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INTROWCTION 

1.1k .-ta:zoan orgam.em.e th protozoa re leo 

uacept1ble to r.aa1t1c ~action. 

orgaal- 11 vin ~ on nd ln proto 

'lbe problam of 

s diacuaaed t lCll{Jth 

by .lrby ( 1941) Fro hls r view 1 t auld ppear that 

vnrJ.ou proto oa !!l1 n: infect d by chi!;OftYC: tea, by 

or nisms o£ uncerto.ln systematic pc ... it1cm. .!.\&• .rl)'comycet a, 

l'l ell 

a by erparaait1c protoz(&. 

nlew of 11 t roture rn s t t onocJ·st.td re&ariruts 

re no 'lxcept1one~ ~.:n y tee laVe often c:n tound 1nf ctod 

by liliero-or anio h1.ch of'tet led to air < c true ion. 

For example, 

p raaitea. 

eaae(1909) ! aund tl t ~yo~is 1um~~ci11&, 

• mnchooya 1.11! p1lo •• 

p eul.f..ar oterial 

ch cter1a, apparently •lOlllJ!.flB ·o 

!chiz~cet••• v ried in di!feTQnt peciea of are ar1noa 

~void to f ilamentous ~orma. !be presence o;C web 

·c1t1c bacteria in the me.jorJ.ty of e:t.sea appea~ 

1ental. to the gre ar1nea. For , xruaple. Heaae(1909.) 



mentioned 1\:hat bacterial paraai tea notttd by him were 

uncommon ana when preaent attacked host inaividuala of 

t he species often leading to their death. To date, the 

asaociation between a bacteria and its hoat (eapecially 

gregarinea) have usually been cases of endopara itiaa. 

Recently a case has b en reported where bacteria hav been 

cen lying ttaChed to the sur£ac of Poroapora, a 
~· TheocloYi..l..es 

gr garine ( DesportesL1977). ctcria in thi case 

h v been found inserted betwe n th epicytic £olds of 

the gr ~arinea, pparently inducing morp11olo leal changea 

1m1lar to tho notic d t the 1 vel of the junction 

bet~ en two b~asaociativ gregarine • e author liev d 

that in this ca. e th gregarin constituted sub trata 

for the cteria, all of t1 u 1ng forth ir £ooa the 

intestinal content of' th host. 

ckenzie and al.ker (1979) r porteu the pr aenoe of 

ct ria- 1 • tructures in the enuopl BIB of Gregarina 

B rnhami. tructur s r negntiv • 

According to Le er and boscq (1909) , •nztl.ina! 

cGntoreta, a gregarine, paraai'tJ.Md by ••••• 11-enul.i.nae. 

developed nonnally up t o a certain po11R onl.y • 'tAe 

4'" 



forn: tlon of th etea not taking pJ.ace at a11. 

, " ......... 

Caullery and Mean.il ( 1919) stated that Metchnikovellidae, 

ploapor-idJ.ana, paraal tic on gregarine a (host- pec1:t1c) ,, 

d little thogen1c ction on tn hoEt, rticularly on 

th v etotlv ga , thour)h th uthor d ot ru1 out 

rn o icol injury in e ot avy :1ntectlon. 

ccor t.o ckinnon and R y (1931) the aa of 

__t.chnikovelUd@ e caped f:r their ey t into tn 

0~ th 

Q.)lo poridl.a.D, rP.lea~ d e'tocyt s 1 thin "h ho t 

...,....,...__.,... .....,....,liiiioiOi...,, by ruptur o.t ae cy.rrt. 

edUction ll1v1s1on too c , r ultl.Jl8 in th ~a tian 

of he ~etea, hich d rwent rert111zat1on 1 &di to 

1\lrth r d velop .entt ll th pl c within the 

r nt ot tb 

ccor cU.ng to Ommpo.t1 "lei ~y r (1937), cytopl.G.aa1 

of Lecud1n;!. braZUi, d1cyat1d gregarine, could be packed 

l th cynts of h:lplospor.1d1an resul tl in a mia-shnpen 



body ot the host and a 'Clegaerati.. nucleus. c:h 

paraa1 tieed gregarlnea ere net fow1d to asaociate, thus 

giv1na riae to the belief that heavily lntected gregarine 

could net ca.plete seXUal ~evelopment. (• .. Caull•ry 

nd ·esn1l. 1919). 

