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GENERAL SUMMRARY

The experimental works reported ihwthis thesis were undertaken
as a contribution to the understanding of the physiology of the
immune response with respect to the two central lymphoid organs
of the chicken = the bursa of Fabricius and the thymus gland,

production of antibody by a system indebendent of the bursa
of Fabricius was First investigated in bursectomized-irradiated
chickens immunized to 'phage QXl?d and human serum albumin (HSA).
fwo highly sensitive tests - the 'phage neutralization test and
the Farr test - were employed tb detect the possibility of
production o% antibody by these birds. The'bursectomized-
irradiated chickens were howsver found to be completely deficient
in production of antibody 8 days after intraperitonsal injection
of 'phage ¢Xl74 and up to 28 days aftsr intramuscular (i.m,)
inoculation of HSA in Freund's complete adjuvant (FCA).

The intact-ifradiatad end thymectomized-irradiated chickens
which were inocuiated with HSA in FCA showed a biphasic antibody
response with two major cyclés of antibody in their circulations.
Neonatal thymectomy coupled with whole body irradiation was however
found to reduce the circulating antibody level to intramusculsr
injection of HSA in FCA. Further study&FtMantibody response of
the thymectomized=irradiated and intact-irradiateq chickens immunize¢
to HSA in FCA or to HSA in watqr-in-oil emulsion suggested that
potentiation of antibody response by the Freund's comﬁlete ad juvant

was dependent on the cooperation of the thymus.



Surgical ablation of the bursa in ovo on day 18th‘of
incubation suppressed almost totally production of antibody to
sheep red blood cells and reduced significantly circulating IgG
levels, “

Histological examination of the spieens and caecal tonsils
of the bursectomized-irradiated cﬁickens showed total absence of
plasma cells and germinal centres, Furthermors histological
evidence was presented which shoued that development of plasma
cells and fo:@atioh of germinal centres in the umﬁilical cord’
residue (Meckel's diverticulum) are also bursé dependent,

The bursa of Fabricius was shown to contribute substantially
to the cellular maka up of the thymus, Thus surgical bursectomy
in ovo on day 18th of embryonic development brought about a |
significant ;eduction in the weight pf the th&mus. This finding
was discussed in relation to a transport of cells from ths Sursa
to the thymus during the development of the chick embryo.

Neonatal thymectomy followed by whole body irradiation did
not bring about any apparent depletion of cells in tho bursa of
Fabricius. Contrariuise, the splesns of thymectomized-irradiated

‘chibkens were found dspleted : of lymphocytes.zgggh was very marked
in the peri-artcriol%}sheath of the white pulp.,

Both the thymus and the bursa of Fabricius were shown to

“contribute to the'cellular méke up of the epitheloid=-granuloma
which formed in the pectoral muscles at the aite of inoculation
.of HSA in Freund's complete adjuvant, Neonatal thymectomy
coupled with whole body irradiation impaired infiltration of
lymphocyteg, epitheloid and giant cells in the granuloma.
Neonatal bursectomy followed by‘whole boay irfadiation completely

suppressed devalopment of plasma cells and formation of germinal



centres in the granuloma,

Ilhe experimentswhich are presantéd in part two of this
thesis were designed to study migration of bursa and thymus
cells, using the technique of autoradiography.

Bursa ceils were shoun tﬁ migrate to the spleen, thymus,
caecal tonsils and lreckel's diverticulum, Ihymus cells were’
found to migrate to the spleen and caecal tonsils,

Distributiop patterns of radio-isotope labslled bursa
and thymus cells in the spleen showed that the bursa and thymus
cells populate ths areas in the spieen which correspond
respectively to the depleted areas in the spleens of bursect-
omized and thymectomized chickens, Thus bursa cells were
found to home preferentially to the peri-ellipsoidal zone,
germinal centres and the red pulp, whersas the thymus cells
were fouﬁd to home preferentially to the peri-arteriole
sheath of £he white pulp and to the red pulp.

Buréectomized chickens offer an ideal model Qhereby one
can study the fate of antigen in the body in the absence of
specific antibody. In part three of this thesis, the experimenté
ars presented in which the effect of bursectomy combined with
whole body irradiation on distribution'and localization of
intravenous injgction of native and aggregaﬁed HSA wers

investigated.

iWeonatal bursectomy combined with whole body irradiation
was found to deprive the bird from the immunological -mechanism
responsible for localization of these antigehs to the dendritic
cells of the wﬁite pulp ahd garminal centres of th spleen, |
Provision of specific antibody as HSA- anti iSA complexes was

found to restore the asbility of the bursectomized-irradiated

3



chickens to localize HSA to the dendritic cells buf did not
restore formation of germinal centres with antigen-bearing
dendritic cells, It was concluded that'tha‘failura of the
bursectomized-irradiated chickens to localize these antigens
was due chiefly to the absence of specific antibody not absence
of dendritic celis., Furthermore these studies indicated that -
B-lymphocytes as well as antigsn, specific antibo&y and dendritic
cells are necessary for formation of germinai centres.,
Aggregated HSA and HSA=antl HSGA compléx ﬁid not localize
in the bursa and thymus after intraQenous injection. Lack of
" localization of these antigens in the two central lymphoid
organs of the chickens is probably due to the fine vasculaf
system in fhesa organs which reduce considerably the inflow

of circulating antigens in these organs.



GENERAL INTRODUCTION

One of the main methods for elucidating the role of an organ
in the body is to remove it from the living animal and then |
determine what changes have occurred, The functions of the two
lymphoid organs = the bursa of Fabricius and the thymus gland
first came to light employing this maethod, The discovery of the
immunological functions of the bursa of Fabricius preceded that
of the thymus gland, |

The bursa of Fabricius is a lymphoid ﬁrgan which is found
in birds only,. It is an unpaired sac-like organ arising as a .
posterior diverticulum from the cloaca and it is connected to the
posterior portion of the cloaca By a short duct or gtalk.

HILRONYMUS FABRICIUS reported the existence of the so-callsq
bursa of Fasricius in 1621, He believed that the bursa was a
semen reservoir (Aldelman 1942, quoted by Warner et _al 1964).

The point that this organ was present in both sexes was overlooked
by Faﬁricius. lhe following names illustrate other functions
atributed to the bursas egg reservoir, genital apparatus,

geminal vesicle, prostate, third cascum, anal gland, bladder and
Couper's gland (Retterer st al 1913 quoted by Glick 1964). The -
first indication that the bursa of Fabricius had some connection
with production of antibody cams in 1956 when Glick and his
co-uworkers found éhat chicken bursectomized at an early age failed.

to produce specific antibody to heat inactivated Salmonella

typhimurium,

The discovery of the role of the bursa of Fabricius with
production of antibody reawakened interest in'the thymus gland
and its connection with immunity. Lack of formati;n of plasma
cells in the thymus of immunized rebbits (Fegreus 1948) and
production of antibody by tha thymectomized rabbite (Harris at al
1948, maclean et 8l 1956) had suggested that thymus is not tho

5



lymphoid organ responsible for humoral immunity. Howsver, the
main indication that the thymus plays a part in immune response
came in 1961 by J.F.A.P,. miller. As part of an experiment
which he was following on ths role of thymus on leukaemia, he
performed neonatal thymectomy in mice and foﬁnd that thymectomy
raduced the numbafs of small lymphocytes in the blood and
prolonged survival of ;kin grafts in the thymectomized mice.
The thymectomized mice became ill and wasted, The wasting disease
of ths thymectomized mice could be prevented by grafting a syngeneic
thymus back intoc the animal (miller 1961, 1962). Mmiller's
findings thresw light iﬂto ths mysterious functibn of the thymus
and opened many lines of investigations into the physiology of
the immune responses,

As the result of employing chicken in experimental immunolagy,
a major progreés was made toward the immunological functions of
the main lymphoid organs. Investigations which were carried out
in bursectomized and thymectomized chickeﬁs revealad that there is
dissociation of immunological responses in chicken and there
exist two separate immune systems in this bird each system under
the control of one lymphoid gland, Bursectomy impairs certain
immuns responses only and does not abolish the ability of the
bursaless birds to reject a skin homograft or to show a normal
delayed hypersensitivity skin reaction ' to tuberculin, Thus the
bursa of Fabricius 15 involved mainly in production of antibodies
whereas the thymus gland is responsible for cell-mediated immune
reactions. (Warner et sl 1962, Coopser et al 1966)..

Chicken as an experimental animal for the research worker in
the figldof iﬁmunology gainéd much reputation &s it soon became
appafant that the thymus gland in mammals does noﬁ cover the
functions asttributed to the bursa of Fabricius., Yat there are

some indications that in certain mammalian spscies there exists



a lymphoid'organ which is a homolcgue of the bursa of Fabricius.

The experimental works presented in this thesis are
submitted as a contribution to the understanding of the physiology
of the immune response with respectto the two central lymphoid
organs of the chicken = the bursa of tebricius and the thymus
giand.

