A e doF
F Atk °)EF & RAMd (lead acetate)S WIEF 40 HF 0|9 33
HE EAss? F9 804 &3 TAHE FFEY oy

& 2%Fog A7 FaEo] QAo SAL Yl £ ont® QA o
F 24 1 2F2AYEH A A gL HE, FAA A=z
29, &3, E7AZE, §, 37, EYT B2 242, 9438H 35S

4
B34 QA FFED. gFAL 58 FFE F2 YJANFL 53

Al o]lFoRH e o] 1~10% AR’ FFEYY, FFAEE A= o)
A G 2po]E Mo, Aoto] AS HE %o o 50%7F FFETY, M=t
€ 5% 99 T+ 554 4 (active transport)® +52 b (passive




diffusion)] £} o] Fo] Ak B ?0el A EWe]4] (endocytosis)el] )
A= FFdthe 23 § g, §54d ¢ 2449 ¥ =3 7
Pl 2tz 80-85%, 5-10%AE FAHHY, A9 42 P Asje zg

A =Hew, olF B, ABA, AFF "A= 4¥ A d7= S
40 gaEe 3724 328 239 Fesy Pae g A7 =

qu

AAeltt.  zAY EASE FISL S AT wez 19589
Timme] 23] AAl ¥ sulphide silver ¥ (Fig. 1)¢] o},

Hydroquinone

Fig. 1. Timm sulphide silver method. Lead sulphide which is previously
formed during perfusion can be visualized after reduction of silver

ions by hydroquinone on the surface of the lead sulphide
molecule.
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2430 EA%E 2350 B (SHE AYAD F LolL () =3
g € (Aghe TIHA 2Ae TIS0] AN Arhe Azole, o Wy
2 ol 83to] & (Hg), H=F (Cd), B3+ (Mn), ob2 (Zn), & (Fe), & (Pb)
S 334 ANRT 4 Y3, ANRE FIEE BANALAY 24
ez Uehie Fa4RR3404 TAAAES HYes Yehp @
. |

AzE 249 8F0 ZTF2 9% ¥ Timm sulphide silver ¥Wg%

= 0|88 2 FFAEE T 99 FFARE FIHEH A, 24

AN

AT FAFE A Aol e 23 FFALY nATEe Wl B
7] fiske) B AT Ao




1. A¥s=
AYFES AF 250 g W2 Sprague-DawleyE 33 A 54 vlg) & A}
£3lA ).

2. A3y

SAE S FRFE ASSAT gxEFe uh

rr

o ZAUYEF
(sodium acetate)2 439 0.01%9 ¥E2 Fd3490n F4%F 05 1, 15 A
R 2,7 15 30, 45, 60 €A 7 2 vt =N, APLLE S

2 Aol 001%9) BEE Fdstgon gz 2e Ayld Z 4w
2]y =48t FFHE AdHZ miHEe 58 AFAE g AAG F

A

P
o

EFds® 2 = (cannula)S BF9 Iuwbgkoz Ar9lsle Az3ty
I E#AE FI 9™ 03 me FEIAT. ¥HEL 5ml AFE F A
s A3 FRAPFULE FF25

) 8% 559 23 |
ERL 23 AH AL Stahr™7} A A s wgo] we} ICP (inductively

coupled plasma)Z A3}

2) Sulphided] &%
Danscher®7} #| A1 gk wlo] wie} o]n| AH9ld =HAL =3t 0.1% sodium




o |

sulphide-8-%} (0.1 M phosphate buffer, pH 74) 5 ml& F9& F 25%
glutaraldehyde§<4 (0.1 M phosphate buffer, pH 7.4)& 3 25 FH3I3 2

F AQNGLE g48n Qdddues 465 CAA AT L o) AN
Atk F7 4 ume) ANE feSdolSe] FHAA gutH F FEHA

