
I .  Nrrrn. Scl.  C ~ L I . ~ .  Sri Lr.nkir 1991 1) (I) : 

An Electron Micr~s~opic  Study OF the Liver in the 
Rhoc~phorus feucomystax mclculatus (Gray)  Tadpale 
after Treatment witl%~ hfiatsxiri B 1 

Abstr'acl: Tadooles, being visible t o  cilc rl:,kcJ eyc, wcrc c h o ~ c l r  rn uhservc ernhr-\c>nrc 
material. Rhtlio@ho;-us l c x r c v ~ n y s ~ c x  mr:iuliirus taclpo7cs n r c ~ c  ~ r c ; : r c d  with LI) 50 ol 
altnt~rxit HI. Tadpo!cs were xr;orituod on the 2114, 3rd ;1r.1:1 4th cklys ;tirer trcatmcmtt. 
T1:osc thnr a~trvivcd the  rrcntmcnt were transft-red in to  Ir.csli disrilled w:;~ci. 'Ti..e 
livers of C C P ~ E T O ~  tail.()oles eu~ci  rhosc chnr were nlorihrnd on chc 2x.l\i, 3rd nrtcl 4 t h  d.:rys 
were rlissectcd by rnicyo~i:sscction, pruccsscd R L I ~  O ~ S ~ U V L ' C ~  wirli  ;111 t-lcctro:~ I I > ~ C Y C I S ~ ~ ~ C -  

T h e  ! i v c ~ s  of rhosr  ~.adpo!rs tk:lt survived t h e  treatment were :)!so processe~l nircl. t w o  

wecks 'l'he hepatocytes ..)i tlic ircnted ~a<\pulc.i showed ~luc:cv!:~r capping :lxt:l i n  t l ~ c  
cytoplasm r.here was !;try infiltrncion, scruccui.t! chnnge.5 i n  ?.he ncg;ritcl!cs, prcsincc of 
cryst~!s ant! comp!ete abscrxce of glyco~cli ;  $~lyc~f iCn was [?rc:sc~jt in thc hel~:~s.ocytcs vf 
control e;~Spo!cs and ;\!so i n  chose t:~dpo!rr:i t h a t  survived t:reat.~ricnt. Tlic structur.:ll 
chan::,cs rn tkle hcpatocytt :~ of crcated t:rdpo!es wcre probably due to the toxicity of 
;lf!aroxin or) the cell 

Several worlccrs have obsclrved thrultrastructurai charrges ial t he  Itvcrs 01 vallortc 

animals due to toxicity of nflatoxir~ D l .  '1-hesc cbserva~tons  havc beell made 
ITP the rat ,  rn rhe rat  ancf in the rnonkevht~rtci tn the d ~ c k l r n g  L " i '  

A~secu'lnratne et used tadpoles of t h e  Kh.aco/~l.iot~us let,icorl~gsrax I I I U C L L ~ ~ C C U S  

for the bioassay of aflatoxin 7%. This  was .the first time t:h;at: observations wcrc 
made 011 the toxic e f fec ts  csf aflatoxirx BS oil observable c n ~ b r ~ o n i c  
material when compared to other animals .,vhnsc enlbrYos were either in uteri 
or  in eggs. Jayatifaka and hAsxwelI6 observed elec.tron microscopic ch;zngcs 
in livers of Xenopus luevis (Dazrdin) tadpoles after trmtrnent wit11 aflatoxin 
Fl. This paper. presentsehc ultrastructural. changes, caused A P ~  LD 50 of aflatoxin,  
in the X i v e ~  of t he  Rhacofilr.oru:; Icttcorrrysrnx mrtcu1atu.s tadpoles, in. t h e  same 
la .~val  stages, as ehae  used by  Arsecularatne er all in thei r  study of the liver by 
light microscopy. 