The experiments which are presented in the first part of
this thesis were designed to add further evidence and extend the
existing knowledge on the parts which bursa of Fabricius and the
thymus play in production of antibody and the role of these organs
in cellular development of the peripheral lymphoid tissues such
as the spleen and cascal tonsils, The antigens employed in
these studies were suspended in saline or .. .~ incorporated
into ;hé Freund's complete adjuvant. In the latter cass, the
object of the study was to slucidate the pattern of circulating
antibody lsvels in bursectomized and thymectomized chickens over
a long ﬁeriod of time after immunization, turthermore, the
contributions df the bursa and the thymus to the cellular make
up of the granuloma whibh forms at the site of inoculation of
HSA in FCA were investigated.

The part which bursa and thymus play in the development and
cellular composition of the spleen and gut associated iymphoid
tissues were further substantiated by a series of experiments
in which cell migration from the two central lymphoid organs of
the chickens to othsr parts in the body was investigated. ihese
studies involved labelling of the bursa and thymic cells uith

3H = thymidine or3H - adenosine and tracing the labelled cells in

the lymphoid tissuss by the technique of autoradiography.
the part which specific antibody pleys in localization of an
antigesn to the dendritic cells was studied in bursectomized-

~irradiated (BX=-1IR) chickens, BX-IR chickens are excsllent



experimental modelsfor investigation on this line sincs specific,
antibedy, which is involved in localization of an antigen to the
dendritic cells, is absent in BX-IR chickens., turtharmore,
germinal centres which subsequently embodf the antigen -~ bearing
dendritic csells, do not form in the lyhphoid tissues of these
birds. Fluorescent antibody techniqus was employed to detect
localization of native HSA, aggregated nsA and nSA=-antiHSA
complexes to the dendritic cells of the spieens of BX~IR and

ln=1H chickens.




ABBREVIATIONS

ABC = Antigen binding capacity .
Ab = Antibody
Ag = Antigen
BSA = éovine sgrum alﬁumin
BX-IR = Bursectomized~irradiated
°c = degress Centrigrade
Ci = Curie
cm = Centimetre
DEAE = Diethylaminoethyl
FCA = Freund's complets adjuﬁant (uatef-in-oil emulsion cont=-
éining heat killed Mycobacteium tuberculosis)

o] = (Gramme
G = Relative centrifugal force of gravity
HGG = Human gamma globulin
HSA = Human serum albumin
Ig = Immunoglobulin
i.ms = Intramuscular
IN-IR = Intact-irradiated
i.p. = Intraparitonsal
if.ve = Intravenous
Kg = Kilogramme
M = Molar

- mg = Milligramme’ ‘
ml = Millilitre

- ug = Microgramme )
mu = Millimicron
mrn2 = Square millimetre
P = Probability
P8BS = Phosphats buffered salins

PFU = Plaque forming unit
RBC = Red blood cealls

IX-IR = Thymectomized-irradiated
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GENERAL MATERIALS AND METHODS

l - materialszr

Chickens =. Day old male chicks wsre kindly supplied by Thornber
Brothers Hatchsry Ltd., Ayrshire, The chicks were Thornber
strain 808, a cross between White Leghorn and Light Sussex.‘
Thornber 808 embryonated eggs were also obtained and were put in
Westernette egq incubator for the whole incubation period of thse
chick embryo (21 days). The chicks were all kept in the animal
house of the Department of Bacteriology and Immunology, Wastern
Infirmary., They were given "Baby Chick Crumbs* made by British 0il
and Cake mills', up to the age of five weeks, Thereafter they wers
given "Intensive Grower Pellets" supplied by the same manufacturer.
Rabbits = Newly adult New Zealand White (NZW) rabbits were used for
production of antiserum, They were obtained from Kingford Conies,
Great Tey, Colchester, England.

HSA - Crystalline human serum ‘albumin was obtained from Behringwerks
ﬂarburg, Germany, This was a purified preparation and ués supplied
in vials containing 1lg. 1t was stored in a refrigerator at 4°C.
until use.,

Bacteriophage X174 - The original suspension of !phags UX174 and

its hoét organism Esherichia coli strain C were kindly supplied by

Dr. W.,A, Fleming, now at the Quesen University of Belfast, Northern

Ireland,

Mycobacterium tuberculosis - The tubsercle bacilli, avian type

(strain 04 ER) and human type (strain C) were used as one of the
componentsof Freund's complete adjuvant., Both types were hesat
killed, fresze dried preparations which were kindly supplied by
the riinistry of Agriculture, Lentral Veterinary Laboratory,

Weybridge, England,

Arlacel A = This was obtained from kvans riedical Ltd., Arlacel A



(mannide mono-oleate) is a product of the Atlas Powder Company,
Welmington, Delaware, U.S5.A.

Bayol 55 = This minéral 0il was obtained from Esso‘Petroleum
Company Ltd., Scotland 3ranch, Blythswood Street, Glasgow.

Drakeol 6 VR - This mineral oil was obtained from Fennsylvania

Refining Company, Kansas City, Butlev , Pa., 16001, USA.

Fluorescein Icothiccyanate - This dye was obtained from the

British Drug Houses (BDH) Laboratory, Chemical Division, Poole,

gngland.

131

Iodine - 131 ( 1) - This isotope was obtained from the Radiochemical

Centre, Amersham, tngland. It was supplied as thiosulphate-free
iodida, preparation 1B53 to the Department of Biophysics, Western
Infirmary Samples of 1 uci 1311 per ml was prepared in this
department which was collected on the same day und was used for

labelling HSA,
3

H -~ adenosine = This radioisotope was obtainsd from Radio-Chemical
Centre, Amersham; tnglend, The specific radivactivity of this
preparation was 4°65 ci/milli~-mole. It was used for in vitro
labelling of bursa and thymus cells, |

3H - thymidine - This radioisotope was also obtzined from Radio-

Chemical Centfe, Amersham, The specific radicactivity of this

/

preparation was 18+1 ci/milli-molse. It was used for in vivo .

labelling of bursa cells.

Sheep Red Blood Cells = Fresh sheep blood was collected from ths

Glasgow slaughter house and the red cells in ths blood were separ=

ated by centrifugation within two hours after it had been collected

from ths sheep.

Indian Ink (Colloidal carbon suspension), The Indian ink wvas

obtained from Pelikan Ink Manufacturers, Gunther Wwagner, Hanover,

Cermany. It was diluted 1 in 5 with 0°85% sterile saline for

intravenous injection into the chickens,
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Materials Used for Burséctomy:

A pair of small dissecting forceps,

A pair of 5 inch artery forceps.

A pair of 5 inch Mayo scissors,

A scalpsl handle loadad with bladé No.l5.
Retort stand and élamp.

AR small bulldog type paperclip,

A large glass jar with cotton wool pad at the base soaksed vith

"gther",

Universal container with esther-soaked suab,
Sterile gauze swabs, cotton wodl and cotton drape.
Cork board and mapping pins,

Surgical silk No. 4/0 and suturs needles No.20.

materials Used for Thymectaomys

A pair of small blunt dissecting forceps.

A pair of fine dissecting forceps.

Two paiés of small artery forcéps.

A pair of small Mayo scissors,

Cork board and mapping bins.

Sterile gauze, cotton drape and cotton-wool swaba.

A narrow cotton cloth str;p.

Suture needle No.20 and surgical silk No. 4/0.

A large glass Jar with cotton wool pad at the base scaked with

[}

Trilene (Trichloroathylene).

Universal containsr with Trilene-soaked swabs.

11



2 - METHODS

Neonatal Bursectomy = This operation was carried out on chicks ‘ﬁnder

10 hours old.

The surgical instruments listed on page 11 were initially
sterilized by autoclaving at 121°C and 15 pounds pressure for 20
minutes, The inétruments were boiled for 20 minutes bstween
successive opsrations,

The chick was initially anassthetized with ethar in a closed
Jar. During the cperation, anaésthesia vas continued, as required
by the application of a small mask containing an ether-soaked swab
to the nose of thas bird,

The feathers bétween the cloacal vent and the base of ths tail
vers plucked out. The biréxfﬁ;n placed ventral side down on the
cork board with its tail towards the operator, The body, legs and
wings were covared by the cotton drape which was pinned down at all
four corners, The tail was dfaun through the slit in the drape
and held upright by a bulldog typs paper clip hanging on a string
from the retort stand,

A horizontal incision, about 7 mm long, was made mid-way
between the cloacal vent and the base of the tail. The bursa was
exposeq by blunt dissection, Care was taken not to lacerate the
ureters and the genital tubes which run over the organ on both sides
and terminate in the cloaca (Fig. 1) The bursa was grasped with
. dissecting forceps and pulled out gently, By blunt dissection it
was freed'from its atﬁachments to mesentsric membranes and the
cloaca, The organ was then excised as closely as possible to its
cloacal attachment, The incision was then closed with thres
stitches and the bird was freed,

It was found that the most important point to consider in

a complete bursectomy was to make the incision in the skin without

lacerating the underlying bursa. It was than very easy to sxcise
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Bursa of Fabricius

Ureter

Vas deferens

Mesenteric membranes
with blood vessels

Small intestine Caecum Large intestine Cloaca

Fig. 1 = This drawing shows the bursa of Fabricius

in Chicken and itsrelationship to cloaca and large
intestine. A longitudinal section of the bursa and
cloaca were drawn in order to show the plicae in the
lumen of bursa and the duct which connects this organ
to the cloaca. The bulging in the beginning of

each caecum is the caacai tonsil,

the whole organ completely rather than removing it by bits and
pieces. The bursectomized chickens were examined after an
autopsy at 6 - 10 weeks of age and were all found frese from any
bursa remnant, Each operation took about 5 minutes. Thers was

no post operative complication or mortality.

