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Ultrastructural Changes in Rat Kidney after Lead Acetate Administration

Hyun Chul Kim, M.D."", Seung Pil Kim, M.S.> and Kwan Kyu Park, M.D.*

Department of Internal Medicine', Pathology® and Institute for Medical Science’
Keimyung University School of Medicine

This study was carried out 10 investigate the ultrastructural findings of rats after administration
of 0.5% lead acctate with drinking water. The Sprague-Dawley rats were divided into control
and experimental groups. The control group was composed of 12 rats and was orally administered
with 0.5% sodium acetate. The experimental group was composed of 36 rats and orally
administered with 0.5% lead acetate. Two rats in the control group and four rats in the
experimental group were sacrificed on day 2, and week 1, 2, 4, 6 and 8 after administration.

The kidney was extirpated and examined by electron microscopy, The results obtained were
as follows:

The blood lead concentration in the experimental group began to increase from the second
day after administration and it increased gradually until the 6th week and it decreased at the
B week. The urinary excretion of 6-ALA also increased from the secondary and gradually
increased up to the 8th week.

On electron microscopic examination, the proximal tubular cells showed fat droplets, dilatation
of the endoplasmic reticulum, mitochondrial swelling, increased numbers of secondary lysosomes
and myelin figure-like residual bodies and intranuclear inclusion bodies. All these findings peaked
at the eighth week after administration. Ultrastructural findings after Timm sulphide silver
reaction revealed the lead granules in the proximal wbular lumen and between the microvilli
of the proximal tbular cells without membrane-bounded.

It can be concluded that most of the changes of micro-organelles are compatible with
degenerative changes of lead exposure and passive diffusion of lead granules are involved in
the proximal tubular cells. (Korean J Pathol 1996: 30: 73—88)
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Fig. 1. Blood concentration of lead afier oral administra-
tion of 0.5% lead acetate,
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Fig. 2. Urinary concentration of S-aminolevulinic acid
after oral administration of 0.5% lead acetare,
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Fig. 3. Two days after lead ace-
k. tate ingestion. The proximal tbu-
| lar cell shows dilatation and va-
cuolization of endoplasmic reticu-
lum(TEM, = 10,200).

'l -':-"-“?j & Fig. 4. One week after lead ace-

* ank e ingestion. The cytoplasm of
o oY 4 the proximal wbular cell shows
!," edema and cystic change(TEM,

ZabgGE Foldk 2 1ol 455 mge g o=

2. 5= S-aminolevulinic acid(ALA) o wla) WA SAEE 2L Helm, 23T

3 feaminolevulinic acidi= X2 creatinine | mg My 317 mge & FAEer], gFFdls TR
o wlax2 Aldslgen], 2T 98 mgelglat A SIHE A HFig 2).
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Fig. 5. Two days after lead ace-
tate ingestion. Destructed proxim-
al wbular cell shows irregularly
- scattered  cytoplasmic  organelles

and microvillilTEM, = 6,000).

=8 Fig. 6. Two days after lead ace-

#° 0 tate ingestion. The proximal tubu-
. lar cells show increased numbers
Y of lysosomes and fat droplets near

M (he basal infoldings(TEM,
S 0,800).

3 8% Aoz N¥AMGe #H3 g TEY
%} basal infolding2] ZHee] slelzli: EF= 4T
&2 Ao 2dFYE Al#Ee] 4] el
HEEg e sFg. 3, Hd&zs ASele MEAY
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Fig. 7. Two days afie lead aceiate
4 ingestion. The mitochondria show
o' edema and loss of cristae(TEM,
= 1T 0007,

Fig. 8. One week after lead ace-
tate ingestion. The glomerular ca-
o pillary wall is congested and the

; mesangium shows no evidence of

6 deposits(TEM, * 6,800).

5 71% slglchFig. 6). v|ETESelobs] REa
o (eristac) 2] £A R 2ol A= lchFig 7). 4
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Fig. 9. Two days after lead ace-
tate ingestion. The distal tubular
cell is relatively well preserved
and numerous epithelial cell casts
are seen in the lumen(TEM, X
5,100).

Fig. 10, Six weeks after lead ace-
tate ingestion. The proximal tubu-
lar cells show numerous myelin
figure-like residual bodies(TEM,
x 6,800).

