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ABSTRACT 

The miioc/umcirio.'rich (Ml?) cd!s {also called chlOlirw a/lis) lit tile gfU epithdiwn (If 

adul! tilapin Oreochromis fliloUctls tl'e!'{~ if1CestigCli<:d (It the light Hnd electron /luau­

seD/Jle tet,ds, Three types qf MR cells, the a, {l amt acCt's!wry edIs are obserned. In u& 

dUioll to numerous mitodlOilckia. a c/;aracierisUc fe(l[w"Z' .for th! cytoplasm qf the iden­

tified three types was the presence of a netu)ori<; ofmcmLm:mous tubules. tile tu/)uiar 

system:, Connected to the basoJateral plasma mem!;rane. The: fJ ('eHs werejouml exclu­

sively ill tile interlamellar regions qf the .fi1amenls. in addition to tlleir wcU-deprluped 

tubulnr syslerrL they contained IUllllf'i'OHS deeply st(lirwd elongated mitocltondrin dis­

played dose[y packed cri.stae within a dense maM.:\.. Tile ceHs were devoid qf :!w (1pi­

caf structures that were pret'Wu.slu described in other .fish species_ Sma!! dongnted 

celis were seen to be closely opposed to are lateral side <-!.f fhe f3 ce{ls; they had a ir-ss­

deueloped cHbular system and lucre considered 10 be ntxessoru cells, The a cells w(:,re 

present along the /nmeliae. ill wntr(lst fo the /3 cells. they exhiiJited a weU·dccelopt.u 

gmJtulor Cl1dop!fL5mic reliCHlwn ond !he tubu[nr system WDS lesser developed thall ill fJ 
cpUs, The possible role of rhese alree types Qf MH ceUs in oSl1IDregulation during adart 

life is discussed. 

Key ttNJrds: mitochondria, rich ce[!s: chloride cells: gift epithelium; Oreochromts lliloti­

cw'." ieleostct. 

INTRODUCTION 

1 

TIle mitochondria-rich (MH) cell!'! [also ('filled chlDride ceUs) uf the, gill epIthelium pldys a cru~ 

eial role tn the ionic rcgult\tion of fish (Maetz. 1971: Pisam et aI •• 1995; Pisam et a1.. ZOOO). 

Whereas the ion·cxtruding at'tivit)' of tl:w gills of seawater fish has been demonstruled 10 b~~ 10' 

eated In th\~ chloride cells (Foskett and Scheffer. 1982). and the importance of these cells is 

well known, the 100HlbsorpllH' funcL\oll ns.t'ribed til 11ICsc cells in [reshwatel- fhib has been 
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shown only l.ndlrN'tly, TI1cse cells have becn describ('d as n~(1imt'ntary in rresbwater nsh (Fos­

kett et a1" 1981). How>:;vcr. other phySiOlog!('aI, b!odu:ll1ical and uHrnstructural studIes have 

established a close relaUonship !)p,tween Il't'shwatcr ('hlonde cells awl the uptake of Uloilova:cnt 

and divalent ions (Fayan et al.. 1981; FUk et al.. 1985: Mayer~Gostan et al.. 1987). Further~ 

more, thes>:; ('clls show adapUve change", sud} as cell prolif.c-ntIlOn when the Ion 1>111nl1(,C is dis­

turbed by (edm'cd water fOil kvds or by various types or W<:l!(T pollution (McDonald 1983; Lei­

no and McCormick 1984; Laurent et aL, 1985; Avella et a1., 1987). 

