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H!TR cr:::uc~~ 

Bats are an e v oluti on a r i l y ole gr c u p cf flyin g mammals 

under the order Chi r optera a nd in te r e s ting f rom several points 

o f vie w. The abili ty o f echo l ocation by ultrasoni c s c un 6 waves, 

htbernation and aesti vat j o n in extreme weather c on C: i tio ns , 

ability o f t he females t o store s perrratozo a fo r l ong tirre s in 

their genital trncts are on l y a few of the several peculiar . 

charac t eristics of these aninals (Ye ung , 1962 ; Wimsatt, 1977). 

It was also known since the e arly fifties that bats harbc ur 

seve ral dr eadful pathogenic b acte ria (Klite , 1965; Ar ata et al, 

1968; Constantine et al, 1970 ) , v iruse s like r ubbi e s (Soave , 1966; 

Smith e t .al , 1 967; Fischman and 'd c: r d , 1 968 ; Co r rea- Giron et 2 .!' 

1970 ) , Jap anese B encephal itis (Sulkin et al , 1963 , 1966a, 1966b, 

1970a, 1 97 0b ; !'-:iura ~ al, 1970 ; P..l len et al , 1970) , St. Louis 

ence: hal itis ane rran y other arth ropo0 berne arboviruses (I t o 

and Saito , 1952 ; Sulkin, 1962 ; Banerj e e e t 21, 1984 ); epide mio­

logi cal · a ssoc iat ion between bats and myc otic agents like Hi s to-

p lasma capsulatu~ etc. was a lso s hown (Klite a nd Young, 1965). 

Hov1eve r , n·ost of these studies chief l y emr,hasizec on the car rier 

rol e of bat s . Althcu gh t he bats car ry such p athogens, they do not 

US\Jal ly manifest any apparent s ynptoms o f t he d iseases (Queiroz-

Lima,l934; Pawan,l936; Bums et al, 1956 ; s mith e t al,1967:sulkin ----- ..... _ ....... ........, 



and Allen, 1970 ) . This fact alone makes these animals an 

interesting subject for immunological analyses. However, a 

systerr.atic approach towards the problem of irrmunity in bats 

was lacking. 
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Reports on the immune systen of bats started to come 

when different groups of workers (Heck, 1965; Sulkin ~ al, 

1966a,b; Leonard et al , 1968; Hatten et al, 1970) made investi­

gations on the production of humoral immunity in bats against 

experime ntally inoculated JBE or ¢x 1 74 viruses . Although no 

clear evicenc e of the presence of complenent fixing antibodies 

in bats wa s obtained , naturally occurring antibod ies detected 

by haemagglutination inhibition test to group B arboviruses 

in bats was repor t ed (Whitney, 1963; Williams ~ al , 1964; 

Stanley and Choo, 1964 ; Pavri and Singh , 1965) . One important 

finding by Leonard and his co- workers (1968) was that these 

animals have both 19S and 7S types of immunoglobulins, but 

the irrn ,une response was quantitatively def icient as compared 

to guinea pigs . McMurray and co- >vorkers (1978, 1979, 1981, 

1982) reported both humoral and cell mediated immune resp onses 

in bats i n terw.s of blast transformations and other parameters 

<r1ct-t:urray et aL 1978 , 1979 , 1982; Greer and McMurray, 1981). 

A systemati c app r oach to analyse the immune system and 

in·n:une responses in bats was attenpted by Chakraborty and 



Chakravarty (1983 ) who denonstrated that bats, while being 

ranked as a grc up of evolutionari ly old mammals, possess a 
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wel l defined i rrmune system almost si~ilar t o that of the 

p r i rr-ates . A stuc y of the c ntogency of t he primary lymphoid 

organ thymus reveal ed a remarkable age dependent involution 

j u s t l i ke in human (Chakraborty and Chakravarty, 1 98~. 

Analyses of t he secon d ary lympho id organs l i ke spleen and lymph 

n odes o f the Indian fruit bat Pteropus gigan~ showed the 

p resence of highly o rgan ized white p ulps in spleen and lymph 

nodes of norma l animals and of we ll d ifferentiated germinal 

centres in immunized animals (Chakrab o rty and Chakravarty, 

1984a) . The o rganization of the lymph o i d ce l ls in these 

secondary lympho i d o rgans resemble very rr.uc h the situation in 

t he h i <;re r p r imates. 

In s p i te of their posses sion o f well evclved and well 

o rganized lympho i d organs , b ats s how a significant delay in 

the onset and re ach ing t he peak o f imn,une respon se (Chak raborty 

and Chak r a varty, 1984b ) . Antibody media t ed immune response as 

measured by p laque forming cell (PFC) assay was f ound to 

persist for a l onger period and both the B-mercaptoethanol 

{BME) sensitive p rimary a n d BME resistant secon d ary responses 

were observec with a single antigenic challen ge unlike the 

o the r animals which usually require a booste r challenge for 



the p r oduction of secondary respon se . Cell mediated immunity 

in these animals wa s also expres se d at a les ser degree 

(Chakraborty, 1982), reaching a peak with a similar delay as 

in case of humoral response . 
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The understand ing of the mechanism of the delayed onset 

and decay of immune responses of bats is yet at minimum. Cell 

t ypes, their interactions an•ong themselves and with ubiquitous 

factors in plasma may likely play crucial roles. Thus,a critical 

characterization of the different types of immunocompetent cells 

and their interactions in bats nee ds to be initiated. 

The immunocompetent cells of h i gher verteb rates are the 

B a nd T lymphocytes and other accessory cells like macrophages 

and follicular dendritic cells. These cells can be categorized 

on the basis of their differential adhess i bility to plastic 

substratum and nylon wool fibres . The macrophages have been 

shovm to possess a h igh surf ace adhessibili ty to glass, plastic 

and several othe r substrata including Sephadex ano Latex beads. 

(Sj obe rg et al, 1972; Ly and Mishell , 1974; Lee et al, 1976; 

~teinman et al , 1979). The follicular dendritic cells are also 

knavn to possess similar a dhessive property (Steinman et al, 

1979) . Thus in the present study atte JTpts were made to isolate 

the se cell types on the b asis of adhession to plastic surface. 



Jul ius and his co- v10rkers U 973) showed that murine T 

and B ce lls diffe r in the i r surface adhessiveness to nylon 

5 

wool fibres and that thi s differential surface adhessibility 

can be u sed successfully t o separat e the T lymphocytes from t he 

more adhessive B lymphocytes . Since then, seve ral workers have 

used columns of nylon woo l fibres to separate the T and B 

lymphocytes of mou se , h uman and other mammal s (Handwerger 

e t al , 19 74; Trizio a nd Cu dkowicz , 197 4 ; Tada, 1977 , Tada 

et al , 19 78) . Simi lar p r ocedures may also be appl ied in case 

·of t he i mmunocompetent cells of bat t o see whether they can be 

categorized acco r ding to their differential cell surface 

a dhessiveness . 

The i mmunocompet ent cell types not only differ in their 

adhessibi l ity and f unc tion, bu t are also dis t i n guishable by 

means of their characteristic ce 11 surf ace morphology . This is 

why several workers in t he past have used the scanning electron 

microscope (SEM) to s tudy t he different immunocompetent cell 

t y pes {Li n et al , 1972; Polliack et ~~ 1973a, b; Lin and 

Wallach , 1974 ; Al exander and Wetzel , 1975; Alexander ~ ~~ 

19 76 ; Newell et al , 1976; Roath et al, 1978) . Studies with 

~urine and human lymphocytes from no rmal peripheral blood and 

tissues as well as from abnonnal ti ssu e s including tumou rs and 

other cell lin es (Wi l son and Nossal , 1972: Hol t et al, 1972; 



Polli ack and De Harven, 1975; Polli cck et al, 1975, ' 1981; 

Kwock ~ al, 1976; Polliack ~ al, 1981} revealed detailed 
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and characteristic surface morphology of the immunoconpetent 

cells. Polliack and his associates rep orted the presence of 

cell surface microvilli on the B lymphocytes while the T 

lymphocytes were shown to possess a comparatively smooth cell 

surf ace (Lin ~ al, 1972; Polliack ~ ~' 1973a, 1973b, 1975, 

1976; Lin and 'l'lallach, 1974; Polliack c.nd CeHarven , 1975). 

Even s or e ne cp l a stic cells of B lyn p h c cyte origin revealed the 

presence of surface nicrovilli, while SOIT~ leukenic cells of 

T lymphccyte origin demonstrated a smooth cell surface (Polliack 

and DeHarven, 1975; Polliack et al, 1981, 1983). This was also 

supported by immunofluores cence and other n icrosc cpic techniques 

(Sciorra and Eckert, 1974; Fagraeus et al, 1 974; DeHarven et al, 

1975; Reyes ~ al, 1975; Vila and Taub, 1975; Padnos , 1976; 

Mas c n et al, 1977; Renau-Piqueras, 1978; Renau-Piqueras and 

Knecht, 19 79; Pclliack and Garr.liel, 1983 ) . Wetzel and co-\-.rorkers 

(Wetzel ~ al, 1974; Alexander and ~etzel, 1975). Barber and 

Burkho l der (1975) Kwock and co-wc rkers (1976) and Newell and 

associates (1 976) stressed the inpc rtanc e of type c f fixation, 

temperature and other parameters fe r the study of cell sur face 

rrorpho logy. Kwock and associates (1 976) a lso r e p o r ted that some 

a lterations in the surface topography of lymphocytes may be 

caused by the use of nylon wool cclumns. 



The macrophages have been well c haracterized by their 

possess i o n o f irregular surface morphology and different types 

of pesudopodial projections (Albrecht ~ al, 1972 & 1978; 

Besis , 1973; Brynes ~ al, 1976). There is another type of 

accessory cells, the follicular den dritic cells , vhich are 

known to p l ay major r o les in trappin g and modification of 
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antigens and possi bly retention of antigens for long t i me 

before presenting t hem t o the lymphocytes (Noss al et al, 1968a, 

1968b ; Steinman et al , 1973, 1974a, 19 74b , 1975 , 1978; Klaus 

e t al , 1980 ; Van Rooi jen, 1980 ) . 

Thus the scanning electron nicroscopic study would help 

t o characterize and distinguish the different immunocompetent 

cel l t ype s of bats . 

Besi de s t he cel l surface char acteristics , i mmunoreactive 

cells in highe r vertebrate s al s o d iffe r by several cel l surface 

a ntigenic markers . B lymphocytes have characte ri s tic immuno­

g lobul in {Ig ) markers on the ir cell surface ( Raff ~ al, 1970, 

19 71 ; Wilson~~ al , 1971; Rabellino e t al, 1971 ; Padnos, 1976). 

T lymphocytes lack this marker, b ut possess o ther s pecific 

ce 11 surf ace antigens such as e o r Thy 1 , and Ly in mouse, 

CD in human etc (Reif and Alle n, 1964 ; Sh aw, 1987; Roitt, 1988). 

Simi larly, macrop h ages of monocytic origin possess c h aracteristic 
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Mac-1 or-2 surface markers in ~ouse (Klaus et al, 1983). Thus, --
characte rizatio n of different types of immunocompetent cells 

of bat on the basis of cell surface markers have been l ocked 

into in the present investigation . B lyrrphocytes in peripheral 

blood and second ary lympho i d organs of ~an and mou se bear 

predominantly IgM or IgG and also IgD molecules {Papamichail 

et al , 1971; Pernis et al, 1971; Cooper and Lawton, 1972; 

Froland and Natvig , 1972; Teale et al, 1980; Lafrenz et al , 

1986 ; . As because b e th IgM and IgG med iated i~mune re sponses 

have be e n derronstrated in the bats (Le onard ~ al, 1968; 

Chakraborty , 1983a ) , the Igi1 and I gG bearing cells in bats 

equivalent t o B lyn~hocytes have b e en investigated in the 

p rese nt study with f luorochrome conjugated antibodies to bat 

IgM and IgG. 

Next, the immunocorrpetent cell types of bat bearing 

Thy-1 type of surface antigen were characterized with anti­

Thy-1 type serum. Raising of anti bat t h ymocyte se rum is 

diff icult because of total invo lution o f thy mus in adult bats 

(Chakrabort y and Chakravarty, 1984c!) , but it is known that Thy-1 

is of ten shared by brain cells in d ifferent vertebrates (Re i£ 

and Allen, 1964; Acton et al, 1974; T rowbri dge et al, 1975; 

Mansour and Cooper, 1975; Williams et al, 1976) and it has also 

been shown that the Thy- 1 molecule has been highly c onserved 

duri ng evolution (Cambe ll e t al , 1981; Cotrrore et al, 1981; 
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Mackenzie et al , 1981 ; Williams and Gagnon , 1982; Mans cur et al, -- --
1985 , 1987 ; Sha lev et 21• 1985 ) . Golub (1971, 1972 ) raised anti-

mouse brain serum in rabbit and employed it successfully to 

i dent ify the mouse thymocytes . Later, anti- brain Thy-1 serum 

have been u sed by several workers to detect T lynphocytes of 

many vertebrates (Claggart et al, 1973; Acton et al, 1974; 

Morris~! al, 1975; Cotmore et al , 1981). Chakraborty and 

Chakravarty (1983~ t ook a dvantage of this fact by absorbing 

the rabbit anti- bat lyrr.phocyte serum with bat brain homoge nate 

and s howed a different i a l susceptibility o f the lynphocytic 

cell population of bat to t his pre- absorbed anti serum, and 

suggested a possible d ichotomy of lymphocytes in t he line of B 

and T cells . In the present investigation, Thy-1 type antigen 

bearing lymphocytes of bat have been i dentified by their 

susceptibility t o anti- bat brain serum, and then localization 

of these cell types in seco ndary lyrrphoid organs have : 

been studied afte r repeated injections of the serum in the bat 

and mak ing histological preparatio ns of s p leen and lymph nodes 

f r c rr t he anti serum treated bats. Such stud ies for anatomic 

compartmentalization of _B ana T Cells and their differentiation 

in lymphoid organs were attempted in mo u se , rat and lizard 

(Parrot and De Souza, 1966 , 1969, 1971; Howard et al, 1972; 

Bhan et al, 1975 ; Gutman and We i sman , 1972 ; Pitchappan and 

Muthukk aruppan, 1977b; Barclay, 1981; van Ewijk ~ al, 1981 , 



Re use e t a l , 1982) . In man , recent immunofluorescence and 

histological observations of pri n ary and secondary lympho id 
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organs frorn n ornal subjects as we l l as patients with T or B 

cel l def i ciency have yielded important inforrr•ation regarding 

t he T depen~ent and B dependent regions in these organs (Lamelin 

e t al , 19 78; Seymour e t a l, 1980; Bhan et al, 1980; Poppema 

~ al , 1981 ) . 

For characte ri z ation o f nou se and human inmunocorrpetent 

cells , transmission e l ectrc n microsc opy (TcM) h as been used 

since e a rly 1960 ' s (Zucker- Frankl in, 1963, 1969 ; Inman and 

Coope r , 1963; r-~ovat and Fernan do , 1964 , 1965; McFarland and 

Heilman , 1965 ; Harri s et al , 1966; Hurr~ler et al , 1966 ; 

Heinige r , 1967 ; McFarland , 1969 ; Tanaka and Gooc~an, 1972; 

Be s is, 1973) . Analysis of ce l lular and nuc lear volume frc m 

se rial ultrasectic n s reveal ed a significant differen ce between 

thymic and lymph no de lymphocytes of mice (Heiniger, 1967 ) . 

Later, the u se c f s1,ec ific antibcdi es coupled to ferritin, 

horse raddish pe r cxidase an d s uch other elec t ron den s e marke rs 

r eso lved two d istinc t p opulati ons B and T cells {De Petris 

et al , 1963; De Petris a nd Ka r l sbad , 1965; Storb et al, 1969; -- -
Reyes and Bach , 1971 ; Murphy~ al , 1972 ) . Using this technique, 

Matter a n d h i s a s s ociates (19 7 2) distinguished different stages 

o f diffe rent iat ion of B and T cel l s de pen ding on cell size and 

cellular c on tent of o r ganelles . 



Cohn and his cO- \'lorke rs (Cohn and Benson, 1965; Colm, 

Hirsch and Fedorko, 1966) and o thers (Sutton, 1967; Chapman 
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et al, 1967) studied the structure and di f ferentiati o n of 

mo nocytes and ~acrophages under the TEM. Further study of the 

structure and fate of several subcellular organelles in the 

macrophages were also made (Cohn, 1968; Nicho las et 21, 1971; 

Allison et al, 1971 ) . Allison and his co-\·tOrkers (1 9 71 ) studied 

in detail the f o r mation of pseudopodia, t he striking and c harac­

t e r i stic feature of macrophages. To our knowledge there is as 

yet no report on the fine structure o f the immunocompetent cells 

of bat and so, attempts were made in the present investigation 

t o study the fine structure of these cells by transmission 

e lectron miscroscopy . 

