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Ground

ABSTRACT  A  si'ngle  dose of  cadmium  acetate  by intraperitoneal injectl,cn preduced  several

histologic alterations  in the  liver and  kidney  cf  the  cemmon  Indian grGund  squirrel

(Funambu2us Penncnti, Wreughto=  19e5). IN'ithin 7 days  after  C{1 expesure,  the  test

anima}s  revea]ed  an  incrEase tn liver and  kidney weights  (P<O.051} . The  liver disorder resulted
in dilatation of  the central  vein,  Kupffer  cells  hyperplasia, a  feathery  degeneration  of  hepato-

cytes  and  foci of necresis.  The  kidney  shewed  a  elcudy  si-vellimg  ef the  tubular  epithelium,

g]omerular  congestian,  g]omerulonephritis,  protein  casts  in tubu]es  and  infiltration cf feeal
inflammatory  cells  in the  connectix'e  tissue,  {'looi, Mcg,  90:  189-194,  198I)

    A  developing  ceuntry  ]ike India has to be

alert  towards  the  problem  of enyirc)mental

pollution, Cadmium,  along  with  }ead and

mercury,  has recently  gained  notoriety  with

regard  to heavy meta]s'  tissue destruction.

During cadmium  intoxication, most  of this

metal  is accumulated  in the liver and  kidRey

irrespective of lts rcute  of administration

(Shaikh and  Lucis, 1972; Nordberg and  Nishi-

yama,  1972 ; Su2uki, et  al.,  1972) . The  patho]ogic

changes  have been correlated  with  the  hepatic

concentration  of the metal  (Colucci, et  at,,

1975), Morphologic  alterations  in ]iver and

kidney have been described after  chronic

£ admium  administration  in mammals  and  birds

(Friberg. et  al.,  1971; Castano, 1971; Berry,

1972; Nishizumi, l972),  but very  ]itt]e werk

has been  perfermed  on  acute  exposure

(Hoffmann, et  al.,  1976). The  results  have

briefly been reported  elsewhere  (Lal, et  al,,

1978) after  24hr oi  cadmiurn  exposure.

   In view  of  increasing importance  of

cadmiurn  as  an  envlronmenta]  po]]utant, the
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present study  is an  endeavcr  to record  the

marphelogic  alteratlens  in liver and  kidney  of

commom  Indian ground  squirrel  (Funambulus
Pennanti, Wroughton  1905) fcl]owing aeute

exposure  ef  caclmium,

          Materials  and  Metheds

   Thirty  male  raboratery-bred  squirrels  wlth

body  weight  IOO± 5 g weTe  reared  in steel-wired

cages  (63× 48x40cm)  on  wheat  flour bread

and  water  ad  tibitum (Tabje 1). These  animals

were  diyided into two  groups:  the  first group

comprising  of  9 animals  served  as  centroL

whereas,  the second  group  of 21 anlmals  served

as  test  group  and  received  single  intraperitoneal

injection of  cadrnium  acetate  (8.0mglKg  of

body  weight  dissolved in 5%  dextrose). The

control  group  was  treated  with  5%  dextrose

intraperitonea]ly. Three  animals  froTn the

control  and  7 from  the  test group  were

sacrificed  by decapitation following  ]ight ether

anaesthesia  after  1. 3 and  7 days. Post-mortem

pieces ef  the Iiver and  the  kidney were
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  processed  foF routine  paraMn  sections  (3-4 ltm
  in thlckness) and  stained  wLth  hemaloxylin-

  eosin,  Proteins were  loealized by mercur}r-

  Broniphenol Blue rnethod  (Pearse, 1968). Liver

  and  kidneys were  -reighed  after  termination  of

  the experiment,  Statisticat analysis  of  the

  results  was  calculated  by  the  method  of  Fisher

  (1950), The  experiment  was  repeated  t"'ice

  to  confirm  the findings.

                   Results

     Effect ef cadmium  ace[ate  exposure  revealed

  weight  gain  in ]iver and  kidneys  (Table 2).

     Liver showed  dilatation of  central  vein  and

  Kupffer cells hyperplasia 1 day  after  injection,

, However, cloudy  swelling  of  hepatocytes,

  feathery degeneration  and  areas  of focal

  necro$is  were  pronounced  frem  3 to 7 days,

Table  1. Compo$ition ef wheat-fiour  bread,

   This diet was  given in the  from  of chaPatis,

""heat flour

Powdered  gram
Caseln f.dry powder)

Sodium chloride

Calcium carbonate

Yitamin mixture'

M]THAI.