£ AR 9 05% AHEE HEEd F #A (development) o™ FH

T}A] 0.1% sodium sulphide €% 250 mlE FY5Hd. =3E 53 AFS
P F AolAFE 1 em AAse] FAVAA BF L AAATFH B ‘
2 98 ANBZ ATHY |
3) BAN AR B2 |
|
AAY AolAF AL 25% glutaraldehyde§ A o2 2 A7 AT }
|
|

2 AlF 3 t}g hematoxylin & eosing <& 3t}

4) FRAREN A BF

AAE AN &L 1 x 1 x 1 mme 372 AAso 25%
glutaraldehyde& 422 2 A|7+&<H A F (0.1 M phosphate buffer2 Al
g O& AddegL= 253443E AX §F propylene oxideZ2 X &3A T},
Luft®3%®6] 93] Poly/Bed® 812 Resino.2 ¥ujale] 37 TollA 12 Az, 45
TolA 48 AFsd BA st AFEE AR Eod 23E 1 um T4
2 Bdsty F4E oS toluidine blueZ FA3te] BARLNE Hgsch

Sorvall MT 50038 Z¥&E7])e] Dupont diamondZ& H&3le] 3|14 (40-60
nm)9] AAAE Yehge 2UAEHE AFZste] YA agl= (nickel grid)ell




|

|
|
By ¥ AN e Watson” # Reynolds™e] ©]8 uranyl acetate$} |
lead citrate® ©|FHAA NS HAst HolAA §FR9 FHHF-9E Hitachi
H-6003 FadAAdAvrFoz FF34.
5 FAMAAARAZA B
Aolxd ZAL 1 x 1.x 4 mme Z/N=2 ARF & 25% !f

glutaraldehyde® 22 4 CTolA 2 AIZHE< A3 F 0.1 M phosphate

e

buffer2 Al &3} o 1% OsOs&qe 2 1 A F1AFF oL 2%
tannic acid2 HAEFANE HAISAL A 1% 0sO2 1 At A &
AL &dL2Z2 258 F isoamyl acetateE2 FFA|Z 3 Hitachi HCP-28
ARAZIZ oIS RALE AFESlY YARZDZE AASAT. HAxd
55 A B ¥3E% F Eiko IB-3¥ ion coater® Pt-Pd& AM&-3te] S33

¥ Hitachi S-5208 FAIAA@vr| A= #Es T

i

>,

=}]

) 84 |
Fdv Ay BRY FRHAALNAY BBA oln] ARl EARE & '
& 7HA38t7] 918 Danscher7b AAS A4 WRe wgon Ag4d A%
& gum arabicg 9, citratetF <, FAA %} &4 742 60:110:15:159] ]
&2 HojA AHgstdch.  BSAMAE BFL 93 Fsdol= Pag
Algd dZ9S A=A F FHAA 26 T 1 AL WAsHLH,
S3AAA R A8 Ast Y 2Y=g 4 S FFNA F ¢

AoA 26 Tol 1 AZHEe WA AT Gum arabic® 92 crystalline gum




arabic 1 kg 2 L9 FHF9 =4 5 47 X3 F A=z Ay AL3)
Qom citratedENL 255 g9 citric acid®} 235 g9 sodium citrateE 100
mle] FFF A4 AEEAT.  FLAZAE 085 g9 hydroquinoned
15 ml9] FFFo] Aol At on, £49E 011 g9 silver lactateS

15 mle) FF5] HolX Agsigith,  Lgde AR uvA g5

3 HolA AHSHAD FAA 26 TE FAFUA 1 A7 S BA Y},




1L 83 ¥%x

D di=T A 487 54 0.01~0.02 ug/mle] Ak,

2) A9T: 24 59 2 dA ZoM FF 005 ug/mlelYew, o4 45
A M 027 ug/mlelRAL Fof 60 A FolM 022 ug/miol} (Fig.
2).