S DA gohchFig 8). YAALBAZE T FREH o5 BEEgen 6FTvlA BAE.
QLS W wF Ashx ehgow] ©hx  SEEokHal(myelin figurelike residual body) 2
4% Ansgue AZUESel BWHE AEF  FEYE sFEIAA ulF oRuis mo S
chFig. 9). AEAWel chfel oleigEe] 290 FHEo] LaA7iA A UHFig 10, Ho| wig
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Fig. 11. Eight weeks afier lead
acetate ingestion. The nucleus of
the proximal tubular cells show
huge inclusion bodies with densc
 central and peripheral loose fibril-
. lary meshwork and electron dense
: particles(TEM, » 13,600).

- Fig. 12. Eight weeks after lead
acetate ingestion. Intranuclear pseu-
doinclusion due to cytoplasmic
invagination is also seen in the
proximal tubular cells(TEM, =
10,200).

© 65 W 8Tl AgEA vebges #ule]  #gEe] st sichFig 11). o|Alelid 9 Fx
A4 9 Mgl FEEd WU 2 EkahaAEel AEZAde Sl W2 w4
G THFE A corest FH2] | FE FH 4 o] EdlEle MIEUAE el faEE Yy 3
W oohgFess Y4 BAS AAUES B2 AeYalsk Al EAlsbd =8 ejule RE
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Fig. 13. Eight weeks after lead

¢ acetate ingestion. Intranuclear true

inclusion and pseudoinclusions of

. the cytoplasmic invagination are

concurrently seen in the proximal
wbular cells(TEM, = 25,500).

. Fig. 14. Timm sulphide silver re-

action, Six weeks after lead ace-

- late ingestion. Many lumps of
- lead granules are seen in the

lumen and also  between the

- microvilli of the proximal wbular

(folding)o] % F-#7F PEH7IE slelehFig. 12,  14), vlalg2 e Yty sx dolaa4 vige
13). Timm w55 413 3o AxHvdsy £33 Aololl £alsle] F-2 4 (pinocyiotic vesicle)S2] T}
oM deg QY7Es H3lEe] FE FHHLGT o STldoda] 9lA) ¢kold] FEH #pabol] =)Et A)
Aol e vlAERS Aoldld faAEYRFe FFEE ATEE shedvhFig 15, 4ol 2
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Fig. 15. Timm sulphide silver
- reaction. Eight weeks after lead
acciate ingestion. A lump of lead
- granules without membrane-bo-
unded is seen between the mic-
rovilli of the proximal tbular
cellsiTEM, = 13,600).

Fig. 16. Timm sulphide silver
reaction. Two days afier lead
- acetate ingestion. Lead granules
are seen in the endothelial cell
and basemeni membrane of the
i glomerular capillary wall(TEM,
T # 25,500).

JitgdEd mdgae] WaHE g 7l SR
2| x| sbo] sl gl chFig. 16). i &t
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Table 1. Ultrastructural findings of proximal tbular cells of rat kidney after lead acetate administration

Findings \ Time 2d Iw 2w dw bw Bw
ER dilatation + + 44—k + + 4 —
Mitochondral swelling + + ++~++4 -+ + _
Cystic space + - 4+ ~ 4+ + . + _
Cytoplasmic rupture - + + 4
Fat droplet + + + + + + =+
Secondary lysosome + + -+ + + + +
Residual body - + | + + + 4
Nuclear change - - + | +
Pseudoinclusion - - + + + -
True inclusion — — + + + + + +
d: day, w: week, —: absent, +: mild, + +: moderate, + + +: severe, ER: endoplasmic reticulum

& 53 olgl Aol A% o] Adolol4 o] b
At Busm g’ aelu A&5He =Ag)E
o yoll eFE Mol FHfelHE AMs A
el kA 4l RAFE 2dY 5 9o o|#A
A7l HIFL Alalke] wrigd HIE el
A%7 ge Ao A o

