RESULZLS

S$TUDY OF Tid LYMPUROID ORGANS

The cells responeible for immuns r&éponses are usually
located in the Beconéafy 1ymphoid organs like spleen and lymph
nodes in higher vertehxatéé. So in this investigation the
study of the spleen, lymph node of the bat has been made in
normal condition and after immunization. Antigenic stimula~-
tion leads to proliferatiocn, zapid divislon and incréase in
nunber ©f lmmunocompetent lymphoid cells mostly in spleen and
lymph nodss. = S0 change in histologlcal structure of these

~organg after immunizacion have bsen studied.

Besides these, the study ©f the thymus, a primary

lymphoid organ has also voen wadc.

Spleen ¢

Splecn in bat is blackish red in colour and situated
in the left abdominal cavity, boneath the disphragm and attached
ﬁy peritonecal folds to the wall of tho stomach as usual as in
othor mammalian species.  Size of the spleen varies Erom

4 oemX Q.Hh emto 5 ¢ x ) o in normal nonimrunized batse



From histological =ecticns, it reveals that the
spleen is encapsulated by a thick collagancus layor which
invaginates at some places to form distinct trasbeculac.
The trabeculese are often with blood vascular channels.

It seems that the bloocd vascularization in spleen of wat is
congiderably rich in comparison to that of a mouse. The

bloocd vessels enter in the gpleen slighitly away froa the

apaie

Whita'pulps are the cOmpact.concentric organiczation
of about 6 ?q_ﬁ}&m lymphoid cells and stained wmuch deeply with
haematoxyline They surrxound gplenic arteriole in the form
of lobules and are distributed in the rod pulp, throughout
splenic parenchyma (Plate 1, Fig. 1,2). The reticular

f£ibraes and epithelial cella create zonation in the red pulpe

After immunization with SRBC, white pulps in spleen
transform into distinct germinal centres. Gefminal centres
are comprised of jackot like compact zona of small lymphocytes
surrounding the central lightly stained circular zone of
dividing lymphocytes, macraphageé and plasma cells (plate 1,
Figel)e The central zone and gorminal centres as such
increase with the daye of immunizacion. The increments in

the sise of the germinel centres from white pulp stage after

-



immunization have been depicted in table 1. Vascularization
and number of vcnous sinuses increase with imnunizations
increasing number of small lymphocytes and blood components

give a spongy appearance to the red pulpe

| Histological study of the spleen of the embryos of
different ages and the neogatal bats woere mado to got an idea
of the gradual organization of these organs during development.
Lymphoid cells in the foetal splean can bo dotected as dispersed
throughout the red parenchyma. Lymphoid cells gat organized
into limited nuwbers of concentric small masses, the first
gtage of the developing white pulps, in the young neonates.
Distinct trabeculae can also be observed from this stage (plate

2; F1Q91.2) -

Lymph Node 2

Cervical, maxillary, axillary, mesenteric, inguinal
lymph nodes follow the general plan of distxlibution in other
mamnals. lHere mesenteric and inguinal lyomph nodes in
particular have keen studied in details the sizes of these
nodes in normal animals range £rom 2.5 cn % 0.25 em to
4 cm X Oed o and 0425 x Q.21 om to 0,35 x 0,27 cm respectively.

They are whitish in colour and most of the ktime covered with a
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layor of fatty tissuc. Lynph nodes of an adult animal are
encapsulated by a thick layer of connective tissue fibres with
subcapsular sinuses underneath. The capaule is thicker at

hilus uvhere ingoing and cutgoling vascular channels are locatad;

Cortex and medulla are distincte. Primary lymphoid
nodules are present in-the cortex (Plate 3, Fig.l,2). Cortex
is demarcated into autér and inoer cortex. pemarcation of the
two layers af'cortex and medulla is more pronounced than in
mice.  Cerminal contres with central lightly stained lympho=
sybrng blasts and outer cover of deeply stalned smaller 1ymph6—
cytes as in the césé of spleén, differentiate from white pulp
in the outer cortex after immunizaticn (¥late 3, Fig.3 & Plate
4, Fige 1,2). Apparently diffeéence in sizge of primary lymphoid
nodule and germinel centre of mesenteric lymph ucdes after
imounization can be observed (Table 1), but their difference is
not that significant as that in case of the spleen.  Trabecular
extensions from the capsule traverse through the cortex to some
extaent. Maduila is censtituéed by cells orgenized in medullary
coras and medullary sinuses. - It seeme tha§ the pumbaer of blood=
borne cells increases in the medullary sinuses after 15 days of