0.30

0.25

0.20

0.05

0.00

Fig. 2. Blood concentration of lead after oral administration of 0.01% lead
acetate.




gz a9z medA AN FHE A3 FE AR4E 54 3
g 97 BesA

3. #dAnABH &4

1) gz
4 auriz g gze 7/ER A7 AR (brush barder)e] & W
o 43 Wate U,

o 193 MAAE (goblet cel)

2) A<
AA7A FRE Jlen A FAHQL

gnpdd o BE 9 24 3Yge) BAYIUY

(Fig. 3).
5ol 45 AR gue) ArIE TXRIC] FAHZLH 4 60 YA el
4 n3 mEqA gue ACI7H AFIA HAAN 4 =T 3 A

gme gug Fgo BAHRTL AF T2 SAAY) FSE cl¥oz

A& R} (Fig. 4.

4. FAAAER A 22

1) =z

A gure 5o gue) FTE FEANEH creases] o7t &3 g2

o) ETFAAAL AVsh (Fig. 5).

9] g9 (extrusion zone




l -

2) AT

24 Fo 05 AIMEH 30 dAZAA S dE2IZH A A2AE BEoH
Fof 45 dA FR9 E3FLL Avstda 29 23 d 340
AR crease?] ol W3 Y. Fo 60 44 2] E3IL
o] 4AHLH creases TS HART FE9 EFIQY EFFAA ] HaAA
o 59 60 4A 4 vt F 3. mtEelA §27F WAEHJAG (Table 1, Fig.
6).

Table 1. SEM findings of villi of rat duodenum after oral administration of
0.01%6 lead acetate.

2 d 45 d 60 d
Shortening of villi -~ - +
Blunting of tip - + +
Increase of depth of crease = - 43
Irregularity of extrusion zone &= + e
Ballooning of tip - = +

d: day, - absent, +: mild, ++: moderate, +++. severe

5. A AN A 4£7A
1) dx=
H3ZFd e vAgR7 2 wgdzge en dFEZA (junctional

complex)§! tight junction, intermediate junction, desmosome, gap junction

10




% intercellular digitation%E?’Q daEo] Ak A XA (intercellular
space)e A9 AEZO RN AuaA Tese] YUt Y AL
S2el A s AU W AFADE o LEBIHAT. Y
A YuZoz B2 Jon YA BEostdch. Arde Hyzo
£ terminal webo] EHUG. ALY 2783 nEI=el} AP B
ggso] gon AXe F3L W AZAZF 2P Jskm A
FlE&=2 o} Abojatelo] WAL AWAY (rough endoplasmic reticulum)o]
MEZSeolst U@s wMasel Ao polysomed] WE An sl
de) Jrel 2A BPAs BREJAYG. 449 o]Fe2E (secondary
lysosome)®} post-lysosomee] #&= ¢t} (Fig. 7).

2) Y P

22 5o 05 A nAAYES B 47} ZHAen, 15 A7
ARE ARYES BP9 F7} gaste] (Fig. 8 Fof 2 YA Yz

9 7 43 15 dAE 9FERAY FFoly 2L AU}t AEpF
o] XY FAFAME FFHUG. TAALEY FYSL ATY =4
a7)%e) FVHA %n wwgoz BRHNCH HYdaE BIHYD
(Fig. 9). ¥ 93L& A& Yo YgaAe s2& 9. v
EZ=ote AW AFEE] Yehyr] AFsgon, And grse
o] Aoy ol sgely post-lysosomes S BHAEA $gtth (Fig.
1. 5 30 €3 45 dAE dFEFAL Q= FAHAeH AXRG
o] ALY FAFIME HFsgct. nHAUES FPSL njuiygoz @

11




2E9Y Fig. 1. olReigel dehtr] A%ads neecole) 3t
dol B2IYow HYY W Uojv wEasollds mAdR
(myelin figure)9] o] FFAFHUG (Fig. 12).