2 .  Materials m d  Methvds 

Tadpoic5 from a slnglc spawn, nest were rearfd and zneasured as dc5cribed by 
Joseph and jay3titaka 20 mrn tadpoles (total length j were treat( d wi th  1.5 
/,gjml (LD 50) aE!aro:rin BH for 4 days as described by s"krsecu!aratne e l  al Death 



of .tadpo!es co131islenced about  t h e  2nd day nlrci  was most Crecluent on t h e  3rd 

a n d  4th days. T11e livers were dissected by miciodissctction itm control  t : ~ d ~ o l a c  
a n d  Eli moribund tadpoles on the 2n6, 3rd  and fk th  days. 'T';.rd~!olcs that s~r;aiiverl 

were transferred to ire:& distilled water  o n  t h e  5th day 2nd fed witla s ,pinaci~ 

lcavfs thcreafrcr. After a period trf t w o  weeks, t h e  livers of these tadpoles were 

also dissected by micrsdisscction. T h e  dissected livers were irnr~~essecl il-.r ;I 

mixture coni.ainir-ig 4% paraformaiciehyde, 0 .5% gluteraldehytic, 0.01% calcium 

chloridc in 0- 1. M sodium cacodylate a t  a pH of '/ a 3 for 24. hours a t  n tcmperatarc- 

of 4('C. They wcrc then posrc;s.il~icatcd in a mixi.urc con1:ainnng 1.0% i)smiurn 

t e ~ r s x i d e ,  0.1% calcium chloride in 0.75 M soJiuiil cacodyl;it-e at  a pH of 7.37 
Cot. 2 hours a t  a tem,jeraturc of 4" C. T h c  dpr.cirncns wcrr then dchydratcd in 

graded alcohols and finally e r ~ ~ b c d d e d  in epon Ultra rh in  sections wcrc cu t  on 
a Port.cr- Blum Ultrarnicrotomc.:, floated on to ~ o p p e r  grids, cloubly siai11c~1 wii-11 

uranyl acctate and k a c l  citratc nnixturc an(! ,:,\;aninec! under a Fli:;~,:hi 7 1 11 
electrcm microsci,pe opcratcd a t  7 5  MV. 

Iri t h c  control  tat:lpolc, t h e  hel,atncytes s11owct.i a rl.wx;cic.d i r ~ i c l e ~ s  avitl, ;t 

riuclcoi~ir, (Figirrli. 1). CSrgancXles sc~ch as ~~ i i t :xhondr i : r ,  rocah endoplasmic- 

rcticuiuin, ribosotnes, vacuoles :i:jci ~:lLIco!g~il \Yere O ~ S C  !:v::d ici t h e  cyt opla:;lr? 

(F igure  I). A large number  of microvesicles were xiso observed in  he cytoplasm 

(Figure 2). Tight jut-lctional t:trrng)liexes werc ,seen betwecrl adjoinin:: hcpotc-jcytcs 

~ J f ~ i c h  formec? the hilt cnnalicuii. Mic~ovilI i  were scen t o  project i n to  the tumcn 

of a hire canalicr~lus (Figure 1). 

T l ~ e  hepatucytcs of larvac w h o  wci.e nlotihlrncl c,:; the  2nd day silowed 

nucieolar changes a n d  f a t t y  irlfblti.ation of the  cytoplasm (Figure 2). Thc 
nuclcol.us sllowed nuc1coIa.r capping wit11 r;ucleoIar materia1 ntrangcd is1 a 

pcripllcral very ~ C P . ~ S E  and Ierjs dens.- zoncs. Thr very dense zone was tlxickcr 

t h a n  tl-lc less dense zone and t h e  ent.irc 11ucleilli.r~ gave t h e  appearance of a siga~et 

rirlg (Figwe 2). ?'he ccntre of ,the. ~iucleo!us showed -a clcar area with fine 

granular materia; arid extrcl.neIy electron dense material i t i  the middle of ahc 

c1ea.a area (Figure 2). PL similar area tvzs seen in t h c  vrr:y dense part of t1.1~ 

peripheral nucleo!ar matcria! with fine granular material withial i t  (Figure 2). 
Thc  f a t  infiltratirm was seen as large ovoid cavities which were lir-icd with 

e'lcctron d e l ~ s e  materia! (Figure 2).  T h e  cerirre of t h e  f a t  waci~ole wxs cle:ir. 