Summarily , the present study attenpts first to iso late 

the different types of immunocompete nt cells from the secon dary 

lymphoid organs of the Indian fruit bat, Pteropus giganteus 

on the basis of their differential cell surface adhessibility 

to plastic and n y lon wool . The subsets of imrrunore active cells 

thus i s olate d are further analyzed by scanning electron micro­

sc opy t o reveal t he cell surface topog rap h y . Then the different 

c el l p opulati ons are c haracterized wi th reference to cell surface 

ma r kers such as IgM, IgG and Thy-1. An a t omical c onpartrr.entali­

zation of B and T cell t ype, is studied by rabbit anti Thy-1 

type serum in ~· Finally, transmission electron micro scopy 

is used to reveal ultrastructural characte ristics and o r g aniza­

tion o f the immunocompe tent cells in situ. 



Animals : Big br own Indian frugivorous bats frorr natural 

populations were supplied by an animal supp lier at Calcutta 

and maintai ned in our laboratory with adequate food and water 

a d libitu rr·. Healthy adult bats of both sexes with body weight 

ranging from 440 to 520 grms were cho sen randomly for the 

experiments . 

Meoia: I sotonic Du lbecco ' s phosr hate buffered saline (PBS), 

Hank' s balanced salt solution (HBSS), Earl's balanced salt 

solution (EBSS) and minimal essential medium (MEM) were 

obtained f r om HI MEDIA, Bombay , India. All media and balanced 

salt soluti ons were suppl errented with 1~/o heat in activated 

goat ser um as this serum was established in o u r laboratory 

to be a good and cheaper substitute f o r the more costly 

foe tal calf serum (Chaudhuri and Chakravarty , 1983). 

Collection of lymphocytes : The method of Chaudhuri and 

Chakravarty (1983) was followed with certain modifications. 

Briefly, secon d ary ly~phoid o rgans like spleen, mesenteric, 

axilla~' and maxillary l ymph nodes were dissected aseptically 

from anasthetized bats and rinsed in PBS . The organs were cut 

into small p i eces and pres sed against a s tainless steel wire 
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mesh t o dissociate the ce lls. Further dissociat i on o f the 

smal l clu rr.ps of cel ls was brou ght abc..ut by passing the cell 

suspe nsion thrc.. u gh a 27 g au ge hypodermic needle . Contaminant 

red blood cells were lysed by subj ec ting the c el l s to hypo­

t onic shock in 0 . 3 4% NH
4
Cl d i s solved in 0 . 1H Tris- HC l (pH 7 . 2) 

for 10 minute s , followed by t wo i mme d iate 1..vashe s in excess 

PBS. The lymphoid cells were t hen resuspenned in serum s u pple­

mented EBSS or HBSS containing 50 U/n~l of penic i l lin-strepto-

mycin a nd 50 U/ml of n ys t atin . 

Separation o f plastic a dherent c ells : About 5 rrl o f the cell 

suspension c ontain ing u p t o 2 x 10
8 

cells was spread o n a 

sterilised plas t ic petri dish o f 5" diameter an d incubated a t 

37 ° C fo r 1 hc ur . Then the s upe rnatan t containing the plastic 

nc n adhe r e nt cel ls was gently pipetted of f . The p l astic adherent 

c e l l s were then renoved f r o rr petridish by scrapping with a 

rubbe r policeman . Al t ernat ively , treat ment with O . ~lo ELTA fo r 

a few ninute s also rel e ased the cel l s f r o rr the p lastic . The 

adherent a nd n o n adherent cel ls we r e t hen separately resusp8n ded 

in serur. s uppl emented EBSS f o r fu rthe r experimentation. 

Nylon wool column separation~!L~hoid cells : Out of several 

techniques fo r separating the T and B l ymphocytes of hig her 

v e rtebrat es , we op ted for the nylon woo l f ibre c o lumn separation 

t e c hnique a s outlined by Julius and c o•..vorkers (1 973) because of 
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its sinplicity and rap i dity and also because t he cel ls are not 

exposed to any harsh treatments curing t his procedure . 

Abcut 400 mg of nylon wool was cut into small pieces 

and teased into loose fibres devoid of knots. The wool was 

then boi l ed in lN HCl for 10 minutes to re rr.ove any toxicity. 

Then washing in boiling tripple distilled water was done for 

3- 4 times to remove the acidity. The fibres were then air 

dried and loosely fclded and p acked in ~ 10 ml glass syringe 

upto the 6 ml mark. In another method, suggested by Henry 

(1980), the washed wool was soaked overnight in a mixture of 

0. ~,~ EDTA and 0 . 2% NaHC03 washed in distilled water, dried 

and packed in the syringe . In all cases, t he nylon wool column 

was sterilised by autoclaving and then incubated in serum free 

EBSS f o r 45 minutes at 37°c. 

About 5 ml of the cell suspension c ontaining upto 

108 cells/ml in serum s upplenented warrr EBSS or ME M was 

carefully loaded in the presoaked an d prewarmed nylon wool 

column and incubated for 1 he. ur at 3 7°C in · a hun:idif ied atmos-

phere containing 5% co2 • Then the nylon wool non adherent cells 

were eluted out with an excess arr ount of warm EBSS, and 

resuspended in fresh medium. The co lumn was then filled with 

chilled HBSS and further incubated in ice for 10 minutes. Now 

the nylon wool adherent cell s were eluted out with an exce ss 
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amount of cold HBSS by vigo rous agitation of the wool and 

then re suspended in fresh me d ium. 

Preparation for scanni ng electron micro scopy : 

A. Fixatio n a nd Dehyd ration The iso l ated cel l populat ions 

we r e fixed and dehydrated f o llowing s t a nd ard techniques (Pease, 

1964) . Briefly , the cells were resuppende d in 0. 2M Sodium 

cacodylate buffer (pH 7.2) and smeared on grease free cover-

slips appropriately marked at the side with a d i arron d tipped 

pencil. After 10 rrinute s, when the ce ll s settled on the glass 

surface , t he overlying buffer was d rained off and 2% Gluter-

a l dehyde in the sarre buffer was ove r laid . The ce lls were fixed 

for 3 h ours after which the fixative was rerroved by several 

gentle rinses in cacodylate buffer. The ce l ls were then post 

fixed with 1% Osmium tetroxide in cacodylate buffer for 10 

minutes . Excess fixative was removed by several gentle rinse s 

i n distil led water after wh ich the specimens were dehydrated 

in 30, 50, 70, 90 and 10~/o e t hyl alcohol with t wo c hanges in 

each . 

B. Critical point dr1i~= Although a few samp l e s were d ried 

in air, most c f t he cell samples were dried by the critical 

point drying technique since this technique has been shown to 

pre serve t he cell sur face details better (Pol l iack ~ al, 1973a; 

107094 
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Bartlett and Burstyn,l975). The cell sar. ples on the coverslips 

were transferred from absolute ethyl alcohol to anhydrous amy~ 

ace tate an~ c ritical poin t d ried using liquid co2 as the 

transitional flui d in a Polaron Critical Point Drier at the 

Regional Sophisticated Instrumentation Centre, Bose Institute, 

Calcutta, following standard methodo l ogies (Albrecht, Jordan and 

Hong , 1978) . 

c. Gold _coating : The critical p c int dried cell sarr ples on 
0 

the c overslips were c oated with 150-200 A gold layer in a 

sputter coater at the R.s.r.c., Calcutta. 

D. Sc anning electron microscopy The gold coated cell samples 

were scanned in a Phillips Scanning Electron .t<icroscope with 

an accelerating vo ltage of 20 KV at the R. S.I.C., Calcutta. 

Photographs were taY-en on ILFORD FP4 p anchromatic film and 

a ppropriately developed. 

Pre~aration of B~Sepharose i mmunoad sorbent for isolation 

of bat Ig _~ Bovine serum alburrin (BSA, obtained from Sigma, 
. 

USA ) was i mmobilised on Sepharose 6B-1 00 dextran 

f o llowing standard rrethodology {Porath ~ al , 1967; March 

et al, 1974 ) . Briefly, 20 gr of Sepharose 6B- 100 (wet weight) 

was washed with d i stilled water on a sintered glass funnel and 

then suspended in 40 ml of 2M K2co3 • 2 g m of Cyanogen Bromide 
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(CNBr ) was d issolved in 1 ml acetoni·s rile and mixed with the 

sepharose slurry. The mixture was stirre d slowly in cold for 

2 minut·:=:s, then washed immediately with cold d istilled water 

i n a coarse sintered glass funnel . Finally, the mixture was 

washed 2 times with o.1 M NaHCo
3

• BSA (300 mg in 60 ml of O.lM 

NaHC0
3

) was then mixed with the activated Sepharose; the reaction 

mixture was stirred gently fo r 18 hours at 4°C. Ethanolamine 

(100 ~1 ) was added t o the c onjugate to neutralise any unbound 

active groups generated by CNBr on the Sepharose mo lecules. 

The mixture was again stirred for 30 minutes in cold, then 

washed with O.lM NaHco
3 

until the filtrate showed near zero 

absorbance at 280 nm. Finally, the BSA- Se p harose immunoad sorbent 

was susp ended in O. l i'-1 PBS for further use. 

Ra ising_of bat anti- BSA se.nun : BSA frorr the same lot as used 

for the preparation of immunoadsorbent was injecte d in b ats at 

a dose of 10 mg in 1 ml PBS by intravenous route. The b at anti-

BSA serun was collected after 12 days and pooled. 

I solation of~ anti-BSA irrmunoglobulins: The BSA con j ugated 

sepharose was washed 3 times with 0.01M PBS pH 7.2 and p acked 

in a 2 . 3 x 14 e m chromat ography column avoiding air bubbles. 

4 . 0 ml of bat anti - BSA serum previously d ialysed for 48 hours 

against O.OLM PBS , was carefully layered on the col~.n and allowed 



19 

t o enter the gel. Then elution was started with O.l M PBS pH 7.2 

until the absorbance of the eluate at 280 nm went below 0.01. The 

eluate was passed throu gh the column two more times to ensure 

compl e te binding of the antibodies with the BSA in the column. 

The column was thoroughly washed with PBS, and e lution of the 

anti - BSA antibodies was started with 3M anmonium thiocy anate 

(NH
4

SCN ) . The e l uate was taken in 1 ml quantities in small g lass 

tube s c ontaining 4 ml d istilled water. Elution was c ontinued 

until the eluate showed an absorbance less than 0.02 at 280 nm. 

The eluted fractic ns were immediately poo l e d and di alysed in 

cold against trip le distilled water wi t h seve ral changes a day 

for two days, and then c oncentrated by vacuum dialysis at low 

t enpe rature. 

Isolatio n of bat Ig?--1 and IgG by Sephaoex G- 200 gel filtration : 

Se phadex G-200 d extran beads (Pharmacia Fine Chemicals, Sweden) 

were washed successively i n lN HCl , d istilled water, lN NaOH 

and again distilled -water until the pH of t he wash was neutral. 

The bead s were swollen in O.lM Tris-HCl, pH 7.3 containing 

0.15M NaCl fo r 3 d a ys. The swollen gel was packed in a 2.5 x 60 

em chromatography column avoiding air bubbles, and washed with 

the same buffer u sing a hydrostatic pressure of about 12 em. 

The bat immunoglcbulin solution obtai ned by affinity chromato­

graphy was carefully layered on the gel bed and ... elution started. 

A flO\o~ r ate o f about 5 ml /hcur was maintai ned and the eluate 



, 

20 

was c o lle cted in 3 ml fractions . Absorbance of the eluate at 

280 nrr was recorded and plotted against t he fraction number. 

Two absorbance 280 peaks were obtained (fig . 4), the first 

peak eluting i n the v oid volume and the secc n d peak just after. 

The fractions c o rresp onding to the two absorbance peaks in the 

elution profile were pooled , dialysed against several changes 

of c o l e tripple d istilled water , lyophilised by vacuum dialysis 

and stored desiccated a t -2 0°C in 2 mg aliquots for further use. 

Raising of rabb it anti sera against bat IgM and bat IgG : 2 mg 

o f either bat Igl'~ or IgG was dissc lved in o. 5 ml PBS and mixed 

we ll with Freund 's Complet e Adjuvant (FCA ) in 1:1 ratio. The 

e rrulsion was injected through s u bcutaneous route in the left 

thigh of a rabbit from which normal serum had already been 

c ollected . The rabbits were given 6 such weekly inj ections and 

b led 72 hours after the last booster dose and respective rabbit 

antisera against bat IgM or IgG were colle cted . 

Ammonium sul phate precipitation of imnunoglobulins raised in 

rabb~ : 2 ml of the rabb it antiserum agai nst bat IgM or bat 

IgG was mixed slowly with 2 ml of saturated ammoni um sulph ate 

under constant stirring in col d . The precip itate produced by 

such 50% amrr.onium sulphate saturation was collected by centri­

fugation a t 10 , 000 g and reconstitut e d to original volume (2 ml) 

i n tripple distilled Nater. To this, 1 ml o f saturated ammonium 
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sulphate was slowly added under c onstant stirring in c o l d . The 

precipitate formed by such 33% ammon ium s u l p hate saturation 

was c ol l e cted by centrifugation , rec onstituted to original 

vo lume in tripple disti l led water and passaged through a 

15 em x 2 . 5 e m colunn of sephadex G- 25 t o renove the ammonium 

s ulphate molecules. The protein s o lutions were concentrated by 

vacuum dialysis and stored in small aliquots at -20°C. 

Polyacry lamide gel electroEhoresis of bat Ig: The method of 

Davis (1965 ) d isc gel e l ectrophoresis was used with little 

modific ations . About 9 em long separating gel column was 

formed of 10% ac rylarr1ide; the overlying 1 em long stack gel 

colurrn contained 2 . 5% acrylamide . P olymerization was brought 

about by TEMED and freshly prepared ammonium persulfate. For 

separation of the Ig classes of bat, 20 pl of affinity purified 

b at Ig was mixed with 20 pl of 2M sucro se and 5 pl of 0.05% 

Br omophenol blue ind icator dye. The mixture was layered ov e r 

the stack gel and the t ubes were gentl y filled u p with Tris 

glycine electrode buffer. BSA and purified hurrran IgG (obtained 

from Sigma, USA) were used a s standard markers. Gels were run 

fo r 3- 4 hours in c o ld at 3 - 4 rrA/tube current at 300V. After the 

run, gels were briefly treated with 1~/o TCA, staine d with 

Coomani c Brilli ant Blue and destained in methanol-acetic acid 

mi x ture . Phot ogra phs were taken on 24 ASA black and white fi lm. 
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Conjugation of go at- anti- rabbit IgG with fluo rescent d~ : The 

met hod o f Goding (1976) was used wi t h b rief mod ifications. 

Briefly, fluorescence in Isothiocyanate (FITC), iso mer I I on 

celite (obtained f r om Sigma, USA) was d i ssolved in 0.15M 

Na
2

HP0
4 

• 2H
2

0 (pH 9 . 0) buffer to a final concentration of 

l . C mg/ml immed iate l y bef o re use . o . ~ ml of t his s olution was 

mixed und e r c onstant s tirring with 2 ml of goat anti-rabbit­

IgG immunoglobulin solution (concentratio n about 10 mg/ml 

in the s ame buffer) at room temperature. The pH of the reaction 

nix ture was adjusted to 9 . 5 by addition of O.lM Na3Po4. 1o H2o. 

The re uction was c ontinued f e r 2 h c ur i n d ark, afte r wh ich the 

rdxture was c har ged on a Sephadex G- 25 gel filtration colunm 

(1 5 x 2 . 5 em) . The fluorochrome c on jugat ed inmunoglobulins were 

eluted out in the void v olume using 0 . H ' PBS . This fraction 

wa s quickly concentrated by vacuun d i alysis in dark and stored 

a t - 20°C . To eval uate the labelling ratio , a s mall part of the 

c on j ugate was d iluted in distilled water and subjected t o 

spectrophotometry at 280 nm and 495 nrr.. The r atio o f the 

abscrbance 49 5 t o abso rbance 280 was f cun~ to be 1 . 87 wh ich 

was quite satisfacto r y for our p urpose. 