Teleost ch1m-lde eells are s'rtwll1rally (';ldrnderized by m<my slm:111 mitocho:tdrla dlld an ex~ 

tensive system of small brUJ1t'hlng and anaslomosing tubUles, wherc ion~transportmg cnZ}'"lIles 

such as Na+ IK+"ATPase, Na+ JH+~ATPasc <:Ul(! transport Ca 2+ -ATPase arc 10{'<llcc\ (Hootman 

and PhUpott 1979: Fllk et a1., 1985; Balm et al •• 1988;: Pisam et at, 1997; Pisam et at .. 
2000). The tubnks have a lu:rncll that !s continuous wHb lilt:: extracellular space vta orifices in 

the basolaleral. cell membrane (Saxdet ct aI .• 1979: Laurent and Dunel 1980). Vesicles are 

presem between the apteal r.1embrane and the tubular sy:-;tem 111 the apieal rytopidsm (Pis am 

1981; Laurent 19S4l This strudllrt: is tYPicai or chloride edls of fisb Ih)!ll freshwater and sea­

water. 

Based un ultrastructural t::harut::tcrigtks, two types of chloride cells were distinguished in dif­

fnt:nt spet'ies of teleosts (Doyle and Gorecki, 1961; Straus, 1963; Shlral and Utida, 1970: 

Plum et a!.. 1987. ptsam et at .. 1993): they were re!cal:d to as Ci and ~ chloride: "dIs, The 

presence of arcessl}fY (A cell) cells is {'onsiden:d t:'r1*'al of se;XW~lter fish (Dunel-,Erb and Laurent 

1980; Chretien and Pisam 1986; Pisam et aI.. 1988). 111c"e ('ells have been intt'rprpicd as im~ 

mature dHferenriating chloride ccns {Sardct et at 1979; Hootman and PhIlpott 19801, [n tila­

pia (Wendellar Bonga and Van der Meij 1989) at;c('ss{)ty cdls jf] l'reslnvater fish, albeit in very 

low number!'> are found. In 1995, Pisam ct al. examined the- npi<:aI srructures or the two .:v1R cell 

types 10 salmon and tHapia malntdlned ie, freshwater. In ct cells. lhey consisted of isolated vesi­

des located c1ost~ to the apical membrane. whereas they OCCI IJ:-lled tJ1C \vhale supran!1ciear region 

of f5 cells and orlgtnatinJ4 from the juxtanudcar Golgi apparatus. 

There hfwe been few studies on lhe ultrastructure or mitof'J,ondrfa-rteh cell,,; in the gills of 

frcshwater fish. Mon::over. the nature and possIble orIgin cf 1he structural dtversity chdraderis­

tic to gil! MH cells is sUU a mathT of debak. Therefore. the primary o':Jjcctlvc of the plTS(~nt study 

was to descrihe lhe ultrastructure of mittwl:ondI1a-rich cells in the ,gills of the OreoehrOlllis nUat­

icus durIng adult Hfe, Such study is erucl[\l in order La find ntH whether the dilIercnt types can 

he distlngmshcd and to detcnnIne wi.lether these types arc cOl:sith.:TCd either as clitt'erent dcvcl~ 

opn~entul stap,es of chlQride cells or as specIfic cell -types, 
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MATERIALS AND METHOD::; 

Ten sexuilUy mature male nod female tHdpia 'Oreod1rnrH1~ n;i;J<!' . ';j, !0 L,n l.~- li!apia nilotica 

were obtained from laboratOJY ~tock In L1eiJd.rlmeu( of FiS!l H,""dth ,' .. ~·u;nl! :~h "I AtjuH('ulture, 

Abbasa, Egypt. They were kept in 200-b~er aqu;;:l.ria t"Gnt;ulIlug !h'J1-Cil!U;iwll<:.<l !ilp water, at 