1)resencc of crystallin 1nclusicna r n bl.u:; 

• A 

Vil~ t1<Jlea bave lao t;J(;Jl I~ porte in c rt:ain p ra 1 tic 

protoz~m j.nclucU.r!e tJ.ru•U\1 raJS1toll I 

\ ~"i:B 1968, 
~ l;ot.vc.lb 

rzaki 1 )9, v1eaL1971) • ar1 parnaltea 

rDcrurl. 1uch 1.ncl.uatona v :tln r · ort to un er o 

death nd dn encrntion• td th aigni.t1cunc of th 

reaence of 1ncl iona r in to b cl ifi a. 

certaln 

nd Pcrchet and VLvier (1971). 

tho cnic ~ff 1. ts ·~ r lso described 1n p~otozoa 

Oth r tb:m aregarilliiiJJ OJ ex88$pl t Bourn (1 91} nd 

er ard (189.5) ent1oaed that Ptl91YR \':as ener lly 1 y 

paras1t1sed. by endobiotic cteria. euvy infection led 

t o hypertrophy, ulteration J.n ti.~v bo4y, ncl .finally to 

the d1s1nte ration ·ot the ho:st (l.Atiner 1924). 



Similar observations were made by l~agler (1910) and 

Epstein (1935) who worked on two different v rietiea of 

amoeba parasitised by micrococci. 

Fatal effects ware noticed by enr1.ch (1937) on 

Iodamoeba bUtscbl11, £ndamoe)bs citelli ( cker 1926) 

and Nyc;ot1~~ hich had cronucleor infection 

by microoreanisms ( ssuchin 192a). Protozo parasi~ised 

by cleo'Dllaga cont1nu s 1 ts cti vi ty with no chan{;e in 

protoplaseic structure. Lavier ( 19.:>5) notlced hypertro hy 

o:t the ucleus of t 1 paras1t;a.seo :.nd.amoeba narmr 

and rele ated it to a sort of de£enae c ohun1am o t e 

part of th o ba • 

... 
M "~eo phys1.olog.ical. cnange 86 obsarv d iu 

para.r!lecia inf ct d with epanos111ra, ~.t'irilJ.aceae, 

~he developm~ 't n th h'}st was rapia 

followe< by tne dr'rJin[" up of h nucl ar cor1te.rts. douer 

(1924) and Fiveiskaj (1929) noted vacuities in Paramecia 

1n£ected with macronuclear infection. at aroplcts 

increased in amount, tricnocyata were disarranged, :food 

vacuoles stopped 1'orm1ng1 leading to the disappearance of the 

moutb1 gu1let and the cytopyge. The host died eventually. 

It seemed that che bove bacteria had a ce~~ in indirect 

' 



action on the host cell, the secretions and waste products 

of the hyperparasite& seeping into the cyto~lasm and 

resulting in the intoxication of the nucleus. 

stentor coaruleua infected with bacilli, lost their 

bright green colour and their capacity for motor response• 

(Hetherington 1932). ccordi.ng to Kirby (1941) many 

observers had reported the death of th hont 1nf cted with 

phaar,t.ta. LBngearci (1889, 1895) Puymaly(1927),JU.tchell 

(1928) and Jahn (1933) atated that &98l!AI when paras1tised 

by phaerita lost chromatophor~a, uttered inhibition of 

flat;ellar movements and ch YlBe& in nuclt:ar true ura. 

It finally burst to libarat the zoospore. 

In view of 11 the :t eta stated bove1 it \tould 

appear that there is enough scope of work on the preaenc 

ot parasitic infection in variouo gregar.ines occurring in 

nature . In the course of the present work an effort has been 

made to detect ny such cases of hyperparaa1t1sation tmd 

bnormal1 ties 1n staining reactions in tlle ere arines 

studied nd an effort haa been made to elucidate the c ·uoea 

of such dif.fer~nces in s ·t inin cha.racteriatica. 



Observ tiona 

The abnormal ~orms of Lygocystis n,sp.(a), 

were chardcterised by l~1tly stained areas in the 

cytoplamn, as seen in iron al.um huematoxylin stain. 