Innun of luorescence microscopy for det~ion o f IgM a n d IgG 

bearing cell s o f bat: An inc irect i mmunofluorescence technique 

usin g i nci dent ill~ination was a dopted. Inmunocorrpetent cell 

types f r om secc n dary lymphoid organs , peripheral blood and b one 
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rr.arrow were taken in 0 . 1 rrl cold PBS with cell concentration 

at 107 cell s/ml anc incubatec at 4°C f o r 3 0 min . with 100 pl 

o f 1:10 dilution of rabbit a nti bat Igl·1 or rabb it an1..i- bat IgG 

antibod ies in presence o f 0 . 1% NaN
3

• The cells were then washed 

twice with c o le PBS c ontaining 0. 1% NaN
3 

a nd further incubated 

with 100 pl of 1:10 dilut ic n o f goat anti rabb it Ig coupled 

wi th FITC for 30 rr in . a t 4°C in presenc e of 0 . 1% NaN
3

• After 

incubation, cells were was hed with PD S at 4°C two times and 

0 re s uspend in 0 . 1 rrl of 1 :1 mixture of PBS anc glycerol at 4 c. 

F o r con t rol, cells were first incubated with ncrrral rabbit 

serum, washed twice , 2nd incubated further with f luorescinated 

g oat anti-.rabbit Ig followed by two wa s hes, and the c e lls were 

finally resuspended in glycercl PBS. Ce lls were then taken on 

a haerrc cyt ometer slide , covered with a cover slip and exanined 

in a Zeiss FLUOVAL fluorescence nicro scope equipped with epi~ 

illumination from a HBO 2 0 0 UV larr.p . D2 24 excitation filter 

f or blue excitation and BG47 barrier filte r was used. Fluo rescent 

ce l ls we re photographed o n 1 o d ak 400 ASA film exposed for 4-6 

rrinute s and b oosted to 800 ASA during deve l opment. 

Rais j ng of rabbit anti- bat brain serum : Brain cells of mouse, 

rat etc . are known to share the e or Thy-1 cell surface antigen 

with T lymphocytes and anti- brain serurr has been shown to 

recognise the T cel l s in these animals (Rei£ and Allen, 19 64; 

Golub, 1971, 1972 ) . To rai s e antiserurr against bat brain cells, 
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the technique of Chakraborty and Chakravarty (1 98 3) was followed 

wi t h little r. ·od if ications. Briefly, p ieces o f cereb ral c ortex 

of bats were homc genized in c o le PBS (pH 7 . 2 ) in a glass 

homogenizer. Then 1 ml of brain ho mogenate was errul sified with 

1 ml of Freund ' s Corr.ple te Adjuvant (Difco Laboratories, Detroit, 

u . s . A. ) , and 1 n l of this water-in-uil erruls ion was injected 

subcutaneously in the thigh region of the hind leg of a healthy 

rabb it frorr wh ich normal serurr. had already been collected. The 

rabbit was given 6 such weekly injections . After 72 hour s of 

t he l a st b ooster inje ction, t he rabb it \vas b l ed by ear vein 

puncture and antiserurr was collected as outlined previously. 

Serurr. a l iquotes were preserved frozen at - 20°C unti l use . 

Before every u s e, the antiserum was decomple mentec b y heat 

i nactivation at 56°C for 30 minutes. 

Co lle ctio n of guine a pig co~plerrent : Blood was c o llected 

frc rr guinea p igs asep tically by heart puncture and allowed to 

stand at roo m ter. perature for 45 rr i nutes following t he method 

of Herbert (1978). Af t e r clotting of t he blood , serum was 

collected by cent rifugation and aliquotes of serum were pre­

served at -20°C until use as scurce of c c nplement. 

In vitro cytoxc city of rabb it an t i - bat brain serum : For the 

serurr cytotoxicity test, t he method c utline d by Chakraborty and 

Chakravarty (1983 ) was adopted with few modifications. Cytotoxi­

city of the rabbit anti-bat brain serum was tested against the 
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plastic adhe r ent, nyl on wool no n adherent and nylon wool 

a nherent cell popu lations sep arately . Heat inactivated normal 

rabbit se rum, rabb it anti- bat brain serum a nd n o n inactivated 

9uinea p ig corrpleme nt were absorbed with packed (1 ~/o of the 

volume of s erum ) erythroc ytes , liver and kic ne y cells of the 

experime ntal bats fo r 1 h ou r at 4°C . An al i quote of 0.1 ml of 

bat immunocompe t ent cel l suspe nsion at a ccncentration of 107 

ce lls/rnl was mixe d with 0.1 ml of 1:1 0 , 1:20, 1:40, 1 : 80 and· 

1:160 d ilutions of rabb i t anti-bat brain serurr. . In the c ontro l 

tubes, bat i mn unocompetent cells were nixed with similar dilutions 

of norrral rabbit serum. In anothe r s et of contrcl tubes, cells 

were n ixed with 0 . 1 ml HBSS c nly. Triplicate tubes for each 

serum di lution were first incubated at 37°C f or 30 minutes after 

which 20 pl fres h guinea p i g serum was a~ded to each tube as 

source of conplement . The tubes were then incubated at 37°C for 

further 1 hour . The reacti on was stopped by p lac ing the tubes 

o n ice for 10 minute s . Viable ce l l s were c ounted b y using Trypan 

Blue dye exclusion technique . The l ytic index of the antiserum 

for each dilution was calculated f r orn the following fornula : 

% lysis = 

No . of l ive cells 
with normal se rum 

----------------------------

No . of live cells 
with antiserum 

Total Nv . of c ells a~dec in each tube 

X 100. 
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In ~ t r eatment with rabbit a nti-bat brain serum: The method 

described by Pitchappan and Muthukkaruppan (1977) was employed. 

Bri~fly, bats were given dai l y intravenous injections of 1/10 

dilution of rabbit anti- bat brain serum in 1 ml quantity. After 

5 c onsecutive injections , bats were sacrificed at 24# 72 and 

120 hours and their secondary lympho id organs were removed 

fo r h istological observations and ce ll separation studies. 

Histo logi cal study: Small pieces of sp leen and lymph n odes 

from norrral and experimental bats were fixed with Bouin's 

fixative for overnight . Excess fixative was th~removed by 4-5 

changes in 7~/o ethanol. Tis sues were then dehydrated by passing 

thrc ugh increasing grades of ethanol, cleared in xylene and 

embedded in paraffin . Sections of 6 prn thckness were cut in 

rotary microtome and stained with haematoxylin and eosin. For 

better staining of the fibrilar materials, some o f the sections 

were stained with Masson ' s Trichrome stain c ontaining Biebrich 

scarle t, fast green and Weigert's haematoxylin. 

Transmission electron microscopy Small pieces {about 

1 mrn
3

) of spleen and lymph node tissue s were first fixed with 

2. 5% Gluteraldehyde i n 0. 2M Sod ium cacodylate buffer (pH 7.2) 

for 3 hours in cold. Excess fixative was ren.oved by several 

washings in chilled cacodylate buffer and the specimens were 
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post fixed wit h 1% Os~ium tetroxide i n the sare c a c ody l a t e 

0 
bu ffer for 2 hc urs a t 4 c . After wash i ng out the exces s osrr ium 

tetroxid e , with the same buffer, the samples were de hy c r ated 

b y pass i ng thr ough increasing grades of c c l c a cet o ne , an d 

infiltrated with a 1:1 nixture of acetone and Epo n embe dd ing 

me dium for 48 h ours a t roo m temperature . Finally, the s amples 

were embedded in the Epon embed c ing medium containing 1 3 ml 

Epon 81 2 , 7 ml Nadic Methyl Anhydride, 8 ml Lodecyl Succ inic 

Anhydride and 16 d rops o f DMP 30 as per stan dard methodol ogy 

(Pease, 19 64) . Po l ymerization o f the res i n was done f e r 48 

hou r s at 60°C . Ul t rathin sections obtained f r orr a LKB NOVA IV 

Ul~ramicrotome were taken o n naked c opper grids and s tai ned with 

5% aquous Urany l acetate for 1/2 hour and the n with 2% Lead 

citrate fo r 5 minute s (Pease , 1 964) . The stained s e ctions were 

exarrined in a JEOL 100 ex Transmission Electro n Mic r o s c cpe a t 

60 , 80 and 100 KV acceleratin g voltages at the Ce n t r e fo r 

Cellular and Mo lecular Bio logy, Hyoerabad. 



RESULTS 

P L,..,.S'l' IC ADH.t:Rl:; t,J'l' CeLLS FR01v1 .:::>PU.t::t\1 ANI:: LYMPH NODES OF BAT 

Spleen an c lymph node cells fron the bats were incubated 

in plast ic petridishe s under apprOpriate conoitions to separate 

the grou p c f cells adhering to the plastic substratum. It was 

found that s ome cells fron spleen and l~1 ph n odes adhered 

read ily t o the p lastic and could be removed later by mechanical 

means . This plastic adherent cell population represented about 

3 . 55% c f the t otal spleen and lymph node cell populatio n of 

lymphocytic and monocytic origin. This percentage was fairly 

con s tant frcm experiment to experiment even with varying numbers 

of cells from d ifferent bats (Figre 1 ) . 

NYLCN WOOL ADHERENT AND NON ADHERENT CELLS 

The plastic n on adherent cells were further separated 

by nylon wool fib re column foll owing two protocols. In the 

firs t porotoco l, the nylon wool was not p retreated and in the 

secon d , the wool was pretreated with EDTA and NaHC0
3 

following 

the suggestion by Henry {1980 ) . In both the protccols , the results 

indicate two d istinct populations of lyn~hoid cells -- n y lon 

wool a dherent and non a dherent populations. However, following 

the first protocol, the yield of adherent and non a dherent 

cells was low, about 2.16% and 1 . 57% respe ctively of the initial 

cell pop ulatio n (Table 1 ) . The pretreatne nt of nylon wool in 
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the second protoco l led to higher yield o f both the cell types, 

s. 77% adherent and 31 . 3 3% n on adheren·t (Table 2) , and in 

fu r tre r e x pe rime n ts , this secon d prot ocol was U'sed. 

Howeve r , even after thi s increa se in the ef f icacy of 

t he pretreated ny l o n wool column, the cel l recovery was about 

41% in the present study , whereas 50- 6 0% in case of mouse o r 

h un.an (T riz i o and Cudkoicz , 197 4) . 

The 3 cell t ypes , plas tic adhere n t , nylon wo ol a dherent 

and n y lon wool non a dherent populatio ns have been recovered in 

t he ratio of 1:2:9 a p p roxima tely (Table 3) . 

Neutral red posit ive cells were about 89 . 5% in the 

p l astic adhe rent cell population , whereas t he nylon woo l 

a dherent and non adherent cell p opulations showed about 12 . 3% 

and 6 . ~/o c o n tamination of the neutral red positive cells res­

pectively (Tabl e 4) . 

SE M ANALYSIS OF S URFACE T OP OGRAPHY OF THE PL ASTIC ADHE RENT CELLS 

Cells frorr nc rr.al bats: The pl ast i c a dherent cells from n o rmal 

bats under the scanning ele ctron microscope reve ale d an 

i r r egular shape , with a di ameter u sually cente red around 5 pro. 

The c onsp icuous feature of these cells was t he p resence of 

p s eudopodial proj e ctions. Sometime s they were in the form of a 
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uropodium at t he back of the cell, or as flatb med lamellipodia, 

o r finge r shaped filopodia all over the c el l (P late I, Fig&. :.1&2l. 

Usually more than one type of pseudopodia were found on a cell. 

There were certain distinct p l astic adherent cells which were 

c omparative ly bigger i n size, 6-8 pm in d iameter and with 

characteristic bul buous protru s ions of 2-4 pm d iameter (Plate 

II , Figs. 1 and 2) . These projections were different from the 

usual lawellipodia or filopodial pseudopodia . 

Ce lls from irr~unized bats: Plastic adheren t ce l ls from bats -- -
i1m unized wi t h 2 5% SRBC for 1 0 days showed an apparent increase 

of cell size t c about 8 )-UTl. The p seudopodia seemed not as 

prominent as in the cells from normal bats (Plate III, Figs. 1 

and 2 ) . 

SURFACE TOPOGRAPHY OF NYLON wcx._ L NCN ALHERENT CELLS ------
Cells from n ormal bats : About 8~/o of the cells in this group 

had a diameter ranging from 6~M to 7 pm. The cells were very 

regul ar and r c unri in shape. The cell surface was relatively 

smooth exce pt a few surface ridges (Plate IV, Fig. 1). Pseudo-

podia of any type we re absent in these cells , but occasionally 

s ome localized memb rane rufflings c ould be seen (Plate IV, Fig. 

2 ) • 
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Cells from immunized bats : Immunization caused slight increase 

in ce ll size wh ich ranged from 7 to 8 ~ and more , and the re 

were s ome prominent cell surface ruffling s (Plate V, Fig. 1 ) . 

occasic nally s c m= large cells , about 10 }.liT' in diameter, showed 

s orre surface ' blebs ' (Plate V, Fig. 2) . 

SURFACE TOPOGRAPHY OF NYLON WOOL ADHE RENT CELLS 

Cells from normal bats: The nylon wool adherent cells revealed 

a characteristic cell surface morphology that was distinctively 

different from that of plast ic a dherent or n y lon wool a dherent 

cells. The surface of these cells showed the presence of some 

small mic rovilli like projections al ong wit h s c me pit like 

f o rmations with a di ameter of 0. 7 t o 1 . 2 ~m (Plate VI, Figs. 1 

and 2 ) . During screening, 70 to 8~~ of the cells were f ound to 

be large in size, having a d iameter ranging from 7 to 9 pro. 

Cells from immunized ~: After immuni z ation, the nylon wool 

a dhe rent cells s howed a marked difference in cell surface 

topograp hy from that of any other cell types examined. Average 

c iamete r of t he cells was f ound normally t o have increased to 

abcut 10 )liD· The characteristic microvilli as seen in no rmal 

cells were absent , rathe r the cell membrane was highly ruffled 

(P late VII , Fig s. 1 and 2) . Such degree of surf ace ruff ling was 

not f ound in any other cell types . In a ddition, some long, 



filamento us membrane p rojection s or ' spik es ' were present on 

t hese cells. The spikes ha d a lengt h of 2. 5 t o 2 . 8 pm. a nd a 

width o f ab out 0 . 3 pm. 

Occasion a lly , very large cells, nore than 10 pro in 

diamete r , were found which h ad extremely ruff l e d membrane ; 
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the s r·ikes were n ot p rorr:inent in these cells (Plate VII, Fig. 

3 ) • 

I M!-r.UN OFLUORESCENCE STUDY OF SURFACE I MMUN OGLOBULIN BEARING CELLS 

Separation of b a t Ig M and I~: Bat anti-I3SA imn:unoglobulins 

(Ig) we re first isolated by affinity chromatography of whole 

bat anti- BSA serum in BSA c onjugated Sepharo s e 6B column . When 

this bat Ig was fracti onated by gel filtrati c n in Sephadex 

G- 200, two prc t ein peaks were obse rve d at 280 nm. One of the 

p r oteins was e luted in the void v o lume, whi l e t he oth er protein 

was eluted late r (Fig . 1). Whe n p urified hu~an Ig G (Sigma, 

u • .S . A. ) was c hrc.. matographed in the same c o lumn , a single protein 

peak was observed almost at the same position o f the second 

protein peak of bat Ig. 

Polyacrylarri de gel ele ctrophoresis of t he bat Ig isolated 

by affin ity c h r o matcgraphy al s o r eveal e d two rr.ajor protein bands, 

o f whi c h one band showed a relative mobil i -ty close tc that of 
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purified hurr,an Ig G {P late VIII, Fig. 1). For practical purpose, 

these two fractions of bat Ig may be called Ig G and Ig M 

r e s pectively. 

~~ration of surf~ce Ig M and Ig G bearing lymphocytes : 

Surf ace Ig M and Ig G bearing cells in the plastic adherent, 

nylon wool adhrent and nylcn wool non adherent cell populations, 

as well as in spleen, lymph node, bone marrow and peripheral 

blood were detected by indirect irrmunofluorescence microscopy 

using rabbit anti-bat Ig M and anti-bat Ig G as first antibody, 

and fluoresceinated goat anti-rabbit Ig as second antibo dy. 

Three different types of fluorescent staining were 

observed using either anti-b at-Ig M or -Ig G antibody --

(a) ring like fluorescence around the periphery o f the cell 

(Plate Ix, Figs. 1, 2 and 3) which was often discc ntinuous 

(Plate X, Fig. 1) (b) fluorescence s p ots or patches (Plate XI, 

.t· i<:~ . 1) and (c ) in c a se of dead cells , a d iffuse and dull 

fl uorescence all over the cell body (P l a te IX, Fig. 1) When 

Ig f r om normal rabbit (obtai ned by arm·onium sulfate precipitation 

of no rmal rabb it serum) was used as the first antibody, no 

fluorescence was observed , which ind icated the specificity of · 

the anti-bat Ig M and anti-bat Ig G antibod ies. 



