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Ii ODUCTIO 

Gregarines ve been the objects of great 

interest ana much orlt has be n don on t 1eir systemati cs . 

However. little information h been done on 'tlleir cyto­

chemical nature. 

The polysaccharide content of the greear1nes have 

been of intere to ~any workers in th field. It haa 

been founc to present in a maller or larger quanti ty 

in all th gr rin a tudied so far. The ltnO\tJled, e 

on the chemical n ture of th paraglycogen has been 

extended by ,erei r, Jchrevcl and 't rk ( 1 ~/:;), who have 

classified the reserve polysaccharide 1~ Gregarina blattarum 

ns an amylopectin. In t.1e present study the presence of 

uch reserve bodiea rcact1ns pos1t1vuly for polysaccharides 

has been traced in t 1£ ditferent t ges ot th l1.f cycles 

of various gregarin s of' rt~n Ol a. ch study on n earth .orm 

gre arine lTas unCiertaken earlier y thatmnt mn (1977) 

The pr sence of DNA in the nucleus and RNA in toe 

nucleolus ana cytoplasm 1s 'ottell kno m. The presence of 
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extranuclear DNA in aporozoa bas evOked the intereat 

ot Mny 1nveatigatora in the fie~d. ( PrHr 1950, 

Lwoff 1952, Ray and. Gill 1955, Daagupta 1959). They 

asawaed theae structures to be of bacterial or viral 

nature. In the present study toluidine blue and 

Fluorescence microscopy have been used for studyin& the 

Feulgen-poa1tlve and •ethyl green poa1t1ve bodiea in the 

cytopla8111 o:r gregarinea. 

In this part of the 1nveat1gat1on (Part II), a 

c~lete cytocbem1 cal study on the polyaacchar1c1e and 

nucleic acid contents in the different stagea ot the 

li~e ,cyclea of the gregarinea including the abnoraal 

tropbozoitea that bave been studied in Fart I of the 
• 

thesis is : eported. 



MATERIAL AND METHODSa-

Earthworms from various localities in 

Darjeeling district were brought to the laboratory, 

dissected, and smears of the coelomic fluid as 'Well 

as of the seminal vesicles and cysts were prepared 

on clean dry glass slides. 

Where sections ere required seminal vesicles 

were taken out and fixed in freshly prepared Carnoy's 

fixative for about ten minutes, dehydrated and 

infiltrated with cedarwood oil overnight, cleared in 

Xylol and embedded in paraffin for one hour at 60°C. 

Sections were cut at 6 and 3 p. thickness, the latter 

being used for ~~uorescence icroscopy. 

The follo 1ng histochemical staining methods 

'~ere used. 

A. Feulgen Reaction (Feulgen and Rossenbeck 1924, 

modified after Pearse 1968) to detect the presence 

of DNA. 

B. Detection of DNA and RNA by 

(1) Methyl green-pyronin stain after Kurnick 1955 
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(11) Acridine Orange me~hod for nucleic acida 

(DNA and RNA) by Fluorescence method after 

Armstrong, 1956 · 

c. Periodic Acid- ~chiff method after Glick 

1949, was us d i'or the detection of 

Polysaccharides. 

D. carmine stain for glycogen (see Glick 1949) 

and Bauer Feulgen (see Glick 1949) for 

glycogen was used. 

E. Toluidine m.ue tain (Bee Pearse 1968) 

vac used for .studying basophilia. 
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PERIODIC CID/ ..)CIUFJ RL iCUOU IN ;JOI~~ 

OF THi: GREOA IN J TUDIED IN B T I 

(Plut.cs XXV Figs 1 - ~ ) 

polocyatis n.sp(a) 

Trophozo1t s:-

Th react1n 3Ub3tnnce occw rea ao red 

spherical bod! s. o;)cuch bodiev .fil~ d up the 

cytoplasm. The nuclear r· appear a colourless. 

Gametocyten:-

Cytonlaam of the gwn tocyt s w s filled up 

with sph rleal bodJ.es similar to thoae a~,;;en in the 

trophozoites, Th wall of the gam ~o~st was 

negative to P l technique. 

G metes:-

The cytoplasm of the gametes took up 

deep red colour. 

Spores:-

Spor wu. fdntly positive toP w re ct1on. 
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polocystis n.sp.(b) 

The colour reaction in the trophozoite&, gametocytes, 

gametes 1md sporoblaats was similar to that seen in the 

correspo11ding stages of the parasite, Apolocyatis n.ap.(a). 