"' A .., 
I .., J 

In quite a number of cases it was observed that the entil"e 

trophozoites were lightly stained. Such lightly tained 

individuals were tho abnormal forms of the spocies. 

The abnormality ros as a small lightly tain u 

patch in the cytoplasm of an othen.i e normal trophozoite, 

The patch ext ndea and such extended ub1ormal rea 

t nd d to lose compactneas, As rcsul t the tro lhozoites 

tenaed to lose charact riatic shape. More patellas 

developed and expunded, oJUch patcllcs later on became 

confluent until the whole body of the trophozoite 

assumed a lightly-stained condition. In t 11 final 

otage the trophozoite was again seen in it old 

characteristic shape. 

These ligbtly-stained tropbozoites appeared to 

harbour bacteroids. possibly of the kind r .eported by 

Hesse (1909). These ±~arted a £aintly rosy hue to 

the cytoplasm. .:~~ome of these bacteroida '\11ere seen to 

be in a atage of binary fission. Lightly-stained 



single trophozoite& were occasiormlly found . In 

such caaea the nucleus lltas either in a £ragmented or in a 

d~fruae condition. FUrthermore, in some of the lightly 

stained indiViduals, black refractile pigments were found 

to be pr nt .• 

pigment granules 

Those posseaaing these black refractile 

a th claus in a dlsin~ erattng 

cond1t1on. The phenomenon of autotomy is also noticed 

in the abnor.m l forms of Z~,ocystia n. p.( ). 

lll n nt ined with Feulgen's ethod, th bnormal 

patches took up faint green sta.1n with 11ght green, 1n 

contv t to th urrounding a hJ.dl took up deeper 

tain. o trace of Feulgen-pos1t1v body w a noted 

in the eytopl of the e fo:nna. 

When stained with pyronin-metllyl gr en, the abnormal 

patche took up light r colour with pyronin than the 

surrounding raaa. ith toluidln~ blue ta1n1 th 

patchea did not take qp ny tain as compared to the normal 

of A 0 
I~ C 

areaa. i'he nucleus in t he bnormal gam tocyte was negative 

to toluidine blue but in ome caaes metachromasy bas bea 

observed 1n the nucleolus. 

With acridine orange (Fluoreacenoe microscopy) , 



P L A 'X E XXVIII 

FJ.g.l. Patch foraing in a trophozoite, wb.i.ch 

tendD to lose its Shape. 

15 X 40X. 

F1e.2. AssoCiation between a normal. and arJ 

abnormal trophozoite. Not~ the 

nuclear change 1n the abnormal one. 

15 X 40X. 

F1g.3. Debenerating trophozoite. Nucleus 

llas dis.tntegra ted. 15 Jt 40X. 

F1g.4. Inclu510 . .t t>oclies in the cytoplasm 

o£ Apolocxet1s n.sp(d) 15 A 40X 
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an interesting phenomenon has been obaerved. The 

1 A ~ 

' '"'t 

cytoplasm of these .forma did not exhibit orange fluorescence 

as aeen in the n~rmal trophozoitea. But scattered in the 

cytoplau were a DWiber o.f minute bodies, whic.1 fiuoreacitd 

bright yellow apparently repre~enting DNA present in the 

mi.e:nrorgani.sms. The nucleus of uch trophozoite• 

showed no indJ.cation of n v1ng any tr ce of or RIU. 

Apolocystia n . sp.(d) 

98 of tb bove gre ar1nea possessed one or more 

darkly-stuinAd tchea scattered t ~ ndom in the cytopln~m. 

Th se patches were circul r cr irregular 1n outlin • It 

was noticed t t v ry youn trophozoite (50.4 p in diameter) 

might have such tc~ ~bile n olaer on (104.4 p ln d1 oeter) 

as rl tnout such a patch. 

'ith euleen' s method, the nucleus did not tC1He up 

the stain. Some trophozoitea were encountered in ~hicb 

Feulgen-poaitlve bou1e ppe red in th cytoplasm. In one 

instance these · u1 en-posi t1 ve bodies were so nUiil roUJI that 

the gregarine took up a pinkish hue. 



·. 5 () 

The patches in the cytoplaom, hich represented 

various shapes (eenerally aphericnl) and whicb stained 

deeply \>lith iron alum hacmatoxyli·n, col"reoponded to F'euluen-

positive crea.e. Those arcus occurring in patches did not 

appear homogeneous. as eecn J.n the iron alum stain. 

