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Ultrastructural Changes of Lead Acetate Induced Liver Injury in Rats

Eun Sook Chang, M.D. and Jin Seok Oh, M.D.

Department of Pathology, Institute for Medical Science
Keimyung University School of Medicine

To evaluate the ultrastructural changes and the mechanism causing liver injury by lead, light
and electron microscopic(LM and EM) examination using Timm sulphide silver method(TSM)
was done. Sprague-Dawley rats were divided into a control and 3 experimental groups. The
experimental groups were orally administered 0.5% lead acetate(LA). Group 1 received a one
time dose of 10 ml of LA by gastric intubation. Groups 2 and 3 continuously received LA
instead of drinking water. The control group was composed of 3 rats in each group which did
not receive any treatment. Rats of group 1, 2 and 3 and control were sacrificed at %4, 1, 1%
hours, 2 days, and at 1, 2, 4, 6 and 8 weeks later, except group 3. Before sacrifice, they were
perfused with 0.1% sodium sulphide and 2.5% glutaraldehyde through the abdominal aorta for
TSM. The liver was taken for LM and EM examinations. Blood lead concentration began to
increase from the 2nd day up to 3.29 ug/ml at 2nd week, and the urinary §-ALA level showed
a steady increase from the 2nd day. LM and EM examination of liver revealed that absorbed
lead granules in group 1 were transported into sinusoidal spaces, Kupffer cells, and the
hepatocytes within 1 hour and then disappeared }4 hour thereafter. In group 2 deposited lead
was found in the hepatocytic cytosol bound to mitochondria. That in turn inhibited mitochondrial
respiration with resultant mitochondrial swelling at the 1st week and thereafter at 6th week myelin
figure formation and condensation of mitochondria, and peroxisomes were increased at 8th week.

Based on these results it can be concluded that a transient intake of subletal dose of LA is
biotransformed completely by periportal hepatocytes within 1% hours, but excessively
accumulated lead can induce liver cell injury due to lipid peroxidation of membrane by direct

* toxic effect of lead and by products of lipid peroxidation. We postulate that lead acetate triggers

presumably primarily mitochondrial membrane injury and then other organellar changes may play
a role in disturbance of a network of interacting of key events capable of causing cell death.
(Korean J Pathol 1996; 30: 184 ~198)
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1) =AMSRO HH: 05% ZAbd(lead acetate, trihy-
drate(Pb(CH; COO),-3H;0, Junsei Chemical Co., Tokyo,
Japan) F&H-& Z=Aslo] o] FLBG ¢y 13
Holx E A& ALH o ulAA st

AE 1T 05% 24y 894 10 mE Qo 1
3 A AT A B2 Bl 99 F 308, 60
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o] &3l7] H8lA NaSE ZFetgichontal). Z+2k
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FA2 AT} toluidin blueE tlzdMste] alan
73 Bl ALl

o 235 05% 244 LA EUgoz AL
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2) 83 Y sk9 53 =3 59 AH% o
Be Stahr®7} AAgE "ol wjal inductively co-
upled plasma(ICP)Z =4 s]9dc}
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mlS 7}sba = o2 gloll+ 1/20 v/v ethyl aceto-
acetate(in PB, (pH 6.8)) 1.5 mlS 7}slo] #EE Eo
Al 1087 7123l W2 & Erlich A1¢F 2.0 ml
& Fheto] 1087F WA ¥ oi7]ell CHCls 40 ml
& Jloha B ERY GE 5B Fol CHCL 28
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4) Timm sulphide silver 7|8 & 0|28t ot&
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olu] 4=l =L Eslo] 0.1% sodium sulfide-8-oH
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Q) FUEXH0IEN zE: Y 17edA AH=
ZrzA g 1x1x4 mmo] 2712 A&sle] 25% GA
fHo 2 1~4TollA 247+ B¢ IAHG F 01 M
PBE ANY e A olnEz YrEE AA
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Zg FAslo] IuiN@0~60 nm)o] ZHHME el
W 2aARE Aol nickel gridel FAY o
S Watson®3} Reynolds™ol] 2|3} uranyl acetateS}
lead citrate® ©o]FHxF Mg AA]sle] Hitachi
H-600% FaAARwE o2 Jas)gict