The colour reaction in the spores differed from that 

seen 1n the spore of the parasite described earlier, in that 

the polar ends of the spores took up deep red colour while 

the main part of the walls of the spores was negative to 

the reaction. 

In both the above ~=es the reacting materials could 

be eliminated by treatment with saliva at 37°C1 for an hour. 

Apolocystis n.sp. (c) 

Bue to the paucity of materials, cytochemical work 

on Apolocystis n.sp.(c)could not be carried out. 

Apolocystis n.sp.(d) 

Normal trophzoitesa 

The cytoplasm was filled with minute spherical bodiea 

positive to PAS reaction. 

in the nucleus., 

A negative r.~ction was noted 



Abnormal trophozolteas 

Black patches described in page l27, seen in the 

abnormal forma of the par.asfte were negative to tne 

reaction, but took up Delufiela baematoxyltn which was 

used as a counterstain. Certain ~ nules in between the 

reacting bodies were alao stained with haematoxylia, When 

treated With saliva at 37"C for bout an bour the reacting 

bodies disappeared. 

A\9.) n,gen. ,n.sp. 

rrophozoltesa 

The ~o :forma of the parasite (larger and the smaller 

f orm) varied i n their ~eaction. 

Larger forma: 

The cytopla of these f orms were packed. with 

bodie which took up deep red. colour \tJhile the 

nucleus did not react to the tain. 

Tlte nature of the rcactipg JJUbstanee coula be 

confirmed with :uer Feulgen method. 

I'! ller .formsa 

With tbe E technique the reacting aubatance waa 

found t(l occur as red aph r i cal granules but these granulea 



were t 1 r in nwnb nd widely scattered. 

fh rc t of tbe dy loOke citll blue - When 

lafleld haetliltoxyltn w uaed as counterataill. In 

both the bov cases the re cti aubatance could 'be 

r llOVed by trea-:ment 1th iva. 

Trophozoite 1 

cytopl 811 a packe w1 th deeply staining sraDUJ.ea. 

In a011e cas thea granul 8 lay scattered in the 

cytoplaaa. 

G&Htocysta 

Th all of the gametocyat dld not take up stain. 

The reaid cytopl m in the g.ametocyst occurred •• 

deep re sso 

Zygot o; 

Cytopl . of th g tea and zygotes l OOked red. 

~orea1 

or u wer :faintly po 1t1v o the reaction. I n 

all the tag s ention . d ov , the reacting uterial 

dlaappeared When treated th saliva :for about an hour 

at 37•c. 
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toJDatoph9ra n. p. (b) 

~1e staining reaction of this parasite was the saae 

s in the ¢orweaponding tage of toeatophora n.sp. (a). 

gygocxst& n. p.(a) 

Normal trOJ,hzOi te 1 

The trophozoitea both solitary and in a state of 

syzygy sh~ed stro !flnity to periodic cid/Sch1tl method. 

The intensity of at 1n1ng re ction varied froa one in<U vidual 

to another. Under hi h magnification, the reacting materials 

were f ound to b d eply stained on the p riphery and lightly 

in the middl • Th trophzo1tea ined r d with Beat Carmine 

methoci. 

Abnormal trotihozoitess 

Th bnor l tr mhozoi tes w'"'re distinctly negative 

to p r1od1o cid/ chif! aet o • In c a ~ere the infection 

occurred ln tone•, th nomal cytopla stained red wl th 

the ta1n, but the tnt cted reaa remained colourleaa. 

Ga etocystt 

e wall of th tocyot w~a nag tive to the react1on1 

the residual cytoplas was ho ever atrongly positive to the 

reaction. 

• 
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orozoit c• 

cyt as positiv to h periodic 

cid/Schiff et1on. 

ores a• 

w r action wa d t cted in the vall of tbe 

apore. o lus•lik structures pre ent at tbe two 

ends or were n g tiv to tb re ct ion. 

Th pos:lt1 v r ct1on tn al:L the stage a meJitiODad. 

bov could 

t J7°C. 

remov d by the tr-e t M nt wi th aaliva 

~) n. en. n.a.p,. 

Cytopl s of th gr garlne wa filled with large 

elongated bodl e that took up red oolour very deeply. 

In tween the re ct1 t rlnla, hae..-toxyl1n-atainec1 

round bodi r isl'bl • iva controls could not 

estecl du to t lack Of su.tf1c1 nt mterial. 