imounization.
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organisation of tho lymphoid cells inte white pulp
cannot usually be seon in the histological sections of the -
foetal and thg neonatal meaanteric‘lymbh nodc . Deaply
stained cells, sinilar to the small lymphocytes can only be
seen throughout tha mﬂaeﬁiaric iymph node. Distinct
demarcation of cortex and medulla cannot be found even in
young stagse Rudimeats of trabeculae ere noticeable in

the sections of the mosenteric lymph nods of a necnatal bat.

Thymus 3 ‘ .

Thymus, one ©f the major primary lymphoid orgaﬁu.
i3 known to provide the lymphoid cells which potentiate the
immunological cepacities of other lymphoid organs. In foate
uses and in neonatal milk suckling youngs, the thymus can be
visualized easil&. lying as usual at anterior mediastinum of
the heart. Primarily the thymue ls composed of two separate
leat like lobes joined by connective tissue and arising from
a comnon ataik near the root of the conus arteriosus (Plate 5).
It is white in colour. Two white lobes of the thymus are
firmly bound togother in the midlise at antexiﬁr enda Bach
lobe is covered by connective tissuée gheath having a lobulated
maxrgin showing the gxte:qal expfeaaioﬁ'ot the investmen£ of the

sheath as septa to form geveral lobules. Thege lobules are



moro prominent at the posterior margln of each iobe. In
hiastological preparations each lobule followa the gensral
plan of tissue distribution. The reticular fibors and
epithelisl cells provide the basic supportive network of the
organ and the dnterstices of which are coccupied by enormous
number of lywphoid cells, The thymic parenchyma is illi
differentiated into cortex. and modulla in foetuses (Plate 6,
Pige 1,2) However, this distinction is easily recognizable
in néonatal bats (Plate 7, Pig.ll. The cortex is made of
emall lymphocytes and ogoupies the major area of the thymus

in young ones.

Moreover, the prominence of medulla in neonatal thymus
is accentuatad with the pregsonce ©f wall defined Hassall's
corpuscles. Hasgall’s bodics are aggregatos of the epithelial
calls in wporled pattern (Plate 7, Pige.2 & Plate 8} and very
similar to the structure in primates {(Arnesen, 1l958)}. They
take bright red stain of eosing an amorphous subgtance and
degenorating cells in the centye of the Hagsall's bodies have
been obaerved. These bodies were not observed in the fostal
thymus studied by us. The diameter of Bassall's bodies in
nacnatal thymus varies from 47 to 125 pme. The size and

number Of these bodies decreasa in adult stage where diameter

varies from 17 to 48 um (Plate 2, Pig. 1,2).
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nnother intersesting featurw has been observed in
courase of our sctudy of the bat'a‘thymus in different ages,
There is a gradual increment in the size of the thymic lobules
upto neonatal or young stags. AfLtexr attending the ﬁaximum
aize in young stags, prono&nced involgtion of thymus occura
‘dn adult 2nimal as in scwe othar mammalian species including
huzan {Plate 1l0). The size of the right and left lobe of
the thymus in the foetal, neonatal and adult bats have been
noted in Table 2. Thus in adult bats, the Bize of the £hymus
h is minimum, and ¢ho islands of lymphoid cells are embededdod
in a mass of fatty tissue which infiltrated the original space
occupied by thymic timsue in earlioer life and it is not possible
to visualize the small thymus in adulc bats easily, unless the

gnormous mass of fatty tissue is removed.
/

SUSCEPTIBILITY OF THE LIURKOCYTES FROM DIFFERENT SQURCES TO

ANTI-LYMPHOCYTE SERUNM (ALS)

The percentages of c¢olls from different lymphoid organa,
bone marrow and peripheral blood susceptible to the anti-lympho-
cyte serum (ALS) mediated killing'ue£a determioed in thia series
of expariment. ALE was raised in rabbit against bat's lymphoe -~
- gytes from spleen and lymph nodes. At first, spoecificity of
raiaed_ALS was tested against bat's lymphocytes, Experinents

to teat the hetorogenaity in the lymphoid cell population of
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the bats depsnding on the differont cell surface determinants

- ware also performed.