Bursectomy "in ovo" - This operation was carried out on chick

embryoson day 18th of incubation (adapted from Aitken and Penhalse

1973).

Fertile eggs were put in the Westernstte egg incubator
vertically with their broad ends up. The temparaturé of the
incubator was set at 40-5°C and humidity was provided by putting

a container with water in the lower shelf of the incubator, A

constant and steady rotation of an electric fan maintained an
even distribution of heat and humidity inside the incubator.

In thie operation it is essential to know the area of the
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shell which immediately lies over the tail of the embryo since
an opening has to be mads in that area of the shall, The tail
of the embryo lies close to ths narrow end of the egg (Fig.II).
Howsver, the exact location 6f the tail uaé determined by candling
the embryonated eggs - the broad end of the egg was hsld against
an slectric lamp in a dark room, 4The air sac appeared as a
light area, the embryo together with the yolk and albumen filled
the rest of the spacs in ths egy and appeared very much darker
than the a2ir sac area, Tﬁe margin of tho air sac with the embryo
is well demarcated. This margin is convex in one surface 6? the
embryonated eqg (Fig.IJla) and it is concave when ths egg is
rotated 180° (Fig.IIlb), The tail of the embryo lies under the
lower left of the latter surfacs,

- The shell over the tail region (Fig.Illc) was cleaned with
surgical spirit, A rectangular opening 10 mm x 10 mm was mada
in the shell over the tail region, using an electric dental drill.
The shell was removed end the tﬁin membranes covering the area
weregently torn, The tail was held upright by an alligator clip,
hanging on a string from a retort stand,

The feathers under the tail vere plucked out by the aid of

a pair of forceps. A horizontal incision about 4 -« 5 mm long
was made mid-way botueen the cloacal vent and the base of the tail
with a pair of fine scissors. The bursa was exposed and grasped
with the fine forceps and it was pulled out gently and was cut
as closely as possible to its cloacal attachments, The tail,
then was freed and pushed inside the egg. The tuwo edées of the
Incision werse bfought close together., This incision was not
stitched. The opening in the shsell wuas sealéd with sellotape.
The egg was put backito the incubator. To prevent any loakage |
of Pluid from the opening in the shell, the egg was placed firmly

in a stationary position with the opsning uppermost. The chicks
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waere hatched on day 21st of incubation.
The mortality of the bursectomized chick embryos was very
high (up to 70 per cent). However, the operated chicks which

hatched were found to be quite healthy and in good condition.

Neonatal Thymectomy = This operation was carried out on chicks

\

under 20 hours old,

The thymus of chicken is situated along the nack, There
are fourteen thymic lobes, ssven on each sidse, The first pair
of lobes are located almost.mithin the upper part of the
thoracic cavity, The next pair of lobes are well hidden between
the neck and ths scapulae, The remainders, five lobes on sach
side of the neck, are easy to expose for ablation. All the thymic
lobes lie closely to jugular vein and have shart vascular connections
to this vein.

The surgical insfruments listed on pags 11 wers initially
sterilized by autoclaving, Batween successivs oparations, ths
instruments were cleaned and boiled for 20 minutes,

The chick was initially anaesthetized with Trilene in a
closed jar, puring the operation, anaesthesia was continued,
as required, by epplication of a universal container containing
a Trilene-soaked swab to the nose of the bird., . /

The feéthers at the back of ths neck were plucked out and
the chick then was placed ventral side down on the cork board
with its tail towards the oparator. The body, legs and wings
vere covered with a cotton drape which was pinned douwn to the cork
board at all four corners. The neck was left uncovered. A
pillow made of gauze was placed under the neck to raise it up.

A narrow ribbon of cloth was passed over the head and-pinnad dan

at both ends.

The skin was picked up with forceps near the scapula and
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embryo

air cac
choriocallantoic — yolk sac
membrane
ege shell

FPig.lIl- Diagrammatic representation of chick embryo on

days 17th;19th of incubation. The tail of the embryo lies

near the narrow end of the egg. The alr sac is separated .
from the embryo,svcompartment by chorioallantoic membrane.

air sac margin

ailr sacs margins
air sacs .
’ . air sac
\ b |

a

C

Fig.JII-These diagrams show the margin of the air sac
with the embryo»S compartment after candling the embryo-
nated hen’S egg. On one surface of the egg,tie margin of
the ailr sac with the embryosS compartment appears convex
(Fig.IIIa),vhereas if the egg is rotated 180 on its long
axis, this margin appears concave(Iig.IIIb).' The tail of
the embryo lies undexr the shell in the lower left of the
latter surface of the egg. The egg shell in the tail region
( 7,Pig.I1Ic) is removed in the cource of bursectomy in ovo. -
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using scissors, a dorsal mid=line incision was made, This began
at the level of the scapula and was carried up to the back of tha‘
skull.  The skin on one side of the neck, then laid open as a
large flap with two pairs of artery forceps. The fascia covering
the thymic lobes was gently torn apart and starting with the
thymus lobe nearest to the head, sach lobe was gently plucked

out with fine dissecting forceps. To avoid lacsrating of the
Jugular vein, scalpel or scissors were not used at this stags.

The vascular connections to the jugular vein wsre not ligated as
in genaralb no or very little bleeding occurred. Cars was taken
to remove each lobe completely,

The last two lobes were visualized by gently pulling the
jugular vein from the thoracic cavity with a peir of blunt
dissecting forceps. The deepest lobe was always difficult to
find. Several attemps had to bse made, with the risk of
lacerating the jugular vein or plsura and the lobe often had to
be removed bit by bit. Doubt always existed, therefores, as to
whether or not the last lobe had been completely resmaved. Thus
" a post mortem examination of the area at the end of each
experiment was carrisd out. The lobes on the other sids of tha‘
neck were removed in a similar manner. Finally the two flaps. /
of skin were brought together with a continuous suture. This
was removed 10 days later. Because of the pain along the neck
the chicks did not show intsrest in food and water. To prevent
them from dehydration 2 - 3 ml, of physiological saline was
given to each bird by intraperitoneal injection for a few days
until recovery. Thymectomy took about 30 minutes per bird and

there was always a high post operative mortality.

Whole Body Irradiation - The necnatally bursectomized and

thymectomized chicks, along with their intact controls were whole

body irradiated on the sacond day after hatching. The chicks
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ware taken to ths Department of Biophysics at the Western
Infirmary. There, the chicks were made immovable by tying thei;
legs with strings to a wire-mesh and were put under the sourca.
The source of ¥ -radiation was AEI-yurbiton radio-isotops
60Cobalt. The chicks were always put under the source with a
source skin distance of 70 cm and they were sxposed to 800 or 840
rads of'X-réys. It took 8 minutes to expose the birds to 840 |
rads of‘x-rays. However, due to the gradual decsy of the
radioisotope over « pesried of four years, the exposure time
. increassd to 12 minutes,
On completion of irradiation, the chicks were released and

were given leg bands or wing numbers, The irradiated chicks werse

given 0.5 per ceant sulphadimi-dine sodium (I.C.I.) in their

drinking water for 10 days in order to protect them from infection.

Preparation of Antiqen Mixtures - For i.v, or i.p. inoculation,

the antigen (HSA, 'phags ¢x174 or the immunoglobulin) was suspended
in 0¢85 per cent sterile saline. They were always made up freshly
before inoculation into tha animals,

Vater=-in-o0il emulsion was made up as described by Herbert

(;973). The mineral oil Bayol 55 (or Drakeol 6VR) and the
emulsifier Arlacel A wers mixed together in the ratio of nine ' /
parts by volume of oil to onse part of the emulsifiser, The
mixture was sh;ken well and than sterilized by filtration with
Seitz filter.

The entigen was dissolved in saline. A known volums of
oil-Arlacel mixture was placed in a universal conﬁainer. A small
portion of ths antigen solution was then taken up in a hypodermic
syringe and squirted vigorously into the dll through a 0+5 mm nsedle
the point of which was held below the surface of the oil. Ths

container was thén capped and shaken vigorously before another

.
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portion of the antigen solution was added in the sams way.
Affer the second or the third eddition of antigen solution, the
mixed emulsion was téken up into the syringe through a wids
bore (1 mm) needle and squirted out again through a fine bore
(05 mm) needle., More portions of the antigen s&lution were
added and ths process was repeated until the mixture appea:e& as
a white wviscous fluid. However, the dispersion of the antigen
solution into the oil=Arlacel was only conside;ed complete if
a drop of the mixture on the surface of tap water in a beaker did
not spread rapidly but remained as a discrete drop.

The Freund's complete adjuvant (FCA) was prepared exactly

as above with the addition of heat killed Mycobacterium tuberculogis

(avian or human typs). Heat killed, freeze-dried [. tuberculosis

was weighed in a universal containser, 0+5 or 1 ml of the oil~-

Arlacel was added to the Mycobacterium in the universal container.