Th1 

th cytopl 

ubstanee • 

f!!toeyst l n.sp( ) 

lte pr ont very raarJtable s tudy 

rdly contained any reactins 

'er encoUiltered where tbiere 

were no signs of tb re cting material, and. yet otnera 



PLA1'E XXV 

Fig. 1. Photolh1crograph ot ~toeyati:,~ n.,sp(a) 

sbowins the r<Jri ty of p raglycoge:t 

graina. About 6 can be seen 1n 

the cytopla • 6 X 4 OX 

Fig. 2. Photomicrograph of B(a) ahowl.ng the 

par glycogen granules. ote th blacJt 

bodies in the cytoplamn. Nuclau.a 

1 .. s. 

1s mask d by the par. glycogen granules 

10 X lOX 

ho 

10 K 10A. 
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were present which possess d about 1X or seven such 

granule • li va controls could not be tested tor 

paucity of tex·ial. 

ematoCJatia n.ap.(c) 

TJ-,ophozoitea &• 

cytoplasm vas strongly poaitive to per1od1o acid/ 

chif.t reaction. ne tl ve reaction was noticed 1n 

the nucleue. 

; Q2)n.gen.,n.~. 

~rophozoites1• 

Cytopluaft wa strongly positive and appeared 

urpllsh red to periodic c1d/ 8ch1£f reaction. ~he 

nucleus wae ne at1ve to th reaction. 

DISOUSSIO 

Paraglyco en ia known to constitute the largest 

granUlar inclusions 1n the cytc:wlatsm of gragarinea in 

general, and the cost idely dis ribute polyJQccharidea 

of parasites 1 \L~doubtedly glycogen (von ndt 1966). 

cb material has lso been considered to represent 

mylopectin J.n om of tbe greg rines ( Merwier, 

Schrevel and rk 1973). However 1 1n most ot the 

' I 
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ca e tudl d h , th oly cc rid r sent could lM 

11 tion method. 

In AC!.)n. n.. ~uocyat1s ( presence of 

glyco en could 1 1 uQr--FeUlgen 

nd at thod r ctlvely. results recorded 

her r 1 o in cont~ t o t t repor d y tta (1962), 

who tat d th t raglyco en pr in stwtopbo!)l g*•clall! 

cons1 t d of n ·trel poly eel 

In t cour ot tb r 

1n the two " .. .,, .... ~ 

ide otuer 

tudy th r 

an @..yeoaen. 

materials 

and 

.;.,;o;:;.;:;;;;;~~-- ne~SJh( ), coul ident1fi. d glycogen by 

usi Bali v 41ga tlon thod. 

In th 

n oted 

eriodic 

of th pre ent inv tigatlon it baa 

tth 

fro on r s1tt~ to 

herical 

long ted in the di.f.t nt 

lo ted in ). In 

gr nule 

th ~y tt d 

r cti o itlvely to the 

ried in ahap and size 

1n Apo10SY•t1 • 

es were 

but m spherical to 

c1e of Me!iosYati·a. al1d 

tanc raglycosen 

ghtly curved. .All 

localised 1n any 





of the parasite to tide ovor the unfu.vorable cond.itiona 

outside the host, implyi thereby that these stages 

would remain dornant and survive lone periods before 

infecting anoth r host. 

In ZYgocystis n.sp.~a), th entir area of the 

cytoplasm in ome case asumed a brilliw1t colour, 

whil yet others presented the reacting materials as 

numerous Tanulea sc ~t red all over the cytoplasm. 

In the .norrol individuals of the same parasite, 

the infected patchea !aUed to respond to the pe~1odic 

acid/Schiff methodJ the only plausible explanation 

that can b civan is t~t the raa~e products and secre­

tions given out by the hyp rp rasites represented areas 

which yielded negativ re ction to tho P S technique. 

1 £ f) 

In A~olocyst~~ n.cp.(d), the presence o! the patChes 

of cytoplasmic J.nclus.iona, appeared to have no effect on 

the number nd concentration of the paraglycoaen granules 

lying eloewh~r ~ in the cytoplusrn of tho host . 

In the studies me.ete ra0 urding th distribution ol: 

para.glycogen granule in the different tagas of the 

life eyelet 1 t ts en noted th t the r!lount i s heaV.f 



in the trophozoite and th gametocytu t es . wring 

n:etogenes1 , th resioual cytoplasm shows strong 

positive reaction to PA technique. Lat r on the 

positively reactina te,ial is entir ly used up 

hen the spor at rt developine. 