64 parts

20 parts

12 parts

 1 part

 2 parts

 i part

  
'
 Provicles (in mgllOeg  of  diet) : Biotin,

 O,03; Folic acid,  O.4;Cholin  ehloride,  400.0;

  Bb  2.4; Bb 8.0; Be, 2,6; C, 61; E, 100, K3,

  10,2; A,  9,6x10-iI  D3, 2.85× 10-g

Table 2. Effect of  caclmium  on  ]iyer and  ktdney
   weight  in squirrels,

   G,,.p, 
OrgaLni,>}a?ight

 
(g)

 
al[ttiedr.,7yday

 ' tt ttttt tttttt t           ttt --t

  Control  5. 54 l, l4

                ± O. 42 ± o. 07

  Ccl 6, 82* 1. 96S

  Treated  ± O. 67 ± O. 14
   '

  Vatueg are  expressed in mean  and  represent

  a  pooled data'         i

  
'
 slgnffieantly  dlfferent from  the control

  (P<O,05)- 
'
± 
'standardi

 error

Focal coliection  of chronic  inflammatory cells

was  obseryed  in the  vicinity  of  necrosed  areas

(Fig, 1).

   Ope  day  after  cadm[um  administration,

markecl  congestion  of renal  parenchyma  as  well

as  giomerular  cemponents,  besides clolldy

swelling  of  the tubular epithelium  was  noticed.

Mild glomerular  congestion.  marked  degree of
cloudy  swelling  of tubuLar  epithelium.  denudation

and  destruction ef tubular  epithelium  were

obserx'ed  after  3 days. Intraluminal protein

casts  were  seen  m  some  areas.  The  nature

of  pretein casts  was  confirmed  hLstochemically.

The  blood vesseLs  did not  show  any  significant

ehange,  Connectiye tissue was  found  to be
normal  except  for mild  chronic  inflammatory

response.  The  picture  simulating  idiopathic
mernbranous  glomerulonephritis  was  observed

7 clay after  cadmium  injection, Glomerular
congestion  accempanied  by thickening  ef

basement  membrane  was  }vell  marked,  Cloudy
swelling  of the tubular  epithelium,  intratubular

protein casts  and  focal infiammatery  reaction

in the  Lnterstitial tissue was  also  noticed  CFig,
2, 3) after  7 days of  the metal  exposure,  No
significant  ehange  in the  blood yessels  could

be observed,  except  some  scattered  areas  of

peritubular and  intratubu]ar haemorrphage.

                Discussion

   Present  obsen'ations  showed  increase in
lisfer and  kidney weight  after  a  single  cadmium

acetate  injection. NVilsonetat.,, <1941) reported

similar  finding in cadmium  exposed  albine  rats.

Histolegy of the two  organs  reyealed  infiam-
matory  reaction  among  hepatocytes  and  cloudy

swe]ling  of tubular epithelium  and  intraluminal

pTotein easts  in renal  tissues  respectively.

    It is well  established  that  regardless  of  the

route  of  administratiDn,  hepatic concentration

of cadrnium  via  blood stream  is yery  rapid  and

one  ef the highest in magnitude  as compared

to other  ergans  (Lucls, et  al,,  196e; Fliek, et

al,, 1971; Stowe,  et  at.,  1972; Moosl. et ag.,

1973). Although  the  generai plan of liver

histology did net  a[ter  c'onsiderably  during  the

'
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Fig.1. Dilatation of  central  vein,  focal
                           .
swelling  and  feathery  degenerationnecrosis

 in its

Qf hepatocytesimmediate

 
'vicinity,

are  clearly  observed,cloudy × 280.

'

'2'/.

Fig.2.  Thyrold-likefolliclesreveal
    .protem,castsin

 the  tubules. × 70.
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Fig. 3. Marked  degree of

   basement  membrane,

   of  focal inflammatory

 glomerular  cengestion  together  with  thickening  of

cloudy  swelling  of tubular epithelium  and  infiltration
cells in the connective  tissue  are  evident.  x28Q.

entire  course  of study,  changes  in the  form of

dilatation of central  vein  and  Kupffer'cells

hy.perplasia were  rgcbrded  -as early  as  first day
after  cadmium  injection. The  changes  might

be suggestive.  of  underlying  inflammatery  and.fl

or  irrirnunological response  (Asvadi and  Hayes,
.1978;' 

rv!.etchnikoff,
 

1969)
 gowards cadmium

lntoxicatlon.  . -
 '
    In kidney, besides perceptible.con'gestion

of  entire  structure  including  glomeruli, marked

degree  of  cloudy  swelling  of the  tubules  was'

notieed  from  cne  day after  the injeetion and

onwards.  The  tubular  epithelium  tends to,

accumulate  cadmium  
-(Lueis,

 et･al.,  1960;