Specificity Test for Raised ALS

Spocificity of ralsed alS to the lymphocytes was
ascertained from the cyteotoxicity experiment with splenocytes
and lymph nodeo cclle after absorption of aALS with spleen and
lyinph node eells and the result of the experiment has been
presented in Table 3. Absorpticn of serum caused sharp
dacrease in the efficacy of ALS to the target cells used for
raiaing the anti-serum. after absorption, different dilucions
of serum did noc'ehau gross variation in the pezcentage of lysis. -

Similar trends were observed in 3 repeated experiments.

study of call types of secondary lymphoid organs, peripheral

circulation and bone marrow by alS gsediated cvtotoxicity test 3

ALS collected after.last booster injection was diluted
in two fold order f£rom 1:20 to 1380 with the addition of adeqguate
© amount of PAS. | Lywophocytes from differcent organs wers collec-
ted after usual Picoll-hypaque purification and .106 cells added
in cach experimental tubo. Lytic indices (%) for the lymphow

cytes collocted from different organs have been presentced in

figure 1,
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Wwith threo different dilutions of aLg, maxioum lytic
indices were obtained in case of lywphocytes f£rom the lymph
nodos. Suaceptibility of the splenocytes to ALS was less
than that of the lymph node lymphocytes. Lytic index was

P
lower witb(@E@)tbaﬂ lymphocytes f£xom ppleen and lymph nodeg

and there was not much variation in the lytic indiccs with
three differant dilutions of ALS. Lytic indices with bone
marrow cells and lyaphocytes collected fLrom peripheral circule~

tion did not differ appreciably in 3 dilutlons of ALS.

Suscoptibility of the lymphocytes from spleen and lymph node

aftor absorption with bone marrow ¢ells and brain howmogsnate :

On the basis of cell surface determinasts the possible
heterogeneity in the lyaphoid cell population of the bats was
taoated. This has baen done by absorbing ALS with bone marrow
cells and broin homogenates prior to the cyﬁatoxicity tast,
ﬁnti-thyﬁocyte serum (AP5) could not be used in this set of
axperiments as it wag difficult to xaisd Aés due to. non-availa=-
bility of several neonatal bates at a specific time and adult
“thymus was very small due to age dependent involution. The
brain homogenate wog used for absorption of ALS in view of
existence of similar antigenic determinants like & or Thyel

both ip brain and thymus colls of mice (Golub, 1971) and usage



of anti-mouse brain serum for killing of mouse thymocytes,.

Bone marrow colls were also used for absorption prior
to the cytotozicity test with lymphocytes from the secondary
lymphoid organs to determine whother or not both the coll types

share the same type of cell surface determinants.

It is apparent that prior absorption of ALS with bone
" marrow cells doos not reduce the cycodlytic ability of ALS as

it is revealed from the lytic indices in Table 4. whoreas
abgorption of ALS with brain cell homogonate canses significant
reduction in lytic activity of ALS in most of the casges, The
percent of reduction of lytic activity of ALS after absorpticn
was approximately upte 40% in case of spleen cells and more
than 50% in case of lymph node cells. Absorpticn of ALS with
bone marrow and prain homogonacto at a time also shows tiw
reduction in the efficacy ol ALS; the percent of reduction in
this case is couparable or may bm'alightly higher than the

indices obtained with ALS absorbed with brain homogenate only.

STUDY OF ANTIDCODY MEDIATED PRIMARY IMMULIE RESPGHSE

Antibody mediated immune response has primarily been
measurad in two ways, enumgrating the antibody secreting cellas

by Cunningham and Szenberg's PFC method (1968) in which antibody



secreting cells form plagues by lyeing the antigens in
presance of complemwent and by agglutination reaction pattern

of the secreted cut antibodies in the ssrum.

Effect of complement from different sources on the formation

of plaques :

complement is necessary for antibody mediated lysis
of the target cells oﬁ antigen. Three differont types of
serum including the homolégous scrum had becn used in PPC
assay to select the most effective source of complement.,
Prom Pigure 2, it reveals that though guinesapig coxmplement
is of wide use in PFC assay of lymphoid cells from different
species, homologous serum shows better respense in case of
bats. From Table 5, it reveals that thoe number of PFC
obtained with tho use of bgt's complement is always higher
than that with two otherx types Of complements; but the number
is not significantly different from that obtained with guinea
pig's complemsnt, Rabbit complement was least effective,
Thus we decided to useg bat complement in all other PFPC assays

in this studye.