The trophozoite imbibes s much food as poasible 

and build up ROOd elycoflen reserve which is utilized 

subs uently by th pa sit • s the ametea and the 

spor s atart to devf}}op theae r serve food mater.lals 

re udually used up. Finally when the spores are 

fUlly formed. ll the glycogen reserve 1 terials are 

used up. 

No differ nces in the amount of polyaacehariues 

·aa noted ~h n studios • r 

easono of the yeut. 

de in the dif1erent 

very intereati 

esse .in tlu t the lycogcn granules wore :fetr and could 

b counted e sily. Instances where juat one or two 

gr 'nule::. wer f'r a nt \'.'er many and in a fm., indi vi<luals 

cornnlcte bsenoe of h~ renotine ~~ter~al was noced. 

surv y of liter till e reveal..;> that all reearines 

should .. ve a Bl! ller or larger a"or of polysacchari des. 
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The ra pi di t y 1 h !~hi ch .-.;:;;e•~ :;:.;;.;;;.;;.~~--. 

the mannel" in 't'lhich it c t.rrles out ita m tubolic 

ct1v1t1 s ith hardly any reserve food terials aa 

source of nergy is a mutt r ~hich n ed further 

investiga.:ion. 

:runt of 

glycogen re erveB were far less in amoun·t than in 

the bigger forma. Tlus could m an th~t these were 

the younger ~ .. s of the para ite, ana as they 

grm up they ccumuluta4more a11a mor· or th glycogen 

which 1u further Dtorod up ln th cytopla m • 

In the above investigation which has been conducted 

to stuliy th polysaccharide contQlt in the different 

mt ges of tb~ life cycles ot gregartng o~ eartbvor.a, 

the follow!~~ conclusions ve been reaChed:-

1. Th polysaccharide present 1n the dif:f'erent 

ata es of th 11fe cycle 1 undoubtedly 

glycogen. 



2. Th polyaacehar1c1 content 1• -.x111.111 in 

th trophozoit and ga~~etocyte atages aad 

deer se ~ dually during developaat. 

3. Inf'e;cted are of *"OCXR1 n, sp(a) 

f. 11 d ~o ho any presance of polyaaccbarides. 

4. N.ato sti n.ap(a) la unique in tbat lt 

h rdly pos8eaea such reserv bodies 1n its 

cytoplas • 



TUr; s~ MY Ol' UGL :tC AClilS I OOi 1$ Or' ~ ·~ tXWU:lll!."3 

S :JitJJi ~at I 

lPlttO 26, •iBs.1-2) 

(Plato 271 •ies.1-2) 

nPOl09Y~~ n. sp.(a) 

l'hc fll.tolrr..aa of h~ trot>hazo1 to \1< s d1at1nctly 

noP.at1vc to 'cul.~on rc~)ction. coruli.!l ifuttvictual 

- 1 2 t 

tr phozoi tea wore .tomul to 1arbour Feulfl'Cn-pou1 ti ve bodies 

in tho eytopl B.:J. 

of mnuto ramlles. 

Is L.'1l.ly tbeac bodies 1arc J.n the fom 

tronhozoi tes n!lo\Jed ntch s of ~eule;rut- losi ti ve orcas ln the 
sta.\:n. 

cytopla • J. e use of pyr'Onin""i"ethy'l r D'lfproclucOd 

comparoblc rcaul ts J.n tbat the n' toleun ahowC!d no trace cr! 

ethyly (Wee!!. T'1c l'tclorir enbrume rur~ the area adjoining 

the rn h"'nn wo up t~ID ;Jronin a ta1n deeply 1 neooo1ng 

11 btoYI to ~:"lrds th.e centrel ro3lo . • 

Violet 1f't.h1c~t 'O:aOGY <:a noticed in tt-u~ n tclear 

cnbrnne md h ar o 1 1e wentral 

or a of ~10 n el.mw wos lis tl.y 3taina1. Several 

mowch .. onatic Gr :nulos "e:r prcsant 111 e 6If0 d matrix 

of cytonl s mim1te dots. 



tocyt .a-

Th P. tocy~ er utinctly eulgen-n b~t1ve 

and p ~ph ry 

o-r th nucl • 

ot a:-

cl 1 in t t o~ divlolon n h etocyte 

or v ry fain ly ·u 

methyl gr an • 

tbyl .:r 

1tbin 

y_.ot ·­• 

. tatu. 

ocyat. 