The patches harboured granular inclusions which ~ere 

strongly Feulgen - positive, nd which appeared in a 

faintly Feulgen-positivu matr~. Prominent red metachromasy 

was observed in areas corresponding to l,;'eulgen- positive 

patcijea ( when stained \lith toluidine blue). and these areas 

are believed to repra ... ent 1ncluo1on bod1 • of bac'terial or 
r-. 

viral origin. ch patc1es diu not atain with tllfciun 

blue. On or two orthochro tic dot& ucre uoticea in "'be 

)eneral cytoplaom. 

1Jhen pyronin-methyl green \\u6 used, the entiro 

cytoplasm took up the pyronJ.n sta1n, h11e areas correspondit:JG 

to the Feulgen-positivc ~atch a too~ up rnathy1 grean. lhe 

nucleolus took up th pyronin Jt iu very deeply. 

11th ucrldine orange (l'luorescence microscopy), strong 

yellow fluorescence was noticed in the Feulgan-poaitive 

patches occurring in ·the cytopla~m. 



Besides the bove two, other abnormalities were 

encountered in the course of the present investigation. 

In ! (a ), innumerable Feul.gen-posi ti ve bodies 

occurring in dot-like .forms were foWld o lie catte d 

1n the cytoplasm. In one instanc 1 "t was not d that 

thea bodies wer elongated in hap • Both th larger 

a ell aa th ll r fo of the parasite ppeared to 

hav the Feulgen-po 1ti v bo 1 a in th • In 

~ 5 1 

bout two instnncea, how v r, v ry faint teh o:f Feulg n .. 

positiv r en. h nucleus aa F ul en•.l ati.v • 

lh bodi lao took up thyl green ataln. 

ith cridi e orang , th ntire cyto;pl fluoresc d 

or ng • ow v r, the bright o cytopla did not 

pp ar h but s bunched up J.n 1 , pr enti 

blotchy PI> ranc • '!".he nucl o11 loOked pa1 orans 

1 th lightly darker ar J.n th centr • In om 

a s,. how v r 1 the nucl fluor c faintly y llo • 

~inute Feulgen-posit1v bodies were lso found 

scattered in the cytopla .. of jQ!!tophO£! n. ap. (a) . 

L1kew1•e, a large number ot similar F,eulgen- positive 

bodies which stained ~ith methy1 gre n were found in the 



1 c:: r 
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cytoplat.m of N.matocysti}l n . sp. (d). 

DISCUSSION 

The difference in staining reaction either in on. 

or 'both the members of a pair o1 Zxgocystia n.sp.(a). could 

possibly be due to the difference iu the quantity and 

d1stri~~t1on of cytoplasmic inclusions. lar observations 

ere nlao de by IMiihl. ( 1921) and Joyet- Lav.erpe ( 1926 ) who 

useci n tral red. 'T'hese uthoro 

t o tb dlfferenc in the oxidation-reduction potentials 

of the two gametocyte a and al o 1n 'th unnti ty nd 

diatl"'l.butJ.on of the cytopl smJ.c inclusion • 

Th ~'1ndi:ng nf the ~ra cnted or dl:ff'uoe nucleus in 

the abnormal forms may 1 d to anotber assumption that the 

bres.ki.D/j dcnm of th nucleus 1 in orne ay re pona1blti! 

for the diff r nc notic d in th stain1ng reaction of the 

cyt;oplaam. 

We n:ay however, .rule out t~ above poss1bllit1ea on 

account of t he ~act that al~ these lightly stained parasites 

showed extensiv cytoplasmic invasion by the bac "'eroida, 



which are definitely not normal 1nc1ua1ona in the 

species. Mlcro~or~sma resembling these bacteroid& 

and referred to aa bacteria occurring in Monocyatia 

species, and alao ion Rbmchocxatia piloa anci stw'OJ)hora 

coronata \1/ere reported by Heaae ~ 1909) • he bac'teroid.a 

,.. 

under consideration are variable in form i.e~espherical, 

while other ar rod•shaped. These divide by b~ury fission. 