Mncsovesicles were also obscrved in the cytopl.nsm, T h e  hcpatocytes of t he  

1:adpoles w h o  vrcre moribund o n  the 3rd day showec! ii-segu.larly shapeci x-~uclei. 

and in the cytoplasm therc were inore fa t ty  vacuoles either carmpletcly filled or 
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pn;tly laltled with electron dense material (Figure 3). Other hcpatocyrcs shoncd 
la t sy  infiltration wl-terc rhe vncuoles were filled wit11 dark c i c c r ~ ~ : ~ ~  dmse rna~crral 
(Figure 3). T11e rnitocl,.iondria in these cells were swollen 2nd cuntzinrr.l ~inarlc 
electron dense material (Figure 3). 'FFic rough encioplasrnic reticulum and rib>, 
sorncb weri. no t  ohservcd but multivesicular and dutophagic vacuoles; were begin- 
nir~g to appear, The appearence of crystals borrmded by nlernbrane was another 
feature (Figure 3) .  The hepatocytes in tadpoles who were rnorib~lrtd on the  4th 
day \m:.rC the seat of marked cellular degc~wrntion. "l'hey also sl.lowed rnar.kedly 
diseorrcr~ nuclei and ,the cytopilasm showed the presence oi dilated vacuoirs, some 
empty R U I ~  others wi th  membrnnc mnterinl, whili" nutophagic .v:rcuoles werc: 
c!is~inctly marc than in the he:-patocytcs of. rhos< twdpoles thar  were rnvribvxld on 
the 3rd day (Vigure ,4jo. In some l~cpatocytes of tadpoles, who were nlorilound 
on the '4th cl.ay, tllc cytol;.>lasm showed dilated ~ o u g h  endoplasrnic rcticulurn a n d  
wcc-e circuiur in cross section (Figure 5). These wcre identified as R. F. lt. due  
t o  th.2 prrscncc;. of ribosomes attached t o  their mrai~branes (Filzure 5). S<,J,~P 
hepatcjl:ytes showed densely osrnoplnilic chromatir-1 in the nucleus s x ~ d  tibe 
cytoplas~nl showed th.c pscserice of fatty infiltration, swollcn mitocondri.;, d i l n +  
ted srnooth cndoplnsrnic reticulum ;\nd mi~ltivesicular Zmdies. Other hep;~.- 
rocy:es showed only thc preser-ncc: d multivesicular and autopl~agic vacuoles, 
rat ir,lobirles, myelii-i figurcs and membrane bourrd vesiclcl; (Figure 6). In oehcr 
hepntocqrtes, the n ~ c l . ~ i ~ ~  was prominent with a well riirarked roradenscd r.tucleolu!i. 
In these the cytop1asmi.c orgartclles were !7ot readily rccognisablc except for 6;lt 
globules, distended vacuoles and myclirr, figures (Figcmrc 7). Ailother ma.p.:cd 
feature was el-re presence of a large number of microvilli projecting ia~tc thc j~rmcr-r 
of each bile can;t!ic:ulus when coanpsred to a bile cannliculus in a 
control tadpole (Figurcs 1 nod 8). Some bile cana1icul.i were grossly 
distended .with icw wiicaovilli projecting into the lui,nen. Jn ~hc-se hel.ratocytcs 
the nuclctolus was swolAe~l but did not show n~~cleo la r  cipping. Giycogcn was 
noi: present in the hepatocytcs of rhi.sc tadpoles moribund on rhc  Lnd, 3rd a ~ d  
4th days a f t e r  treatra~ent. 

In those tadpoles that survived the trcatrncnt a r r d  who wcre sacrificed afecr 
two weeks, the l>epatocyte showed cc>rnplctely normal cellular :rxclairectulc and 
was slrrliLa~ to the  hepaeocy~rs of the control tadnolrs The nucicoius appeared 
normal and the cytoplasm showed the presence v i  311 other ~ r ~ ~ ~ i c l l e s  and t h e  

presence of glycogen. 

r .  

[ he  electyon rritcrobcopic findings l tr  this strrdyr support th(: observatro~s oi 

Arseculasatne el  a12 by light rnicrostopy. Nuclncar ch~nges  3 r d  cytop%rasrri.cc 

vacuolationr was very well marked In the present. study. The  hepneocyrrs sho~ved 

various stages of celleilar drgraetatton. Thc vesicular nuclci obserwd LY Anse- 
cularataie r t  albwas probably due to the d i s p e r ~ ~ i  of chromatrn arlt~ch sho\ved xs 

vacuotation tn lighr microscopy. 