Fol 60 YAl G WFHaAOm AT MES] AEAA G
Tt (Fig. 13). WEE=aols Bde] AT Es Gegon Tixos
A (cristae)®) 40] 19Th  ALANINE £FL9] o] 4% B2
Atk olAY2ET AU S AR SAHUTL ARINE AX
Zoz WEHE NAVYE et  ZUATAGATY Bgo] e
NG om Uussl Getel Askalt (Table 2, Fig, 14-16)

Table 2. TEM findings of absorptive cells in the midportion of villi of rat
duodenum after oral administration of 0.01% lead acetate.

2 d 7-16 d 30-45 d 60 d

Intercellular space

Widening - + o .
Mitochondria

Cristae loss - + + il

Vacuole of matrix - ~ + i
Lysosome

Secondary lysosome = - ' + e

Residual body - - + Fepk
RER

Ribosomal shedding - + ++ g

Dilatation - = s +

d: day, - absent, +: mild, ++ moderate, +++: severe
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Y

249 AEW FF71A0dE 4 7HA Wde] dedH AA, 59 Holo o
3 AEeg FH3E 53 A4, X, 71EHo2E £33 4t g
W carrierst ZA3ste] FFHE FAF/AL (facilitated diffusion), AlA, FE9
Aol gte F@EA YA} EAste] AERE Faste 5F5EH £, uA,
Axete] osf o9 A ATHE FYHE AEHIY (endocytosis)e]
t®® DeMichele”, Blair5'”, GrudenE™el 93t® B& 554 $431 5
T3 At & Fdoi st B dFedE 93 YEEC] ATY &
A A&718d IEHA €3 vvydez AFHOH, GERL (Golgi-
Endoplasmic Reticulum-Lysosome) A& uwie} @A Hcz AT &gk

S

P

g o9 7 dA 75 vedrle oy rlEEEdely FAA
Ee 29 FX3 T HYAY ¥y dADAE 7 @) FFL
ZEAG. ol YA AFAAI &R AFAME Fo] FFHAUGY
3L FjAe] Hol FejgrH) WA e AXY FFUHE ALY £F
A FAE dF #BodgEln AAdg. o] everted sac procedureS o] &

gte] Fo] =54 Falel 28 A9t (intestinal membrane)d E3}dcz F

al
4
s

AZute] 23 (glycocalyx)ZolE sulfur 717} E5-3522 Fo| sulfur 7]}
A¥std FHF WS 2UFo2ZN AXoYd YAME FFE F AS
A

Aolgke F4¢ ¥ # Yed, & dTgNE A AQ7NEG T

H

(pinocytotic vesicle)Wo] AL E ] o] #AFR &gt} o= ¥

dlo
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A£X7F Bol FAHUA 1 oA nFALEY o] AAH P FF
o MEHolglo] #AT Aolztxm FAF Tomczok'?e) @AFe:= gzt
233 Tomezok'®e) dAFME ERAAAN AL ANBAFL FAF 1%

OsOg0l 9% FuALS A= Aol Fu4 AL AT 2 d79 &
o)8e2 4255, Danscher7t AN ® AEAZ PAE osmiume] ¢ ¥
T A A metal sulphidet4l, osmium sulphide’} A4 Eo 2% E3AAAn A
2738 A4 g zdddes AL 2 B W, do] AXUodel 9
HHAE 45 FFdods A4S AFshEE % e gld & e 9%
AdE ARAWY £ G4 dg A7 Aol & Aow Ayzbdd
&9 MEAs 71Ace A3 (hypoxic injury)™Vek 7] 438 (free
radical injury)™™e] F71x Wyle] ok, AxzAE ool oW Fe
sulfhydryl 719 %138k o] glo] ¢o}d2)&4 (zinc dependent) EAAC SAL
Uetdeo =z Ao BH3stes 2 7MA9Y &E4Q 6 -aminolevulinic acid
dehydratase (8 ~ALAD)$} ferrochelatase] 71%& WalistA €t ZAF 3
F2R 3 cytochrome?] /o] o]FojRA x| &A =1 wEZ=gole 1
9 7% AksE A3}l (oxidative phosphorylation)e] 7]%o] A &E o)
ATPAAS] BABo2H YA Ade) us, =, MEzsde) 52,
A 24, ZAAEAYALY T, oA as mdYLe) Fr1 Yute
=TAA, JEEY g, W9 4 Fo] 2y,
2 ATANME 24 Fo 7 dAREH nEZSFoly A A4, AY
TX LT HPA ®se frde] gg3dAgo] yEyten, To 60
dAE PlEZ=g ol EPA ¥yt Adizen nAdde] £71 438 &