g 452 7] AEEH Eddo] 2wl 4 Ww
AR AYEEL 4 =27 9 FEe 99
A "*, Vyskocil'5 ol 2]3H FEol 2% Ay
g 20T FoAE AS A FelgHg HEs)
25 stz 2 gbHel 05% EAdE 2719
5ol Biolles 2R 7Y WHEE =
7 oty #lglch Fowler5"8 #EXe o
(0.005% —0.025%)el] 90U =F¥ Z§ ==4H
o8 AT Eed dujyqla, v EF=gole]
4, glafe] F7lEe] iR wc) #H
of 4 A%l TEE(1% i) e 2] F
ef4 Al M2 Goyerg''oll olal xpME] ghsige
o 1% E4bdel] HE HFedA 105 o] H=
TR AT Lol 4 2] HEZAF 2] KF, sl
g o|Efcgjols] wilalw sglck =F ¥ 10~
205Aelly= 3B E2] o] ¥ A (dysplasia)e] &=
e AFHoz =239 Afodles BEE A
F5o g)a 9 Aty ulzped st A S
oA gk dsdel A o dia0)
A &5 Yooz Sugqdae] s T
A =i o Fo £ o1d o= A diEel 4
A A 9 dAe] A FohA xusEE ASE
glebs ghoh glallellAe] B3 Cramers o] ol

eEE SEARe] g =F 1| vghele] H
FH #uedAF sHsdet eFA1Ze] 4~
A sl ZEAbe A gzl EE A gkt
oo {3 o 7R A% dFSrr
Helckz #gick 05%2] 24dE #HFd Fodd
2 Ao Wiz o] 2gAa Fded B
5l Wl FaslEen A7|HeR 65 4l 8F
el HEAH v|EF=elete] 3, AEH N2
Avrd, aife] S 2R IRAe] 9 49
Mg A Seo] st D=t

e dEsde] dake] Heby wEles ol vl
EolHolgla 2tz AW Goyer’'$} O Flaherty
L) olapal o Fedd AS INYUsel N F
A7} =715 9l ov], Khalil-Maneshs-"'2 o]2jgl 41z
FA2 Fole SflM el vidiel A3 P
o] glat o|Z-2 wol FH - IHHeg Hkitu|dg}
T EIE Eafsfed AR o I-Eglomerular filtration
rate)2] Z7LE Eagda sldch o]lH$ ol EE
2 9] dAfelA ofglAHEHel] JF5 w=el
gl Aele] = Wl T]=2 creatinine clea-
rance ™ LJERIcH: BaYelE fadhck o =3 %
of| T8l Al ee] w|d)rl 2=l F]FHeA e A=
obZ I+ WA A goh e ¢ sEF E
+ HulEdallrl S A ETel A fhe]l HEE
A HRe] Alkdhe] wldis G de] 3
elghches Ak, whell ubEElo] 4 =)Aol 4 gl
Ae] Zztol] al XaejEide AV 2,

Zetdo|FH wighe dast HH3E Fbg git
o] #=Aoleba <teia n” Aae Hmiel



84 ciibedelthE]a) @ A 30 H2E 1996

Lt £3589 o oA EH8E5e| 3y
W 4 FlEdelE i, epo|esbis, MoldlnE
g £7e] BaFEa g™ ™™ o2 A4 £AE
oA kel 7)Feld-E ovldich B A4
Hate] 243 it HFEgFEHPESel
=Helew Timm §H55 F3F Telld] bl
2] b #glEe] FEE .

Blackman'el] 2]l & Kaxl olef ol 2§
4 wwle] Aol LHer 4#F sfuEg] Aol
Pel A= 1Fkell B o] glo] fAwTY o
T 7 gE FEE vn gle e ofrdle
Agko] sfilchidyl 24 zejw g 9ke] ghyy
A g o] gl A el sEE2] sulfhydryl groupe] &
H=o] glche Fle|ch wujiiglale] AHaiHe]H
TFEE B AgdMs g upe} FPe| F4lte
A% cored} FHoll bR Fol2 | g K45
A4 SHEE F4E ek HuEsiAe A
AemAE ek o2 BAET, SpFHEY, ek
A 4 ANAETe QAo] AETAE Easa
gt o|FHE elalell 2] JF52] Sal=el Ao
Z|gk wel] =5 Fol ol 2706 YEh= Ha
2 ez o™ e o] o 5o 2]tk gy
+ bismuth X g5ell 2] =l Es]As) ol
Ziehl-Meelsen <] #]o]] acid-fast=2 <JYElc}i= Ap4le)
w o|Zle] wle|d] o 2fgF gl Hete] Fadt
FEH F9] el B AHME RE HF
tH4h o 2 acid-fast o W& 4| Eale] Hgkon} @i
Aol obgt Ao Juxle] FHupellA Al
oo 2 o|lf7t HEE Fof wiifela] Feof 7|7ke]
#gold adAle o + glen ool Tl % o
ol ¥ Aezg Agsc sy @ acid-fasi®
o Y5 =Rl PaljAe obF g glA] gt o]
gk Helalse g Ed aadssE s wg
acid-fast L alE VAo gy JFH2| aizgo] q]
+ 342 & E acid-fast §44E sted Flghksizdlel
E ol B8 F 9lg Mew Azbmick