25°C with a daily 12-b photoperbd. For light microscopy, giH Sdl!li'["'-; \\',-')',,: li.;,1 <:: if) 10",', neutl'd 

buITered formalin, dehydrated in ascenditH:! Nhanoli(' scrie~, dedl>.:'d in xyl{'uc 'JHC~ nnhnidcd in 

paraplast. rOllr to nyC mit:"l'on :,(;cUons W'CH' cut and stained will, 1; "nd E l"~,S :;n-.d Masson's 

trIchrome, For transmjs~ion €'Je. irur) microscopy, giH aH::hc'- VI-'ere dh',ci'l,.,l ,)~Ji ;;-,'l(l It'\.eo for 24 

hr at 1"00111 temperature in 2_5 ;~r" gletaraldehydc In 0.07 ,;odhnll cad, J.','l~de utlll:-r (pli 1.G). Tht.-·y 

were postflxt"d fur 1 hr at room [('llIpcraLn'e in 1% osmium j('lI"OXltk ::"L/J': til!" "';(tJll.~ boner, de, 

hydrated ill ethanol and emhedded in Epon 812, S("wi"!:i11n 'wellon':> 'XI','\; ;-,LiiJed "·illl <til aqlJolls 

sol.ution of 1'10 toluidine bluc. U!rathin h("ntons were obtained lUdlg Cljnll,nnn knitC, mounted 

on 20D-mesh copper gl1ds, Tht"y were (\lll1b,c stained \yHh drduyk d('(l;J!(" i1dd )(':-.:1 (il!a[c and 

examIned at 80 kV .. vitl! JEOL Ivn c e!cdnnl nucroscnpe. 

RESULTS 

Llght Microscopy: 

The gUl of OreochrOlnis niloticus consisted of four brdmi1ial ,trl I.,,' n";:.;. J;. ,-"ch of which 

bears filaments from which lamellae n-idlatc. The gill arelies {·o11&is(( II ,lJ )OOH". {Ui:ilenive liSS1X' 

cOntaIning a ('Jrtilagenous rocL some skeletal muscle fibcr5 <Ind 1<"1r~',: ','(',lolh "111l"lSf"5 ill !\lell' up-

1<:al regions (Flg. 2). Eat:h mament \vas sl1ppUed by al1el'en! arl<:riuk ::w.:1 I;, d"dnnl hyefferent 

arteriOle. TIl''' I"egion of the filaUl(,lll5 10>."1\('<:: between Lwo iHUi:ln'H! Llll1C.ll-iK i<;: referred was the 

interlamellar rcgion WIg. 3). The core of (',,('11 mament", ('un!,1:ncd;J lodghmlit;;'I:l" ,,'HT::1l1g:'d cJ.pil 

!aries enclosed in a very thin ('Ontlcr-Uve li~c,ue layer (Fi~. 3), The !fill [tl2cl'ot:ol'. '-Jut j,um:lIdc W(,I'C 

covered by a simple epithelium (,OllS!Sti:lg of three main cell typcy,.: the iI;;.IH'!iC() epIthelial cells 

(pavemcut cells}. mucous cells .;U1d t~le mitochondrlfl.-rich :chloridcj (dis, Til..: lj topJasm of the 

mucous cells was PAS pOsItive (Fig. 4). in contrast to the PAS negalivt; l,,;)vCmu:i dm;1 ('hlorlde 

ceBs (F;:g, 5), 

Electron Microscopy: 

Many milochondril;1-dch (thlnl tde) cell'" were rc("ognlled anVJH~i 1]-; -: Cti:nII.IJo'\ ('( :~"" or both gil! 

iUalllents dnd \,unellae, The mitndlOnciria-dch cells were ovold or ,::qj,gdh,li 1;, '-JiktjJt' with elon­

gated euchromatiC' oudei (Fig,G), The apical cell membrnne wa~ ("ihur:d by" ll1in cyioplasn~ic 

layer of rhe neighboring pavement cells (Fi,le G), The ("ell di:>pldyed ,~ -"Cll-Lt"-cl(lj)c.\ lubular sys-
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tem made up of long anastomosing lubules, which Conned a !po,,>e network !Fig, 7). ]he elongaLec1 

mltochondrla were deeply stained and dbpk'tyed numerou,,; closely packed eti.stae Witbin a dense 

matrix (Fig. 8). TIle endoplasmiC reti(,ulum appeared as inten'onnectcd cisternae loc<Hcd prefe· 

rent1aUy jn the pednudear region [Ftg. 8l Numerous small electron-lucent Or dense small vesi­

cles and multivcslcular bodies were aLso observed within the apical cytoplasm IFj~. '1, OJ. TheBe 

cells were exclusively encour:.tertd tn the lnl('damell[lr {cgifms of the nlaments.. The ell;.,j dbution 

and structural peculiarities of the~ mHorhondr!a-rich cells suggest !har the lattcr 'Were 13 rells. 