@ B FeEeg BAs SRAAEn AT B
BA ole] ABNe] ZANE & AR 9
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o A8 JA4HL gum arabic-g-l, citrateSH,
FgAdAet 2LHE A7 60:10:15: 159 H|EE
Hold Agsich. FeanAd e A el
Selolzel B%E Ame WYY Wolmd
FAellA 26Toll 147 B2 BASGow, Faa
AguAe A8 A ¥29 adsg a4
Soll AFAZ F 26T AN A7 Bk 3
3193ttt Gum arabic 892 crystalline gum arabic 1
kgg 2 liter®] FFroll Fof 5497 WX F A=
Z AgA Agsgdoer citate SEFHL 225 g9
citric acid®} 23.5 g9 sodium citrateE 100 mle] =%
Goll Hold A4S BAAZAE 085 g9
hydroquinoneg 15 mle] Ffroll FofA A&l
on, 28Me 0.11 g9 silver lactateE 15 mle] =
Froll oA Agsdct 2E8HL A4F A v
WA LAET HolA] Agslda Al 26TE
A A 1417 B3 EX]E e

) SIEXSH0[EN BE: AY 374 AHS
ZrzZg Ay 1704 33k Timm sulphide silver
J149 olg% FRUAWLNAA s ger} v
Eof 278 94 94 e AW e

o

N

=
A Ag7Z B¢ =2 FT 092 pg/mle]
I 3L X2AG Fo] 2FAlol] HF 329 pgmleE
HaXE dHelligzl 2 olFe dtiAE FAA
e
[}

=& FAsAcHFe D.
2. R ¢ -aminolevulinic acid(ALA)X|

HEZTLS 98 mg/mg creatinineo] Pz XAEGS F
o3t & 1FAl =Tl vld A =N
I 2F Aol A= 31.7 mg/mg creatinine® Zr4& % 9 th
7} 8F Aol 71.7 mg/mg creatinine® & thA] =7}
H A cH(Fig. 2).

3. Zstsnjdy A

D OER HzTA 2 24E 4ol
22 & fFA=HA = 7”%15"—?: FTHEE SAA
AZAT 149 95 7HA2 AUt Kupfferd] 25
< & fA= de FTFEHY A fX]
S FUHAENE HAFHFE A x|l EAY
31

-l /Kl-z—l



Aes - 0AH 24
2 NEE:
) 05% 24 89 10

0 2D AW 6W  8W

Fig. 1. Blood lead level after administration of 0.5% lead
acetate in group 3. D: day, W: week.
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Fig. 2. Urine §-aminolevulinic acid level after admini-
stration of 0.5% lead acetate in group 3. D: day, W: week
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Fig. 3. Group 1. a) % hr after administration of 0.5% lead acetate(AL). Lead granules in sinusoidal spaces around
the portal areas spread to periphery. Lead granules are strongly reactive. b) 1 hr later lead granules are present only
in Kupffer cells. ¢) 1% hrs later, no reactive lead granules are seen(Semithin sections with toluidin blue stain with

Timm sulphid silver method, X 100).

Fig. 4. Group 2. 2 days after continuous AL. a) Strong reaction around portal areas, brown stained cytoplasm and deep
brown stained nucleus of hepatocytes. b) Lead granules(arrow) are visible. ¢) Portal vein and hepatic vein were reactive
but bile ductule is nonreactive(Paraffin sections with methylene blue stain with Timm sulphid silver method, X 100).

Abbreviation as in Fig. 3.
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Key for Abbreviation

BC: Bile canaliculus M: Microvilli of

C: Collagen sinusoidal border

E: Endothelial cell N: Nucleus

K: Kupffer cell P: Peroxisome

L: Lipid RER: Rough endoplasmic
Ly: Secondary lysosome reticulum

MF: Myelin figure
M: Mitochondria

b

Fig. 5. Group 1. a) % hr after AL. Lead granules(arrow) are in sinusoid, Kupffer cells(K), endothelial cell(E), collagen(C)
and hepatocytes( X 6,800). b) 1 hr later. Lead granules(arrow) in sinusoidal space and in hepatocyte mitochondria, nucleus
and cytosol (X20,400). c) 1% hrs later only a few lead granules(arrow) are remained(Timm sulphid silver, X 17,000).