L oAge] #Ax#u]|HE L£AG HnddEse
Wi nEZ ol ol W At g, HEH
el s}, ofee] A, el sde] Fvhst a2
Reof ZAFael FZHI W Esi2Geln] wa)e
W3 k]2 ghalvl A Add = EY A £A4
oAz Hitel fele] gl& e FaEslgent
obit Wzl glglen] o] AngevineE"e Falw
Yalstecl. 24as] mrvls dell gl =73k
FAIGE Aoz FHEZ = ofF#aA|s A
it Q7] g2 dHolc 2 B JHE T

A B oo mvle ArdE e =372 e}
v Azl 8ol Hxe & =277 oate s
Uels #leg Hobd 7| zhat #43E Ae
2 FEEch HAbEHe| e g 2¥ 8 0 4a] u)
sfcelohlo] o] 2AHEE Hor Hax: g
o] £ 3 7h 4] 2] ] EEceololl4] X-ray
contact microscopyl} electron  diffractioned] 4] 3= o]
#eEA g 57 =do] oy} Timm Y-S A
Zab B Aol e v EEEgole e do] #el
FA gkeks i #glEel £2 94 x933 o
AlFEa Aelol4] o] Hgen olyFEue
W AR EE delelaM vlA g Ao]e] Ejsiv]
EFaid s vtof] Fei4ody 9lA] gheoly +EH
Hatol] 28t AENR @deg 42EE 8¢
e} =% B Adgelly olXelife Frlsl xR
kA AlEe] w=E:AlZle] ARNHFF Zrlsidd e
olgidt eolAleliEFES 2714 AT Ed @AW
o b AEd e]qle) B fa) A=y
2] £3E& AHsle= fdHela =AE driAE A
Mo HEADE, dE FY nE2sglop) WA
Arkgel T4 AHE N2 Fol 2 X7} F
475 E FA7 M4 o) 5E EaHa] okt
g HSedly & 5 gln 2Tk AFAEL v
M =EFAHE L gige] HEAN] 2§
e gy of|gdoba b glcl

A% 1UFNE] EAnEe] HEAN) o
T2 AHe| FHEEd o= FEUHE 4
cadmium ‘=8A412] ZRAIE g A4 ) EeA s
AR wprh glow™? o] AubH el FFe] ¢l
£ Aog F2EJE ook a2 2 Ay
Timm HF3-3 2] Hztoll= o] Zu#Yel| G822
s A giakol. dabell A e] o] Eafsle 28]
T2 s Russo5'o] Hoatel] ospd Mapdes) =
T+ YdabSe] Aol oM E, 729}, At
HE w) ol 2b2] A o)) Eaflela o] FAL VostalBY
o] PbE FHEA S Hele 2 ME] o3} gl
ol Eg swbalsle] wd B Ay Ansis 2z
o, & oFsi= PbT e UEsL JuMEe) 7]#
2hef] Habs] A, o 2tElul4] pinocytosis B endo-
cytosisel]l 2|all d3| M Ee} vl sbx]E A Eol] X
2] delz FAsAl ek Pl ZaE e a4
E 49l 4AuHdEe FEH el A Hute] FL)A]=
Zle FepA AZ:e] AFo|ch AnaelAe] Poe
Tz Aol o Fp o] 9 Al dbel] a8}
WA, "gfoste ofabgl Py JHeE Fabs)
of Mgt el 23] endocyiosisitE-E A Mk