Some of the fl (hlonde cells were assoctated with smaller ceUs with variable "hape thut were 

closely opposcd to their lateral sides Wl,t.;. 10). TIle&e (:cEs were attached to the 13 chloride cells by 
. -

shallow apkal jUllctlqns. TIley were <ltwfly'" linked to ad~ac('nt pavement cells by tight jl I11ctions 

(Fl/?:, 1 U. The cells exhibited a \Vell~de\'cloJ}f"d tubuklr S)"Btcul with no fJ(" JlIst a few smnU elec­

tronwlucent v(,};j(,Jcs in their apices [Fig. 12). <lnd \vere considered to be aCC-(:sRory (A) cells, 

A few mjlochondrla-rich cells ",,-ere stlucturally :nlerm('dlt:itc between accessOl"y" "db; "nd P 
chlortde cells, They were ex(']usi\,cly loand in the epllheliunl nf lile lamellae, The}' ,\vere elongated 

with much lighter cytoplasm 8nd their api{',11 $urfa('l~ was separated from the externa: medium 

by a layer ofpavt'!1lcnt cell cytoplasm {Fig. l3}. TheIr grrtllulc1r endopJaslnic retic\\lmn wn,s more 

extenslve and the tubular system ,<vas Irs;.; de\'eloped ttk,n in P ('clI,.( In some areas lilt' fER cis­

ternae W('fT' seen to be contfnuous '\ .... --;:th the adjacent l1lern')ranOUS tubules !fig- 13, I .. H. Golg! 

areas, which were scarce in p unu aC('('s501-:>- cells. were cocmiOn; the nuclei were cllchn)matic, 

Their apical ('ytoplasm (ontaJncd fewer elon.;:;atcd ml1ochon<L'ia and sparse tubuies (Fig. 1~-). 14). 

DISCUSSION 

The heterogeneity of the mltochon(h-ja Ikh [chJoride) cells ~li)S been noted by Sevei'dl investi· 

gators (ShiraI and UUda. 1970; Richman et al' j 1987: Pisam ct al •• 1987; Pisam. 2000), In 

the present study, three types of mUochondria rich ('ell:;; have heen identItled: P, (J. and accessory 

('ells. UllrastrUt:tmally. the cbaracteristic fentures of the 1'3 cells in the gill of OrenehrOl11is nlloH­

('llS JnehHJe:l) mito(Chon;Jrlai profiles th~d are ablmdan( and large with dcnke matriccs and 

densely packed crjBtae: 2j a well de\'cloped cytoplas:1I1c tubular $.ystem: 3) a lack of a vcskulo­

tubular -system 111 the apical tytoplasm. They,·,tere exdusivd.\· found in the inleriamelldf region 

ofthe mamellt~, With the ex('cptiolJ of 1he lack or vesknlo!nbular system. the p cells described in 

the present study had ultrastructnrc and d!str1buttonal pallem feal ures reminiscent ot tho&e ~ 

cells described in other fishes (Pisam and Caroff. 1985; Karnaky. 1986: Chretien and pisam, 

1986; Pisam et al., 1987. 1993: PiSQm et aI •• 1995; Rojio et al •• 1997). The exact [UI1{'Uonal 

roles of the apical structures havr: nm been dctenntncd y<:L In this respect it ha,s been reported 
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that the apkal srnrctures do not "OlTc~p:nH:J to 1YS0501l:('l": (hc"\' m'c i'dridlv loe<:tcd in ,he- nplCa:l 

region of the (cll, have homogC'fw;ls c()nwl1l~. "md 3X(" rdaliv('ly c;iilli~;11'1:1 size. MmT'O\"er. in con· 

traM to ly-;vsoU1<.'s, they arc nol endowed \\.'ltlJ cytJdinc El<J1Wphosplla1c f\C'uviTy (Pisam et al. 