Table 1. Light and electron microscopic findings of rat liver by Timm sulphide silver reaction after administration of
0.5% lead acetate

Group Light microscopy Electron microscopy
% hr Lead granule deposits along sinusoid Lead granules in sinusoid, cytoplasm of Kupffer
in portal areas spreading to periphery cell, endothelial cell, and collagen bundle
: 1 hr Deposits in Kupffer cells Deposits in cytosol and nucleus of hepatocyte
1Y% hrs No deposit Scarce

48 hrs  Deposits in hepatocytes around portal areas Deposits in cytosol, mitochondria,
lysosome and nucleus, esp. nucleolus

Group 1: Administration of a one time dose of 10 ml of 0.5% lead acetate.
Group 2: Continuous administration of 0.5% lead acetate instead of water.
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Fig. 6. Group 2. 2 days after
continuous AL. Lead granules are
in cytoplasm and nucleus(arrow)
with dense aggregation(arrow
head) in nucleolus(Timm sulphid
silver, x20,400).

Fig. 7. Group 3. 1 week after AL.
Fused large and small lipid dro-
plets(L) and some swollen mito-
chondria(M)( X 13,600).

Hkgste] AlE£Ao] Adt Ao Z(Fig. 4a), L}
DALY WES AL FAoz FsAl A4z
ChFig. 4b). FHAU glE dAEL weIoy
FA2H-2e Fuke o]gth(Fig. 4c, Table 1).
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skek.

4. FLUNXHO0IEH oA

) = € 2T A4HY ZAEE 2
oln] TAE9 MEAL I o]FHeg F4
gk o2 HAS w]EZczotel RERY SERS
FgE 7HAT s e RERE ¥kt A7t
ol HePslgiom F2 XA FFEI x|t
I Y3 HiH SERY HAF glglen FHE

g9 Bl Aglth kel kel 99m
Kupffer A|E& @2Hsldch
2) BT

X, HIAE, ZAZE AEAA a2z 9 =
AAFSHANA AL E BHEo] B E 3 (Fig.
5a), 604 Folli= ZHAIEA 3 koA = H¥ vh(Fig.
5b). 90& FollE 2 F7} Azbsle] A LolHy)
7F A8g AEE 7+E R Ach(Fig. Sc, Table 1).

AE 23 (Timmikg #); 0.5% 24hd FE&AL A
& ulA A g FHollAE 28R o] HA] Fule B
T Zof| A 2HALE o] nEF =g}, i
%, RERG A AAlgle] mliti oz Fojxa] B
3, bl L ot dAs] e e o
Z Aol WA s}e] LFeEbykh(Fig. 6, Table 1).

AHE 3T 05% 24 T8N Al Fol 2U7] 4
Al A o] FElstda v EZEglole] REoko)
AA el ofslo] ghubitol M¥H AHo] Qg 1F
Aol A Zastgoyt A3 =771 A
AXE B3 v EZSElol F3o] Z+E Holy)
A Zsla(Fig. 7) SERS] =4]o] Bl 2ZEso=
ol AEoAe A mEZ=gole] ZX(Fig. 8),
E e AlZolAe A = wyge] Egx SER9}:
Kupffer A|¥9] Z7le} 7kE xubd o] Hoh 45|
A= olF R, WS EYT 713 Rk mE
Zxglotrt Holx HAAY A= gdste] A
nEZ=glolg: A Aol Bl SERE4] gl
84, R4, dide F7 aga AEAe] §
ME FAE B 6FAdE it e g o ge

Fig. 8. 2 weeks after AL. Marked
swelling of mitochondria(M) and
some peroxisomes(P)( X 13,600).
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Fig. 9. a) 8 weeks after AL. Markedly swollen mitochondria, myelin-figure, secondary lysosomes and increased
peroxisom (P)(X 13,600)(inset; myelin figure (MF)(x29,000)). b) condensed mitochondria with disorganized cytosolic
organelle(*)(inset; increased secondary lysosomes(Ly) and peroxisomes(P)( X 17,000)).
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Table 2. Electron microscopic findings of rat liver injury after oral administration of 0.5% lead acetate