AW 9| 291 1 2GS Sojdh 13 dge] xojgaerd Wi 8§

T Eef| EfEcdrl HRBPFHE exocytosisel] 2]
sl wlEsEe] 8 eiEEI A SA =

el MEAS FAHel = A4 Aellthypoxic in-
jury)®'e} 527 4ellifree radical injury)™™2] F-7}2]
Mbjo] gqlck #Ab4 Abal ool =lspd W2 sul-
fhydril7]2} #13k4do] glofd otede]FEAd Al
A5 Jelyoz 4y hemedhgell el 27HA]
FA=¢l S-aminolevulinic acid dehydratase(5-ALAD)2}
ferrochelatase2] 7|58 wWalslA] Hoh A= sES
23} eytochrome2] §h4do] o] FojAA] gEA=
n2Zcglel af2] #lEel s g3 oxida-
five phosphorylation)2] 7]%5e| #|%}s]e] ATP 4 4e]
Aoz HelthFe U] Wy, S B Ay
of 4] byl uwpgl 28 v]EFEceels] Felu
cristac®] =4, WE 4] £4, oAl 5
Rek zFae] Fv), AE e FrbEe] X
ch. el g ol Eel =abd el 2lal 6-ALAD
o] 7)%o] #elE]wia §ALATE Z7haA] =i=d| o
f-ALlaol 2ala] 4Gl 7] 7l ErbEwd A A EAl
g Fgtcls o Folrk ol eo]Fe] MHoE %
B4R AE=t] Fapdoe] EREMALEH
gl H el wHilyl xagicta A7bgcl 2 Afell 4
233 xF ALAT Wl =EEdE o 525
ko] F7lEle] & S5 248 T e ok
F2 o] shta obeja (a2 Ayl 4
£ oozl ule] A FoNA 23U« Fe Folulo
A zbslo] 8Fwha] Alg Folbselck Y E Algel
A =R 2y Fofold Q32 F 2= F
of 29 e Ko F 67+ 717 AE Sl
7h 8ol ZulsbAl sleteiglizdl ol Ady|
o] Zaplell whiE ojabre] FFiAe] whE 4
E7E]7L flele g FHECh

ol4e] MHHog Mol 05%2 4 =
AT Folgh Fo AAHAY 7L vETE
2lop ul e Hagake) Fab M EAHe] FEEH, o}
o 2ubH, glad 9 xR IR Frbst
i gglalle] &9 Folv o]F widle FolF 29
o FE] AZE]e] 8Fsfed| 7 HelfAls HelR
gabsElgdck el EaE #elstr] 34 Timm 9k
£ A= 7o #HAHe]|HEH L & TE
So| FE FHMMEDI D HES=] u|
A2 Aolof|y HE Fnbel] F24o]x] gk
Ptas]o] F3 shilel 28 HEW 3oz 4
zh e}

¥ 492 Jd4dsems gFFoz ¢yt Al
7b 2l 4= kel AldHE B

ge}, 5% Timm ¥h33eol= Ak Yol 5o £
WAk geld 5 ol o FHEY A
E# 2] FHelx =24 £%e] 5 Aeg AgEch

® o

# 2= Sprague-Dawley $13] 48cfe]l & iz
2o 2GS Hol 05%8] FEZ wpAAH
F AlgE HEdel o HiE Zv|gdddez
el a Timm WHE-S AT 39 whe] SH8x0F
FaAAEv ez FAY AHE gk o
3} el

1 93 o 5 d=TdAe 092 pgiml |9l
3 E4hg Fof X 25Tl HF 329 pgmlE
HaxE Jehi o

2. X< &-aminolevulinic acidys= WEFE 98
mgfereatinine mgo| ¢l 2UFRE SrbE 2] 4] 2]
o] 8Faofl4 71.7 mgfcreatinines Vel ¢k

j Ao AH £HLEE FE ATy
W WErl ol feo] dHow ke Foh HEA
Are] sbg W BEI, vIEEeolole] £4, ek
& 5 fxze BHA Z7bsh duirAe) 2
Hoelw ot WIS 24 FoiF 8FHT
ol 4 7z Ashele

4 Timm DL Yo Fo ErpHzHn A
27L& BFEEC FE FHAZD A
A YL Yy Astel SeisolA g 29l
Az Ee] ol gL Aele EaMH o]y why
kel 213 AFTE AREA.

ol-de] A£HWE FTEN Ew HFeA 2iGE
A7 FAE wle £ EA4RAE TNAuDL
E s A, Z27)dle 7 A dHtey Ugdle
sle] wigh o shalzhA Zels wlsheldel Wi
7 zasgich de] £3H HEele AAE 54
nted wa Uity SHAEFH T chig
Aoll 2]t b E Sl SSMxd HE g
fRTha ol AEW Faha £vlwe] 23
Sl B F=5 o] glftsefel ¢ Aog A
B}

2 1 B H®

I. Budavarie 5. Merck index, ed 11. Rahway, Merck &
Co., Inc., 1989, pp 851-854.

2. Cotran RS, Kumar V, Robbins SL. Robbins pathologic
basis of disecase, ed 4. Philadelphia, W.B. Saunders



10.