Developzent of a typical placue 3

Very smali clear spaces were visible after 2 hrs of

incubation of the plagque slices and by 3 to 4 hrs typical



plaques developed. The plagues were guite similar to

those in mousc and other specics.

Antibody secreted out of the gplenic lymphoid cells
lysed the surrounding particulate antiqan {588C) in tha mono-
layor suspension of an agsay slide. éhe lysis occur in a
radial fashion and a circular clear space dovelops as plague.
in the opague monolayer of the suspension of lymphoid cells
and SRBCz‘most of the time the antibody secreting lymphoid
cell was present at the centre of the clear spacs of plague
and visible under microscopz {(Pige3). Certain other lymphoid
cells are sometimes present in.the clear space of the plaque!

but most likely they are not entibody secratiage.

Specificity of the antibedy secreting colls of the
bats iomunized with SRBC was tested. on different days of
immunization with SRBC, PFC assays were performed with sruc
and pig's erythrocytes. There was no siganificant PPC
respouse against pig's erythrocytes although a significant

response was observed against SRBC antigen (Table 6).

PFC_response with differont doges of SREC ¢

Antibody mediated response in bats was measured in

terzs of number of antibody sccreting plague forming cells



at different days of immunization aftor a single challenge
of different antigenic doses. Spleen cells werce used for
the purpose. The kinetics of PFC response with three
different doses of 3RHC, U.2, 0.5 and 1 ml per animal have

been presented in figure 4.

The PPC response was dosga dependeht. The deosge
of 0.2 ml SRBC per animal did not elicit a marked responge
uptil 30 days after immunization. There was a peak of the
PC reaponse on 20th day with the dose of C.5 ml SRIC:
whereas challenging with 1 ml dose a notable peak was observed
around 10 days. with all three doses, the decay of the
FrC rosponse was 8low and at a reasonable level upto 30 days,
then the zresponse fell almost to the background level by
50 daya. The average number of FFC for one million leuco-
cytes in a non-immunized bat waas 67 this was considered as

backgrouhd count .

PFC_responso to double antigenic challenge with a short

interval :

In this experiment the animals were injected twice
with an interval of 48 hrs with C.5 ml of 25% SREC. Assays
wore made on 5, 10 and 15 days of immunization and the degree

-
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of PrC response on these days wore compared with that of

tho bats immunized with only 0.5 ml and 1 ml of 25% SRBC.
PFC response was minimal on day 5 in all the cases. The
EPC rasponaé ©f the animals injected only once with Q0.5 ml’
SRBC, was lower than that in other two groups and the
reapoﬁee was on way to increase even on l5th day of imnunie
zatione. Whereas the response in other two groups injected
twice with 0.5 ml 8ROC and 1 ml SREC were comparable and

the poaks in koth casgses were observed on day 10 (Fig.5).

Herpagglutination (IfA) titre @

-With a single antigenic dose of 0.5 and 1 ml SRBC,
HA titre levels follow the pattern of PPC response with the
respective dosa of antigen (Figed). The peak of the response
was reached on 10th day after injecting 1l ml SRBC and with
0.5 ml dose it wancn 15 to 20 days after immunization.
Although there was nc notable peak of PFC response with 0.2 ml
antigenic dose, the peak of 1A titre index for this doca was
on the 20th day and the response level in general was at
reagonable height, HA titre for the different antigonic
dosas were at a significant level even on 50th day after

immunization.



ANTIBODY MEDIATED SECONDARY IMMUNE RESPONSE

A8 the duration of PFC reaponse iq bats was
prolongsd with a einglo dose of antigen the secondary
response was also studied. Thiz was teated by PFrC aseay
and HA titre in presence of mercaptoethanol (ME). Though
Cunningham and Szeaberg's monolayer technigue is of wide
use for PFC assay but asgssay of 'ME - resigtant plague is not
feamible with this method. Thuar*fT;;;_- agar plating

method has been considered suitable for assaying secondary

plague forming cells.