Enumeration of positively labelled ce l ls s howing 

fluo rescent rings and patche s r evealed 51 - 5~/o surface Ig M 

bearing cells and 30- 39% s~rface Ig G bearing cell, together 

81 . 89% positive c~ l ls in the nylcn woo l adherent p opulation 

(Table 7) . 
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In the plas tic adheren t p opu l ation , cnly 16-24~ of the 

c e lls we re positively staine d, of wb ich 7 .5% to 14.5% showed 

the p resence of surface Ig M and t he r e st showed surface Ig G 

(Table 5) . Sirrilarly in the nylon wo ol n o n a dherent p opulation, 

only 10- 20% ce lls showed fluorescence of wl. ich 6-10% cells 

showe d the presence of surf ace Ig M and 2- 9% cells showed 

surface Ig G (Table 6) . 

\vhen cells from diffe rent ti ~ st:< .'; \-Je re exan ined it was 

observed that b one marrow contained 32-4 5% surface Ig bearing 

cells , o f which 20- 24% had surface Ig M and 10- 20% had surface 

Ig G (Table 8) . Spleen had a high number of surface Ig bearing 

cells , about 64-7 4% . Of this, 4 0-41% cells were Ig M positive 

and 24-31% Ig G positive. Mesenteric lymph node on the other 

hand , showed a le s ser number of surface Ig bearing cells- only 

29- 35% o f which 19- 23% were positive for Ig M and the rest 

positive for Ig G (Table 8 ) . In the peripheral blood however, 

r.any cells bearing surface Ig were ob served ; of the 69-9 ~~ 

cells bearing surface Ig , 44- 54% we re Ig M bearing cells and 

25- 37% we r e Ig G bearing cells. 



In s p ite of variation in the n umber of Ig r1 and Ig G 

positive cells in a particulc.r puri fied cel l population o r a 

l ymphoid organ , t he number indicated a c haracterist ic range 

fo r the cell popu~ation or t he o rgan. 
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DITFERENTIAL SUSCEFTIB ILITY CF THE Itv"...MUN OCO.r-1PETENT CELL TYPES 

TO RAB BI T ANTI- BAT BRAIN SERUM 

The diffe rent in1munocorrpete nt c ell populations isolated 

on the basis of adhessiveness to plastic sub~tratum or nylon 

wool c o lumn were t ested for their sharin g of the brain cell 

antigen which is usua lly c orrrec n with the t hymus ce l l antigen 

in most mammals, as Thy- 1 in mouse (Raff , 1971 ; Golub, 1971) . 

Cytotoxic abil ity of the rabbit ant i - bat brain serum 

was foun c t o be the highest in case of nylon wool non a dherent 

cel l popula tion of bat , about 6 3% at serum dilution of 1 : 10 as 

shm·m in Figure 3 . Percent cytotoxicity in the p l astic adherent 

an d nylon wool adherent cell populations was always be low 1~/o. 

When the anti serun was pre - absorbed with n y l on wool non 

a oherent cells , the cytotoxic efficacy c.f the anti serum towards 

this c ell type dec r e ase d drast i cally to almos t b ackg round level, 

the reby ind i c ating t he specif icity o f the anti serum for these 

cells . 
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EFF ~:CTS OF IN VIVO ADMINISTRATION OF RABL IT ANTI- Bl'.T BRAIN 
----------------
SE RU!'-1 ON THE I.Mr-1UNCX:::Ot-1PETENT CELL TYPES 

Rabbit anti bat brain serum d iluted 1 : 10 wi th PBS was 

injected intravenously into each bat eve ry 24 h ours for 5 

consecutive days following the method of P itchappan and 

Muthukkaruppan (1977) to deplete the cells bearing the Thy-1 

type antigen shared by brain cells and thymocytes. Spleen and 

lymph nodes we re taken out of bats sacrifi ced at 24 , 72 and 

120 hrs after the schedule of 5 injections an d the proportions 

of plastic a dherent , nyl on wool adherent and nylon wool non 

a dherent cells were de t errrined . The nylon wool non adherent 

cells were nost affected by the antiserum treatment as indicated 

by the reduction of its proportion from 24 hrs onward and signi-

fic antly at 72 hrs (Table 9): this is revea led by comparing 

the data with that in Table 3 . 

IN SITU LOCALI ZATION OF THE AREA OF ANTI- BHAIN SERU.r-1 S ENSITiiJE 

CELLS IN SECONDAR Y LYHPHOID ORGANS 

I n s p leen : A p r imary white pulp f o l l ic le of a norma l animal 

was a c o mpact rr.a ss of cells with deep ly stained nuclei, 

s urround i n g a snlenic arteriole in the fo rm of a periarteriolar 

l ymphocyt i c sheath. The white pulps were d istrib u t ed in the 

splenic red par e nchyma a s typ ical in the p rirrates , which were 
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p reviou s l y described in detail by Chakrabo rty and Chakravarty 

(1 984) . The secv ncary fo l l i c l e s o r gerrrinal centres have a 

p r ominent circ u lar z one of lightly sta ined large d i viding cells 

s urrounde d by a jacket l ike mantle l ayer of small lymphocytes 

(Pl ate XII, Fig . 1 ) . 

After the schedul e of 5 injectic ns of anti-brain serum, 

2 
the average number of l y mpho c ytes pe r uni t area of 0.001 mm in 

the periarteriolar sheath region decreased 24 hrs onwards and 

significantly at 7 2 hrs (Fig . 4) . The ce lls were loosely 

o rganize d in the white pulps and s ome pycnot ic cells were 

observed (Plate XII , Figs . 2 & 3) . 

l!l,_lymph n ode : In normal lymph nodes of bat r oughly three 

a r eas coul d be del ine ated - {a) t he outer c ortex just be low the 

collagenous capsule and harbouring t he white pulp follicles , 

(b) the deep or parac ortex c ontai ning cords of lymphocyte s and 

(c) the innermost ~edulla, mainly c onsisting of the me dullary 

sinus . The primary lymphoid follicles appe ared as concentric 

masses of lymphocytes and with antigenic stimulation, they 

c onve r ted t o gerrdnal centres having a central , less dense z one 

of large l ymphocytes surrounded by small lymphocytes (Plate 

XIII , Fig. 1) . 
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Aft e r the anti se rum treat ment , there was a significant 

2 
re ductio n in the numee r of lymphocytes per unit area (0 . 001 mm ) 

in t he paracortical area, particularly at 72 hrs and 12 0 hrs 

(Fig . 5 ) , leaving s c me e mpty spaces (Plate XIII, Fig• 3 ) . The 

cell los~ wa s more severe than that in the spleen. 

TRANSMISS I CN ELECTRON MICROSCOPY OF THE IMMUNOCOMPETENT CELLS 

IN SPIZEN A~ LYMPH NODES 

Normal Sple en: Un de r the transmission electron microscope , 

normal spl een tissue of bat reve aled a c onpact organization 

of the lymphoid cells {Plate XIV, Fig. 1) . The ultrastructural 

o rganizat ion of the c el l s was more or les s s .i1rila r to those 

f ouno in mou se and human. The cells were usual ly spherical or 

cuboi d al i n shape . Un der the TEM, the ave rage diameter of the 

ce l ls of differe nt size was f ound to range from 5 to 7 . 0 pro. 

Ce ll s d ifferin g in cytoplasnic content , nuclear- cytoplasmic ratio, 

nuc lear he terochromati nization etc . p rob ably represented 

d ifferent t ype s of i mmunocc mpetent cells . Four distinct 

cate gories of cells c ould be i denti f i ed -- small lymphocytes, 

large lyn·.phocytes , p l a sma cel l s and macrop hages . 

To begin with , a typical lympho i c cell may be described. 
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~1 lymphocyte - The plasma rre rnbrane was of usual thickness1 

mic r ov illous projections as seen in t he SEM were not as prominent 

in the sections . Cytop l asrr.ic granulc.tion varied, possibly 

depending on the abund ance of organe lles. Number of mito-

chc nd ria varied , structu rally t hey were spherical o r elongated 

sac like , a nd r esemb l ed t ypical mitochondria of murine or human 

cells (Plate XVI , Fig . 2 ) . Short flattened cisternae of endo-

plasmic reticulum were seen (Plate XV , F i g . 1) . Free ribosomal 

particles could also be obse rved . 

Al though a fu l l fledged Golgi apparatus was not seen 

in the micrograp hs , s ome s ma l l vesicular structures present in 

the sections poss ibly ind icated par t of the Golgi apparatus 

(Plate XVI, Fig. 1 ) . Some membrane b ound vesicles, about 0.15 

}-lll1 in diameter and somet imes surrounl~ed b f an e lectron dense 

c oat were seen with opening to the exterior (Plate XVI, Fig. 

2) , probably in course of endo or exocytosis. The average 

dimensions of t he cell organelles observed in c ourse of the 

TEM stucy were as fo l lows : 

Mi tochon drial d i ameter 

Outer mitochon dri a l 
chambe r 
{bound by oute r and 
membr ane) 

Riboscme diameter 

Endo or exccytotic 
vesicle d iameter 

i n ner 

0. 2 5 pro to o. so pro 

0 
ab out 820 A 

0 about 1 40 A 

: about 0 . 1 5 pro 



Nuclear me mbrane thickness 

Pe rinuc lear s p ace 

Nucle ar pores 

Nucleolus 

Nucle ola r g ranules 

120°A to 160°A 

about 300°A 

about 180°A 

1 . 80 t o 2 . 10 pro 

about 150°A. 

41 

The nuclear morphology was t y p i cal with a pe rinuclear 

s p ac e below the nuclear men~rane and with nucle ar pores (Pl a te 

XVIII, Fig . 1) . Usually the nucleus was round , ovoid or poly-

g cmal i n s hape . The nuc l e ar materi a l c ou l d b e eas i l y d istin- -

gui she d i nto t he l ightly sta ined granu l a r euchroma t i n a n d the 

c a r k l y staine d he t e r ochrc matin . The l a tter was usually present 

a s broad uneven patches mainly along the nuclear margin and 

a lsc as small patches ins i de the nuclear mass . Nucleolus of 

about 2 pm diameter was observed with a central lightly stained 

region c ontai n ing some dark granular ma t e rial which were possibly 

i nd i c a tive of ribonucleoprotein synthe sis {Plate XVIII, Fig. 2). 

Sma ll lyrr£hocyt e These c ells r epr esen ted the ma jority 

of the lymphocytes in norma l spleen and were around 5 pro in 

s i ze , and showed a thin rim of cytopl a s m c on t aining v e ry few 

o rganelles excep t a few free ribosome (P l a te XIV, Fig. 1) . 

The nuc leus o f these c e lls was not always r o und in cutl i ne 

a n d was s ligh t ly no tche d at s ome p l a c es and contained a f air 



amount of hete r ochromat i n. Some of these featu res resembled 

those o f small T l ymphocyte s in mcuse. 
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Large lymphocyte - These cells we re larger in size, usually 

about 6 . 5 pro t o about 8 pro in diameter (Plate XVI, Fig. 1 ), 

and h ad more cytoplasrr i c c c ntent. Numbe r of mitochondria was 

variable . Occasional short profile s of endoplasmic reticulum, 

an d s ome small vesicles , probably ind icative of a Golgi 

complex, were observed . Free r i bosome s were scattered i n the 

cyt oplasm. Nucleus was usually p o lygcnal in shape anc the 

margina l heterochromatic p atches were l ess heavy than in the 

smal l er lymphocytes . 

Besides these cells , the r e we re s ome cells that could be 

characterized as p lasma c el ls and macr cphages which were more 

i n numbe r after iiTUT!unization. So t h ey are de scribed in detail 

later. 

Spl ee n after i mmuni z ation: The cells in the s p lee n from bats 

immun i zed with 2~/o SRBC for 10 days were not a s c ompactly 

organized as in the n ormal spleen . The cells were usually 7 pm 

to 9 pro in diameter and were cuboida l or elon gated in appearance 

( Plate XIX, Fig. 1 ) . Most of these cells looked like t he large 

lymphocytes seen i n the no rmal spleen. Although s 0me fi lamen­

t ous projections we r e observed by SEM on the nylon wool adherent 



cells isolated from i nmunized bats, t heir p r e sence was not 

revealed mar ke cHy in the t is s ue state cf o r ganization under 

t he TEM. 
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Cytcplasm of the c ells showed the p resence o f seve ral 

mitochcnd r ia of usual shape and size, many f ree ribosome s and 

small vesicles a s in the n crmal spleen c ells (P late XXI, Fig. 

1) . 

Nucleus in these cells was larg e and often deep ly 

invaginate d (Pl ate ~G<I , Fig. 1) . The ave rage area wise rat io 

of nucleus t o cyt opla sm as calculated frorr. p lanimetric measure­

ments f r e m the micrographs ,,.,as abcut o. 7 wh i ch is sl i g h tly 

higher th an the average of 0 . 6 obtained frc m n o n 1al small and 

l a rge splee n c e l l s . This ccn~ition was also reflected in the 

phot ograp h of isolated n y l on woc l a dhere nt cells f rom i nmunized 

bats (?la te XXII , Fig. 1). Nuclear heterochromatin in most of 

the cel l s was l e ss in amc unt . Thin p atches o f hete r o c r. r omatin 

we re mostly d ist ributed alon g nuclear mar gin a nd a few small 

hete r ochrorra tic patches \vere seen inside the nucleus. Occas i on­

ally a nuc le olus was seen . 

Plas~-~~s - Scme o f the nylon wool adherent large cells f r om 

i mrrunized bats had a significantly higher c y toplasmic content almost 

equal to the nucle ar an•o unt , euchroma tic nucleus and often with son 
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vesic l e s ne ar t o the p lasn:,a rr·embrane . Al t hcu gh i dea l ized 

ergastop lasmic reticulum was not promine n t , but in all 

like lihood the ce l ls repre s ented the p lasrr a cells (Plate XXII, 

F i g . 1 ) . This t ype c f cells were only occas i on a lly seen in 

t he no rmal s p leen (Pl ate XVIII, Fig . 1 ) . 

Macrophage - Cert ain cells in the s p lee n f r o rr i mmunize d bats 

showed an irregular outline (plate XX, Fig. 1) . Some of them 

were as big as 9 prn . A few vesicular structures of different 

size s and containing granular or homogeneously osmophil l ic 

mat e r i al were observed in t hese cells and resembled the lysosomal 

b cdi e s seen i n murine or human cells . Few rricrofilament s were 

also noticed. Pos s ibly these cells rep resented the macrophage s 

i n bats . 

NOrmal lym~h n ode The u ltr astructu r al details of t he 

l y mpho i d cells in lymph nodes of n orma l bats did n ot vary much 

f r orr that of n o rma l s p l een cells. The ce l l s , with a diame ter 

u s ually ranging f r om 5 prn t o 6 pro we r e r oughly spherical o r · 

c uboi d al in shape (Plate XXII I, Fig. 1 & 2 ) . 

Cytop l asm of the cells was li ght and granular, and 

c ontained s c me rr·itocho n dria . Sometimes, s mall ynerrbrane b ound 

vesic les were see n , some of wh ich were c o ated by e lect r on dense 
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material . some free ribosomes were observed. Full f ledged 

Golgi apparatus o r endopl asmic reticulum were not seen in the 

sections . 

The centrally placed nucleus was vary i ng in shape and in 

many cells , n o tched at some places . Nuclear hetero chroma tin 

was , as u s ual, chi ef l y distributed in thick patches along nuclear 

margi n. Oc casiona lly a nuc leolus about 2 pm in diameter was seen. 

Lymph n odes fro m immunized bats : Cells in the immunized lymph 

n odes were loosely c rganized with s ome i ntercellular s p ace in 

between them. The cells ranged from 5 ~m t o 8 ~ in diameter 

wi th a predominance c f large lymphocytes a nd could be ranked as 

medium or large lymphocyte s. Small lyrrphocytes and p lasma cells 

were occasionally seen (Plate XXIV, Fig . 1 ) .• I n a few regions, 

s ome s urface irregular i ties were not ed, otherwise the plasma 

membranes were simple i n outline . 

The cytop lasm o f the cells was d ark and granular i n 

appearance . Number of mitochondria was c omparatively more than 

in the normal lymph node c e lls ( Plat e XXIV, Fig. 1 ) . Ribo s omal 

p art icl es and few vesicles \ve r e also observed {Plate XXV, Fig. 

1 ) • 
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The nucleus in these cells was usually large and often 

showed several deep invaginations (Plate XXIV, Fig. 1 ) . Nuclear 

heterochromatin content was not changed much from the normal 

lymph node cells. 