AR glass bsad was then placed in ths universal container. The
containér was capped and was shaken vigorously for two hours

by means of Griffin Flask Shaker (Griffin and George Ltd., Englahd).
The tubercle bacilli disintegrated and a homogenous suspension

was then obtained. The suspension was then added to ths antigen

in water-in-oil emulsion, which had been previously made up.

The mixture was mixed thoroughly by cycling repeatedly through a
syringe and a hypode;mic nesdle, 1t was then tested over the

surface of water in a beaker as daescribed previously.

Inoculation of Antigen And Collection of Blood Samples 1In

Chicken = Thé legs and wings of the bird were tied up by two

pieces of string to restrain itsmovement (Adapted from Lepine

et al 1964).

one plece of string was used to tie up the legs. Another

piece of string passad through ths left wing feathers, It was
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next passed over the front side of the neck and then passed
through the right wing feathers, The head and the neck of the
bird were then turned back and were held under the wings.
Finally, ths two wings were tised up firmly over the back of ths
bird,

This techniquse was found extremely useful, Tha chicken
remained cémpletely immobile hence no assistant was needed to
hold the bird during inoculation of antigen or bleeding the

bird through the wing vein.

Intravenous Injection - The bird was restrained with two pleces

of string as described above, The Teathers over one of the
basilic veins (a tributary of the bra chial vein in undgrsides
of the wings) were plucked out. Holding the syringe at
approximataly 5° angle relative to the vein, the hypodermic
needle was placed over the vein, The needle was then inserted
into the vein by a quick thrust. The antigen soiution was
injected iﬁﬁo the vein very slowly, After ihjection of the
antigen ha&W%%ﬁ;leted, the needle was withdrawn quickly from the
vein and immediately the point of needle insertion was pressed
with the finger to stop the flow of blood and thus prevent
seapaée of blooa into the surrounding tissues.

Intraperitoneal Injection = In chicken, the broad sternum

extends downward and.covers a largse part of the sbdomen, The
area between the sternum and the cloacal vent is suitable for
intraperitoneal injection. The chicken was first laid down

on its back and was held by an assistant, The skin togsther

. with the abdominal muscles were grasped with left hand fingers

and wers raised up slightly to produce a gap botween the abdominél
muscles and the viscarals. Holding the syfinge in thé right

hand with 10° angle relative to the body, the antigen solution
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was injected into the abdominal cavity,

Collection of Blood Samples = The bird was. tisd up and access

was gained into the vein as described previously. B8lood, one ml
in volume, was withdrawn into the syringevand4was immediatelf
transferred into bijou bottles, The chicken was then released

by untying the string,

Inoculation of Antinens And Collection of Blood in Rabbit -~ The

whole body of this animal, except the head, was wrapped in a
blanket to secure its movement. The antigsn solution was
injected into the marginal vein of the sar which runs along the
posterior margin of both sars,

To bleed the immunized rabbit , the animal was restrained
by wrapping it up in a blanket as described above, The hair
over the mafginal vein of the ear was shaved. A diagonal
incision was made across the marginal vein by a sharp scalpsl
blade., Blood was collected in a universal container which was
held under the ear, At a single bleeding 15 = 20 ml blood was
collected from each rabbit, The animal was freed and returned
to the cage after the flow of the blood from ths vein had
completely stopped.

Separation And Preservation of Sera = The freshly drawn blood

was left on bench at room temperature for 30 minutes or so for
clot formation, ' The clot was carefully separated from the wall
of the bottles with a steel spatula. The bottles, then, wers
aithervput'iﬁ$g;cubator or in a water-bath at 37°%. for 1 hour.
The clear sera releassd from the clots. were transfarr;d into
test tubes by means of Pasteur pipettes and were spun in an MSE
refrigerated centrifuge for 15 minutss at 8068.‘ "The sera

either were used for estimation of antibody on the same day or

they were transferred into the bijou bottles or universal containers
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and were kept in deep freeze at -20°C for a week or two until

use.

Preparation of Antiserum In Rabbits = Antissra to HSA, 'phage

174 end chicken immunoglobdlin were prepared in rabbits using
similar immunization schedules for ali these three antigens,
Newly adult rabbits were given an initial injscton of
0+S ml water—-in-oil emulsion containing 5 mg HSA and 1 mg human

typs Mycobacterium tubsrculosis, The mixture was divided and

Injected in equai amounts into the subcutaneous tissues of the
inner thigh of both legs. The rabbits wers boostad, 40 days
later, with an intravenous injection of 2 mg HSA in 0.5 ml saline.
They were than bled on day 10 and day 14 after the secondary
immunization, |
Antiserum to 'phageCPX 174 was prepared in two rabbits in
the sams way using 104pru 'phage(p)(l74 in Freund's complete
ad juvant for the primary immunization. The rabbitswere then
boosted, 40 days later by intravenous injection of 102PFU phage
174 suspended in 0°5 ml saline, They were bled on day lp
after the secondary immunization, |
| Chicken immunoglobulin was obtained by addition of ice-cold:
saturated ammonium sulphate to non-immunized adult chicken serum.
The precipitated immunoglobulin was then dialysed against 0«1l
salina to remove ammonium sulphate ions fraom the final immunoglobulin
solution (detailed accounts of these procedures are given on
page 31 ).
Anti chicken immunoglobulin antibody was prepared in two
rabbits in the same way as described above for production of
anti HSA antiserum. The rabbits were initially immunizad
subcutansously with 5 mg chicken immunoglobulin in Frsund's

complete adjuvant, They ware boosted, 40 days later, with
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intravenous injection of 2 mg chicken immuncglobulin suspendsd .
in 05 ml saline, The rabbits were then bled on day 13 and
day 14 after the secondary immunizatién. _ Anti=chicken .
immunoglobulin antisera wers checked for specificity and
potency by immuhoelectro-phoreeis; “

Monovalent rabbit anti chicken IgG was kindly supplied
by Or. Valentina I, French,

Heat Agqreqation of HSA = A 20 mg/ml solution of HSA was heated

in a water bath ai 70°C with mechanical shaking until ths rise
in optimal density at 550 nm reached 1. This took bi:ween

iU and 20 minutes, The antigen solution was left 1S§Ez1a room
at +4°C until use,

Preparation of HSA - Anti H3A Complei - Anti HSA antibody was

prepared in adult chickens by intravenous injection of 10 mg
H3A. The chickens were bled 10 days later. After an interval
of 3 = 4 weaks ths birds were boosted witﬁi%ntravenous injection
of 10 mg HSA and were bled on day 10 efter tho sepondary
immunization, | |

A tube precipitation test was carriéd out on sach serum
in 8+5% saline to determine the optimal reacting proportions
of the anti HSA antibody with its corresponding antigen. The
optimal amount of the antiserum was then mixéd with 10 mg HSA
made up in Be5¢% salinse. The mixture wzs left at room tempefatura ’
for two hours, by then all visible HSA = anti HSA complexes
had precipitated. The supernatant was decanted and the
precipitate was washed by addition éf 0-85%’saline, and after
15 minutes, the HéA - anti HSA complexes.ware.recobgred by
centrifugation at 250G for 5 minutes. The precipitats was thgn
mixed with 8 solution of HSA in 0°85% saline, containing 100 mg/10 ml.

the - _
The mixture was left inVcold room at +4°C. The visible HSA =
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anti HSA complexes usually dissolved completelyafter standing

overnight at +4 C,

Isotope Labelling of Human Serum Albumin - Radioisotope labelled

HSA was used in the Farr Test for measurement of anti HSA anti-

body in the serum,

HSA was labelled with radioisotope iocdins 131 (
direct oxidation techniqua of Hunter and Greenwood (1$62)using

chloramine T as an oxidizing agent,

2 mg HSA was.disolved in 0+*2 ml P8BS and it was added to

0°*S mc iodins = 131, Chloramine T, 250 ug in 025 ml P8BS,

was added to ths vial containing the isotope = HSA mixturs and
the contents allowed to interact for 3 minutes at room temperature,

to
240 ug godium metabisulphate in Oel m)l PBS was added ths isotops =

HSA mixture to neutralize any remaining chloramine T by reducing

this oxidizing agent and also any unreacted jodine to iodids.

Finally 2 mg potassium iodide in 0°2 ml PBS was added to the

mixture to act as carrier iodids,

Separation of the iodinated HSA from unreacted iodids and
other low molecular weight reactants was achieved by passing the
whdle mixture through a G25 coarse grain Sephadséolcumn \30 em x -

1l ecm), equilibrated with 0+15 M saline. Thse fractions wers
collected in 2 ml amounts in test tubes. The radicactlivity of
sach fraction was.then estimated with a Geiger counter. The

level of radioactivity which is achisved by this labell;ng
technique is about 0°5 uc/ug and experience has shouwn that 35 - 40%
of the 1°11 could be attached to the HSA (stark, 1969)

The protein content of the fraction with highest radioactivity
'was determined by reading its optical density at 286 mu iﬁéépectro-.
photometer and from a standard graph. Tha labelled'HSA was

diluted in O°¢lm saline to give a final concentration of 1 ug

.protein per ml,
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Antigen Binding Capacity (ABC) Test, "The Farr Test™ = This test

-

was intrpduced by Farr in 1958, It is based on ths principle
that 1311 labelied albumin is solubls in 40 per cent saturataa
ammoﬁium sulphate, whersas 131I -.albumin/antibody complexes are
insoluble under the same conditions, A constant amounf of
labelled antigen is addsd to the serial dilutions of antiserum,
a point is reached when antigen excess is achiaeved. Upon addition
pf an equal volume of saturated ammonium sulphate, the soluble 1311 -
albumin -0 - ... .. : not bound to antibody remains in the
supernatant, A msasurement of precipitated radicactivity, thus;
indicates antigen binding cacacity of the antiserum. The test 1is
extremely ssnsitive and measures antibody of all immuncglobulin
classes and sub-classes,

This test was carried out for quantitative estimation of anti
HSA antibody by a modification of the method of Farr (1958) as
described by White, French and Stark (1970).'