b
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Zhstia duto] EtA AL 5 d™Y HyA4 WEsl Jehiedy), o: !
Karmakars® 2} Tomczok%-”’-q AT A AR5, FARHY ol 3
At BHZW FALE o]48 WapnirsVoly, g B¢ E354 5d98% g2
A FHH 22 gavageE ©|43t] T4 GrzybekS'™, ojulsl A7FEd= |
w2 A7 23¢ BFY Tomezok3¥e ARNGE $AGYT. o=
FARA ZAPEY i g el ke 8%A849 F4TFN Ygue 9 ‘
de] HPy Wsgtel gom RE YA AeA 2YHE vEo|HQ YA
M2 At gade Ui dyRs 5428 AR Y AER i
W AXE2A, @is E28L ZAAZEAYATNA BEoxa 22 B
AAA 550 X2 42% (primary lysosome)o] FA T  Uxtelase ‘
238 43 FH3}A oA hEo] HEw, oAdirdedE AEytoz B

THE °]EAE& £342EE heterophagosomed &4 " AXEY A7) %
S 423X E autophagosomeS 2 7R EF7F . B A3 A %
A Fo 45 AARE olxeage £7 FrHsy] AFAEd Ro 60 LA
ojatg) A& 7t FA3) F7led. ol oju] 7 dAFE T nE
ZEZotS] 4T AZY 27T &4L 42887 Y8 9 Wz 3
AEn, 5o 60 dA ZHAZAY AT G450 AEW 27|89 &3

