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An Ultrastructural Study on the Small Intestinal Absorptive Cells of
Rat after Administration of Lead Acetate

Dong Sug Kim, M .D., Kee Kwon Kim, M D. and Eun Sook Chang, M D.*

De pariment of Pathology, Yeungnam University College of Medicine,
Keimwng University College of Medicine®

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 used, and they were orally administered with 0.01 %
sodium acetate and sacrificed at 0.5, 1, 1.5 hours and 2, 7, 15, 30, 45, 60 days after administration,
A portion of duodenal tissue was observed under light microscope, scanning and transmission
electron microscopes after development with Danscher method.

The blood lead concentration in experimental group began to increaze from the 2nd day after
administration, and it increased gradually until the 45th day and decreased at the §0th day. On
light microscope, many brown lead granules were observed at the villi tip at the 2nd day. There
is mild blunting of villi tip at the 45th day. At the 60th day, most of the villi were mildly short-
ened and showed lymphangiectasia. On scanning electron microscope, the villi tip was mildly
blunted and the extrusion zone became irregular at the 45th day. The depth of creases did not
change. At the 60th day, the villi tip was moderately blunted and the extrusion zone was mark-
edly irregular. The depth of creases increazed, On transmission electron microscope, at 0.5 hour
after oral administration, numerous lead granules were diffusely scattered and were not confined
to any specific microorganelles. The lead granules decreased with time. At the 7th 15th day, the
intercellular spaces were widened and several vacuoles appeared in the mitochondrial matrix,
There was also ribosonal detachment from RER. and there was neither secondary lysosomes or
post-lysosomes. At the 30th and 45th day, secondary lysosomes appeared and the condensation of
mitochondrial matrix with early formation of myelin figures was noted. At the 60th day, the in-
tercellular space widening extended to the upper most portion of the cells, and nonspecigic de-
generative changes became severe,

In view of above mentioned findings, it can be concluded that passive diffusion as well az
active transport was partly involved in the absorption of lead. Most of the changes of
microorganelle are compatible with nonspecific degenerative changes which could occur due to
impairment of oxidative phosphorylation. (Korean J Pathol 1994; 28: 559~568)

Key Words: Heavy metals, Lead, Small intestine, Electron microscopy

4% ¥

T
i.

199443 8% 184, Al=i4q:1994:d 94 299

T4 g A E 31741, $-=eE 705-035

dadita o delgad 54




—cf gl efehala] A 28 M6 & 1994

M —

Fodd 29 gAede Asiabdle S5 W
2 ol#) ¢ Alzkflan glen] AL Eokd
7|7y Fated =M o2 glalle] A#E Yo £
glc}, ol 55 P& zad(lead acetate)F H|Egh
409 F o] Ale] F§HEe] Helz EAdie" 35 7
oM g8 wAsE F245 el g
o2 ZA7|7 F4Ee s S4H4E e 5 3l
o 45 aldle] il FAL weo] oe]as|dRE b
Hoglep® g Hole ZHzA] Az dd 24 &
ZlAlE, E, #7], EF & Sozye, s
o 2E2E EdlA o] FcpTY HASE F
i 4t F2 Aol AE Bl o] Feo{An] v
o] 1~10% A=7l Fosu, FoAse daded =
2} #HA g} afo]E Meof Aols] 75 =g qke] 2 KO
%7 Fogicrr xebs 4 e 2ol 55
a#(active transport)® %= 4K passive dif-
fusion)el 2# e]F¢ Al wabibel A4 Fa e
Yl{endocytosis)el glelds Fosices 2aE o
afdibch, For® W FHAs do S8 FHH o 7
7+ 80~85%, 5~10%A £ =Y ¢l4s] o= 3
7oAl Al E 2o ElA Hedl, o] ey, AlFA], A
5ol m)Ae o gl HEE HF I Fo
He A7l2d Fadl 4] Hedhy wdule] djgl
WP vi Ado|c), mae Ealdle FEEE
#ha] Bhabz]) S1g W e 2 1958y Timmel =& A
A5 sulphide silver #%(Fig. 1)¢| sicp~* &

Hydrogquingne

-

Fig. 1. Timm sulphide silver method. Lead sulphide
which 1s previously formed during perfusion
can be visualized after reduction of silver ions
by hydroguinone on the surface of the lead
sulphide maolecule.
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Fig. 2. Blood concentration of lead after oral admini-
stration of 0.01 % lead acetate,
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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).

Fig. 5. Control group. The surface of villi is smooth
and the extrusion zone is slightly irregular

{arrow). The creases are shallow {arrow head)
(= 180).
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PSSy N T N,
Fig. 4. Sixty days after administration of 0.01% lead
acetate. Most of the villi are mildly shortened
and some of them show lymphangiectasia
(arrow). One villus shows blunting of the tip

(arrow head).

e e

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) (= 180).
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Table 1. SEM findings of villi of rat dundenum after

oral administration of 0.01% lead acetate
B e ——
2d 45d 60d

Shortening of villi — - +
Blunting of tip — + -+
Increase of depth of crease - — ++
Irregularity of extrusion zone — + ++ +
Ballooning of tip - — +

d: day, =: absent, +: mild, + +: moderate,
+++: severe
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Fig. 7. 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 hour after

administration of 0.01% lead acetate (% 20,000).

MF; Myelin figure

Keys for Abbreviations
D Desmosome M: Mitoechondria
GC: Golgi complex M Microvilli
ID: Intercellular digitation N: Nucleus
I5: Intercellular space RER: Rough endoplasmic reticulum
Ly: Secondary lysosome TW: Terminal web

_5,53_.
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Fig. 8. Seven and fifteen days after administration of Fig. 9. Thirty and forty-five days after administra-

0.01% lead acetate. Intercellular spaces are
widened and extend to upper part of the cells
(arrow). Lead granules are diffusely scattered
(% 4,200). (Inset: ribosomal shedding (arrow
head) and cristae loss of mitochondria {open
arrow) (= 34,000)).

tion of 001% lead acetate. Extremely wid-
ened intercellular spaces and randomly dis-
tributed lead gpranules (% 6800). (Inset: In-
creased number of degenerating mitochon-
dria (arrow head) and secondary lysosomes is
noted along with early formation of myelin
figure in degenerating mitochondria {arrow)
(> 29,000).
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Fil lﬁ Sixty days after admmmtratmn of 0.01% lead Fig. 11. Sixty days after administration of (. Dl% lead

acetate. Intercellular spaces are severely
widened and extend to the upper most por-
tion of the cells, Increased number of secon-
dary lysosomes and myelin figures is noted
(> 10,000). (Inset: myelin figure is evacuated
into the intercellular space (> 34,000)).
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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
(= 34,000).
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Table 2. TEM findings of absorptive cells in the midportion of villi of rat duodenum after oral administration of

0.01% lead acetate

h%_

2d

Intercellular space
Widening -
Mitochondria
Cristae loss —
Vacuole of matrix
Lvsosome
Secondary lysosome —
Residual bady -
RER :
Ribosomal shedding -
Dilatation - -

——

d: day, —: absent, +: mild, + +: moderate, + + +: severe
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