1 o took up :f int 

t s •.i:h1 it 

c1 e th ey ot lyi ow1 thin ·the 

tocyat w tron ly <!n-;po.1 ive, 

atro ly ith ethyl en. 

poro~o1t o:-

t • aporozoi t o · eul n-positiv • 

bov , n u of 

te 



pyronin ethyl gr n hm~ d that th cytoplaSil always 

stained deep red with pyron1n. A flllnt ano uneven stain 

with pyron1n as o noticed ln th nucleu of the 

trophozoite nd th ametocyte • 

Yello.~ f'l.uorescenc W"t!B noticed in the nucleus of 

11 the different stac s of the life cycl e:xClud.ing the 

tropho oit and am t ocytes in wbl.ch posStive result 

with Feulgen ethod wa not obt in • 

AEolocyst1s n. sp. ( ) 

1'h colour ctlona 1n th t rophozoite, gametocyte•, 

gamete• and zygote er tho same as se in the correaponding 

tage of th parasite described bove, though ~ith a 

difference ~· the para 1te polocyst1• n. u.p. ( b) has a very 

prominent nucleolus whicb too up very atz'ong pyronin 

stain and shm~oct mctachro sy ith t oluid.inn blue. · i t h 

acridin orange. th nucl ol show d erange fluorescence 

and th nucleus pp ar \'11th a om what clc!ar rea around it. 

Apolocyetis n.sp. (d) 

pbozoitesa 

ucleus a Feulgen- n gative. e t r ophozoites 
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Figa. 1 & 2. 

The inclusion bodies i n the. eytoplaa · 

of Apolocyatis n.sp(d) Show red 

metachromasy when st ained with toluidine 

blue. 10 X 46 \ 

/ 

\ 
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Figs. 1 & 2. 

Feulgen positive inclusion bodies 1n 

the cytoplasm of ApOlocystie n. ap(d) 

10 x 46x 

\ 
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were encountered, h r Feul en-positive dies appe~red in 

the cytopl m. In one !natant these Feulgen-poa1t1ve bodies 

ere o numerous t t th gr g rine took up pinkish hue. 

i'h nucleus toOk up a faint pyronin stain and the cytoplasm 

took up th stain d eply. 

Th inclu ions in the cytoplasm which presented variou 

shapes (generolly spherical) and which st ined 1ntenaely with 

iron aluc haa.atoxyl1n. corr·spond d to the Feulgen-po•1t1ve 

ar as. 'rhea . are e occurring in patohoa did not appear 

boaogeneoua, a n .1n iron alum haematoxylin ata1n. The 

patches appeared to rbour ranular 1ncl.us1oDS whiCh were 

very strongly eulgen-poa1t1va, and which occurred in a 

faintly Feulgen-positiv trix. Prominent metachromasy 

was observed in areas corresponding to th Feulgen-positive 

patche • !L'he granular inclusions are believed to be 

inclusion bodies f bacterial or viral origin. These bodies 
~ 

did not stain ith tht! al,!91an 'blue. In f cases one 

or two ortho--chro tic dots w r noticed when at ined with 

toluidine blue. \11th pyronin m thyl green the entire 

cytoplasm took up the pyr.oni.n ... ta1n while methyl green 

stained ar as corr sponded to Feulgen-poait1ve areas noted 

above. The nucleolu took up pyronin stain very deeply. 



Strong yell~ fluoreacenc with acridine orange waa . 
noticed in areas in the cytoplae which exh1b!ted Feulgen -

po 1t1v r ct1on. 

zYgocxstis n.sp.( ) 

Trophozo1tess 

e cytoplasm as ell s th nucleu of the trophozoite• 

were Feulgen- n tive. With pyronin ethyl green ata~ 

th cytople m took up faint red colour o.nd tb r1ucleua also 

took up a faint r a co•our, 

cytoplaan1 of th tropho£.0oi t 

o ign of t chro~~asy in the 

a not10ed, bu'C the nucleus 

xhibitec f 1nt violet metachromasy. lth acridine orange 

th entire e.ytoplasm was orang includi the nucleua 

which took up ligA'ltly 11 hter colour t.:OfiU'ared to the 

surrounding cytopl sm. 

Ga tocyt SJ 

Tn nucleus Feulgen-negati~ and stain&d red 

with pyronin. 'am of th s hat"ed blec pigments. The 

residual cytopla81l showed red metac. ro sy (probably 

repres nt1ng rnucopolys ccharidea). 
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Gamete a a• 

cleus of th gamete was faintly Feuleen- poaitive, 

and stained faintly with methyl greEm. Th gametes 

showed faint etachro sy. 