DI5CUSSION 

unoerstand ing of the character i s t i cs o f irr~unoccmpetent 

c el l s i s t r.e basis f o r r ea l i z ation cf any obtuse i mmune res p o nse 

in an organism. Be s i c.es havin g quite a f e w interesting and 

uni c~e p hysio l ogical characteristics al~eady pointe d out earlier 

(Wi msatt, 19 77), bats show s owe deviati ons in the arena of 

irrmun i ty too; the re is a n o table de lay in t he onse t and decay 

of irrunune r e s p on ses (Chakr aborty, 1 982 ; Cha k raborty and 

Chakravarty, 1983a, 1983b, 1984 ) an d they ac t as carriers of 

d re aded pathoge n i c age nts (Constantine, 19 70 ; Bane rjee et al --
198 4 ) . In the present study , the inrnunoc ompe tent cell t ypes of 

t he Ind ian fruit bat , Pteropus gigante us have been analyzed 

i n te rms of their d iffere n tial ce l l surface a d hessib i l j_ t y to 

c e r t a in substra ta l i ke plas tic and n y lon woo l , their surf ace 

morpho logy and surface antigenic ch a r ac t e r istic s, relative 

p roportions and o r g anizati on in t he sec on d ary lymp hoid o rgans, 

a n d finally their ultrastructural c haracte r i stics . 

The results of ce ll s epar ation s t u d i es i n d i cate t La t all 

t he r.aj or c atego r i e s of c e ll s r espc nsib l e f c r t he p h a g ocytic, 

humoral a n d cell me diat ed am s o f i rr.n.une s ys t er: are p r esent in 

the bat . The i r. munoc orrp e t e nt cell s categor i z e d accordin g to 

t h e i r d i f f e r e ntial ce ll s u rface a o he s s i b i .l i t y i n to t h re e g r ou p s 

- plastic a c:heren t , ny l o n wool a dhere n -t and ny l on woc l non 
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a ohe rent popul a tions appear in a ratio o f about 1:2:9 (Table 3) 

which approac hes t he propo rti ons o f n urine i rrmunocompe t e n t cells 

separ ated by similar techniques (Paul, 1986) . Thus, it seems 

that the rel ative p roportions of d iffe r e n t cell t ypes, equi­

vale nt t o muri ne system, possibly canno t b e responsible for 

the de layed on set o f i mmune response in bat. It h a s also been 

shown that certai n var iations in the proportions of plastic 

adhe rent and nylon wool adherent ce l ls with a fixed number of 

n y lon wool non a dherent cells did no t influe nce much the kinetics 

o f Con A mediated activati on of the latte r (Paul, 1986). 

About 3 . ~~ c f the tot al mononuclear cells from spleen 

and lymph nodes adhe re readily to p l astic surface (Fig. 1) 

a nd t ake up the vital dye , neutral r e c (Table 4) . Subsequently, 

t he se c ells were shown to b e negative fe r b oth cell sur face Ig 

(Table 5) and Thy-1 type an t igen (Fig. 3). The se f e atures are 

a lso true for t h e macropha ges of ~ouse, ma n and many o ther 

mamma ls (Hardwe n ger , 1971; Steinman an d Cohn, 1973 ; Biemes derfer 

e t al, 1978, Kl aus et al, 1980 ) . 

The pla stic n c n a dhe r e nt cell s , can f urther be s ub­

g r ouped into nyl on wool adhe rent ann ny l on wool non a dhe rent 

popul a tions . The elution behaviour of the c el ls from n y lon 

wool column f o llows the ge neral patte r n a s observed in mouse, 

man and many othe r manmalia n specie s, where the B lymphocytes 
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a d he re to the nylon wool fibres in the colurrn and T lymphocytes 

being less a dhere nt, pass thrc ugh (Julius~ al, 1973 ; Trizio 

and Cudkowicz, 1974; Kwock et al, 1976; Danilovs et al, 1980; -- --
Lewin et al, 1985 ) . As exo ecte d , b o t h t he se cell popul ations -- -- -

are neutral red negative (Table 4). 

For t he technique of ny l on wool c o lumn sep aration, two 

prot ocols were used; in the first p r o toco l, the yield of ce lls 

was qu ite low, p robably due t o retention of s ome cells in the 

column. Some workers reported t h at s c.roe subsets of T cells may 

b e retained in the n y lon wool column under t he se c ondit ions 

(Shor tnan et al, 1972; Tada ~ al 1977, 1978 ) . I n the second 

protocol using n y lon wool pre treated with EDTA and NaHco
3

, 

ther e was a sign if icant i ncrease in the yield of nylon wool non 

a dherent cells and the overall yield of cells was ~ore than 4~/o 

as co~pared to 50- 6~/o recovery in c a se of mouse (Trizio and 

Cudkowicz , 1974). 

Subsequent SEI-1 analyses of the cell surface morpho logy 

i nf icates t hat t he cells d iffering in surf ace a dhes si vene ss also 

d i ffe r in their surface topography. The p lastic adherent cells 

p osses s p seucopodial projections (Pl a te I, Figs. 1 & 2) as 

observed on typical macrophages of man or mouse {Warfel and 

Elberg, 1970; Albrecht~ al , 1972, 1978; Steinman and Cohn, 

1973 ; Be sis ~ ~' 1973; Polliack and Gordon, 1975 ; Quan and 

Gol de, 19 77 ; Biemesderfer et al , 1978) . Thus, fron the cell 

s urface p r operties, t .he pla s tic adherent ce ll s o f bat can 
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possibly be equated with the macrop h ages of other mammals. 

Howeve r, in ge n e ral, the s i ze of t hese cells appears t o be 

c omparatively smaller than typical macrophages of mouse or man. 

Besides t he macrophages, we observed anothe r type of 

p l a stic adhe rent cells, the difference of which from t y p ical 

macrop hages can be r e cognized under SEM f o r thei r pos session 

of bulbuous protr ussions (Plate II, Figs. 1 & 2 ) . They r esemble 

t he f o llicula r dendritic cells of mo u s e described by Steinman 

and h is c olle agues {Steinman and Coh~1 1973, Steinman~~' 

1974a, 1974b, 1975, 1978, 1979; Chen~ al;19 78a, 1978b ) . 

Although their p r e s e nce was hinted by Chak rabo rty (198 3 ) f r om 

h isto logical observations of bat's s p leen , SEM observations 

i dentify these cells prope rly. The p resen ce of the se cel ls 

possibly has a s t r c ng bearing in the delayed decay of immune 

re s p on s e an d the appearance of secon dary resp onse with a single 

antigenic stimulation in bats. These ce l ls, present in ve ry 

s mall nu~bers in mouse sp leen (Steinman and Cohn, 1973) are 

known t o retai n antigens f o r l ong time on their ce l l p roce sses 

an d to sensitize other immunocorrpe t e n t ce l ls f o r the generation 

of i rrrnune r e s p onse (Nossal ~ al, 19 68a, 1968b; Sj oberg ~ ~, 

1970; Steinman e t al, 1974a, 1974b, 1975, 1 978; Lee ~ 21, 

1976; Chen et al, 1978; Klaus ~ al, 1980). Recently these cells 

we re shown to participate in allog raft r ejection b y migrating 

f r on" the graft t o l ymphoid o rgans of t he host staying in t he 
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vicinity of CD4+ T ce lls (Larsen et a l, 1990). 

The difference in cell surface t opography between the 

nylon wool adherent and n on adherent cells too , becomes apparent 

from the SEM studies. The nylon wool adherent cells with their 

small surface microvilli and p its clearly differ from the 

smooth surfaced , nylon wool non a c herent cells (Plates IV and 

VI) . This is in agreerrent with the SEM finci ngs of many other 

workers who cbserved surface ~icrovilli o n B lymphocytes but 

n ot on T lyrrphocytes {Polliack et al, 1973b, 1975, 1975a, 

1975b , 1981 ; Lin et al, 1973a , 1973b ; Brynes e t al, 1976; 

coleman ~ al, 1976 ; Dantchev and Eelpo~me , 1977) . Experimental 

r e sults f rorr fluoresce nce (Fagraeus et 21, 1974) , interference 

p hase and Hoffn an modulati on micrcscopy (Sciorra and Eckert, 

1974; Le Harven et ~' 1975; Vila and Taub, 1975 ; Padn os, 

1976) , transmission irc.munoelectrc n microscopy (Reyes et ~~ 

1975 ; Mason e t al , 1977) a nd freeze etc hin o techniques {1--:enau­

Piqueras , 1 978 ; Renau-Pi querras an0. Knecht , 1979) a lso support 

this view. 

In c ourse of the study of surface t c pography of the 

cells , it is natural that one shc uld take interest in the 

changes in membrane crganization afte r activation of the cells, 

as because activatio n or antigenic s tinulation induces remarkable 

changes in the activity of the cell membrane and metabolic 



functions of the cells . In the present investigation, nylon 

wool adherent cell populat ion showed significan t membrance 

rufflings an d formati on of filarrentous spikes (Plate VII, 
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Fi gs . 1 & 2) . Sin i lar changes as ref lectic n o f alte r e d rrerribrane 

activity afte r antigenic or mit ogenic stimulation of murine 

lymphocytes was observed by s e v e ral '# Orkers (?1CFarlan Ci , 1969; 

Loor and Hagg , 1975 ; Schreiner et al, 1976; Bhalla et al,1978, 

1979 ; Ashman , 1980) . 

I nc rease in membrane fluidity associated with a reorien­

tation of membrane lipids (Sackman et 21, 1973; Inbar and 

Shinitzky, 1 974; Bretscher, 1976; Harris, 1976; Collard et al, 

1977; P less er et a l , 1979) is now an e stab l ished fact . This 

has b een in plicated to influence seve ral biosynthe tic pathways 

invc l ved in the e arly s tages of lyrrphocyte transforrr.ation 

{Shechte r e t al , 1972 ; Toyoshima and Osawa, 1975; Collard 

e t al , 19 7'7 ; Con e , 1977; Farber and Resch , 1977; Sz amel et al, 

1985 ; Somers et ~!· 1987) . Activity of r e s p iratory enzyme s 

e specially LDH i n activated bat lymphocytes h ave a l so been 

obse rvec t o be altered (Paul , 1986) . 

Signi ficant c h anges in surf ace topograp hy of macrophages 

and nylon woo l nc n adherent c ells have not bee n observed in 

this investigation , e xcept an overall increas e in cell size 
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( ? l ates III and V) . !fowev e r , other workers noted more p seudo­

podial projections o n macrophages after antigenic o r mi togenic 

s timulat i on in vit£2 (Ch apman et al, 19 67; McFarl a nd , 1969; 

Cline et al , 1971 , 197 5 ; Al brecht e t al , 1972 ; Po lliack and 

Gor ocn , 19 7 5 ; Biemes0e rfer et al, 1978 ) . 

F u rthe r a naly s is of the immunocorrpetent ce lls have b een 

d one on t he basis of cel l surface i mrrunoglobul ins (Ig ) . In 

cour se of t h is study , we first i dentified a nd characterize d 

the rraj o r clas s es of serur Ig i n t he bat . Figure 2 s hows that 

the affinity p u rif i ed serum Ig can b e s e p arated in-t o two major 

fracti c ns acc o rding t o thei r mo lecular wei ght during Sephadex 

G- 200 gel filtration . The sirri l a rity o f elution profile of a 

class of bat Ig with that of purified human Ig G indicates that 

the molecular weight of this fract i on of bat Ig app r oaches that 

of human Ig G, i . e . about 150 KD, a nd so, this fraction probably 

re p resen ts the 75 Ig G i n the bat . The o the r class o f bat Ig 

was eluted in t he voi d volume rruc h like t he othe r mammalian Ig M 

as reported by other worke rs (Pi tchapp an an d t1uthukkarupan , 

1977 ) . In all likelihood, this f racti on p o ssibl y represents 

the Ig M class in bat . Polyacrylamid e ge 1 e lectrOphoresis of 

af f inity purified bat Ig also showed the presence of two major 

f r acti Gns of bat Ig; the Ig G fraction c istinctly migrated with 

r>Urif i e d human Ig G (Plate VIII , Fig . 1 ) . The p re sence of two 
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clas s es of Ig in b ats was indicated by other worke rs (Leonard 

et ~1_, 1968; Chakrabort y , 1982 ) . Thus, it seems that bats 

pos se ss b eth Ig t-1 an d Ig G as tyl)ical of the recently evolved 

ma~mals , althcug~ the reptiles and birds do no t posse ss the 

Ig G type immunog l obul in s (Pernis et al , 1971 ; Natarajan and 

Mu t hukkaruppan , 198 4 ) . 

Immunoflu orescence study revealed the p resence of the 

Ig determinants on the surface of o n ly one category of immuno­

corr.pe te:mt cells of bat wh ich are adhe r ent t o n y l on \>/Ool column. 

This i ndicate s t he d istinctiveness o f t hi s g r oup of cells and 

the ir equi ty with the B lyn~phocytes o f o ther mamma ls (Sell 

an~ Gel , 1965; ~igzell and Anders on , 1g69 ; Byrt and Ada , 1969 ; 

Fa f f e t al , 1970; ':Hlson anc Nossal , 1q72 ; Reaves and Renshaw, 

1978 ; Lewin et al , 1985) , birds (Pe rni s et al, 1971) and reptiles 

(N ataraj an and ~:uthukkaruppan , 1985) . 

As usual with othe r man mals , the majority of the B 

lymphocytes in bat bear I g I1 de t e rminant s (T ab le 7). Simulta­

neously , the presence of Ig G on s or e of the B lyrrphc cytes 

of bat i ncH c ate s t he ir sin i lari ty ',.Ji th t hat o f other marrmals 

a nd d istinctivenes s f r om reptilian an d avi an B lymphocytes 

bearing Ig M and Ig Y. The possibility of coexpression of Ig M 

a nd Ig G on the siliGe B lyn.phocytes of bat h owe v e r, rerr ains as 

the case is i n ~cuse an~ man (Perlmutter and Gilbert, 1984 ; 

Lafrenz et ~1_, 1986) . 
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The i nmunofluore s cence analysis sh ows the d ifferen t 

p r oportic n s of surface I g bearin g cells in different lymphoi d 

organs and peripheral b l ood (Table 8 ) . Among the lymphoi d 

organs , spleen shows the rr:ax i rr;um n umbe r of B lymphocytes , abou t 

64% to 74%, while lymph n o c es harbour about 29% t o 35% B 

lymphocytes . Such a recip r ocal r atio c f B cells is also observed 

in mouse (Raff e t a l , 19 71 ; Rabellino et al , 1971; Chaudhu ri , 

1983) . Bone marrow in b ats con tains 32% to 45% B cells . E arl i er 

wo rke r s (Raff et al , 19 7 1 ; Rabe llino et al , 1971) observed 

nearly 15% I3 cells in rr.o u se b one marrow. Os iTond and Nossal 

(1973) , using more sensitive r ad ioactive tracers , observed 3~/o 

B cells i n mc use bone marrow. Recent wor k (Hanaoka and Ono , 

1986 ; Roi t t , 1988) howe ver, revealed up to 8~( Ig containing 

cells in mo u se b one ITarrow o f which about 5~~ express surface 

Ig . It may be mentioned that the B lymphocyte proportion i n 

bone marrow of bat i s h igher t han that in reptiles {abou t 21% ) , 

possib ly i n dicating that t he n.a j o r function of b one marrCM a s 

primary lympho i c organ e v c lved early in t he mammali an evolution. 

A strikingl y high percentage o f B lymphocytes , beyond 

7~/u , has been observed in the periph eral b l ood of bats , whi l e 

the no rrr:al values in mou se and rran are r espectively 15% and 

30'/o (Coope r and Lav1ton , 19 72 : Gr ey et al , 1971 ; Rabe ll ino 

et al , 1971 ; Papamichae l et al , 1? 71; Siegal et al , 19 71: 
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~Vi lson and No s s al , l g 72 ; Cooper an0 Lawton, 1972 ; Preu d 'homme 

and Sel i grroan , 1972) . Such high perc<= ntage of B cel ls have 

been reported in worren durin g 7th t o 15th wee k of pre gnanc y 

(Str elkaukas et al , 1975) an d thi s h a s been i mpl i cated with 

the require mr:: n t of 'TT:aint aining the ma ternal immunocompetence 

a t a reason able state since the immune systerr in the mother at 

this stage i s dep res sed te mporarily. How f a r the situation in 

bats is s inilar or d ivergent from this situation i n man is 

ho\vever, a rratte r of conj e cture at this stage . Interestingly, 

patients suffe r ing f r om certain i n munodeficiency d isorders 

h ave also been re~orted t c possess 80- 9 0% circulating B 

lymphocytes (Gatti e t al, 1971: South et al, 19 7 2 ; Cooper and -- --
Lawton, 19 7 2 ) • 

The high rate of cyto t oxicity of rabbi t anti-bat brain 

serum fe r t h e nylc n woo l n on adherent cells only (Fig. 3) 

i ndicates the sep arate c atego ry of these cells . Details of the 

equivalence o f anti- bat brain serum with the anti-thymocyte 

serum has been ind i cated in the introduction ; the brain and 

thymus cells in d i ffe rent spec i e s h ave bee n f c und to share a 

common , evolutionarily high ly c onserve d cell surface marker 

knuvn as Thy- 1 (Raff , 1 971: Doug l as , 1971: Acton ~ _&, 1974: 

Morris et al, 1975 ; Letarte- Muirhe a d an d ~Villiams, 197 5 ; 

z •,.,.e rne r e t al , 1977 ; Ropke , 1977; ~Hlliarr,s and Gagncn, 1982 ) 
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whi ch is thou ght to r e present the ancestral genetic unit from 

wh ich all Ig and MHC genes evolved (Shalev et al, 1985; 

Mansour et al, 1987). 