Agglutination test in prosence of three differont concentra~

ticns of ME 3

To seclect the most effective concentration of ME,
agglutination aspays were performed in- presence of three
differont concentrations: O.1f, 0.20, 0.3M and resulta have
been presented in ?able 7. Begree of apglutination
reaction was scored by a single or multiple of + aign depend-
ing on the size of the agglutinated particles. From onr
exparimental results it is cleared that 0.1% ME showed best
response in all cases out of thrcece concentratcions. 80 ue
used this concentration for further assay of HA titre in |

prasance of ME,
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' ME~rasistant PFC response and HA titre s

The profile of the MEe-resistasnt PFC and HA titre
response with 0.5 ml and 1 ml have been prosented in figure 7.
The number of ME=-resistant PFC gradually increésed to the
maimum lavel by 15 days in case of‘l ml antigenic dose and
by 20 to 30 days with theldoae Of 045 ml. ME-zesistant:
HA titre values follow the similar pattarn. Soth the types
of responsée with two dosas of antigon falia almosthto the

bottom by 50 days after immunization.

ANALYSIS OF THE DIFFERENT CLASSES OF SERUM PROTEIN DURING

ABTIRCDY RESPONSE

The electrophoretic battern of normal and immunized
sera is presented in the figure 8. It shows clear separation
of 5 major serum protein componentse. apparently the normal
and experimental strips do not show any difference in intensity
of bands. = Quantitative "analysis cf the different protein
components of serum of bats in né;mal condition ang 5, 10,

20 days after immunization with 0.5 ml SREC is p:eaenteé in
Table 8. Cclear change in ihe amount of -total protain after
immunization was obgerved in all cases. although no gignifi-

cant Gatiéticn in the proportion of ¥ globulin was observed
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in last two cases, but the first case shows alight increase

in the amount of < globulin at immunized state.

(S r
.-

CELL FEDIATED IMMURE RESPONSE

Skin sonsitivity test to 2,é~Dinitroflucro benzone (DRFS)

_ The akin sangitivity to DiPB is a dolayed hypér
sensitivicy type of reactiocn. The reaction depends on
overall P-lymphocyte function. Resenaitigzation of the
animals with 2,4=-DEVB was done on the 7th day of the first
application of this chmm;cal on the skin, Size of the
experimental or the resenaitizaﬁion spot was msasured upte
13 days at 24 bLr intervals (Pig.9). The degree of e@rythema
and induraticn was measured in teras of the diameter of the
resensitized gpot in mm. Size of the reaction gpot was
measuraed in twvo directions at right angles and the average
was token as index for tho reaction. — Meximum induration
was observed at 48 hr of 2nud application accompanied by
maximums crythema aleoe. Then gradually the size 6£ tho

reaction spot decrsasad o normal.

Mixed lgmghbcxta culture (HLC) reaction z

Impupa responge of T cells can be measured in vitro

by MLC method. Differences in Major histo-compatibility
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(MHC) locus botween allogenic lymphocytes are mainly
responsible for this reaction, although nothing is known
‘aboutIMHc locus of bat, the bate used in this study wors.
wild and thay were outbred and thus it was expected that
they would differ f£rom each other at Mac locus.

For each sat of exporiment, the responder cells
atjyyyee differcnt concentratiens. 105. 5 x.los. 106 calls
per tube ware cultured with Mihomycin-c.tmito-c) treated
106 stimulator cells, Tziplicate cuiturea for each
cancantraticé of the responder cells were maintained.
Cultures were incubated for 4 aaéa and 7 days and radiocactive
thymidine was added in the culture 16 bhr prio; to the termina-
tion of the culture. As the culture pericd vas longer,

5% serum aqtoiogoua to responding ceclls was added in the
culture mediums Incxease in tho uptake of 3Hhmhymidina by
the responder cells leads to the increase in the stimulation
indoex. The stimulation index at 1.2 6: more was considered
positive as the saws index wasg ﬁakan into account as positive
in gratt-versus~host t§pe of cell mediatad reaction in mice
(simonsen, 19623 Chakravarty, 1977). Out of three expori-
mente with three different concontration of effector cells,

only in two cases of the cultures, incubated for 4 days showed



pogitive reaction and one of them was marginal {(Table 9).
Whereas assay on the 7th day of culture showed enhancemant
of the incorpoxation of 3H-Thymidine at higher cell coucen-

trations in both the oxperinents (Table 10).