Zygot~••· 

Nuel us of th zygot a strongly Faulgen - poaitive. 

Sporozoit az• 

Nucleus of th porozoit baAed positive reaction 

to Feulgen ethod and took up ethyl green stain. · 

) n.gen.,n.up. 

Trophozo1 tes a-

In o t ot th ca es, innumer~bl Feulgen - poaitive 

bodies occurring 1.n dot lik form were round lyin& 

scattered in th cytopl sm. In one inst nee 1 t was noted 

that these bodie er longated in eha»a• Both tbe 

bigger s well a 11 r forms ot th paraa1te 

appeared to v th s Feul n • pos1t1 bod1ea in the 

cytopla • Th nucleus w s Feulgen negative. These 

~d1 1 o took up tbyl gr n at in. 

ytoplas tain d r d ~1th pyronin nd the 

i took up deep r pyronln tain. In some cases very 



v ry faint eulg~ait1v 

in the cytopl a. 

tches were H o'bael"ftd 

1th cr1d1ne oraJ18e he cytopla :tluoreacecl 

brlght ora-e. In this bright oraJ18e trix "there 

occurred llinut granule that ~luoresce bright yellow. 

Tbeae appeared o correapo o the Faulgen-poa1t1ve 

bodies. the nucleoli loolc.ed pale orang With a 

allghtly darker re in th centre. In aoae caaea 

however, the nucl fluor ced f tntly. 

The Cker fluoresced orange only 

lightly and appeared transparent. 

An interest1ng obaerv t1on va -.de in tbe 

cytoplasaic region. Cytoplasa instead of Ml.D& of 

unifora texture, eeMd to ow blotChy picture. Aa 

aach the o • colour alao appeared 1n blotch••• 

Tro.Phozo1tes1• 

oleu as Feulgen-negative. In ane or two 

instance there were num r ot Feulg8Jt1)0a1t1vtt 

sranules lyina ttered 1n th cytopl •· The re&l-.a 

of the sucker and th cron were al o eulgea-Mgat 1 ve. 

Cytopla and th nucleu toOk ~ pyronin ata1n. 

3 0 



1th toluldin blu t ~ a lurg number of a ehromat1o 

n tn h • oyto au. nucleus 

tic. 

t ta-

nuol uG o1 th 

o·.lt1ve n t irttly ... c t 1 h -· 
porozm!te 1-

rlucl W:! o th p ow1 t 

and ala() took up th 

.(b) 

cl ua in . trop ozo1 te 

nnd 1n tll gn tocytea. hil 11 1 R 

Ol~oblaDtB nu DOrozott d ul n• Bit~v nucleus. 

0 

1 BUbjoet< to UDr cenc ci~opy 1;h 

Bt tophom n. P• ( ) 

anu 1n the nucl o11. 

1nt fiuore cenc • Yel.low 

nuor ac nee o otic 1Jl tb <;;ytoplo 1n the 

to of rnnul • 



In .._tooxatia n.ap. (d) ataJ.lar F.ul.ga­

poaitlve granules ere obaerv d, lyJ.ng scattered 1n tbe 

cytopla•• ese gT&JlUl a stained with JM'tbyl 

sreen. 



DISCUSSION 

The nucleic acieis, {DNA and. RNA) have been of 

gr at interest to invest! ators in the fJ.eld of 

Protozoology. Feulgen and Rossenbeck (1924) designed 

and utilised their w~ll l<nown reaction for the detection 

of DNA. The use of buGic dye pyronin a.to11e with methy~ 

green to distinguish bet' en the two nucicic acids la 

1 3 ~ 

well knovm (see Pearse 19GB). sin~ obaerv tiona gained 

by means of J.'eulgen reaction it has been founcl tha"t the 

nuclei of moat of tbe parasitic snecies contain DNA. 

On the other hano, the grow1d cytopla.am of all tlle stages 

of "the l1f cycle. especially of the greeal·1nes, contain 

RNA. RN also occurs in th·-- nucleoli (von and 1966) . 

In the course of the cytocher.:.ical worlt carriea 

nut on vurious protozoa, metachromasy has often been 

noticed in tho nucleoli nd aloo in the cyto aam. In 

most cases there was violot metachroway 1n the 

nucleolus and a fainter violet stain in tbe l"eat of the 



nucleus. Red metachro y was observ d in the residual 

cytoplasm of the etocyst and gametes of xeocxstis 

n.ap. (a). While viol t metachroma y could represent 

nucleic clds, th r d etachromasy could poss1.bly be due 

1 , ~ 
.. t, 

to the presence of copolyaaccharides. gupta (1961) con-

duct~d a eerie of studies on certain aporozoans wherein 

be encountered mucopolysaccharides. 