T'he findings in this s tudr  closely rcsernbled the ol?scr\~atir.)n of B ~ s s i r  2nd 
PSabalnuurni,3 Butler 4. 5 :xnd Svoboda arid Higginsortg in t h e  r a t ,  in thc. rat- anti 
in t h e  monkey b y  Svoboda, Gracly nncl EliggiresonR a ~ l d  it1 t i l ~  duckling b y  T ~ h c -  
ron10 and Thci-on, i,icbt.rabcsg and joubert." Sixnilal- cllanjics ~vovc obsrrvcd by 
jayatiiaka a n d  Maxwell6 in :he hepatcicvtcs of Xe,,ol~ics lae~!is (L)tiudi~l) fnd1301c. 
Pduclcolkar capping, dilatation of rough tndop1;lsmic 2nd sn~oo t l i  c i idoplas~~i ic  
reticula, mitochondria! en;argement, ,nu"rivcsicular a r ~ d  :iirtophagic vacuolcs 
and bile canaliculi hyperi)l?sia have also becn obsvrved il l  this s t ~ t i q ~ .  

1i-1 eultaryocyte organisms, a defrnitc ~ i a ~ m b c r  of chrc?mosoimvs ci t he  celi rrl.lc:. 

pant in orgnr~ising t h e  nc~clcolus--cal!cd xlucleola.r- otgorlisers. I t  i s  sccn :is pouirru 

cteoiar c-.hxorn:~:in. For this purpose, rile chrornosox~les were locntcd ciosc .to 

r21c nucleo!ms. Allison a t ~ r i  P a r o n '  have showr> tha t  cinyn-ies librrnrcd frorxl 
lysosornes may enter  ehc nucleus and produce ci>ro~rloic_rmnl rrbcrr:ltic?1?5. Tlicir  

two wai-krrs have shown t i ~ t  I Y x ~ s ~ r r ~ ; ~ ~  C F I Z ~ I I I C S  ~ X - ~ ~ ~ U C C  chroinnt.id hreaics a n t i  

play n p;~ui: in carciilogenesis. kysosni-i~ai cnz.ymcs c:ouIti r;aIn access to  ~ : C . B I C ~ ~ C  

material aind cause changcs without impxiring n ~ i ; ~ : j i s .  Lyso:;c)rlrcs c a n  be alfccicd 
by caacirlogcnic agents likc aflaioxirl i i d .  TLlcgrnr~ulnr clen~:u?nt Ilnvc hc.cn shov;ri 
to be RNA and the  fibrillar e!ernsrkt-s t h c  EN24  strantls. 'Thus nrlcirolar c:ipy:~:,; 
:nay be 1:'n.e earlicst changcs sect: 11) thl: nu,:lc.c,!u:: of  tho:;^ cc:!li; thaf ini:7,, 
become cancerous due to  a char.,gcci genetic s t r t l c t ~ l s r .  

Thc o the r  ohservatiorls were rn:blnly dun t o  rho acutc toxicity of thc hcpato- 
cytes. Thc  second day tadpoles :jhowed batty ir~fi l trat ios~ in rhe cytoplasnl w h i c l ~  
was R characteristic Ccattxrc in t h e  hepac;ocyt~s thosc caclpolcs wl-10 u:crc mori- 
bund on the 3rd nnci 4 t h  days. The hepatocytes of the eacipoltrs ivl lo  were 
rnoribillar.1 an the Znd, 3rd and 4th day a f te r  tr.c::tn>ctilt: sliowetl a1eer:ition of the. 
s t ructure  of the organelles in various dcgrccs, \nrhil:: i r l  :;@me hcpntoiytcs the 
picture was tha t  of ccli death.  

The hepatocytes of those tadpvlcs ivho stir-vivccl thc i r .~c i t lnc : .~ t  cf io\ jvt~-i  no)-ma1 
structure This pzrl~aps was dur: to t!.ie fact  that.  he I.rop;t~.:~cytcs eith-I- hnti 
unde~goxre regener;rtion ir l  the  liver or tXmt these I-icpatocyi-cs 1vct.e not nffcctrd 
a t  all. A r ~ e c u l a r a t ~ t e  ei alz  reportcti that tklosc tadpoles which survivcd bccarnc 
giant tadpoles and t h a t  the pel-iod of ihcir mcta,norplaoscs wos iiclaycd. Thus 
i ~ :  m a y  bc pcr;tulated th:it t h e  ~nt taboi ism of the radpolc was in s o n r  way Scr.21-1. 

gcd b.y the toxicity ad the I-repat~c.~tcs b y  aflatoxin B1 nnd th is  in  rtr7;n mny 

have cau.je3 disruptinn of tile nypo.thalamo - hypophysio - ihr:~:oid axis tberebv 
pl-csducing g ian t  tndsolc*s and also dci,iv in ils~et:~riiorphosis. 