AEAN A oA age 7 FA B

W R
B>
r
2
4
2
o
PN
b
2
kv

71 Ao2 FHHsHg. ATW A7)He &4

BA @e A R ¥ 557 2] uEos

I
ak
¥
bt
[o
i
o
rr

< T e Aoz AU,

15

—



2 ATANE BREFE BAY + A= ASRE WA Ao 9
FaE FYsAe AdAe) 3 o] AYHo] WE YErEst vA =
42 F gemz Rt ¢ FXo we Yty wss FusA B
@3] AAE ARAL FYshA Polol ¥ Aoz Y. Ax=s
3¢5 W29 £AuT O £ Aoz ARHY QA g ¢ E=
71ZEAP 05 ng/ml BokE wdome AxEe o B7|7F w39 uolx |
el % AXFst dojd = Az AzZEd.  dW f7) s ol ‘
879 3tel, gol 95 §-ALADS| 7|30 A&E™A & -aminolevulinic 1
acid (8 -ALA)7} %7+8k7) Sled) o] §-ALAS] <814 44527 (oxygen }
free radical)”} S7FHEAM MZAAAE ZYPdhe o|Eoll.  Feo A LA ‘
NNAo2A ojx ojgo] JWos FESHER, AETe SHyo] Bk
22N P FFIE 9FL vAYY 4FUY.  2AY R q =
2 QARE Fof 45 AR ¥F FEES} 2T o] 60 A AT
A SRR, ol dol o3 mEI=e ol Asty A 7)ol w
Aoy MERe) FF5FH F47)%0] AHYY] WBoz =Rargn
EE 49770 ARgel B2 879 Nangs} QY S gAY} 2
AL WY We Fg 2RHA YPens wAHoE DY S g},
AZY F571%5¢ Bdste Jusha ahonn AENZY o] g,
BRH2 ALRFL AXED JAFEY 3% Z JAREGN BIY 5 g
ou AEL ARRY AR F, 239 WRBAE ATDFPe] JuSP »
AFoNME 24 Fof 7 AR AEDZ Fgo] AN ALD Fo
o ARz FoHy) Axstd Tof 60 A O ASAN AT AGRe
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HAFAME BZEHAYG. ol EF AR FFA o) NEDZ] FAo
Z#HEhE Tomasinis”e] F43 AHE 27tk 28y E94F A3
o] I FF: AENFY FFo] NX AREZ FYId: AL F5YE
Adiststzic W4 W2 FHP}AL. W, FRANAH £22Y o 2
A §2 BRENAN 2ol o3 JaA dMY AL §29 o ¢
T FFAES A9 F58e 27 2Pz fMsgn. Eo 60 YA
HEzTAA Hoh §2e] Zo|rt AudlA Folxn HE g Zo| £33
HE A9AEY HPA Wsle] 7] §RY 2o 7Adn Yz,
ol £7L FAAAAWALEE & FAHJL.  F, A2AY wg
TEEY gFdge FWo] A-AXNAA EiHUoW §R Zolrt A
A BelAIL crease’t AR oA F 2AL TomczokE¥P9 ATA
o AL FFAEY HAA W AfAEA xHE dd9 v Eo)y
W32 AZdn. 2Ad 5o 60 9A FoA 4 vtelS 3 uleolA AR
Adu 733 FEEY HFo] AFHJET o)t FAn A BAY Y=
B3 WELZ At o FEZP AL o] 93 2@ Axute
FaE Fel2 Qs FRoIY ofmiite] F4t FAs WA TAPL Ao
REIAG ole AN AF, el FASE 24, AQEE WA, A5
obFlidt £ DAY FAF UUYF AL Fod¥ozny ¢ BLE AT
7t Aoetel & Aoz Qs
ode xAoR ¢ AXY FFVIACEAN $5H F52W U &%
Bojstn], 2 Fol F 05 Aoldel BRE Fo F4
i del 9 AXYs 22L vSY Hyy Wiz AZAY. =Y

X,
do
g
frt
e
4
r
20
o
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dol 9@ 24 F5 AT B ASE gol F1% w2HE fug |
& gk Azs.
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. & o}

A 244eE FNA ATFE FAE F 23 FSAZE 59 39 &
T ARG ol g% &% FFAEY AsE F9s] 989 Sprague-
Dawley % ﬂ%ﬂoﬂ 001% z4gde HEEZ FA9F F 05 1, 1.5 A 2 2
7,15, 30, 45, 60 A Z+zt. 4 wiE]Y maEte] Aol =L A3 sYrc)
olm] ZA el EAshe € 7HA887] 915+ Timm sulphide silver®d e
o83t AYY F BRAN A, FAHAALN A L ERAAn Aoz B3
stth. 2 A& s9osld g g

L 8% ¥%EE 2404 Fo 2 9ARE 45 9A7A N&Hoz =}s)
K7t 4 60 dA st

2. BREV A 2702 24 F9 05 AN SR BRI B
= 79 24 4y Se] Ao, Fo 30 AN FFAAL Holg
7b 7o 45 AA §R29 E3@Ao] e AFsie R 60 A= §R
8 Ao|7} FolA W ARo)N gr) AP FA 4 B g 258
dol AR

3. FAAALNAY 2h02E 24¢ 59 45 4 $59) Ana T8
A4t gRo BFYdo] BRHAA) At Fof 60 UM R T3}
a4 2 W37 2RI BRHHol B8 ANAOH creases HS 7o)