Tubses containing undiluted test serum and test serum diluted
1 in 5, 1 in 25 and 1 in 125 in normal chicken sarum, in O+1 ml
volumes, were set up in duplicats. If a high titre of antibody
was expected the antiserum was diluted 1 in 10, 1 in 100 and 1 ip
1000 2s above., 0¢2 ml of the 131I labelled HSA solution (coﬁta}n-
ing 0.2 ug HSA) was added to each tubs. The tubss usre sﬁéken
in an electric shaker for few ssconds and wers left in the cold
room at 4° overnight. The following day 0°2 ml of celd saturated
ammoﬁium sulphate was added to each tube. The materials in the
tubes well mixed by vigorous shaking for few seconds Jsing the
electric shaker and vere left in cold room at 4 for 3 hours.
The tubes were then spun in en MSE refrigerated centrifuge at

800G for 15 minutes, The supernatant was discarded and the

precipitate was washed once with 40%‘cold saturated ammonium

L

24



sulphate. The final pracipitate was disolved in 0.5 ml physio-
logical saline,

The Ycontrols" in this test consisted of four tubes, each
containing 0°1 ml normal chicken serum. ‘One pair of the tubes
in the control; was treated as were the test.sera to determine
the minimal precipitations of 1311 labelled HSA in the absence
of anti HSA antibody. To the other pair of tubes 0.3 ml of 10%
trichloracetic acid (TCA) was added to determins the maximum

precipitable radioactivity of 1311 labelled HSA, The resulting

precipitate was centrifuged and washed in 0.6 ml of 10% TCA and
resuspendsd in 05 ml phyéioldgical saline. |

The washed precipitates from all tubes and the supernatant
from normal chicken serum and TCA tubes were counted in a well
type sodium- Iodide Crystal Scintillation Counter,

The radioactive counts of the precipitates were plotted
against the serum dilution on semi~-log paper and the dilution: (d)
of O+l ml serum equivalent to 30% precipitation determined (whera.
100% = tofal TCA = precipitable proteins minus the normal serum

precipitate). The amount of‘antigen bound per millilitre of

serum was determined at the 30% end, point by the following calcula-

30
X 0.2 ug HSA
tioms ¢ 0.1 X 4d = 100 30 X 0.2 X10 o /ml.

Amyo in1m1neat gerum = 100 X d

Preparation of estock suspension of 'phaga (X174 = The bacteriophags

¢X174 was prepared by the agar layer technique (Adams, 1959), The

'phage suspension, in sufficient concentration to give barsly

confluent lysis, was added to a 4 hour culture of Egherichin coli
strain ¢ in nutrient broth, The mixture was then added to molten
agar at 46 € and mixed‘;hdroughly. It was then poured over. the
‘surface of several agar plates and allowed to set at room temper-
ature. The E£. coli cultures uwere incubated for 14 hours at 37%3.
After incubaticn, ths culture plates were quickly frozen in a —ZJt

deep freeze, then allowed to thaw at room temperature, Any fluid
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extruded from the thawed culture plates uwere collected, and uwsre
centrifuged at 2400G for 20 minutes fo remove bactgrial debries.‘
The crude suspension of bacteriophage was thsn brought to 40%
saturation with ice-cold saturated ammonium sulphate, and allowed
to stand at 4‘h overnight. On standing, a precipitate formed
which was suspended in Tris - EOTA buffer and centrifuged at
5400G for 45 minutes, The supernatant was discarded and the
precipitate re-suspended in Tris = EDTA buffer and further
centrifuged at 31500K for S hours, The precipitate was suspended
in 4 ml Tris - EDTA buffer., - The titre of the 'phage suspension
wvas then determined (see below) and the suspension was kept at
4T until use, ~

" Iris = EDTA Buffer = The 'phage $X174 was suspended in this buffer

at pH 8+2,

90 ml of 0+1M solution of Tris (hydroxymethy emino methane) was
added to 10 ml 0¢01lMm solution of EDTA (ethylene - diaminetetra
acetic acid) andlthe pH was checkad witﬁé%H meter.,

Titration of 'phage 0X174 = Tenfold dilution of the 'phage suspen=

sion, starting from 10-1 up to 10-12 wvere made in 011 saline,
0°s ml of esach 'phage diluticn was added to 2 ml of a 4 hour culture
of E. coli strain ¢ in nutrient broth and mixed thoroughly. 05 ml

of this 'phage -« E, coll mixture were added to each of four test

tubes containing 4 ml melted 0¢6% nutrient agar maintained at a
temperature of 46%: in a water bath, mixed wsll and the entirs
mixture poured over the surface of a nutrient agar in a petri

dish, After the agar had solidified, the p;ates were incubated .
at 37 overnight and any plagquesthen visible were counted, The

titre of ths 'phage stock suspension was then celculated from the

equation.belaous

Titre = N x 10"

where: .

N = average numbers of plaques for four
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plates at any ons dilution,
n = log 10 of the dilution of the 'phags.
: Each new stock of"phage suspension was titratsed against a
standard rabbit anti-'phage serum to ensure tﬁat the 'phags-

neutralization occurred logarithmically,

The Bacteriophags Neutralization Test - When a suspsnsion of a

'phage is mixed with its specific antibody and the mixturs is

added to the 'phags host - the bacterial culture, the infectivify

of the 'phags is inhibited., This effect of antibody can bs

measured quantitetively by observing the reduction in the number

of plaques formed in the mixture after incubation when subsequently

added to the bacterial culture, The test is very sensitive eand |

very low level of antibody against the virus can be detected.
Antibody activity in the sera of the bursectomized and intact~

birds immunized to 'phage ¢X 174 was measured by the method of

Wilkinson, Fleming and White (1967). The controls consisted of
two norﬁal sera from two young adult chickens. The normal sera
were tested along with the sera of the immunized birds.

A mixture of the bacteriophage and chicken serum was allowed
to react at 37 C end samples of this mixture, taken at different

times; titrated for infective 'phage.

The appropriate dilution of ths 'phage (X174 was prepared and

incubated at 37°C for 20 minutes. Then 0«1 ml of the 'phage
suspension was added to 09 ml of the test serum or serum dilution
which had also been pre-incubated st 37T, 0°1 ml samples of this
'phage - antiserum mixture were withdrawn at five minute intervals
up to 20 minutes, and the samples immediately diluted in 9°9 ml
ice-cold nutrient broth to stop the antigsn-antibody reaction,

0°5 ml of this dilution were then added to the 2 ml of a 4 hour

’ o
culture of E. coli strain c and after incubaticn at 37 C overnight,
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the remaining infective bacterieophages, which~developeﬁ plaques -
on the E. coli culture plates, were counted and ths titre of

the 'phage was calculated as described previously, The remain=
ing infective bacteriophage in each test serum was plotted
against time on.a semi~log scale which gave a straight lins,
indicating that ths test progressed logarithmically wiéh time,
The antibody activity against the 'phags which is expressed as

inactivation constant (K) was calculated from the follouwing

equation:
2°*3D No
K= y log N
where: D = dilution of the ssrum

t = time in minute
‘No = 'phags titre at time o

N = 'phage titre at time t

Haemagqlutination Test - fhis tast was employed to detect anti-~
bodies directed to sheep red blood cells (SRBC).

Fresh sheep blood was collected from Glasgow slaughter house{
in a sterile glass jar containing large numbers of paper clips.
The jar was continuously shaken for one hour, This procedurse
wrevented blood from clotting and thse fibrin clung to the papér
clips, The defibrinated blood was then. centrifuged and the
precipitated red cells were washed five times with sterile 0+85%
saline. Centrifugation in all cases was carried out at 500G
for 15 minﬁtas.

The test sera which had been collected from the bﬁrsgctomized
and intact chickens immunized to SRBC were first incubated in a
water bath at Sect_for half of an hour_to inaﬁtivaté the complemsnt,

thUS¢de$h®7tha hasmolytic activity of the sera.