S1rlin (19 O), n von Brand (1966) have proved that 

th nucleolus 1e the cl1!ef site of RNA. '!'he use of 

toluidine blue and pyronin- methyl green v confirmed 

this finding. ith toluidin blu , metachro · sy was 

observed in the nucl olus and lso faint ort DOchromat1o 

tain was s en in th nucl us. Pyronin, ned the 

nucleolus v ry deeply and the nucleus faintly. Since 

pyron!n stains RN.h and the la..ter polymers of DNA as well, 

it can be said that RNA i s present in the nucleolus in 

hea\~ concentration. Mctuchro sy in the cyt~lasm aa 

well as pyronin staining in the same 1mpliee that the nucleio 

cid (RNA) is present in a les er or greater quantity itl 

the cytopla lao. 

In Apolocys is n.ap.(a), metachromasy existet in 



i r. 
.... -

e1 t y djoin1118 it. 

re lta r obtai d 1n the c1ea atuined 

~1 th thyl gr n pyron1n. central o the nucleus 

took up h t 1n 11 htly. cleolu conaidered to 

b th tor , hie ructur be rently alNient 

in th1 cl s Apolqc~: t:ls• 1t is pot5a1bl ·hut " 

( e eentlal for tein synth sie) 1 loc 1 in area 

op cif1 .£or t d. 1 t 1n h er1pt.t.on. 

In the cour of h pr cnt 

rtb arm gr I coun 

uniform tt rn o c11 tr1'butlon 

tlon on 

or le a a 

1n tbe v r1ous 

tropbozo1 te , 

cl 1 ne atlv to the ~eulgen-

r ction. owev r, ht r nuclei 

Th t d f intly by tbyl re8'Jl. 

nucleuo of the zy t 1n l par sites s atro ly 

lg n-po 1t1v • rrucl of tb orozoite too 

chowea s1mllar r(J ct1o 1tb In all the 

bov can s ( Gt eporozol'tes) 

th nucl 1 1n d w11:h hyl en. 



' 

Daniels (1938) renort d Fculgen-ne~ative reaction 

for DNA in grefi8r1.ne • Uut~s 1902) alno reported 

Feuluen-neeative ~action in ile nucleus of itOf'latophora 

dlademn. rllstolo ical literature reveals th t the 

nucleus generally always sh~s a positive reaction f or 

t eulgen' techni ue. But histochemical ork on most of 

tbc er c;arines ur.d r :r port, l0\'1 that thi.~ is not so. 

thananthnn ( 1917) hae however • de tee tea u: in the 

nocystis 1;1. 

'' cas of Feulecn-ne ti vo reaction in the nuclelks 

was reportPd by nar~ ( 1954) in Hepatozoon argantia where 

the zy otc nucleus wae Feul.g n-ncgcitivc, tl1ough the nuclei 

during e sporogony ere F ulgen-positivc. Dasgupta and 

Meedeniya {19 ), and sgupta (1959) made comparable 

observations o j. __ ci_ur__.i. 

~ rvcy of litoz~tur reve~s tnat external factors 

rn::.y soi!lehow 1nflue:1cc the J"'eeul t of Feul n reat!on in 

protozoa £u;.. • etarvat1on. oxyc n de.f1cienay and low temp­

erature may l cc.\ to a diminution of ili conten't in the mac~o­

nucleus of JSramascium aurelia (Gromov 1941) 1 or death an 

df,t;e eration could mean the loss of Feuleen-pos1t1ve 

appearance in tne nacl us of th CI l. thl.diae of 



TrypanosC?.!!!f1 melophae;11Dl (van Thiel 1925). But 1'1.1 the 

course of the present atudy ll the gregarineB when 

subjected to the Feulgen t chnique have failed to show 

.. ,. ~ 
1 """ I 

any trace of FeulGen-positive material in the uclei. ~a 

finding ,.,as confirmed by staining with methyl green. 

DNA is well known to be mainly responsl. ble i'or 

nuclear division nd to bo closely associated with the 

chromosomes tba:t ar present in the nucleus. The use 

of FluoresconcP. microscopy rovealed the presence of DNA 

in th nu~lei of ~he trophozoites and the gametocytes, 

where a poaitive re ction of the FeulG~~ tecnnique was 

not obtained. 