At
4. FHAAGVZE £7A02E 24 59 05 A G3de 25} 7}
F wel nietgez #AHYoH 1 A3 olFdE W BASYY.  E

rir
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1

AEY 54 2718 T80, BAHAE Gy 24d Fo 2 Ao
A A2 e 1o o 7 AARE HEDZFe] o] AsAEA w

Eobe} HAWe] £2FE7t dedy] AREgn Brse) gge] B
HA2oy ojag] 240l post-lysosomes < TAE A Pgih. ol @ 427

|

= 54 15 dAZA ALHJT. T 30 A} 45 A o)A L2ETo) Y
Bu7] AFHon nEZEely 129 &3 nEEs oo nAdByt
o B4e] BLHAT. T4 60 gAME Huto] BFAH o M3}
3o 3L U3 MEE=Yole) SAe 24 2T AN, 2F3 AT
AHANE 2T FAo| AF BFHUT. o)A 4eH nldARe) 4
= dA3 S/HEAT. ZUAZANADY Aeg Fae] BAHUD W
F9 @] Ao

°lge AHoe Bol He MEW FFAZEHN $EH FH8 oz £
A FUAE BT Aoz AZEHD 248 Rz x¥9: ATY 278
8 A¥e PIEE=oty shA Q4 715 B FoT 2= v Eo
A HYAQ Wtz YZEY.
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Myelin figure
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Fig. 3. Thirty minutes after oral administration of 0.01% lead acetate.
Villi are long and slender. Lead granules are mostly noted at the
tip of villi (arrow) (H&E, X 40).

Fig. 4. Sixty days after administration of 0.01% lead acetate. Most of the
villi are mildly shortened and some of them show lym-
phangiectasia (arrow). One villus shows blunting of the tip (arrow
head) (H&E, X 40). |

Fig. 5. Control group. The surface of villi is smooth and the extrusion
zone is slightly irregular (arrow). The creases are shallow (arrow
head) (SEM, X 180).

Fig. 6. Sixty days after administration of 0.01% lead acetate. The surface
of villi is coarse and the extrusion zone is markedly irregular
(arrow). The creases are deep. Also noted is ballooning of the

villi tip (arrow head) (SEM, X 180).

Fig. 7. Control group. Most of the microorganelles show normal struc-
tures and arrangement (TEM, X 5,100).

Fig. 8. Many lead granules are randomly distributed in the cytoplasm.
The concentration of lead granules is highest at 0.5 hour after
administration (A), but decreased gradually at 1 hour (B) and 1.5

hours after administration (TEM, X 20,000).
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Fig. 9.

Fig.10.

Rig.11.

Fig.12.

Fig.13.

Seven and fifteen days after administration of 0.0126 lead acetate.
Intercellular spaces are widened and extend to upper part of the
cells (arrow). Lead granules are diffusely scattered (TEM,
X 4,200).

Seven and fifteen days after administration of 0.01%6 lead acetate.
Lead granules are diffusely scattered and several vacuoles (arrow)
appear in the cytoplasm (TEM, X 13,600). (Inset: ribosomal
shedding (arrow head) and cristae loss of mitochondria (open
arrow) (TEM, X 34,000)).

Thirty and forty-five days after administration of 0.01% lead
acetate. Extremely widened intercellular spaces and randomly
distributed lead granules (TEM, X 6,800).

Thirty and forty—five days after administration of 0.01% lead
acetate. Increased number of degenerating mitochondria (arrow
head) and secondary lysosomes is found along with early formation
of myelin figure in degenerating mitochondria (arrow) (TEM,
X 29,000).

Sixty days after administration of 0.01% lead acetate. Intercellular
spaces are severely widened and extend to the upper most portion
of the cells. Increased number of secondary lysosomes and myelin
figures is found (TEM, X 10,000). (Inset: myelin figure is

evacuated into the intercellular space (TEM, X 34,000)).
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Fig.14. Sixty days after administration of 0.0126 lead acetate. Numerous
secondary lysbsomes and ribosomal shedding are present (arrow)
(TEM, X 34,000).