11.

12.

13.

14,

15.

16.

86 cighaa] 30 A2 199%6

Co., 1989, pp 492-494,

. Kissane JM. Anderson’s pathology, ed 8. 5t Louis,

Mosby Co., 1985, pp 200-201.

. World Health Organization. Environmental health cri-

teria for Lead, Geneva, World Health Organization,
1977, pp 19-135,

Wapnir RA, Moak SA, Lifshitz F, Teichberg 5. Al-
terations of intestinal and renal functions in rats afier
intraperitoneal injections of lead acetate. J Lab Clin
Med 1979; 94: 144-151.

Russo MA, Kapoor SC, van Rossum GDV. Locali-
zation of lead in the kidney and liver of rats treated
in vivo with lead acetate: Ultrastructural siudies on
unstained sections. Br ] Exp Pathol 1988; 69: 221-
234,

. Grzybek H, Jonek J, Kochanska D, Panz B. Sub-

microscopic changes in varous organs under the in-
fluence of lead acétate poisoning. Acta Med Pol 1971;
12: 235-239.

Emmerson BT. Lead stores in patients with renal
insufficiency. Nephron 1991, 58: 233-234,

. Manesh FR, Gonick HC, Cohen AH, Alinovi B, Ber-

gamaschi E, Mutti A, Rosen V]. Experimental model
of lead nephropathy. 1. Continuous high dose lead
administration. Kidney Int 1992; 41: 1192-1203.
Pagliuvca A, Mufti GJ, Baldwin D, Leatas AN, Wallis
EM, Bellingham AJ. Lead polsoning: Clinical, bio-
chemical and hematological aspecis of a recent out-
break. I Clin Pathol 1990; 43: 277-281.

Tomczok W5, Tomczok I, Matysiak N. Effect of acute
lead intoxication on the ultrastructure of neutrophils
in the peripheral blood of the rat. Exp Pathol 1991;
43: 149-154,

Vandeputie DF, Jacob WA, van Gricken RE. Influence
of fixation procedures on the microanalysis of lead-
induced intranuclear inclusions in rat kidney. Hisio-
chem Cyviochem 1990; 38: 3131-337.

Heptinstall RH, Pathology of the kidney, ed 4. Boston,
Little, Brown and Company, 1992, pp 2098-2106.
Galle P, Morel-Maroger L. Les l¢sions rénales du
Saturnisme humain et expérimental. Nephron 1965, 2:
273-286,

Goyer RA, Leonard DL, Moore JF, Rhyne BC, Kri-
gman MR. Lead dosage and the role of the intran-
uclear inclusion body. An experimental swdy. Arch
Environ Health 1970; 20: 705-711.

Fowler BA, Kimmel CA, Woods J5, McConnell EE,
Grant LD. Chronic low level lead toxicity in the rat.
II. An integrated assessment of long-term toxicity

17.

18.

21.

23,

23,

26,

27.

28,

29,

30.

31,

32,

33,

with special reference to the kidney. Toxicol Appl
Pharmacol 1980:; 56: 59-T7.

apit BI, Wibowo AAE, Feron VI, Ziclhuis RL, Ul-
trasonic changes in the kidneys of rabbits treated with
lead acetate. Arch Toxicol 1981; 49: §5-91.

Goyer RA. Lead toxicity: A problem in environmental
pathology. Am J Pathol 1971; 64: 167-181.
Cramer K, Goyer RA, Jagenburg R, Wilson MH.
Renal wltrastructure, renal function and parameters of
lead toxicity in workers with different periods of lead
exposure. Br J Ind Med 1974; 31: 113-127.
Macadam RF. The ecarly glomerular lesion in human
and rabbit lead poisoning. Br ] Exp Pathol 1969; 50:
239-240.