The specif icity of the antise rurr t~~ards the nylon wool 

non ad he rent ce l l s of bat is ind icated by drastic decrease in 

c y tot oxicity of the antiserum preabsorbed with t hese c ell s . 

F'l lrthc .!."T""ICre , t he anti-bat brain serum d oes not cause much 

c ytotoxicity t o the p l astic adhere nt macrophages or the nylon 

wool adherent B lymphocytes. 

The r e aso n s for n on suscep tibi l i t y of a fraction of 

n y l on wool n on a dhe rent ce ll s to the Thy-1 antiserum {F i g . 3 ) 

coul d be seve ral. The exp res s i on cf t he antigen o n these cells 

c oul c1 be very low t o nil. The degree of Thy - 1 antigen expression 

i s n o t s a me e n T lymp hocytes in d iffe rent spe cie s. Only in 

c ase of mouse ne arly all T cells express Thy-1, while ab out 46% 

of t h e pe ripheral 'I' cel l s in rats and vi rtua lly no thymocytes 

i n human a re Thy-1 p osi t ive (Acto n et al, 1 974; Mckenz ie ~ al, 

1 981; !·ll_anscur et 2l, 1987). 

Re p e a ted inje ctions of anti- b at brain serum effectively 

removed the T cells in _yivo (Table 9 ) . Similar dep letion of T 

c ells from se condary lyrr.phc i d o r g ans of mice have been shown 

by using an t i - t h ymocyte serum and rr.on oclonal anti-Thy-1 
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antibody (Martin and r~Jill er, 1968; Zirnrrerma n and Tsui, 1978, 

1979, 1980; LeGross et 2!• 1983 ). P.emoval of the T lymphocytes 

1g vivo with anti-brain serum helped in the l ocalization of T 

cell populated areas in spleen and ly~ph node s of bat by 

studying histological preparations of these o rgans from bats 

treated vdth the antiserurr,. The T lymphocytes populate around 

the ce ntral arteriole of splenic white pulps and in the para­

cortical reg ions of lymph n odes (Plate XIII , Figs. 2 & 3) . By 

studying T cell deficient nude mice anc mice treated with anti-

t hymocyte serum (Parrott et al , 1966; Nagaya et al, 1969 ; --- --
Gon ati et al , 1969) , the murine T cells were also located in 

t he periarteriolar lymphocytic sheath of splenic white pulps 

an< · the mi<-~- or p aracortical region of lymph nodes. Thus the 

dispc si tion of the T cell organization in spleen and lymph 

no des of bats is in conformity with other recently evolved 

marrmals like mouse (Gutman and Weissman , 1972; Sprent, 1973; 

Hoffmann-Fezer et al, 197 6 ; Van Ewijk et al, 1981), rat (Howard 

et a l, 1972; Go l oschneider and McGregor, 1973; Barclay, 1981), 

humen (Lamel in et al, 1978; Seymour et ~' 1980; Poppema et al, 

1981) and reptiles (Pitchapp an and Muthukkaruppan, 1977). 

Furthe rmore, the cell depletion stu dy after in vivo 

t r e atn ent with anti- brain se rurr: ind icates the higher c ontent 

of T lymphocyte s in lymph nodes than in spleen of bat (Figs. 4 

& 5; P l a tes XII & XIII), which is again in conformity with 

other mamma ls. 
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Immunocompetent c e lls have also been characterized on 

the basis of detailed s tudy of o rganizati o n of the cell and 

subcellul ar organelles b y tran smission electron microscopy. 

The lymph o i d cells of bat can be d i fferentiated as small 

lymphocytes , large lymphocytes a n a plasma cel l s on the basis 

of existin g criteria l ike s i ze , n ucleocytoplasrr.ic ratio, 

nuc lear h e t erochromctinization, cytoplasnic g ranulation etc. 

as in other man~al i tin species {De Petris et al , 1963 ; De 

Petris and Karl sbad , 1965; Movat and Fernanoc , 1965a, 1965b; 

La Via ~ a l, 1968; Aoki et ~' 1969 ; Mandel , 1977) . The large 

lymphocytes d iffer from t he smal l lymphocytes b y their higher 

content of cytopl asm, mitochondria , ribosomes and le s ser 

nu clear h e t e r ochromctin (Pl a te XVI , Fig . 1) . A category of 

l c. r ge lymp h ocytes \vi th ave r age diarrete r of more than 7 }ll11 and 

larger e uchromat i c nucleus can be identified as p lasma cells 

o iffer e nt from e ther large lymphocytes (Pl a te XXII, Fig. 1) 

as in oth e r mammals (z ucker- Franklin , 1963 , 1965; Inman a n d 

Cooper , 1965 ; Matte r ~ ~1, 19 72) . ~tructure and d istribution 

wise , the ce l l ul a r o rganelles are typ ical as in the other 

mammal s (Park e r e t a l , 1965 ; Cohn e t 2l' 19 66; Hirsch ana 

Fedorko, 1968 ; Van Furt h e t a l, 1970 , 19 7 2 , 197 6 ; Matte r et al, 

1972 : S t e inman e t al , 1974 , 1975 ; ~hen e t al , 1978a, 1978b) 

anc n o obvio u s ceficiency c c ulc b e observec . 
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The scann ing and i mmunofluorescence microscopy coul d 

de t ec ·t t he c ifference of B and T cells for sure which is not 

possible with precision in TEM stu dy . In future this c ould be 

a c h ieve d by empl oying immunoelectron micro scopic techniques by 

sui t able marke rs . The charactGristic n·icrovilli on the B 

lymphocytes seen uncle r SE M are no t d iscernible in t he tiss ue 

state of organization r evealed by TEM. Be sices s ubcellular 

organizat ion, the TE!vl s tudy e l uc i date s cell-ce l l organization 

in the l yrrphci d c rgans of bat . The increased n:etabolic a ctivity 

of cells as reflected f r or. the i ncreased cell size , nucleu s 

to cytopl asm ratio, r i b osomal con tent and l ess hete r ochromati­

n izction of t h e nucleu s in the lynphoc y tes from in~unizeo bats 

is also oisce r nible by TEM. 

To o u r knowledge , the pre sent inve s tigation is pos sibly 

the firs t attempt of s tudyin g the immunocc mpe t ent cells of bat 

a t ultrastructural level . 

These qua l itative studies alon g \-l i t h quantit ation of 

d iffe rent c e ll type s in bat show n o r e a s on able deficiency in 

i TTUTune systen o f this animal . Thus t he c a us ati ve facto r for 

c el2yec on set and decay o f the in~une r e s ponses of bats needs 

t.o be loc·kec for in other aspects of t he ir.mune mechanisms in 

bets . This c oul c be lower density of memb r ane receptors on bat 

l ymphocytes as rece nt l y shown by Paul a nd Chakravarty (1988) 
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in connection of the sensitivity of the cells to Con A s timula­

tion. Slower r ate of energy turnover during activation of 

lymphocyte .:J c culd a lso c on tribute to del aye d response in bats 

as indicate d by Paul {1 986). These revelat ions point tc the 

fact that genomi c cefic i ency for receptor density or certain 

other molecules rright exp lain peculiarities of irr~une r espon ses 

in bats. Simultaneously , a low keyed respon s e 1r1 i thout any 

genomic ceficie ncy ac an adap tive feature in this aninal can 

not also be ruled out. 

Follicular dendritic cells, having c a p acity of retaining 

antigen for l o ng time o n their membrane have been i c ent i fied 

in bats by ou r study ; these cells may very well con tribute 

towards the slower decay of immune resp onse . The l ow tite r o f 

antibody c ould help in ma~ ing the pathogens ineffective in low 

concentrati on and allow the bat t o be a carrier. 

In othe r words, the present study ind icate s the 

mechan isn~ of delay ed response in bats lies somewhere else than 

the de£ iciency on t he part of the immun ocompetent cells . 

The major points transpiring frorr this i nvestigation may 

be summed up he r e . For the first time , the immun ocompe tent cel l 

types macrophages, B and T lymphocytes of bats have been 

cha racte rized in gr e at detai l. They o iffer in adhessibility 
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t c substratum, like n'<::crcpn.:: ges tc pla s t i c , B lymphocyte s to 

nylon wool fibres a nd T lymphocytes wi t hcut any of these 

properti es . Simul t a necusly , they can also be cifferentiated 

o n the basis of specif ic markers on the cell membrane , B cells 

b e i ng p o si tive f or Ig M and Ig G, an d T cells with Thy-1 type 

ant igen. At the u ltras tructu ral l e vel , s pecific me~brane 

char ac te ri s tics like microv illi t o the B lymphocytes, ccmpara­

tively smooth surface t o the T lymphocytes and pseudopodial 

proj e ction s to the macr ophages can be ascribed . Differential 

character ist ics of these ce ll types includ ing p lasma cells were 

a J. s o reveal e d by TEM. 

Furthe rmore , the ult r astructural studies also indicated 

t he state of d ifferentiation of the lymphocyte s afte r ant igenic 

s tirr:ulc.tion on the basis of changes in nucleus, cytop l asm and 

p lasma membr ane . The SEM s tud ies quite d istinct ly establ i shed 

t he formati on of spikes on the surf ace of activated B ce lls 

wh ich rright ind icate the c hange in physical s tate of the cell 

nembr an e from ge l to sol a s often encc unte red in cou rse of 

hectic activity of the c e ll men~rane follow i n g antigenic or 

~itogenic sti nulus . 

Besides having s pe cif ic characte r is tics , the c el l types 

have specif ic spati a l d ist r ibutic n as revealed f r om the histo­

lo<:; ica l studies . 
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This study a lso shows t h e irr~unocompEtent cell types in 

b a t s are in almost all aspects s irr.ilar t c those in high ly 

evolved mamma lian species l i ke mouse a nd man. Ch akraborty and 

Chakravarty earlier observed tha t organization of t hymus in 

£. giganteus is p r et ty muc h simi l ar t o t h at in primates. These 

f a cts bec orr·e revealing on the backqr ound that the c hiropterans 

o r igin a ted very early , almost at the p oin t of origin of Cl ass 

Marr:ma lic. . S o , it rr.ay be projecte d t hat the lymphocyte had all 

its encowments inc l u d i ng spe cific cell surface markers in 

c i ffe rent marrmal s since t heir origin , or they e v o lved in 

o i ffe r e nt orders of t h is class as a re sult of parallel evolutior. 



S U M M A R Y 

Bats , classi f i e d unoer the order Cn irop tera which 

origi nate d almost at the beginning of ma1;.rnal ian e volut ion, are 

known f o r their role as car r i e rs of a n umbe r of d reade d p atho­

gens without b eing i nfected . Previou s stud i e s in our laboratory 

r e ve a led a notic eably delaye d onset an d d e c ay of immune respon­

se s i n the se anir.1a ls , but little wa s k nc wn abou t the c e lls 

me c i ating immun ity in bats . In the p re s e nt wo rk, t he major 

categor i e s o f i mmunoc o mpe tent cells in the In ~i an f ruit bat 

Fte r opus gigan teus have b een c harac t e rized i n de t a il b y seve ral 

crite ria , viz. t heir adhe s s ibility t o 6 i f f erc n t substrata, cell 

surface topog r a0 hy , surfac e a n tigenic marke rs , o r g anization 

i n l ymphoid o r g an s , and ul t rastruc t u r a l detai ls . 

Cell s epar atic n technique s base d o n physic al a d he repce 

t o p l astic anc n~' lon wool distinguis hed t h ree maj o r g r oups 

of irnn•unocompe tent cel l s with d iffe renti a l surf ace a dhessibi­

l ity - the p l a stic a dhere nt cells , the n yl on woo l a dherent ' 

c e lls and the nylon wool n on a dh e rent cells . I ntake of the 

vita l dye neutral red by the p l as tic adhe r e n t cells but not 

b y e t he r c e l l type s indicate d the p ha g oc y tic natu re of these 
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cells . subsequent immunofluo rescence and cyto toxicity experi­

nents revealed that t h e plastic adhe rent cells were negative 

f or b oth surface Ig and Thy-1 t ype an t i gen; the n y lon wool 

adherent cells were surface Ig positive but Thy-1 negative, 

wh j_ l e the reve rse was true for the nylon woo l n on adhere nt 

cells . 

The p lastic adhere n t , nylon wool a dhere nt and nylon 

wo o l non adherent cells appeared in a ratio o f about 1: 2 :9, 

which is pretty close to the ratio of murine macro phage s, B 

and T lymphocytes obtained by sinilar tech nique s; this i ndicates 

that de layed responses in bats are probably not caused by a 

def iciency in the type or quanta of the im1unocompetent cells. 

Next, scanning electron microsc Opic analysis delineated 

significant differences in surface t opograp hy among these three 

categories of cells . Th~ plastic adherent c e lls were charac­

terized by their possession of different types of pseud opodia, 

the n y lon wool adherent cells showed small microvilli, while 

the nylon woo l n on adherent cells characteristically had a 

smooth cell surface . These feature s are in compliance with the 

macrophages , B and T lymphocytes respectively of many other 

manmals . 
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A s mall g r ou p o f p l astic aohere~t cells p ossessing 

b ulb uo us protrusi ons were di stinguished by SE M from the usual 

pseud opodia beari ng p lastic adherent cells; these cells 

reserrbled the rrurine follicular dendritic ce l ls . Such cells , 

because of their proven r o le in a n tigen retention and presenta­

t i on to other lymphoid cells in mouse, rat , man etc. led us 

to propose that they might have irrportant irrp licat ions f or the 

delay in decay of immune responses in bats . 

Significant changes in surface top o grap hy of especially 

the nylon wo ol adhere nt cel ls were not e d after in Y!Y2 stimula­

tion with a model antigen like sheep erythrocytes . A n o table 

i ncreas e in surface ruffling and the production of long fila­

men tous s p ikes on t he su r f ace of ny l e n wool adherent cells 

possibly r eflectec a n alte rat i on i n membrane flui d ity which 

is u s u a lly a ssoci ated with t ransiti o na l c h anges i n t he l i p i d 

bi l ayer of the membrane during lymp hocyte transformation. 

Further characterization o f the c e ll t ypes was brought 

about by a nal y ses of cell surface anti ge nic moietie s. In c ourse 

of t h is study , serurr irrmunog lobulins o f bat isc lated by affinity 

c h roma t ograp hy, were fract i c nated into two rr.ajor clas ses by 

gel filt ration . The molecu lar we ights of these twc fraction s 

a s judged by the ir chr omato graphic elution pattern and their 
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relative electrophor e t ic mobility re serrb led those of human Ig M 

and Ig G. These two class es of Ig thus rep resent the Ig M and 

Ig G in thi s animal. Subsequent irnn·uno f luorescence microscopy 

u sing rabbit antisera to bat Ig M a nd Ig G fractions revealed 

the presence of surface Ig M or Ig G specifically on the nylon 

wool a dherent cells , thereby confirming further their equiva­

l e nce t o the B lymphocytes of othe r mammals. Majority of the 

B ce lls possessed cell surfac e Ig M as i n o ther hig her verte­

brates >vhile presence of Ig G o n some B cells d istinguished 

them f r o m rep tilian or avian Ig Y bearing cells. 

Analysis of the tiss ue dist ribution of t he B lymphocytes 

revealed that bene marrow of b ats containe d 32 -45% B cells, 

p robably in<'i i cating that b one marrow is the prirr,ary lymphoid 

organ for ge ne ration of B lynphocytes. Spleen a nd lymph nodes 

con tained 61-7 1% and 29 - 35% B cells re s pectively; such a 

reciprocal proportion is alsc true for rrouse and man. Number 

o f B cells in peripheral blood is above 7~~ which is strikingly 

h i gher than in n ormal mo use or man; such a higher p roportion 

is encountered in human patients with certain irrmunodeficiency 

d iso r ders . The exact significance of it for the immune resp on­

se s in bat is yet to be r e solved. 

The existence of a T cell corrpartrre nt in t he bat immune 

system was conf i nned by ·the O.emonst r ation of susceptibility of 
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s pecifically the n y lon wool no n a dhere nt cells to rabbit anti­

b a t b rain serum, thereby inc icating sharing of a Thy-1 type 

cel l surface antigen between these ce l ls and brain ce l ls like 

the T lymphoc yte s of othe r ma~mals . Anti- thymocyte serum c ould 

n ot be used in this experiment because of - non availability of 

thymus in a 0ult bats due to thymic invo l ut i on as in man. Thus 

a clear d ichotomy of the lymphocytic population al o ng T and 

B lines in t he bat was established. 