Fig.15. Sixty days after administration of 0.01% lead acetate. Marked
vacuolar degeneration of mitochondria and cytoplasm (arrow head).
Several lead granules are noted (arrow) (TEM, X 34,000).

Fig.16. Sixty days after administration of 0.01%6 lead acetate. RERs are
mildly dilated and some of them are cystically dilated (arrow).
Moderate shedding of ribosomes (arrow head) and cristae loss of
mitochondria is also present (TEM, X 34,000).
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An Ultrastructural Study on the Small Intestinal
Absorptive Cells of Rat after *Administration of
Lead Acetate

Kim, Dong Sug

Department of Pathology
Graduate School, Keimyung University

(Supervised by Professors Chang, Eun Sook and Park, Young Choon)

(Abstract)

This study was carried out to visualize lead by Timm sulphide silver
method and to define lead-induced change of duodenal absorptive cells of
rat after administration of 0.01% lead acetate with drinking water.

Sprague-Dawley rats, weighing 250 g, were divided into control
group and experimental groups.

The control group was composed of 18 rats and was orally
administered with 0.0196 sodium acetate. Experimental group was

composed of 36 rats and was orally administered with 0.01% lead acetate.

* A dissertation submitted to the committee of the Graduate School of
Keimyung University in partial fulfillment of the requirements for the

degree of Doctor of Philosophy in Medical Science, December 1993.
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Two rats in control group and 4 rats in experimental group were
sacrificed at 0.5, 1, 1.5 hours and 2, 7, 15, 30, 45, 60 days after
administration. Under ether anesthesia, 0.1% sodium sulphide and 2.5%
glutaraldehyde were perfused through the lower portion of the abdominal
aorta. A portion of duodenal tissue was observed under light microscope,
scanning and transmission electron microscopes after development with
Danscher method. ‘

The results are as follows: ‘

The blood lead concentration in experimental group began to increase
from the 2nd day after administration, and it increased gradually until the
45th days and decreased at the 60th days.

On light microscope, many brown lead granules were observed at the
villi tip at 2 days exposure rats. There is mild blunting of villi tip at 45
days exposure rats. At 60 days exposure rats, most of the villi were
mildly shortened and showed lymphangiectasia at the villi tip in 3 out of 4
rats. Mild blunting of villi tip was also observed in a few villi.

On scanning electron microscope, the villi tip was mildly blunted and

the extrusion zone became irregular at 45 days exposure rats. The depth
of creases did not change. At 60 days exposure rats, the villi tip was
moderately blunted and the extrusion zone was markedly irregular. The
depth of creases increased.

On transmission electron microscope, at 0.5 hour after oral admini-
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stration, numerous lead granules were diffusely scattered and were not
confined to any specific microorganelles. The lead granules decreased with
time. At 2 days exposure rats, the absorptive cells show normal findings.
At 7 days exposure rats the intercellular spaces were widened and several
vacuoles appeared in the mitochondrial matrix. There was also ribosomal
detachment from RER, and there was neither secondary lysosomes or
post-lysosomes. These findings persisted until 15 days after exposure.

At 30 and 45 days exposure rats, secondary lysosomes appeared and
the condensation of mitochondrial matrix with early formation of myelin
figures was noted. At 60 days exposure rats, the intercellular space
widening became severe and extended to the upper most portion of the
cells.  Frequent cristae loss and vacuole formations were noted in
mitochondria. = Many vacuoles appeared in the cytoplasm. Secondary
lysosomes and myelin figures markedly increased. RER was mildly dilated
and ribosomal shedding was severe.

In view of above mentioned findings, it can be concluded that passive
diffusion as well as active transport was partly involved in the absorption
of lead. Most of the changes of microorganelle are compatible with
nonspecific degenerative changes which could occurr due to impairment of

oxidative phosphorylation.
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