A normal serum obtained from an adult non-immunized chicken was
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used to serve as a control in this test, The control serum
was incubated along with the immune sera in water bath at 56°C
for half an hour. In addition, to remove natural antibodies to
SRBC which gre present in chicken serum, tha control serum was .
then. abscrbed with SRBC three times: t0 5 ml of ths control
serum 1 ml packed SRBC was added and thoroughly mixed and it was
left ig room temperature for 2 hours. It was then spun at 500G
for 15 minutes, This process was.fepeatéd three times, The
control serum was then kept in the deep fresze at -20°C until uss.
A set of 12 wWidal test‘tubeé was set up in a rack for sach
serum, To all tegt tubes 0+2 ml of 0:85% saline was addod.
Doubling diluticn of sach serum was achieved by adding 0¢2 ml of
the serum to the first test tube, After mixing.the serum with
the>salina, G+2 ml of the diluted serum frqm the first tube was
transferred to the second tube, Thus the serum in the first
tube was diluted with saline in ratio of % and in the second tube
in ratio of $. Thae transfer of diluted serum in 012 ml volumes
from one test tube to the rexitube containing saline only was
carried out up to tube No,10. Finally 02 ml of the diluted
serum from test tubs No.10 was discarded. Thus all test tubss
contained diluted serum in 0¢2 ml volume. ‘_ /

A suspension of the SRBC in 0+85% saline was made up. gl ml -

6

of this suspension containing 6 x 10  SRBC was added to the diluted

sera in the test tubes. The tubes were gently shaken and wers
put in the water bath at 37¢b for 1% hours,. The controls in the
test consisted of one tube containing % dilution of the absorbed
non=-immune chicken serum plus SRBC. The other control consisted
of SRBC suspended in O+2 ml salina,

Agglutination of the red cells was read 3 hours after incubation.

Doubtful agglutinatioh was checked under the microscops. The titrs

.
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of each serum was recorded in terms of the reciprocal of the

highest dilution of the serum which caused agglutination of the

red cslls,

Cptimal Proportion Precipitation Test = The potency of rabbit anti

HSA antisera wag determined by this test (Kabat and Maysr,1961).

A 100 ug/ml solution of HSA in 0+85 per cent saline was hade
up., .- Dilutions of the HSA solution in 0°85% salins were
made up in a row of 5 test tubes, in which the first test tube
contained 20 ug HSA/ml and ths last test tube contained 100 ug HSA/ml

A constant amsunt of undiluted antiserum (0+l or 0.2 ml)
was then added to the antigan solution in each test tube. -Two
controls were also set up which consisted of two test tubes in
which either antigen or antiserum had been omitted. The tubes
_were shaken gently and were left on the bench at room temperature
- and they were observed very closely. The test tube in which the
cloudy HSA - anti HSA floculates appeared prior to that of the
other test tubes in the row and the amount of its subsequent
precipitate was more than the amount of the pracipitata.formed in
the othsr tubes, was cohsidefed to contain antigen -~ antibody in
optimal proportion. Any serum which, in 0«1 ml volume showed such
optimum reaction with 80 or 100 ug HSA was considered to contain a
high Level of anti HSA ‘antibody. Such serum was used for fluore
sscein labelling of anti HSA antibody.

In the case of antisera prepared in chicken, this. test was
carried out in 8¢5% saline as the amount of visible prec}pitate
which form in 8¢5% saline in ;hickan serum is cons;derably highsr
than that which form in lower concentrations of sodiuﬁ chloride,

Fluorescein Labellinags of Anti ~HSA and Anti Chicken Immunoqlobulin

Antibodies « Rabbit anti - H3A and anti chicken immunecglobulin
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antisera were used, The sera showing high antibody levels wers

selected for labelling with fluorescaein iso thiocyanatae, Titres -
the
of anti HSA antisera were estimated b;VEptimal proportion precip-

itation test. Anti chicken immunoglobulin antisera were checked
for shecificity and potsncy by immunoelectrophoresis., The same
procedure was followsd for fluorescein labellings of anti HSA
antibody and anti chicken immunoglobulin antibody (White, French
and Stark 1970).

Stage l: Separation of immunoglobulins from Albumin - Sezparatien

of immunoglobulins in the antiserum from the albumin was &chieved

by "salting out" technique, using ammonium sulphate, iImmunoglobu=-

lins are relatively insoluble in 30 « 40% saturated ammonium

sulphate whereas albumin is soluble in these concentrations of

ammonium sulphate, The immunoglobulins in the antiserum thus can
be separated by precipitation with this salt.

To 10 ml of antiserum 5 ml cold saturated ammonium sulphate

was added dropwise. The solution was left 1A¥%%ld room at 4°c
on a magnetic stirrer for oﬁe hour. It was then cenérifuged at
2400G for 10 minutes at 4 ©. The precipitated immu‘nog'lobulin
was collected and re-suspended in 20 ml of 40% cold saturated

ammonium sulphate in 0¢15 M saline and was stirred and centrifugPd

as befors., Tha precipitated immunoglobulin wvasthen resuspended

in 5 ml of D*lé M saline.

Stage 2: Elimination of the Ammonium Sulphate Ions from Immuynog-

lobulin solution = The remaining ammonium sulphate ions in the

final immunoglobulin solution wereeliminated by "dialysis"., The
solution was placed in a celluloss dialysis sac and tﬁe sac was
suspended in a large graduated cylinder containing 0°1M salins.
This was left in coid room at 4°C Por two days, The dialysate

was changed tuwice daily. At the end of ths second day of dialysis,
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the diaiysate was tested for presence of sulphate ions. To 2ml
of the dialysate 4 drops of N/10 HC)] and few drops of 2% barium
chloride were added. Presence of sulphate ions was indicated
by a white precipitate of barium sulphates. tihen the test showed
absence of sulphate ions in the dialysatas, the dialysis-of £hn
immunoglobulin solution was discontinued,

The iﬁmunoglobulin solution was then centrifuged at 600G
for 10 minutes. The supernatant was collected and its protain
content wasjétimated by reading its optical density iéaU.U.
spectrophotometer at 280 mu, The optical density of 1 was cons—

idered to be equivalent to 1 mg immudoglobulihs per ona ml,

Stage 3: Conjugation of Fluorescein Isothiocyanate (FITC) To

S
Immunocqglobulin = 3 mg fluorescein isothiacyanate was disolved in

3 ml bicarbonate-carbonate buffer at pHY. This was then added
to 7 ml of immunoglobulin solution containing 100 mg immunoglob-
ulins, The mixture, in a universal container, was stirred contin-

iously on a magnetic stirrer in the cold room at 4°C for 18 hours.

staqge 4: Eliminatien of Unreacted Fluorescain from tha Conjugate =~

The unreacted fluorescein from the fluorescein conjugated immunog=-
lobulin was removed by "gel filtration™ using coarse grain Sephadex
G25. Sephadex G25 acts as mOlecular sieve and retains mO9leculas
up to 5000 molecular'weight' vhieceh includas fluorescein whereas
the immunoglobulins with higher molecular weights (150,000 - 180,000
molecular weights) pass readily through a glass tube filled with
‘this grade of Sephadax.

5g of Sephadex G25 powder was suspended in PBS in a beaker.
The suspension was stirred gently with a glass rod for few minutes.
The gel granules were allowed to sediment, The supernatant
fluid which contained vsry fine granules wés discarded. This

process was repeated and the Sephadex granulas wra then re-suspendsd
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in PBS and was left at room temperature for 3 = 4 hours to allow.
adequate swelling of the o8l granules,
A glass tube (about 60 cm long with internal diamster of

l°5 cm) was then set up vertically, This glass tube was held by -

a retort stand, A rubber tube was connected to the lower end
" of the glass tube and the rubber tube was clipped by a spring
compressor clamp. A small amount of cotton wool was sent doun
into the lower end of the glass tube to prevent the outflow of
the gel granules,

The suspension of Sephadex granules was then gently poured
into the glass tubes in small volumes and with great cars to allow
an even coluhn of gel to set in the glass tubs. Ihe gephadex
in the glass tube was then equilibrated with PBS,

The fluorescein conjugated immunoglobulin solution was then
carefully added to the t;p of the sephadex column in small volumes‘
using a pasteur pipstts. The outflow of tha glass tube was
simultaneously opened. The conjugate' thus passed douwn through
the gel grenules slouly. PBS was then added in small volumes to
the top of the sephadex column, '

The effluent was colleéted into a series of test tubes. 1hs
fractions which contained a high concentration of fluorescein- /

linked to immunoglobulin, as ascertained by their yellow colours

wers pooled tdgether.