20(0), They nwy con'espcnd to I'drbohydmlc-C'ontalnlng ..,{'ni'toT}' ~ral11:ks, originating (rom tht~ 

:runs-GolW; network (Pisalll et a1., 1995). ':';It' I1Hrncrous ll1ill;chonclrm find an ext("-llsln' !l1l)l1:nr 

sy,stem tOg€'th(T wltb the abselw<' of ~!p:('al structures Hla~ h;:n'c be('n H'"\'ealed 111 Ilw p~'cscnt 

study suggest rhat the OreOdll'OJIIL'-> lIiloticus 1\ cc:~s arc i1r/i"T ;-'lIld likely !u be llElinly invp;ved in 

Ionic trHnsfen1 rather ,b,m s('cre\nry fUl1clions, A similar cOllrlu<:.i;m reg;:ndlng hi)llJologPII:-i cells 

was rcached by sEllcrallnvestigators (WendeUar·Bonga et at. 1990; Pisam et al .. 1993; Shiko­

no and Fujio, 1998 a, b), Our intupr('lalhm may also (,(luctH'wHh !hose 0: Hwang et a1. (1994) 

who suggested thaI the )} mitocilo;)thia-l':,'h cells of rlw gills miglll be iayolvcd in the a('/1\'(' up· 

take ofCa++. They proposed t.hat ill U!apja, the incrcd,;>t' in a:w body Ca++ conknl observed aftcr 

hatching :nay bt' due to the tUfcrent[<IL!(ln 1)[ chlo!'ic;c n::b. 

The accessory cctls. rcvculC'o in tbe prel'l('ut ktudy, hav(, lhe ultrastnle-jl1rr: cila"ddcrisiies of 

the ac('essory cells found in fr('shwale:- Ush (Laey. 1983. Leino and McCormick, 1984, Chreti­

en and Pisam. 1986 and Plsam et at., 1989; WendeUar Banga and Van der Meij. 1989). They 

a.r(' elo<>{'}y nppnscd to the lalernl side' of Ihe fj reBs ill nll;' il'ul':'I£l:lr,('!la:' region Df the m<\;))cnts, 10 

tompariSoB to the p eells, the af'(l'SSnry ('ens obsen'{'d ill (!ie pn>;ent study show d : .. ".,s devel­

oped tubular system, TIwir apex is devoid of dpieal :'>1 rJl(ll1rcs. nw,;>vc~ on the prrSe1H'c of ks-s d(> 

ve!aped tnIn!ar systcm, Wendellar-Bonga and van der Meij 11989), Hootman and Philpot 

(I9BO) and PiSRlll (1981) pTap0~ed th<-ll Ille acceS"lory ('ells nKly ml-respund tn )'PUIl"; [; cells 

with whidJ they arc USsocii1ted. In matlin. jllc perrcm"ge of dCl'CSWly cells is eorreJatc:c1 wiih the 

rate of Inert>' ",e of the lotal number of d11nride cells (Leino and McCormik. 1984; Wendellar 