2d 1w 2w 4w 6w 8w

Kupffer cell activity + + + + + + + + + + + +
Fatty metamorphosis ++ ++ + + + +
Mitochondria

transformation + + + + +++ +++ + 4+

swelling - + +++ + +++ +++
SER

increase — + -+ + + _

dilatation of cisternae —+ + -+ —+ + — —
RER

decrease = - + + ++ -+ +
Lysosome

secondary lysosome - - + + + + + o el

residual body — - + + 4 e o dfnsit
Peroxisome

increase = + + -+ ++ +++ + -+ -+
Nucleus

clumping of chromatin - — — - o o e

d: day, w: week,

ZHAZol|A F2E mEZ=elote}t ® Zh
THE A" nEFZeol: Huch
ZAFAe} peroxisomed}t 23} glAde]
ZAo] Fellga Z7)Te] EAute] Hol: %
Ak Fzke] ZHAEA A HpA o] Hdrh 8FA|
A= oA B 9 FHE wEZ=eEole FH
B4 Wl Yol mlEZEcolld mAnA
(myelin figure)2] Alo] X (Fig. 9a) = FL
53 v|EZ=gotet 1 FHoll FiEvtE
7|13 FetolZA Ao F4vh By vk
2 eldd, #ARA, el A
peroxisome 59| 7% K Avh(Fig. 9b). - =T

o P

coreE 7}Al

ol ulal W 3 AAe] FA7 (clumping)e] FA4) %
agoll  QlgAlA Belth BE HFAE FRY

Kupfferd| L Eo] 2t}
I &t

Timm sulphide silveri} & o] &34 Fo] 7+
Uz FEEe #Ee 7HASste] B ¢4
Ag 1704 FEAuFY 24 FEY 13 F
ol ¥ 30%cle Fud FHAAARE AFsle] F
AR FA2 HAA7LE wHAd S 2

—: absent, +: mild, + +: moderate, + -+ +: marked

53 Ty ZH FEF2Ht ol w3t ZHAE
Hrglole 743 dhES Eok 602ole flellA
B a2 loizlovt Kupfferdl 9] AZA e 7
gk w5 ®H T, 90&oll= ZHAIE L Kupfferd] ol
= AL ukgo] gldeh. FHAARHu A GANME o

Al 3080l FokFzol KupfferdlE, HIAZ g <l
AZAT = A 2B FER
2AALE Bgo] JAEYL, 60FdE HAEA
z dlglellA] #EE GO, 0RE 2 T A
sle] WAsY] o g BRItk nAALEZE v}
AlgE Fatg gol AlEW B £7|Fol TR
%3 mtgog BE=F gl e GERL(Golgi-Endopla-
smic Reticulum-Lysosome)d|A| S wig} ghA|Z o2 &
ZEHAE Sk E o] YixtEe] oy AlFEato
A &o|AY = ESEZI Y oA Fe A
o Hol #H7A AFAENT 22 wHsiAE
o AZWoIYolt ESALZAE A% Feo] of
U3 454 343 558 55 o4 AT
2 oldgl ZAolglx A7t AFFo] H & 4
ol A FFAEZE Bl FEEHol A4
lead-binding protein®} Agrstw? o]Zol] 3l o)
HAZEEE Skl ZHAEA] ok g2

metallothionein &4 Fulsl=d® o] cysteino]
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2.56 uglg tissue, 27.60*£2.46 ug/g tissue, 51.35+5.12
pg/100 mlg2 FHA=o] Zhy ko] Azke] AR
wgkeks gk ol AW deke] Holrt B Ay
oAlA AA AT AEANA A7) Ay EAA7L A
EolAe M7 o2 AZEH olmtE © A
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SAlell HAAZeA E45 FolA FHA ] SIS
frdslted HAAZNZE o] $0e SUA7] o
Toll A7 "ol obdrl AZEH o]& KajisYel
wol] WIAZe] 715E dAlgrla, £ do] Uiz
AEel] R L 450G e BaEn By

S B aEu gaBelAe] Timm w3l whg
A ghe Wgel ANAE aaA gaBE
A4 AR ¢ QAT T obed i 4l
AT 4 2R byl dEel tehd Aol
g wo

AY 374 2¥Ale £FA AAHo] BET
A= o]lE ItoS®e} SkoczynskaS¥7) 259 o
Aol 2% W Tolrl AWAAGG 44 B
AZb ok Barek wiel UAX3ctz Eo}b Hoff-
mann§>°7} Karmakar57°9] Hiol|l4] xubd 4
Ao FTEFOE A% dPFA=st a2 Yol
ARt a8y ol &40 FrAds g
$HQ) Wioly] Bel: 24y Fol 20l 7
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Fig. 10. Possible pathogenesis of lead acetate induced
liver injury.
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