W e  \ N ~ s ~ ; I  to thank Mr. K. M. 'i:. Ekan>avake, &lectr.or? h4ic1,c1r;copc 'l'cchnician o i  
t h e  E!ectron Micr'osiopc Unit of the E:acuitY af hfidic:ii, Dent a! :;.r:cl Vc:erinrtrv 
Scicnces fo r  his ti.c!i:.iiia.l assistalcc? and th: Natioilal Science Council for 
providing funds t o  carry o u t  this study. 



Figure I. Arl e!ectror~ misto;~rapl.~ of a i ~ e p a t o c ~ t e  in contra! .;;idpole 
showing ~?ucicus CNS, nuc!eol.~.~s (nil, nlitocl->ondria (M), rouall rnc.io.- 
pl:~c~mic r c t i c u ! ~ : ~ ~  ( ~ c r ) ,  vact~o!c (V), a~rd  g~ycorzcrl (yr). At.ro\vs 

s!\c;al tigli? jiini;tlc:n:, I-)en:- '> i l< ,  c a i ~ ; i l i i u l l ~ s  (bc.). x l O , L S O  



FigLlre 2. An t . ] r ~ t r o i ,  ruicrogl.;iph of a l~c~>:?tocyt.c in a tai[po!c 
mol-ibun<l after two  :j;lys of trext-mcni showing n-cic!cohi capping (111) :>nd a 
Cat v: lc~~o!: :  (fv) . 16,000 



Fit;aiira 3 ,  An electron ~xicrograph of a hepnrory.te in :I tcldr*iolc 
1x0,-ibund after tilt-ee days of i - rea tmeat  skic.j!.~iing 11-rcgularIy shaped nuc lcue  
(I'd), suiollcn rnitochundri:~ (M), electron fat w;ic..uoles ( f ~ : ~  varuolc:: (Sj 
;ILI [ol.)h;,gic. .V;~CI tolei (DV) i l c - i d  x n e m h r a r ~ e  Lorrnd csystals ( C ) .  s 16,000 



,4,n Elrct,ro.ii Microscopic srrrdy of the Liuey 

F' i w r e  4 An electron nlrcrograph of a heparo~yl  e ln a tadpolc moti 

bund af ter  four clay$ of trcxtmenr show~ng disrol red l-rucici (".I), ,ltlaced 
vi~cuole., (V)  and autonhagic v:c~~c)les (av). x 11,750 



A n .  Electron ivlicroscoj>ic s ~ , ~ ! d y  oJ r!?. Li4.p~ 

Figure 5.  An cleci-I-on. micr-ograph <jf a llepai:ocytc. i n  a ~ ; \ d p o l e  i x o r i  
13ui)cl ; ~ ~ I I T I .  iiiu1- days of treatmetlt slrowing Jistenclcci rorlgh cnilol,F;~slnic 

I - C ~ ~ C U I I ~ I ~  (1.c1.j 3 r d  ri bo:;omes (r). .x '5,000 



, 412  EIec(.rori Mic~mcopic  sl,udy of the Liz'er 

Figure 6.  A n  elect~:on micrngrap'h of ;I htpatocyt.c in n tadpole r.rlor-- 
hund ~ O ~ I I :  days after treatrllent showing autophagic vacuo!cs (;\'I!)? catty 
vacuolcs (fv), myc:lin {jgures (m.f:~, vacuoles (V) and crystals 
( C )  . s 12,750 





Figure. 8 .  A n  elec.tron rnicrop,r;~~l-r of a hcp;lr.ocytc in u t:~c$pole mori  - 
bunk1 ic.)u~. clays af te r  treatment sho\,virag inc1:eased n~icroviili (vi), ~:jrojec.ting 
into ;I bile cana!iculus (L-,c). x 16,080 
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