Bonga et al .. 1990), Thi~ rc1atiollsl\I;J sU;JPorls lbe inteq.)Jvli:liPl1 1)[ the-sf:' r:dIs as young stages 

rather thilll as H spe('Hk type ur ('il1orirk ('ell, In conrrrts{ to t he <lfuren~enJio:lt'd p:'opns,\l. the 

present study clarified that the itcn:"sory {'C~:~ ace alwnys found {o be adJaceut to Ow b:enJl side 

of the j) cells and Hut at 'beil' 'ba<";: as \\/ould be the ('a;,;e for yilUll,~ cells involved in cpU !l.cliat re­

newaL 1ht1S, t!.Jey should be !,:onsi(\ef('(l de; <'I n:lluial' I"yp~' will] an orig:n and a I1lOde of (lJffercnti, 

aUoD difi'cl'ent i:'om those of the Illilnchllmlrla ddt cdb" to which HIi'Y are adjacent, as Wd':> clem­

onstrat(-d iI'! {he ¢uppy aflcr 'hI ~l\\'.)lidll:('. hldiOautf)~raplty {Chr tien and Plaam. 1985}, 

1t is possihle ':Elt lh<:re arc d:lkreul t,rpc~ 01 accessory edt.;;, ~lu('e severa! ,-1!lthon§ have rc­

porte-d that, 1n :;j"i.wal(~r fIsh or r~<lIJ'y:l<lilj(' $("lw<)ter ddapkd fish. ;-.plcal C'}iDplnsn:H' processes 

of acccssor)' ,'ells Inie>CJI})tate Wj~:, 11:<,: dpIcal cytoplasm q] llcig:hhorinp.( malure chlt)ride ('ells 

(Sardet et a1. 1979: Dune! and Laurent 1980; Kwong a.nd Hirano 1985: ChretIen and Pisam 

1986: Pisam et al. 1988), Nl"ltlwr Leino and McCormick (1984), nor o:Jr grnnp lMve nbscrvcd 
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{his -type of inte,dJgitation in filtllcc-1II n:lmlOrs or Orenrhromis mloti('us, respecllvcly. 

The a MH. cells have the s,\tnr ultn-tstfjw;urai charac,ensHcs ilS the tJ celli:;- fotlud in freshwa­

ter juvenilt: salmon and ti13pia tPissnt et ai .• 1995). hI COmj1Ol.fiSon to ~ celis, thcir grclnular en­

doplasmic reticulum ls more extensive, the lubular system less developed. tJ1eir apical cyjoplasrn 

contalnetl fe\ver elongated mitodwnaria aml they ale cxdw,ively found in the cpithdlHlJ) of the 

lamellae. The diGtinctlve ultrastmcfure i:ll~d disullmUon pari em of lhc a cells mlgl:1 kd us io 

propose that they represent a disHndiv>; lHiloehoncria-rkh cell types rather thun tlwy nre devel­

opmenlal stage of j} ceH!,- This ('OIlC:lusinn ,ul1cur wil1, ttml of Pisam et a1. (2000) dC,lllll1straling 

that tn brown tfOUt. the a cells appear i.ll lJ later deveJopmvntaJ lSt;;gC than [he b edls because 

O)ey arc only see-n after Y(llk sat rC's(lrpllon, p and i1 celJs are thul>. dlffe-n:nt mJ.tochondrla-rieh 

cell types and not developmental sk'll?,CS or (he same (eil typ,' as postulated by Wendellar-Bong;a 

and van der Melj (1989) in mapia. 11)c (f. cdts have a \\.-dl~dt'velopcd tubuiar system. in Keeping 

with the findings of Shikano and Fujio in the guppy {1998a} and ill ehum salmon Ily {l998b}. 

whteh ShOW0d that Na" K+ ATP.;ise tu:Uvi:y was higher in (.( than in j) MR ('(:Us. Tlw ex c('Hs mI~ht 

thus be particularly involved in ~a+ alld K+ (I"ansier:;. 
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Figure 1; I'hotomk:rngrupll nl " ji;}jll l1;jl li'''I.'upl, ;.,,","ilo!] "I or(odlromis ni1otlc\.l& F.:iJI showing 

tnt' four bnm.chl"l iq, Ih'4 Inn;l \dlidi iibllH'IH'i d!Jd lilHldlae radialf:. !-I &: E X 40. 
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Figure 2 

, 
I 
I 

i 
i 

• 
) 

i 
\ 

Photomicrograph of d lIght mi' n,,",copk ::-.edion ,ll Oreol'hromls nitotic:lS gill showing 

rhi..' sinlctore of till' gil! arclw>;_ :\ok rar:llaW'llnus rod, skeletal muscle Obers and 

larg:e v<:>nous Sinl;1'>c", in HICif dp:<>d! n:'J;l;0l~"_ II G' E X I (l0. 

