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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 ulrastructural 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
insiead 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 14, 1, 14
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 2Znd day up to 3.29 ggfml 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 ar 6th week myelin
figure formation and condensation of mitochondria, and peroxisomes were increased at &th 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 114 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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Fig. 3. Group 1. a} ¥ hr after administration of 0.5'% lead acetate{AL). Lead granules in sinusoidal spaces around
the poreal areas spread o periphery, Lead gramules are strongly reactive. b) 1 hr later lead granules are present only
in Kuptfer cells. ¢} 1% hrs later, no reactive lead granules are seeniSemithin sections wirh toluidin blue stain with
Timm sulphid silver methed, = [0,

Fig. 4. Group 2. 2 days after cominuons AL, a) Swong reaction arcwnd portal arcas, brown stamed cytoplasm and deep
brown staincd nucleus of hepatocytes, b) Lead granoles(armow) arc visible. ¢} Portal vein and hepatic veln were rosctive
but bile ductule = nonreactivelParaffin sections with methylene blue stain with Timm sulphid silver method, =0 FOE),
Abbrevidtion as in Fg. 3
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i 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

Fig. 5. Group 1. a) ! hr after AL. Lead granules(arrow) are in sinusoid, Kupffer cellsik), endothelial cell(E), collagen(C)
and hepatocytes( * 6,800). b) | hr later. Lead granules{arrow) in sinusoidal space and in hepatocyte mitochondria, nucleus
and cytosol (= 20,4000, ¢) 1% hrs later only a few lead granules(arrow) are remained(Timm sulphid silver, = 17,000).

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

Group Light microscopy Electron microscopy
Li 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
1'% hrs  No deposit Scarce

48 hrs  Deposits in hepatocytes around poral 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 afier
continuous AL, Lead granules are
in cytoplasm and nucleus{amow)
with dense  aggregation{arrow
head) in nucleolus{Timm sulphid
silver, = 20,400).

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

ofl = 2] whiol e} ebebeHFig 3c, Table 1), HESsled HEA o] odgt zh4o 2 (Fig. 4a), 22}
A8 23(Timm ¥H5 F) 05% Ay F898 AL W52 2 Yo s SaisiA 4=Eq

A5 29+ MR datglEel e chFig. 4b). FUeuld] gl dVEFL wgHoy

T8l gbubA] whEwle] FE gdMe g pehbn AR SFub3 o] 2l chFig. de, Table 1),

T8 wldgy wcifa wojz|uy Hx <lstA| w8 3T 05% 2Ad T Ald Fol 290
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7} o8l & A =" & B ckFig. Sc, Table 1).

A8 23(Timmy-S ), 0.5% 24y =845 A
& opA)A] g Fell A 2Y8sel] A e RF
THA Eell4 nAARE dtge] v|EIAE2|of, 24
&, RERGellA #lAgle] vivbdes Foijxa Wl
i, #elell= 2 ) A Srhsied S5 oo
Adlgkell Wl 3bed vhebybehFig. 6, Table 1).

A8 33 05% 24y FEY Al Fof 29
A A de] SFalsigln n|EFESelols] Egke]
A Ao 2]ate] ghubdtol HEH Fo] sl 15
el A Ade FHdsid et 2 =277 A
Ine Hygn v|EXRcgoel £2le] 7HE Hol7
Al zbslat(Fig. 7) SER2] F$4e] Hgch 25 e
ofwl H|Eo) M= HF v|EF=eol2] F(Fig. 8),
E o2 AEeMe WH W WHEe| H SERS}
Kupffer ME2] F7tsh 745 AEe] Bl 4544
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8 Fig. 8. 2 wecks 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)( % 13,600)(inset; myelin figure (MF)( > 29,000)). b) condensed mitochondria with disorganized cytosolic
organelle{*){inset; increased secondary lysosomes(Ly) and peroxisomes(P) * 17,0007).
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Table 2. Electron microscopic findings of rat liver injury after oral administration of 0.5% lead acctate

2d 1w 2w dw w Bw

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

transformation 4 - + + + 4+ + 4 + 4+ +

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

increase + + + + —

dilamation of cisternas + 1 + + +
RER '

decrease + + + + + +
Lysosome

secondary lysosome - - i + ++ + + 4+ +

residual body - - | + + + ++ +
Peroxisome

increase + + + + + + + + + +
Mucleus

clumping of chromatin — — - + + 4

d: day, w: week, —: absent, +: mild, + +:

7hA|Eoll4] 22E n|ERcajobs} E 7HE 7H4e)
Ey w4y v|Ed=alole Hych FERE,
At 5H| ¢t peroxisome®} 22} #lAde 2] F7h M
E3he| FHHI L7|de] EFHgbe] Hels XE
algdcl ef7ke]l zh4|Eeol|l4 ZubHe] Egvh 87|
ol oA+ gE 2 F4E viEE=eobst ¥
4 wWilsl flojyt v|EZSaolelld vl=dzl4
(myelin figure)2] &Ale] He3(Fig. %) = THE
=25 vlE2ceetyl a S5l FHlEdre &
AREn Fatol@A A F4rl B g 2
o alid #ga, aElxm #Hwld coed 7
peroxisome 5 2] F7HE HalelFig. 9b). #3 =T
off w2l s o A a2] 522 (clumping)e] 4152
wufel] © el af4 Helck @ AHAHE PR
Kupffer | £E5o] Bk

| al
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Tu FHAgcho g olxAule] ZI4E
Foigt B89 71, A3 a9 244 FHEgE

Ay a4 13 ERAdE Foldt F 90kl #
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ol 4] db2e] vebdt Ae g 2haslch Kupfier 4|2
ohe] wglzH= hol] of|§]4del Az} 2= gL A
o] % EFH7h BaEYsdl ol ThAlEelAel @
2 gl gk AFEd olg)d FEH e
2 o|Fe]F He|ula Mztglel ma]a o= 4Lk
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B 7hgl e},
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FAlol WE HEol| E4-F Fold FatAle FIHE
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Fig. 10. Possible pathogenesis of lead acetate induced
liver injury.
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