Berlin and  Ullberg, 1963; Moosl, et al.,'1973;

Hammer,  et al.,  1973 ; Sugawara  and  Sugawara,

1974). Kawai  and  Kimura  (1975) reported

graduar  deveropment  of generalized  cloudy

swelling  of  proximal  convoluted  tubules during
first week  after  a  single  injection of cadmium

chloride  in rabbit,  The  pr.esent findings are  in

agreement  with  those  of Itckawa, et al., (1978) ,

.who reporte,d  degeneratSve  alterations  in kidneys

which  were  characterized'  by cloudy  swelling

in the cells  of  tubul'ar  epithelium  of  proximal   tttubules
 in cadpaium  administered  rats,  .

    The  hepa'tocytes revealed  feathery degene;
ratioh  after 3 and  7 days,. The  distribution of

cadmium  in different parts of  liver has  been
deseribed  both  after  acute  (Berlin and  Ullberg,
1963; Friberg  and  Odeblad, 1957) 

'and
 chronic

exposures  (Friberg, 1952). These  studies

suggested  that  cadmium  is either  equarTy

distributed in the different parts  of  liver lobules
or  concentrated  in the  periphery  of the robules.
Feathery  degeneration of  hepatocytes  in the

present  study  seems  to be in agreement  with

the  equal  distribtttion of  the metal  because  of

the appearance  of  this lesion throughout

the lobules. This  lesion'was also  recordecl  in
hepatocytes of Indian children  <Mehrotra, ef

al.,  1975) and  squirrel  (Mithal; et  al,,  1979).
Pregressiye'  degeneration  and  necrosis  of  he-
patocytes  were  recorded  on  3rd and  7th day

'
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of  cadmium  treatment.  The  tytoplasm  became

dense and  opaque  and  lest its subtle  gran-

uarity.  The  foci of  necrosis  after  3 and  7

days suggest  toxic  action  of cadmium  on

hepatocytes. Hoffmann,  et  al.,  (l976) consider

that irritation or toxicity  produced  by cad-

mium  in Hver  cells  might  be responsibLe  for

merpholegical  alterations.

    The  renal  tubules revealed  denudation  and

destruction of tubular epithelium  after  3 days

of cadmium  treatment.  Some  ef  the  tubutes

showed  histochemically confirmed  intraluminal

proteln  casts.  Cadmium  has been  found  to

cause  proteinuria  both in experimental  animals

and  human  beings <Piscator, 1966; NDmiyama,

et  al.,  1973). Proteins of  low  molecular  weight,

which  can  not  be reabsorbed  by the  renat

tubules are  excreted  in urine.  The  failure te

reabsoTb  the  low  molecular  weight  protein is

due to damage  caused  by the  accumulation

of  cadmium  in the renal  tubules.  It may  be

visua}ized  that the appearance  of lntraSuminal

protein  cast$  showed  the  possibiUty Df  protei-

nuria  in these  animals.  The  thickening  of

glomeur}aT  basement  membrane  observed  atter

7 days  suggest$  the appearance  of  idiopathic

membranous  glomeru}onephritis.  This  lesion of

 glomeruli seemed  to be a  sequet  to the  increased

 permeability, exudation  and  precipitatien of

 plasma  proteins  between the  basement  membrane

 and  epithelial  cells. Itokawa, et at.,  (1974)

 suggested  that  the  glomerular  lesion appeared

 as  a  secondary  change  following tubular

 dysfuncttonresultingfromcadmiumintoxication.

 Nomiyama  and  Nomiyama  (1976) found that it

 was  dlMcuit  te conceive  the  histolDgical and

 functional changes  in the  glomerular  membrane

 as  being Tesponsible  for significant  increase in

 the cadmium  clearance.  The  connective  tissue

 of  the kidney after  7 days  was  infiltrated by

 focal collection  of infiammatory  cells,  mainly

 lymphocytes, The  inflammatory  reactiDn  was

 thought  to be the  outcome  of  cadmiurn  toxicity,

 Focal inflammatory reaction  was  also  observed

 in the  eonnective  tissue  of  renal  cortex  in rats

 <Sugawara and  Sugawara,  CL974),

andKidney 193
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