Goyer RA. Lead and the kidney. Curr Top Pathol
1971; 55: 147-166.

Blackman S8 Jr.. Intranuclear inclusion bodies in the
kidney and liver caused by lead poisoning, Bull Johns
Hopking Hosp 1936: 58: 384-404.

Goyer RA, May P, Cates M, Krigman MR. Lead and
protein content  of  isolated  intranoclear  inclusion
bodies from kidneys of lead poisoned rats, Lab Invesi
1970; 22: 245-251.

. Carroll KG, Spinelli FE, Goyer RA. Electron probe

microanalyzer localization of lead in kidney tissuc of
poisoned rats. MNature 1970; 227: 1056.

Danscher G. Histochemical demonstration of heavy
mizials. Histochemistry 19815 710 1-16,

Graumann W, Drukker I, Histo- and cytochemistry as
a tool in environmental toxicology. Prog Histochem
Cytochem 1991, 23: 273-285.

Danscher G. Applications of auwtometallography to
heavy metal toxicology, Pharmacol Toxicol 1991; 69:
414-423.

Danscher G. Detection of metals in tissues: Histoche-
mical tracing of zinc, mercury, silver and gold. His-
tochem Cytochem [1991; 23: 273-285.

Stahr HM. Analytical methods in toxicology, New
York, John Wiley & Sons Inc., 1991, pp 55-57.
Wada O, Toyokawa K, Urata G, Yano Y, Nakao K.
A simple method for the gquantitative analysis of uri-
nary delta-aminolevulinic acid to evaluate lead ab-
sorption. Br J Ind Med 1969, 26: 240-243,

Luft JH. Improvement in epoxy resin embedding me-
thod. I Biophysic Biochem Cytol 1961; 9 409-417.
Waison ML, Staining of tissue sections for eleciron
microscopy with heavy metals. ] Biophysic Biochem
Cyiol 1958, 6: 475-479.

Reynolds ES. The use of lead citrate at high pH as



35.

7.

39,

40,

41.

41,

43,

44.

43.

47,

AR 9 290 24 Foldh 017 Ao xulyelen w87

an electron opague stain in electron microscopy, J
Cell Biol 1963; 17: 208-212.

. Danscher G, Zimmer J. An improved Timm sulphide

silver method for light and electron microscopic
localization of heavy metals in biologic tissue. His-
tochemistry 1978; 55 27-41.

Henderson DA, The aetiology of chronic nephritis in
queensland. Med J Aust 1958: 1@ 377-386.

. Wedeen RP, Maesaka JK, Weiner B, Lipat GA, Lyons

MM, Vitale LF, Joselow MM, Occupational lead ne-
phropathy. Am J Med 1975; 59; 630-641.

Vyskocil A, Pancl J, Miloslav T, Ertlerova E, Semecky
V, Kasparova L, Lauwerys R, Bemard A. Dose-relat-
ed proximal fubular dyvsfunction in male rats chroni-
cally exposed to lead. T Appl Toxicol 1989; 9: 395-
399,

. Revis NW, Shaw J, Bull R. A comparative siudy of

lead nephrotoxicity and tissue deposition between rats,
mice, and pigeons exposed to drnking water contain-
ing 2, 20 or 200 ppm lead. J Am College Toxicol
1983; 2: 155-163.

Angevine JM, Kappas A, DeGowin RL, Sparge BH,
Renal tubular nuclear inclusions of lead posioning: A
clinical and experimental swudy. Archiv Pathol 1962;
T3: 486-494.

O’Flaheny El, Adams WD, Hammond PR, Taylor E.
Resistance of the rat o development of lead-induced
renal functional deficits. J Toxicol Environ Health
1986; 18: 61-T5.

Khalil-Manesh F, Gonick HC, Cohen AH, Alinovi R,
Bergamaschi E, Mutti A, Rosen V1. Experimental
model of lead nephropathy. 1. Continuous high-dose
lead administration. Kidney Int 1992; 41: 1192-1203,
Hu H. A 50-yvear follow-up of childhood plumbism:
Hypertension, renal function and hemoglobin levels
among survivors. Am J Dis Child 1991; 45: 681-687.
Choie DD, Richter GW. Cell proliferation in mouse
kidney induced by lead. 1. Symthesis of deoxyribo-
nucleic acid. Lab Invest 1974; 30: 647-651.
McKhann CF. Lead poisoning in children. Am J Dis
Chald 1926; 32: 336-392.