In vivo a dministration of an t i-bat b r a in serum in bats 

effectively de p l e ted the T lyrrphocyte pcpu lation f r om secondary 

lympho i d organs s uch that the ratio o f p lastic adherent : nylon 

wo ol a c he rent : nylc n wo ol n o n a dheren t c el ls carre down to 

about 1 :2:4 after 72 h ours of treatment, as c on·p ared t o the 

n o rr.al ratio of 1:2:9. This experimr: nt t hen led us to inve sti­

gate t he local izatio n of the T lymphocytes in the secon d ary 

lymphoid o rgans of bat . Histological study of sple en and lymph 

n odes of anti - brain serum treated bat s revealed T cell de p le­

tion c hie f ly in t he peria r terio l ar lymphocytic sheath of splenic 

lymphoid fol licles and in lymph n ode p araco rtex; these regions 

may therefore be marked as T depencent regions in bats as in 

rr:ou se or man. 

Be sides the surf ace topogra:r ·hic and antigenic characteri­

zation , the inte rnal arcr, i ·tecture c f t he cells was stud i ed by 
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transmis s i on el ectro n microsc opy of the cel ls in second ary 

lymphc i d organs . On t he basis of size an d shape of the c ells, 

nucleocytoplas~ ic ratio, nuclear hete rochromatinization, 

cytoplasmi c organelle s etc ., four types of immunoco~petent 

cells we re i de n tified ; s mall lymphocytes had a heavily hetero­

chrcmatinized nuc leus surroun ded by a thin rim of cytoplasm, 

while the larger l ymphocytes possessed a less hete. rochromati­

~ized nuc l e us an0. a h igher c ontent of mitochon dria, Golgi 

vesicles , endoplasmic reticulum, ribosome s etc. Plasma cells 

ha c c haracte r istical ly large , mainly euchromatic nucleus and 

a large amount of cytoplasrr whi l e macrophages showed an irregular 

shape , les s heterochrcmati mized nuc leus and cytop lasm cont aining 

vesicles rese rrb ling lysosome s and phagosorr.e s . 

Afte r irnmunization , an increase in cell size, nuclear 

cytoplasmic r atio and ribosomal content and a decrease in 

nucle ar hete r ochroma t imi zation ind icated the diff erentiated 

state of these cells under TEM. 

The prese n t investigation tri ed t c. c h aracte rize the 

i mr.unoc c mpetent ce l ls of Pteropus giganteus , an evolutionarily 

old mammal , f r om seve ral p c i n t s of view, such as structural 

ennow~ents , specific cell surface antige n ic markers and their 

(~ i f ferential d i stribution . All these features are comparabl e 
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t o t ho se o f the h i ghly evc lve d recen t ma mma ls like p r irr ates . 

So it a p pe ars t h at t~e char acteristi c features of mammalian 

l ymphocytes evo lved alrrost at the t i n e of o r i g i n of marrrnals 

a nd s i nce then they remainec as permune nt fi xtures in c ourse 

of evolution , or vne need s to envisage p arallel evoluti on of 

i mmunocompe t e nt cells in c iffere nt or cers o f mammals to acco­

r.modate t he i dea of con stant changes du~ing evol ution. 

Furthe rmo re , the s i~ilaritie s i n type s anc ratio of the 

i m ru nocompete nt ce ll s of b at with tho s e of othe r ma mma ls suggest 

t h a t the reason for d e l ayed imrrune responses i n b ats lies 

some\vh e r e else th an in the possibility of deficie ncy in types 

o r quanta of i mmunoco mpete nt cells . Recent revelations in our 

laboratory about lmve r den s i t y of anti gen/n i togen receptors 

on lyr~phocyte surf ace ( Pau l and Cha k r avarty , 1989) anc slower 

e ne r gy turnc•v e r in lymphocyte s dur j ng acti vati on (Paul, 1 986) 

in b ats as genon·.ic deficiency or ac aptation mi ght hold the key 

fo r e x p laining pecul iaritie s of delaye d immune r e s ponse in this 

i n t e resting animal . 
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Fig. 1 Proportions of plastic adhe rent 

cells (PA ) in splee n a n d l ymph node 

ce ll popu l ation o f bat. Total 

mononuclear cells fro~ splee n and 

lyrr.ph n ode . Pl a stic a dhe rent cel ls . 
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Fi g. 2 Scph udex C- 200 elutitn p r ofile of bat 

immunogl obulins showing separation of two 

classe s of Ig , c ne elutin g in the v oi d 

v olume and another eluting l at e r , .::=.2.r:IO!:;: t i n 

the same position as pu~ified human I g G 

run later under sane c ondit i ons. o--o 
b at I g , • - -• p u rified human l g G. 
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Cyt otoxicity of r abbi t ant : -bat brain serum 

a t diffe rent dilutions against different 

imrnunocorr-petent cell p opulat ions cf bat . 

o---o ny l on wool nc.,n aclherc nt cP- lls , ~ 

nyl on woo l aoherent c ells , ~ p laztic 

ac1he rent cel l s , .._. nylc.·n wool non ad he rent 

ce ll s but with antise rum p r eabsorbed with .the 

s~me type of ce lls. 
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Fig. 4 Histogram showing de nsity of lymphocyt es 

per 0 . 001 ~m~ area in 0 iffe rent regions 

of sp lee nic white pulp in n ormal bats and 

bats afte r the course of anti- b rain serum 

1~ c::>-=-~. t.rent . I2:ZJ reg ion adjc.ce nt t o central 

arte rj c le , c=J regj on o i s tant t o central 

arte ricle . 
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?ig . 5 Histog ram s howing density of l ymphocytes 
2. 

per 0 . 001 ~rn area in c ifferent regions of 

lymph n ode fron normal bats and bats after 

the course of ant i -brai n serum treatn·~E.>nt 

Edpa raccrtical area,r=J fo l licular a rea. 
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Table 1 - Lymphocytic sub popu l ations of bat separated on un t reated nylc n wool c c lurm 

Ex pt. T otal No . No . of cells f.'tean of No . of NA Mean No . of Mean Rati o of 
No. of cells (NA + NNA ) a 6 % recovery cells (+ SE) NNA cells t+ SE ) NA : NNA 

incubated recovered x l O (+ SE) r ecovered rec ove r ed -
X 10 6 (% recovery ) x 1 06 

X 106 

1 150 4 . 8 1 2 . 31 2 . 5 0 
(3 . 21) 

2 150 5 . 26 2 . 42 2 . 84 
( 3 . 51) 

3 150 6 . 3 5 3 . 840 2. 43 2 . 51 3 . 92 3 . 218 1 : 1.4 
( 4 . 23 ) (0 . 224) {0. 143) ( 0 . 255) 

4 150 6 . 37 2 . 42 3 - 9 5 
( 4 . 25) 

5 150 4 . 85 2 . 28 2 . 57 
( 3 . 23 ) 

6 150 6 . 93 3 . 22 3 .. 71 
( 4 . 62) 

... ---~ ... 

a NA and NNA stand for nylcn wool a d he r e nt a n( nylon wool n on adheren t cells respectively 
in · all tables. 

"1 
en 



Table 2 . Lymphocytic sub populctions of bat sep arated on nylon wool colum pretre ate d 

with EDTA and NaHC0
3 

Ex p t . Total c~lls No . of cells Mean of No. c f NA Mean Nc . of Mean 
No . incubated (NA + NNA)a 

6 
% recove ry cells (+ SE) NNA cells (+ SE) 

X 106 (+ SE) r eco vered recove r e d -
recovered x10 

X 106 
(% r ecover y) X 10 6 

·-
1 150 67 . 92 15 . 04 52 . 88 

(45 . 28) 

2 150 72 . 45 40. 60 15 . 11 13 . J.5 57 . 01 47 . 75 
{48. 29) (3.760) (1 . 208) (4 . 48 4) 

3 150 55 . 29 11 . 15 44 . 14 
{36. 8 6) 

4 1 50 47 . 9 5 10.98 3 6 . 97 
(31.97) 

a Abbreviations as in Table 1 

Ratio of 
NA : NNA 

1 : 3 . 63 

~ 
...J 
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Table 3 • Proportion of thre( ~~ifferent immunoc cmpet ent c e ll types of bat s e parated 

adhessibility to plastic and nylo n woola 

------------·--------------------------
Ex p t . 
No . 

1 

2 

3 

4 

No. , of PA 
cel l.sb 
recovered 

X 106 

4 . 60 

5 . 84 

6 . 20 

5 . 00 

Nc . o f NA 
c e lls 
rec overed 

X 10 6 

11. 58 

16 . 42 

12 . 30 

12 . 18 

No. of 
NNA cell s 
recove r ed 

X 106 

4 0.82 

61 . 44 

48 . 62 

46. S 4 

Ratic of three cell 
types 
PA :NA :NNA 

1. 00 : 2 . 52 :8 . 8 7 

1 . 00 : 2 . 8 1: 10. 52 

1.00 :1. 98 : 7 . 84 

1.00 : 2 . 10 : 8 . 09 

·- ·--- · 

Mean ratio 
PA :NA : NNA 

1 . 00 : 2 . 25 : 8 . 83 
(1 : 2 :9 appr ox . ) 

a Each experiment was c one with the total cells obtained fr om secondary l y mphoi d organs 
of an individual bat. 

b PA stand s for plcstic adherent cells . Other abbreviations as in Table 1 . 

~ 
co 



Table 4 . Ne utr al rec positive 

i rnmun oc ompe tE'n t cel l 

by ac1hessibili ty . 

Cell type 

Plastic 
adherent 

Nyl on wool 
adherent 

Nylon wool 
n on ao he re n t 

Expt . 
No . 

1 

2 

3 

- ... - . -

1 

2 

3 

1 

2 

3 

-·--w---~ ~ 

No . of 
cells 

X 106 

4 . 60 

5. 80 

5. 8 4 

11. 60 

1 2. 16 

1 6 . 64 

40 . 80 

46 . 96 

61. 11 

73 

cells in three different 

populati ons of bat separated 

Neutral red J20Siti ve cells 

No . of % of 
cel l s cell s 

X 106 

- ·- ·---
4. C5 88. 04 

5 . 30 91.38 

5 . 22 89 . 38 

1 . 25 10. 78 

1. 50 1 2 . 34 

2. :n 13 . 88 

2 . 61 6. 40 

3 . 66 7 . 79 

3 . 8 1 6 . 2 0 



Table 5 • Enume ration of surface Ig M and Ig G bearing cells 

in the p lastic a dherent cel l p opulation of bats • 

Ex pt . 
No . Ig M+ 

cells 

1 (a) * 4 . 00 

13 . 0 4 

7. 69 

1 {b)* 13 . 6 4 

3 . 70 

s. 00 

1.1 . 76 

21.05 

1 o. 71 

2 {b) 2 0 . 00 

s . e8 

1 1. 11 

Percentage of surface 

Mean 
(+ SE) 

8 . ~5 
(2 . 63 ) 

7 . 4 5 
( 3 . 12) 

14 . 51 
(3. 28 ) 

12 . 3 3 
( 4 . 12) 

..!,g_be a r i ng 
I g G+ 
cel ls 

4 . 17 

3 . es 

14 . ~9 

8 . 00 

3 . 00 

9 . 58 

1 o. 53 

3 . 85 

9 . 09 

4 . 17 

22 . 2L 

1 0 . 00 

ce l ls 

.Mean 
(+ SE) -

7 .43 

( 3 . 43) 

7. 08 
( 1. 82) 

7 . 82 
( 2 . 03) 

l2-t3 
(4.34) 

8Q 

*{a ) and {b) repre sents two separate experiments with cel ls 

from an animal . ~n each set three tubes c ont aining 106 cells 

were u sed. 



Table 6. Enume raticn of surface Ig M an c Ig G' beari n g c el ls 

i n the ny l o n wool n on adherent cel l s o f bats . 

Expt . Pe rcentag:e of sur face Ig: bearing c ells 
No. Ig M ~ean Ig G Me an 

positive (+ SE) positive {+ Sr.. ) 
cells cells 

- · 0- - -
1 (a)* 4.17 6 . 08 8 . 69 8 . 1 9 

(O. S8) !1 . 8 5 ) 

7. 41 11.11 

6 . 67 4 .76 

1 (b )* s . co 7.17 4 . 17 7 . 44 
{1 . 73) {3 . t13 ) 

9 . 68 3 . 85 

3 . 85 14 . 29 

2(a) 1 9 . 05 1 0 . 32 5 . 56 9 . 43 
{4. 64) (2 ."54- ) 

3 . 23 13 . 64 

8 . 69 9 . 09 

2 {b) s . oo 9 . 57 7. 69 6 . <12 
( 0 . 81 ) ( 1. 1 3 ) 

10 . 71 1 . 17 

10 . 0 0 7 . 41 

3 3.13 7 . 91 3.57 2 . 17 
( 4. 72) {0 . 89) 

3.45 o. oo 
26.32 3 . 45 

6 . 67 o. oo 
3 . 85 

-----
* As in Table 5 

81 



Table 7. Enumerati c n of surface I g M and Ig G bearing cell s 

in the nylo n wool acheren t cel l s o r bats . 

Expt . Perc e nt a ge of surf ac e Ig b e a r jng c el ls 
N O. * 

Ig M+ I g G+ Mean Mean 
cel ls (+ SE) ce lls (+ ::;E) 

1 ( a) 58 . 33 57 . 48 33 . 3 3 3 6 . 51 
(1. 3 5 ) (3 . 17) 

54 . 8 4 42. 86 

59 . 26 3 3 . 33 

{b) 61 . 5'1 58 . 46 40 . 74 39 . 35 
( 6 . 58 ) ( 5 . 59) 

4 5. 83 48 . 28 

68 . 00 29 . 0 3 

2 ( a) 50 . 00 50 . 8 6 28 . 57 30 . 26 
(4 . 37) (2 . 19) 

58 . 8 2 34 . 62 

43 . 75 27 . 59 

(b) 57 . 89 53 . 04 36 . 84 33 . 18 
( 2 . 78 ) ( 4 . 12) 

48 . 28 23 . 81 

5 2 . 9 4 38 . 8 9 

3 58 . 33 52 . 91 30 . 43 34 . 61 
( 5 . 93 ) ( 1. SB) 

33 . 33 36. 84 

64 . 29 33 . 3 3 

63 .1 6 31. 25 

45 . 45 41. 18 

----
* As i n Tab l e 5 

82 
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Table 8 . Surface Ig M and Ig G bearj ng ly~phocytes from 

different lymphoid organs & peri p heral blood o f bats. 

Sc urce of cell Ex pt. Percentage of surface Ig bearing cells 
No . 