Jud i4g from tne bove, the appur nt absence of 

DNA in the nucleus of all the gregarines studied here, 

does not necessarily ~ean the conpleto bsence of DNA. 

~niele (1938) 1 ou rested 'that the negative Feulgen reaction 

could be du to th tact that th chromatin in the 

gr~garines probably existed .in a very (.IJ.speraad condition 

hich could r,ot even be a n \11th the oil irnmera1on lens. 

Ray and Gill's work(1955) brought forward a similar 

o.rguernent regarding the ga etoeytes of Eimeria. Daagupta(1959) 



made ainaar observ tions on Plasmodium and meria, and 

von Brana (1966) referred to the aamc. 

A plausible e~lat~tion for the nosative Feulgen 

reaction in the trophozo1tcG and the Gam toc~rtea, and the 

poa1t1v reaction 1n the gametes, zygotes and the aporozoites 

can b~ fornulet d thuaa 1'bc .lmount of DNA in the tropho2.oites 

and the gametocyte st4ges bei~ in a highly dispersed 

condition could r-ot e~en be detectea by the feulGen methoa . 

During gametogene: is, there is a co11aidcru le increase il'l 

the nucluoprotcir, ~hich probably results in the deep 

Feulgon stalnirlfi of the mat~ricl. 

01! greate: 1ntt:rt.:st ia tne extranuclear occurrenc::e 

of DNA especia.Lly so in th cytopl¥11m. urtranuclear lll'"lb1. 
1\ 

baa been found to colLci.dc i tn the 5 ecific C} toplaarnic 

organellae such La t11e blopl1 ~ropJ.aat-k.inetoplaat COii•pl ex 

of the trypunosoues. I-'reor( 1 ~so) demo:nstra ted m:tcroscopic 

Fo~lgen•poaitiv bedies in poramaecta. LWOff(19~2) lao 

described oert 111 Foulten-positive bodies, the pro-virus 

particles, 1n certain 1yoo enic blicteri a. hay nd Gill 

(1955) showed th pr~senco o~ l.li\IA particles in the cytopluwn 

of 10 of the oocysta of ,e. tenella. unagupta(1959) showed 



• 

eillilar occurrenc ot in cytopla of tha sta~ea 

of-! t1!da•· 
th~ t xt. 

pre nt atuoy 1 on Gd d :.<ample to 

ny Feul 

ln th cytopl 

t~atophora n.~.(a), 

n.sp.(d) an~ (_). e 

1nut granul s on io o 

nd _(~), th y were pr 1n 

tc:rials hav n noticed 

n rally in th !om of 

tches. In 1ffioloexst1 . n. • (d) art v r, ul en-pos1tiv 

nulea 1n n er t u uo 1.n the 

cyto la It y be aumed thnt th ae eul e positive 

t r1 1 r of viral or c:t ri 1 ~tur • OcClU'Tenc 

o~ auch mic~obeB w :rller p t d 11 th~ oocyE:t of 

--..~eaM___., by Y kimoff onfi imof ef (1940). upta (1959) 

al 0 B ch case 1. 

La"tely, 

cyto ot the oocyst of 
& Wa...Lku· 

ckenzicf(l97~) reported 

th prcacnc ot uch microb a J.D th cyt a of -t•twt~.· 

h n tur ot th s eul qn...po 1tiv bod 1 ur v 11 mer 

conv1nc1n 1n th or th bociie ;,:lOW 

rod-like or cocco1 p a. 



In the cours of the pre ent 1nvest1Jat1on 1 t naa 
been found that e nuclei of all. the gregarinea studied 

howed a n tive respons to ethyl green and Feulgen•a 

technique. Tills could b du to the fact that the 

chromatin irt t 1c gregarines exJ.sted in auch a dispersed 

condition that it could not be seen even under oil 

immersion lens. How ver, the use of Fluoreacence 

microscopy showed the presence of DNA in the nucleus of 

most of the aregarlnes. 

A large number of extra- nuclear Feulgen-pos1t1ve 

bodies were noticed in some of the gregurines studied 

in Part I. l e e were •1 ther cattered as minute 

e~herical bodies or pre ent s inclusion bodies 1n the 

cytoplasm of APolocyatls n.sp. d). These bodies were 

Feuleen-positiv , methyl green positive, showed red 

met chromasy and fluor seed y llow when subjected to 

Fluorescence microscopy, 

or viral nature. 

These could be of bacterial 