Stage 5:¢ Elimination from the Conjugate ths Molecules which

cause non-specific staining = The conjugate which was obtained

by the above-mentioned procedures consists largsly of immunoglobulin-
linked to FITC. Yot if usea for staining of tissues it may also
give some non-specific staining. This is due to some protein
molecules which are excessively labelled during conjugation and

causé non-specific staining thrcugh theair enhanced electrostatic

4
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binding capacity. Two methods were employed to remove from the
”;onjugate these highly charged holecules. The cenjugate was
dividsd into two equal parts. One half was absorbed by DEAE
cellulose (uhatman DE 11) and the other half was abgorbed by
acetone=-dried mouse liver powder:

a - Absorption by DEAE Cellulose = A glass column was set up

filled with DEAE cellulose (1 g DEAE cellulose per each 1 ml of
conjugate). PBS was run through the column overnight until it
was equilibrated, The conjugate mas-then layered gently on the
top of ths column and it was washed tﬁrough with PBS. All gresn
eluates were collected and poaled together. During this.procass,
the conjugate bscame diluted., To concentrats the conjugate tq
the original volume, it was transferred to a dialysis sac by
means of a pasteur pipette and ths sac was placed in a perspex
box and was covered with carbowax, Depending on ths volums of
the conjugate and the diameter of the dialysis §ac, it usually
took betwsen 2 and 4 hours to get the conjugate concentrated to

the original volume, The conjugate was then transferred to a

test tube. Finally, one drop of 124 sodium pzide was added to
the conjugate to pressrve it from bacterial contamination, The,
conjugate was stored in the fefrigerator at 4°C until use.

b ~ Absorption by Mouse lLiver Powder - 100 mg acetone dried mouse

liver powder was.added to sach 1 ml of conjugate, mixed thoroughly
by means of a glass rod, It was then centrifugad at 31500 G fqr.
40 minutes. The supernatant was collected and ths process of
mixing and centrifugation was repaéted using 50 mg mouée“liver
powder per each 1 ml of the conjugatse, After centrifugation, the
supernatant was transferred to a test tubs, '~ One dropof 12% godium
azide was added to the conjugate and it was kept at 4°c uﬁtil use

Preparatiocn of Frozen Sections = Tho immunized chickens were killed

by an overdose of i.,v. injection of Scdium Pentoharbitons,
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Spieen, bursa and ons thymic lobe were removed from thas bird.
iﬁmédiately after tho bird had died. These lymphoid organs<war;
placed separatsly in glass tubss, The glass tubes were sealed
‘with'a rubber bung and were placed in a flagk containing acetone

and solid COQ (knoun as dry ice or Carbide) for 30 minutss,
Sections, 4u thick were cut in a cr;%tat(refrigerated microtome)

at -20C. The sections were placed on a glass microscopa slide,
melted and dried in a stream of warm air and were fixed in absolute
methanol at Zu - 24‘% for 15 minutes, The sections .then werg left
at room tempsrature for 30 minutes to get dry for staining.

Immunofl,;orescence staining of the Frozen Sections = Single layser

and sandwich techniques of stainings were used to demonstrate the
presence of antigen or antibody respectively in the sections of

the lymphoid tissues (White et al 1970).

a = Single Layer Technigque = This technique was employed to

demonstrate the presence of HSA or chick immunoglobulin in the
tissues, One drop of fluorescein labelled anti = HS5A or anti
chick immunoglobulin antibody was applied diréctly over the

sections by means of a pasteur pipette, It was mixed well over
the sections by drawing up and douwn in the pipette and ény excess

of bonjugata was transferred to the next section to be stained simi=~
lérly. The slides were then left in a closed wst perspex box gor
30 minutes at room temperature, They were then dipped in PBS in

a Coplin jar for 10 minutes with'intermittent shakings. The slides
were removed from the Coplin jar, dried except for the areas of the
sactions. Finally, the sections were mounted with a.cover slip in
either 0°9% saline or 20% glycerins in salins., The edges of the
cover slip were sealed with nail varnish to prevent sections from
drying up.

b « Sandwich Techniqua = This téchniquo was employed to detect

.
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antibody containing cells in the frozen sections of the spleesn,

.

bursa and the thymus of ths intact and bursectomized chickens which
had been immunized to HSA. |
A solution of antigen in physiologicél séline containing 2 mg
HSA per ml was mads up freshly, The frozen sections of the lymphoid
organs were dippsd in P8BS and the slides were dried as described
previously, One drop of the antigen solution was placsd on the
section by means of pasteur pipette. =~ The slides were then left
in a closed wet perspex box for 30 minutes &t 1vom tempsrature.
They were then left in P8BS in the Coplin jar for 5 minutes and
were dried except for the areas of the sactions, At this stagse
one drop of the conjugate (FITC labelled aﬁti HSA antibody) was
applied over sach section, The conjugatu was mixed well over
the sectioné by drawing up and down in the pipetts and any axcesé
of the conjugate was transferred to the next section to be stained
similarly, The slides were then left in the moist perspsx box for
another 30 minutes at room temperature. Finally the slides were
gently washed under a stream of PBS and mounted with a cover slip
as described above for the single layer techniqus.

fluorascence Microscopy = The frozen sections of the tissuss which

had been stained with FITC labslled antibody were examihed under
a Leitz Ortholux fFluorescence or Wild Fluorescence microscope ,
fitted with an Osram HBO 200 high pressure mercury arc, oil-
immersion objectives and a Cardioid bi-reflecting dark ground
condenser. The egffer filters were BG1l2 (2 mm) and BG38 (3 mm).

The barrier filter was Uratter gelatin nNo.,l12 or Schott 0Gl.

Autoradioqraphy = This technique was employed in the study of

migration of bu;sa and thymus cells to other sites in the body.
In this technique, a tissus section containing a radioisotops

material is coated with photographic emulsion, The photographic
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emulsion serves as a thin laysr of film and i® in closs contact .
with the tissus. After a given period of exposure, tha film
is developed and the preciss localization of the radioisotope in
the tissus section is determined from the pattsrn of darkening
on the ?ilm.'
The procedures which weré followed at various stages of
autoradiogfaphy ware those of ds Sousa (1971) Dr. de Sousa has
used this technique extensively in her research works and cocllaborated

also with the author in this technique and in counting the labelled

bursa and thymus cells in the autoradiographs.

l] - "In-vitro®" Labelling of The Bursa and Thymus Cslls = Bursa

and thymus cells were labelled in-vitro with 3H-adenosing;

The bursa of Fabricius was exposed through an incision mid

way between the cloacal vent and the base of the tail, Thes whole

organ was then excised and the incision in the skin was closed with‘
three stitches,

In another group of birds, the thymic lobes were exposed
through a dorsal mid line incision in the neck. Five to six
thymic lobes wears removed from each bird. The incision in ths skin
was then closed with a continuous suture.

The bursa and the thymic lobes from individual birds were
immersed in Eagle’s Medium (M.E.M.) containing 10% normal adult
chicken serum. The whole bursa or thymic lobes were t:ansected
into 5 = 10 slices wiéh a pair of fine scissors and the individual
sections teased apart with fine forceps to liberate individual cells.
The big lumps of tissues which did not come apart were discarded.
The cell suspensions were washed once in warm (37°c) PBs aﬁd re=-sus-
pended in 10 ml warm (37°C) bBS.

Eech cell suspension was then incubated with 50 ucil 3H - gdan=

sodine at a concentration of 10 uci/ml in a volume of 5 ml for 1%
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hours in a shaking water bath at 37°C.
After incubation, the cells were washed twice in Eagls's

medium to removs ény amount of SH - adansosine which had not basen

utilized by the cells, The cells then were suspended in 0°5 -

1 ml PBS. The  viebility of the cells was determined in a 1%
solution of trypan blue. The cells which did not take up this

dye were considered as live cells, About 80% of the cells in

individual cell suspensions were found to be alive, Ths live

cells were counted in s Neubauer ccunting chambsr,

The leballed cells wsers then injected intravendusly into
the birds in volumes?f Oel = 05 ml, Each bird was injected,
into the wing veian%:; own bursa or thymus cells, ‘

In~-vivo Labelling of the Bursa Cells - With bird undsr ether

anaesthesia, the bursa was exposed through an incision in ths skin.

mid way between the cloacal vent and the basse of tha tail, A

voluma of 0+l = 0«2 ml of PBS containing 40 uci 3H = thymidine
was injected, in small volumss, into the substance of the bursa
from a syfinge fitted with a 30 gauge nsedle. The needle was

re-introduced 2 or 3 times in different sites to distribute the

radio-isotope throughout the substance of the bursa, Immediately

after 0+5 ml unlabelled thymidine solution containing 045 mg thym=
N was
idineYflushed over the surface of the bursa and 2+5S mg of the unl-
abelled thymidine was also injected int raperitoneally into the

bird, Finally, the incision in the skin was closed by three

stitches. . - .

‘Preparing the Histological Sections -~ The birds vere killed at dif=-

ferent intervals after in situ labslling of the bursa or after i.v.
injection of either labelled bursa cells or.labelled thymus cells.
Spleen, two thymic lobes, caecal tonsil and the bursa (where app=
licable) were removed from the bird. In some birds, umbilical

cord residue, a lobe of lung and a lobae of liver were also removed.
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All organs were thesn embsdded in paraffin wax and sections, 5y

thick, were cut uith microtoms. The szections were mounted on

the glass slides which had previously been treatad with "subbing.
solution® (seﬁ below). |

The mounted sections were then de-waxed through a series of
xylene and alcohol bath lasting S minutes each (xylens, industrial
methylated spirit, 90% alcohol, 70% alcohol, 50% alcohol, 30% |
alcohol, distilled watari.

Coating = Ths histcslegical sections ware.coated with photogrsphic
emulsion using “Oipping techniguev, The coating was carried out
in tha dark room, working under a safa red light,

Depending ‘onthe numbers of slides to be coated, sufficient
amount of Ilford emulsion (Ilford Limited, Essex, England) was
placed in a Coplin jar and was heated in a water bath at 45°C for
10 minutes. After melting, the emulsion was diluted 1 in 4 with
warm (45°C) dist;lléd water. The slides were dipped one by one
into the emulsion for five ssconds, They ware then placed horizon-
tally in a standing metalllc rack and were dried gt the room temper=-

ture. Finally, the slides were placed in a light-tight box., This

was left in the cold room at +4‘f for four wesks.