Gradually th ~ncreaae of the hyperparaa1tea witlin the 

boat, leade to ta alterations 1n the nucleus. i'he 

chanc s re degenerative. rhe nucl s oon fra~enta 

and eventually d1 inte rate • rhu ! i lly to invaaion 

of th cter1 1 p r sites l da to tlla struc ion f. 

th gr g rine ho t. 

irnilur k~ds of nuclear diaint grat1on, n11Ch led 

to th death of the host, ve een r ort 

verrucoaa ! a e ttes 1924) nd ee Kirby 

194·1), which wer infected by :.rucleophaia. 

descr1 a P•loplJ'9 hyperpa s1t1sed by • dothrix eelO!IYXI• 

a bacteriUII. 

Caullery and Meanil (1897) stated that hetclmJ,kovtlla 



MMlltai, a hy'peJ'l)anlait tn greg&r.ln•, •a .. to 

h.av llttle patbogaic e.t.fect on 'the oat 1 pan1.-alarly 

on the vesetativa atas •• t 1113\&I'Y cbere :s.a, .la 

• chanical, wbtn in.tecUon 1 

• vy r att1aatlon -·~-­

roduct cretlona 

I" ault 1n 

rp site 

in the eytoplaa ,f e oat lie lll&ht 'ln'lll~ 

th Met bolla• Of th gr• tr1n le dl to b 11 ly -

tain ~ condition. 

d th 

r ctly 

a blch oo 

to th 

• 

t 1 

Ch1 1n1 t1 occur 

ucro-or an1.e ~ r- aulttng 1n 

tr< c:til ~ tur., 

slnt t • 

a od. t1on th DO 

tn 

~h0zo1 tea, daea not lead to tb .fo~t1on o.t the 

, ... tooyat. A as••lar obaen t1on vas •d• 'by cauJleJ7 

ud Jlle.mil (1919) and Ganapatl and ..U.yar (19l7). 1M 

latter bowevt!r uenttomd t "tbe rea1t1aed gre rlnea 

t':t - . 



did not associate 1n the case of Metcllnikovellidae. 

In the course of the presen~ study it has been found 

that association of this ort took place 1n ,.,~ysocyst1a 

n.sp.(E), but development ceaGed ltogethar fter this. 

A £~1 c~ses, where both th gametocytes wer bnor 1 

w re also encountered. assumption can b 

wnen ansociution ju t occurred, only one of the e bers 

of a air was paraaitised by the ct ro1ds; infec ion 

spread ~ p1dly to the ther ember, unt1l both of t 1 m 

er buavily .1n£ected an G.1 not e up t e etain. 

ho nuclei in uch cu .. es ar not norzr:al and are in 

tat · of d.isint w t1on. 

~ e bov instanc o~ hyp rparas1t1 t1on proved 

to be I tal to th oat. towever in the cour c of the 

tudy• \~ ve co o cross nether caae of hyper-

parasi·ti t1on, 'Which does not >P o use n..v 

del terious e!f ct. or xample about 98 of the 

trophozo1tes of APolocxat1s n.sp.(d) barbour.ed 

bacteroida1 which were not apread throughout the 

cytopla2•, but remained .t.n aggregat:ea, forming some sort 

o.t inclusion bodies. Uo defin.ite membrane was 

observed eround theae aggregates. The n gregEU:ea 



consisted of granules . These granules were grouped i.n 

manses o:t. irregular form. 

The asaoclat~on between the paraaitea and the 

host ia ore or le~s constant one., and can often 

m1otukan !or normal tructurea of th boat ~t el£. 

eytochemicdl ~tudies have r veal d no dr stic chang s 

in th poly ccharide contents of the hostJ thi~ in all 

probab1lity could mean that the inclusion bodies re 

n ct detrimental to the host. In Kirby' or ( 1941 ) , 

' Th y have co e to occupy nor 

m tabclism of the combination•. 

'lace in the 

ch e~ gates of miero-oreanisms h ve also been 

found to be pre ent in v scovina &J:a by Ora 1 

and F()a (1911). 

Th micro-organisms in th otb r gregarin s reported 

her nlao do not cause ny harmful ffect on th bo t. 

Their variab111ty in nwnber nd the fact that they do not 

o ccur in all specimens is ev~dence enough that they are 

not normal inclusions of the host body. Ho\1ever, gregat"inea 

harbouring uCh inclusions ppear to lead a nonnal life. 