Ig M+ Ig G+ .Mean M:!an 
cell s {+ SE) cells <± Se) 

1 a) 24. 00 20 . 16 23 . 53 13.34 

20. 69 {2 . 38) 7 . 41 ( 5. 12) 

15 . 79 9 . 09 

b) 25 . oo 2 2. 3 6 10. 71 9.64 

Bone marrow 22 . 73 
( 1. 64) 

10. 53 
( o. 98 ) 

19 . 35 7.69 

2a) 20. 69 24 . 47 28.57 20.04 

25 . 81 ( 1. 92) 
18.52 

( 4. 55) 

26 . 92 13 . 04 

b ) 24 . 2 4 23 . 40 22 . 73 18.93 

1 s·. o5 (2 . 31) 
16.67 

( 1. 91) 

26 . 92 17.39 

--·-----
1 a) 44. 44 42 . 99 27.27 26.95 

41 . 6 7 (0.80) 
28.57 

( 1. 04) 

42 . 86 25 . 00 

b) 45 . 45 41 . 19 27 . 78 24.05 

30 . 77 
{5 . 24) 

28 .57 
(4.13) 

Sp J.een 
47 . 37 15.79 

2a) 45 . 83 41.99 36. 00 30.80 

48 . 00 
(4 . <;6 ) 

23 . 08 
(3.94) 

32 . 14 33 . 33 

Con td •• 
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Table 8 {Contd •• ) 

- --- - ----
S curce of cell Ex pt . Percentage of surface Ig bearing cells 

No. ---- -
Ig M+ r1ean Ig G+ He an 
cells ( + Sl::) cells (;tSE) 

----- -- -- -
Spleen 2b) 40. 91 40. 41 30. 77 30.32 

34 . 48 
(3 . 29) 

18. 52 
( 6. 67) 

45 . 83 41 . 67 

------ -----
1a) 18 .. 18 19 . 38 9 . 52 9 . 66 

21 . 43 
( 1 . 03) 

11 . 76 (1.18) 

18 . 52 7 . 59 

1b) 30. 77 21 . 27 4 . 17 13.24 

15 . 79 (4 . 77) 
2 2. 22 

( 5. 21 ) 

Mesenteric 17 . 24 13 . 33 
lymph node 

2a) 17 . 39 22 . 77 7. 41 11 . 20 

25 . 9 3 
(2 . 70 ) 

13.16 (1.89) 

25 . 0 0 13.04 

2b) 1 ~ . 23 20. 81 12 . 50 10.28 

24 . 14 
( 1 . 57) 

8 . oo ( 1. 29) 

19 . 05 10. 34 

--
1 a) 46 . 57 41 . 34 10. 00 24 .92 

36. 36 (4 . 10) 37.50 (8. 02) 

so • . ; o 27 . 27 

Peripheral 1b) 33 . 33 51.85 44 . 44 34 .74 b l ood ( 9 . 79 ) ( 5 . 61) 
66 . 57 25 . 00 

55.56 34 . 78 

Contd •• 

t 
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Table 8 (Co ntd •• ) 

-- -- - -- ------- -
S ourc e of c el l Expt • 

.N o . 
Percen·t age ot surface Ig bearin g cells 

-------- - --- -------
Ig M+ 
ce lls 

Me an 
(+ SE) 

----·-----~-- -------

Perip h e ral 
blo od 

2a) 

2b) 

43 . 75 

46.15 

58 . 82 

57.14 

40 . 00 

63.64 

49 . 58 
( 4 . 58) 

5 3 . 59 
(7.05 ) 

Ig G+ 
cel ls 

38 . 89 

33 . 33 

37 . 50 

3 5 . 29 

3 5 . 00 

3 7.50 

---------- - ----- · 

!··!e an 
(+ SE) 

- - ----
3 6 .57 
(1 . 67 ) 

3 5 . 93 
(0 . 79) 

-----



Table 9 . Proport ion of three d ifferent i mrrunoconpete nt c el l 

types o f bat afte r in vivo a dminis tration of rabb i t 

anti- bat brain serum 

--- - -----

86 

Time after No. of PAa No. of NA No . o f Ra tio ot thre e 
an t iserum cells x106 cells NNA ce l ls c e ll t y p e s 
treatment 106 106 PA : NA !1'-l'NA 

X X 

-----·---- - -- - - ----
24 hrs 6. 8 1 o. 4 48 . 2 1 : 1 . 53 : 7 . 09 

7 2 hrs 5. 6 1 o. 7 24 . 18 1:1. 9 1 : 4 . 32 

120 hrs 8 . 6 8 . 8 38 . 4 1 :1. 02 : 4 ; 17 

------------~-----
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F i g . 1 & 2 

Plate - I 

Scannin g e lect ron nicrc grap hs o f plcstic 

acheren~ cells,i.e. macrophages of n ormal ·bat. 

1) One wi ·th fl a ttened p seudopo c ial p r o­

j •?ctic ns (arr ow ) and (2) an other wi th 

f inger l ike filopooial pro jections . 

X 11 , 000, X 10,500 

~ Bar equals to 2 pm in t hese and 

s uhsPque n t SEM photo q raphs. _7 

' 
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Fig. 1 & 2 

Plate - II 

SEM photograp hs of two plastic a dherent 

cells fr om a normal bat with bulbuous 

prot rusions , sin ilar to follicular 

dendrit ic cells; size of the cells is 

bigger than ~ost other p l a stic a 0herent 

cells. X 8 , 500 X 5, 000 



.. 



F i g . 1 & 2 

P l a te - B! 

SEM p ho tograph s o f plasti c a dherent ce lls 

from bat i mmunized wi ·th SRBC s howing t hat 

p seud opo dial proj e c tic n s are n ot a s 

p romine n t as in normal c e l l s . X 6 , 0 00, 

X 6000. 



. .... 
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F i g . 1 & 2 

P l ate - IV 

Typical n y l c n wool no n adhe ren~ ce l ls 

{e quivalent to T cells ) f r om a n ormal 

bat s howing smooth cell surface devo i d 

o f any projections but occasional surface 

ri dges ( arrow). Diamet e r o f t h e cells is 

ab out 7 pm in Fig. 1 and about 8 pm in 

Fig. 2 . X 5 ,500, X 4, 2 50 . 
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F i g . 1 & 2 

Plate - V 

SEM photograp hs ·of nylon wool ncn adherent 

cells f r om in.munized bat s howing s ome 

surface ruf flings (arrow) . Size of cell is 

comparatively bigger ana about 7 pm in 

Fig. 1 and ab cut 10 pm in Fig. 2. 

X 6000, X 5, 250 
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F i g .. 1 & 2 

Plate - VI -----·-
SE ~'l photograp hs c,f ny l on '.-Jool adhe rent 

c e l ls frorr n o rrnal bat . Sc me small mic r o ­

villi ( MV ) and p i ·t s ( P ) a r e see n on 

t he surface .. Size of cel l is about 9 prn. 
X 8000, X 5500 
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Fig . 1 I 2 & 3 

Pla te - Vli ---- ---
SEM photograp hs of nylon wool a dherent 

cells f r orr an imrr unized bat . The cell 

surfac e is h ighly ruffled . Long fila­

me ntou s surface p r ojectic·ns can be seen 

in Fig. 1 ann 2 ( arrc.. w ) . S ize of the 

cel l s abc ut 9 prr in Fig . 1 a nd 2 , anc 

abc ut 12 pm in Fig. 3 . X 6000 , X6250, 

X 5000. 
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Fig. 1 Photogra~h s h owing the separation of 

major i n munoglcbul in clas ses of bat by 

polyacrylamide gel electrophoresis. 

Lane !> contain s bat Ig obtained by 

affin ity chr omatography , lane 2 contain s 

puri fied human Ig G and lane i contains a 

mi xtu re of bat I g , human Ig G ano BSA. 
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Fig. 1 

Fig. 2 & 3 

Plate - I X 

Phot omicrograph showing indi r ect 

immm ofl uore scence of spleen ce l ls of bat, 

treated with r abbit anti - b at Ig M (anti-

B Ig M) and then fluore scein ated goat ant i­

rabbit Ig (F l-ant i - R Ig ) . Fluorescence on 

the cel l s is in the for m of ring and 

p atches . X 

Photomi c r ograp hs of sple en cel l s treated 

with r abbi t ant i - bat Ig G (anti- B Ig G) 

and the n Fl- anti- R Ig s howin g a distinct 

ring type of i rrnunofluorescene on the 

central ce ll , which is shown in magnified 

vi ew in Fig. 3 . X 700 , X 750 , X 900 . 

,.. 





F i g . 1 

F i g . 2 

Plate - X 

Photomicrograph o f periphe ral blood 

lyrrphocy·tes ot bat, tre ateo wi th anti­

B Ig I-1 and t hen Fl- anti - R Ig shCJ'Wing 

i ncorrplete r i ng and patches of fluores­

cence • X 700 . 

Photor:-icrograp h of pe rip he ral b lood 

lymphocytes treated with anti B Ig G and 

then Fl- anti- R I g show ing ring like 

fluo rescence . X 700. 
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Fig . 1 

Fig. 2 & 3 

Plate - XI 

Phot c micr ograp h of nylcn woc l a ohere nt cells 

of bat treated with anti - B Ig M and then 

F l-anti - R Ig showing ind irect immuno­

fluoresce n t staining of rr€mbrane Ig i n 

the form of r i ng and patches . X 700 . 

Photoricrographs of nylon wool a0herent 

cells of bat treated with anti- B Ig G a nd 

Fl- anti - R Ig showiny t ypical fluorescent 

ring for membrane Ig G on a cell , magnifi ed 

view of whic h is shewn in Fig. 3 . X 70 0, 

X 900. 
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Fig . 2 

Fi g . 3 

Plate - XII 

Photomic rog ra<. h of a his t o l ogical section 

of spl een f rorr no rrral bat showing a •..v h i te 

!1ulp fol l icl e . The periarte rio l a r l ymphocytic 

she ath (PS) cc ntains a go od number of cells. 

CA- c e ntra l arteriole. X 600 

Photcmicr c gra_ h of a secti on of b a t s p l een 

r e r. oved 24 hc urs after in ~ anti - brain 

seru1 treatment . Density of lyrq:·J:ocytes 

in the PS region is s l i g h tly l ess than 

i n the n o r al spleen. X 6 0 0 . 

Phot omicrograph of a s e ction of bat s p l een 

remove c 72 hc u rs afte r anti-brain s e rum 

t rcat r ent . PS reg ion is l oo se'ly org anized , 

wi th l e ss m.:..mbe r of lyn p hocy t es than in norma l, 

indicating 0e ~letion c f cells i n this regi cn. 

X 6 00 . 

["'All secti ons staj ned with Ha e matoxyl in 

and Eo s i n _7 





9~} 

19 . 2 

Plate - XII I 

.. Lcmic rograr_;h of a section of mesenteric 

lymph n o de frorr no rmal b a t , showing distri­

buti on of lymphocytes in lymphoid follicle 

(F) anc paracc rtex regi0n (PC) . Haematoxylin­

Eo sin st a i n . X 450 . 

Photomicrograp h of a sectio n o t mesenteric 

lymph n ode o f bat rerr oved 24 hours after 

anti-brain serum treatn e nt. Gensity of 

ly~phocytes in f o llicular ana paracortical 

regions i s slightly l ess than in n o rmal 

l ~nph node. Masson ' s Trichrome stain. 

X 300 . 

Photonicrog rap h of a section of mesenteric 

lymph n oce of bat removed 120 h ours after 

anti- brain serum treatment . The paracortical 

region (PC) shows empty spaces indicating 

s ign ificant depletion cf c e lls in U :is region. 

Mas son ' s Trichrcme stain . X 300.-

'I 
I 
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Fig. 1 

• 

Pl a te - XIV 

T r ans n issi o n ele c t r c n n:icrograj:.-h of a 

secti on of spleen from n ormal bat. Lympho id 

cells differ in size and cytoplasmic c cnte nt. 

The sr. a ller cells (SL ) show a thin rim of 

cytcpl a s m with ve ry few orga ne l le s. Nucle us 

s hows th i ck patche s o f d arkly stained 

hete r ochromatin mainly al ong n~clear margin, 

and nuc lear p ores. The larger lymphocyte s 

(LL) show more amcunt of c y top lasm contain­

ing mitochc n dri a (r-1), vesicles (V), s ome 

ribos ome s a nd few lame llae of e n C:opl a s mic 

reticu lum. Cytoplasrr ic exte nsions from o ther 

ce l ls can be see n ( arrow). X 12 , 300 • 

• 
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F iq . 1 

/ 

Plate - XV 

TEM photograph of lymphc id cells in n c rmal 

bat spl e en . Two l a r ge sized lymphocytes are 

seen with n c.ticeable an1ounts o f cytoplasm 

c on taining rritochond ria (M) and vesicles (V). 

Occasio nal short profiles of endoplasmic 

reticulum (ER) can be seen. The cell nucleus 

is ' polygonal i n shape , having fair a mo unt of 

hete roc hro matin and a nucleolus (Nu). At the 

•lower si,_~e , part of a cap illary lined by 

e n dc thelial e e l (E) with typically elongated 

nuc l eus a nd microfilarren ts can be seen . 

X 12 , 300. 
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Fig. 1 

Fi g . 2 

Plat e - XVI - - ---
TEM pho t ograph of no r mal bat spl e en showing 

large sized lymphocyte s . Many free ribosomes 

(R) and n itc chon dria ind icate that the cells 

are metabo lically active . The cell at the 

upper s i 0e of the photograph has some 

vesicul ar structures (V) wh ich may be part 

o f a Golgi appar atus . Some short profi l e s of 

ER a re also s e en . X 22 , 500. 

Magnified view of a p art of F i gure 1 showing 

the ce t ai ls of a mitochondri a and endo- o r 

exocytotic vesicl e s . The vesicles with 

openi ngs t o the exte r lor , are s u r r o un <led b y 

e l ectron dense material {arrow) . X 50 , 000. 



. ! 
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Fig. 1 

P 1 a te - _2S.Yll 

TEM phot ograp h of n o rma l bat s p leen . Two 

l a rge cel l s with pauci t y o f cyt op las rr i c 

o rgane lle s are seen . Differences i n 

nuc l ear mor phol ogy and h e t erochromatin 

con t e n t a mong the cells i s n oticeabl e. 

Cyt op l a smic e xte n sions f r om adj ace nt 

c e lls can be s een . X 1 4 , 000 . 
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Fig. 1 

Fig. 2 

. 
Pla te - XVIII ------

High powe r v i ew of a part of the f i g u r e i n 

Pl a t e - XVII . The large cell has a r ound 

nucle us, rrany r ibosomes and a v e ry few 

other crgane lles . Few small vesicles are 

p rese n t . The cel l l ooks like a p lasma 

c e l l . X 18 , 2 0 0 . 

Magnif ied v iew of a nucleolus i n a lymphocyte 

of no rnal bat spleen . L a rk granule s (arrow) 

insi~e the nuc l eolus are v i s i b l e , probabl y 

inoi cative of r ibonuc leoprot e i n partic l e 

synth~sis . X 18, 800 . 
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Fig. 1 

Plate - XIX 

TEt~ photograp h of spleen from bats immunized 

with 25% SRBC for 10 d ays. Large cells, 

elongated in appearance are seen. The nuclei 

show less heterochromatin clumps. Cytoplas­

mic org anelles are les s prorrinent, except 

some ribosc mes and rritochondria. X 19,900. 

, 
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Fig. 1 

Plate - XX 

TEM photograp h of s p leen from immunized bat. 

A cell, resembling a macrophage is seen wi·th 

irregular outline. Nu cleus is v1ith scanty 

heterochromatin. Merrb rane bound vesicles 

containing granular or h omogeneously 

osmophillic material p robably represent 

lysosomes (L). Faint c utline s of microfila­

me n t s ~ay b e s een (arrow ) . X 16,700. 
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Fig . 1 

Plate - XXI 

TEM micrograp h of spleen from immun i zed 

b dt. A small lyrr.phocyte is easily recog­

nizee from its thin cytoplasmic rim lacking 

organ e lles. In the adjacent cell , the 

nucleus is large and indented deeply (arrow). 

Euchromatic nucleus in the large lyrr.phocyte 

is in c ontrast to the heterochromatic nucle us 

of the smaller cell. X 12,500. 
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Fig. 1 

Fi g . 2 

Pl a te - XXII 

TEM pho t ograp h of iso latec nylon wool 

a dhe rent lymphocytes from i r.nuniz ed bat. 

Two l a rge l yrr.phocytes (LL) with abun~ant 

cytoplasm are seen along with s ome small 

lymphocyt e s having les~ cy t cp l asm. Surf ace 

pr o jecticns as observed in SEM photograph s 

are not pron:inent1 certai n vesi c l e s (V ) 

adj acent to the p l asma mel' b r ane c::.r e 

vissible . X 9000· 

TE )\·! photograph of spleen from i n n.uni ze d b at. 

The ce l ls are loose l y organized 1 show large 

nuclei v1 itf1 scatte red smaller clw1ps o f 

he t e r ochr c matin. Cytcp l a s mi c organel l e s are 

not ve ry nuch prorr.ine nt . X 14 1 000 . 
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Figs . 1 & 2 

Plate - XXII I 

TEM micrographs of mesenteric lymph node 

from immunized b at. The small lymphocytes 

{SL) shmv less cytoplasm and no tched nuclei 

(ar r ow) c ontai n ing thick hete rochromatin 

p atche s, whi l e t he l arger lyrrphocytes (LL) 

have more cytoplasr.. containing seve ral 

mitochon<~ ri a (H ) anG ve s ic l es (V ) . Nuclei 

in these cells have less heterochr omatin, 

a n d are less indented . X 13 , 500, X 9 , 250. 
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Fig. 1 

Plate - XXIV 

TEM photograp h of mesenteric lymph node 

from imn.unized bat showing cell s dif f c r.i_ng 

in size, cytoplcs~ic content, nuclear 

morphology and heterochromatinization. The 

small lymphocytes (SL) typically has less 

cytopla sm while large lymphocytes (LL) have 

more cytoplasm and deeply indented nucleus. 

Several mitochondria and vesicles are seen 

in the se ce lls . In one cell, faint outlines 

of ER can be seen . X 13,600. 





111 

Fig. 1 

Plate - XX!V 

TEM micrograph of mesente ric lymph node from 

an immunized bat, showing part of a large 

lyrpphocyte. Sorre mitochondria, vesicle s and 

scattered ribosomal particles are seen. 

Nucleus s hows moderate an1cunts of hetero­

chromatin. X 23 ,000. 

., 
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