Goettsch E, Mason HH. Glycosuria in lead poisoning.
Am J Dis Child 1940; 59: 119-128.

. Wilson VK, Thomson ML, Dent CE. Amino-Aciduria

in lead poisoning: A case in childhood. Lancer 1953;
2; 66-68,

Wachstein M. Siudies on inclusion bodies: I Acid-
fastness of nuclear inclusion bodies that are induced
by ingestion of lead and bismuth. Am J Clin Pathol

48,

49.

30.

51.

52,

33

54,

55.

36.

57.

38.

59.

61

62,

1949, 19: 608-614.

Bracken EC, Beaver DL, Randall CC. Histochemical
studies of viral and lead induced intranuclear bodies.
] Path Bact 1958, 75: 253-256.

Finmer LL, Calvery HO. Pathologic changes in rais
and in dogs fed diets containing lead and arsenic
compounds: Compounds used: lead amsenate, arsenic
trioxide, caleium arsenate and lead acetate. Arch Pa-
thol 1939; 27: 433-446.

Landing BH, Nakai H. Histochemical properties of
renal lead-inclusions and their demonsiration in uri-
nary sediment. Am J Clin Pathol 1959; 31: 499-503,
Hsu FS, Kroox L, Shively JN, Duncan JR. Lead in-
clusion bodies in osteoclasis. Science 1973, 181;
447-448.

Walton J, Buckly JK. The lead-poisoned cell: A fine
structural study using cultured kidney cells. Exp Mol
Pathol 1977, 27: 167-182.

Murakami M, Kawamura R, Mishii 5, Katsunuma H.
Early appearance and localization of intranuclear in-
clusions in the segments of renal proximal tubules of
rats following ingestion of lead. Br 1 Exp Pathol
1983; 64: 144-155.

McLachlin JR, Goyer RA, Cherian MG. Formation of
lead-induced inclusion bodies in primary rat kidney
epithelial cell culmres: Effect of actinomhecin D and
cvcloheximide. Toxicol Appl Pharmacol [980; 56:
418-431.

Oskarsson A, Johansson A. Lead-induced inclusion
bodics in rat kidney after perinatal treatment with lead
and disulfiram. Toxicology 1987; 44: 61-72.

de Duve C, Wartiaux R. Functions of lysosomes. Ann
Rev Physiol 1966; 28: 435-492.

Cotran RS, Kumar V, Robbins SL. Robbins pathologic
basis of diseases 4th ed. W.B. Saunders Company
1989, pp 4-8.

spgbat, Ak, P, e A Fl=F g B4l
S L L e R S E e L e e
1992, 26: 28-39.

MhEbE. g A Sl T HA g0 o E o
Ahalzb ) a) 2] 1993, 12: 20-26.

. VWostal J, Heller J. Renal excretory mechanism of

heavy metals. 1. Transtubular transport of heavy metal
ions in avian kidney. Environ Res 196%; 2: 1.10.
Sullivan JB, Krieger GR. Hazardous materials oxico-
logy, Baltimore, Williams & Wilkins Co., 1992, pp
B34-Ba4.

Hermes-Lima M, Percica B, Bechara EJ. Are free radi-
cals invelved in lead poisonming? Xenobiotica 1991;



88 wigpdeleEA) : 307 425 1996

21: 1085-1090, Comparison between different laboratory tests, Br J
63. Hermes-Lima M, Valle VG, Vercesi AE, Bechara EJ. Ind Med 1965; 22: 311-314.

Damage to rat liver mitochondria promoted by delta- 65. Gibson SLM, Mackenzie JC, Goldberg A. The diag-

aminolevulinic acid-generated reactive OXygen spec- nosis of industrial lead poisoning. Br I Ind Med 1968;

ies: Connections with acute intermittent porphyria and 25: 40-51.

lead-poisoning. Biochem Biophysic Acta 1991; 1056: 66, Nakao K, Wada O, Yano Y. Delta-aminolevulinic acid

57-63. dehydratase activity in erythrocytes for the evaluation

64, Cramér K, Selander S. Studies in lead poisoning. of lead poisoning. Clin Chim Acta 1968; 19: 319-325,