MansourUt lret, Med. J. Vol. lr. No.1. 2003 



H. E. S. Maret 

Figure 3 

01(' KlrnrlnTc nC 

Mansoura, Vet. Med .. 1. 

, .,. 

9 

0.'(11:' "', lilL!! j·,:pillari(''.., al1t~ delk;)k cnnHu:UVe tis­

-I rkj::':'JlY X ~(l(J. 

Vol. v. No, 1. 2003 



H. E. S. Marei 10 

>;: \';" " ii· 4 -, 

": , ,. 'i.V; ·;h 

Figure 5 : Photomicrograph of a section (,j Oreochronli" Hj:UU,us gill showing the gill hlaments 

and lameUae wen: ('overed by ,) ~Impk' vpllhelitlP1 ('overing the glU lamellae, Note the 

PAS-positive mllCOUS {;elb 111 nmlra:;t 10 I)AS~l:(>,t.:" live pavement and chhride cells, 

PAS X 1000, 
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Figure Ii 
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,n",):, Ilil0liciiA gill SlIOWiIlJ.: the c<'n­

o ',LlI'imt" !)lllC X 250, 
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Figure 7: TE.:I.1 of ,3 l:ell showi:l~ JilHaC!'lM,,", elongated darlt J:1Ho('!)llod:'ia (n, ~>,:cll·den:lo~d tubu­

lar ~ysteru r11. until;, csi(,llliL ';udie::> (v1. few r!:;;1{ 11Ibull:'" Itt lew 6mall Y('l>il't:ial' sys­

tem ({loI.Jbte atTO'.V;Wd(t;;}, ,w,d ,ulj,-W0nl W-('('>;>.'SOI\' tAl ('ell, XIOOOO, 
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Flgwe 8: I-lighu magnification (II the /3 {'ct: cytopl<bJh 6huv"lI1g nU.l1erOU$ elongated dense mito~ 

r:londria with closely packed tT~"tae (U;, lew rEI< htbulr.s (~.) and well developed tubu­

lar system (Ti, X 22noo. 
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Figure 9 ~ cell at higher IIlaglllfil'ali()11 s111lwing a we]] (kve1()pecl lubular syslem (T) and llumcr­
m~s deIlse TTlliochoIldrL-1 (IJ). X22000. 
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1i1gure 10: TEM of!} (P) am] <HTCSSOry tAl cells, Note dnllgated hel<~rochromatt(' nucleus (11) of A 

eell amI few mUochonciria ([1)_ X10000. 
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Figure 11 A wdl-devclnpcd j:l1wh"lI "'!plpl"x {,Jl bd\vcc!i ill .. ' aec(:ssory (AI and pa\temcnt (V) 

(,t'lIfj, X 17000. 
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Fl.gure 12 : Accessory cell at d higher m<lg:lilicaUcn. >:Ol(: n:u:!en.., {nJ. mitochondria (UJ, tubular 

sys~(,1ll rrJ. X 1300U 
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Figure 13 A general view of a (Al ('dL Nnh' !h(~ 1l11('kw.; (11] llli!o('hondria (U). rEB. (r) and ill de­

veloped tubular syslem (T), X kOOQ, 
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Figure 14 : Higher magnifieut'.un oj a IAl (·d! ",howing \;m,:.c ntlmbn of rr::H tubules (t'), llIilochon­

uria iU) ill-developed tnbulDr "yc-;tel11 111. X WOGU. 
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