Developing and Staining - The slides were placed in develaper

f
solution (Kodak developer D-198, Kodak, London) at 18°C for S'mfn-_
utes in the dark rcom, They were n3axt dipped.in tap water for
one minute and then transferred to fixing solution (Amfix, May &
Baker Ltd., England) fer 4 minutes. They werse then washed in

slow running tep water and stained with UP.

Cell Countings = The histological sections were examined under a

Vickers Patholux microscops. Cell counts in sections of all

lymphoid organs were carried out under X100 oil=-immersion lens

and X10 eye plece. Cells with 10 or more developed silver grains

ware considered labelled. The per cent age of the total labslled
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cells found in each micro-compartments of the spleen (Red pulp
and white pulp including the ellipsoids, peri-sllipsoidal zones
and germinal centres) was also calculated. -

Subbing solution (Gelatin solution) - ég gelatin was
dissolved in 200 ml distilled water and the solution was left
on bench overnight at room temperature, A solution of chrqme
alum (1°5g chrome alum in 100 ml distilled water) was fhen made
up and it was mixed with the gslatiq solution, The gélatin -
chrome alum mixture was then diluted by ad<itics of 100 ml
distilled water.

The slides which were used for mounting the histological
sections in autoradiography were first washsd in boiling water
containing a trace amount of HCI. They were dried and dipped
in the subbing solution for 5 -« 10 seconds., They were then

drained and dried in a dust free cabinet,

phosphate Buffered saline pH 7+2 - The stock solution of this

buffer was made up by dissolving the following salts in 1000 ml

distilled water:

Na Cl 360 g

Na2 H Po4 74 g
KH2 Po4 215 g

The stock solution was kept in cold room at 4 T. When required,

it was diluted 1:4 with distilled water and the pH uwas checked

a
withYpH meter,

Single Radial Immunodiffusion Test (tiancini Test) = This test was

employed to determins the serum IgG lavels in bursectomized chickens
with reference to those of theif corresponding intact controls,

In this test the antigen is allowed to‘diffuée radially from
a circular well in a thin layer of agar containing antissrum. The

antigen reacts with the antibody in the agar, consequsntly a ring
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of precibitata will form in the agar after a given period of time.
The quantitative.aepectof the test is based on the principle L
that the higher’ the concentration of the antigen, the greater:
the diameter of the precipitate ring (Mancini et al. 1965). It
has also been shoun that there is a direct proportionality betwesn
the area en;loséd by the precipitate ring and the antigen concen-
tration (Vaerman st al. 1969).

The test was carried.out in Oxoid lonagar No.2 containing
9% sodium chloride., Rabbit anti chicken IgG was warmed in a
water bath at 48°C for 15 minutés. 1l ml of the warm antisarum
wes then added to 10 ml of molten agar at,50°c. The antiserum
and the égar were thoroughly mixed and 2+5 ml of the agar-anti-
serum mixture was poured.over the surface of 10 cm x 4 cm plastic
plates (Hyland product) to give a uniform layer of 2 mm thickness.
The agar plates, when set, were stored in cold room at 4°C until.
use, .

Circular wells were cut with equal diameters in the agar
layer on the plates and in eaﬁh well 0+04 ml of the neat serum
from either bursectomized or intact chicken was added, The
plates were placed in moist perspex boxes and they were left
?n bench et room temperature for 48 hours. The radii of the
precipitata rings in the agar were measured by a ruler and the
surface area enclcsed'by sach precipitate ring was calculatsd
by multiplying 3¢14 by the radius squared. No standard serum
was included in this test as a standard referencs serum for chicken
immunoglobulin is not available.l The conclusion wﬁich is drawn |
from this test is therefore based on the comparison between the
Ig levels in the sera of a group of bursectomized chickens with '

those of their corresponding intact controls.

Preparation of the slectrophoresis plate — A clesan sheet of glass

(20 cm x 10 cm) was used. Few drops of silicons fluid were added
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on the upper surface of the glass and it was savenly spread :
allcver the glass sheet, and the excess silicone washed off with
tap water, The glass shest then was dried, The Ionagar was

prepared as follows:

Ionagar No.2 (oxoid) 8+0g
merthiolate 0°1 ml

barbitone buffer to 1l litre
The Ionagar pfepared as above was melted and poured cver
the glass plate to give an agar laysr of thickness 3 - 4 mnm,
The agar was allowed to set in situ, The agar plate was kept
a. o
inVuwet chamber at 4 C until usse.

Immuno=-electrophoresis =~ Troughs and wells werse cut on the agar

plate using a No.,l cork borer, a ruler, a scalpsel and a template
drawn on grqph paper. The ager plate was then placed over the
central compartment of a Shandon slectrophoresis tank, and filter
paper wicks (Whatman filter paper No.3) immersed in 0+<05 M bar-
bitone buffer in the electrophoresis compartment on either side,
The test sera were then placed in the wells and a small smount of

bromophenol blue dye was added to one of the test serg .  This

dye attaches itsslf to the serum albumin and forms a marker for
the progress of protein separation, A constant voltags of 160

volts of electric current was then applied to the plats, Llihen

the blue spot reached the sdgs of the plate, ths current was cut
off. At this stage, the troughs were filled with the appropriate'
antissra, The plate was left in a wet chamber for 48 hours and
examined for precipitin linss, |

Histoloqical Technigues = Histological changss in the lymphoid

tissues of the bursectomized, thymectomized and intact chickens
were investigated after they had been immunized. The organs

which were studied histologically included: Spleen, bursa of

42



Fabricius, thymus, caecal tonsils, umbilical cord residue and
the granuloma which formed in the pectoral muscles at the sitse
of injection of HSA in FreUnd's complete adjuvant, The animals
were sacrificed with an overdose of intravenous injection of |

sodium pentabarbitone, The organs were removed immediately

after the bird had died and were placed separately in small
bottles cbntaining 10% formzlin (formol-saline). The organs

were left in this fixative for 48 hours, They were. then,.

trimmed and embsdded in paraffin wax. Sections, 5 u thick,

were cut witﬁskicfrotoma and stained with methyl-green pyronin

(Unna=Pappenheim) and/or haematoxylin, counter stainsd with eosin.
To count the gerﬁinal centres in the spleen sections, a grid

was drawn with ballpen on the coverslips, overlaying the spleen

section on the glass slides, The germinal centres were counted

under the micfoscopg at low power magnification,

Statistical Analysis = Arithmetic means and probabilities of

differences between groups of values ware calculsted using a

Hewlett Packard calculatore.
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PART I

THE EFFECT OF BURSECTOMY AND THYITECTOMY ON

PRODUCTION OF ANTIBODY AND DEVELOPMENT OF

PLASMA CELLS, GERMINAL CENTRES AND GRANULOMA.
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Review of the Literaturs ' .

Investigation on the immunological function of ths bursa
of Fabricius began with the findings of Glick et_al. (1955) and
Chang et al. (1957) who showed that surgically bursectomiied
chickens were deficient in production of antibody to Salmonella

typhimuriug,

In 1959 Meyer and his co-workers reported that administra-
an :

tion of 18-nnortestosterone in chick embryoSaEVg;tly stags of

developmént completely inhibited development of the bursa of
Febricius. The chicks were hatched without a bursa. Inhibition
of the bursa of Fabricius in oyo by steroid hormonss = the so-
called hormonal bursectomy,was employed by ssveral groups of
workers to study the humoral immune response in bursaless chickens.
liueller et al. (1960) employing both surgically and hormonally

bursectomized chickens found that prenatal inhibition of the bursa

by injgctions of 0«63 mg of l9-nortestosterone into the albumen
portion of the fertilized eggs on the 5th day of incubation brought
about greater interferencs with production of entibody to B8SA in
comparison with surgical bursectomy at one or two wesks of agse.
surgical bursectomy early in life caused a deficiency in antibody
respbnse to BSA whereas ablation of this organ. later in life had
little or no effect oh humoral immune response of the bursectomizsd
Ehickens (Muellar et_al. 1960, 1962). fMueller and his co=-workers
put forward a hypothesis for time dependency of the bursa extir=
pation and its effect on the chicken immﬁna response, They sugg=
ested that the bursa may not be a site for antibody production psr
se, but a place where the cells are sensitized prior to migfation
to other sitss. The data which later were provided by other
vorkers on this line added weight to this hypothesis.,

Study of the immunolcgical function of the lymphoid tissues
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in-chicken was extended to that of the thymus gland. uarﬁer
et al,(1962b) found that'while bursectomizéd chickens failed t;
produce antibody to a variety of antigens, the thymsctomized |
chickens apparently had no deficiency in production of circulat-
ing antibody. The antigens tested includead: BSA, HGG, formol

killed Brucella suis, "0" antigen of Salmonella adslaide and

influenzg type A virus., - Howsver, survival of skin homograft was

prolonged in the thymectomized chickens and their blood cells
were found to be incompétent in producing lesions on the chorio=
allantoic membrans. TheSé results indicatea that there was a
functional division or dissociation of th; immunological respons=-
siveness in chicken, |

The concept of dissociation of immunological responsivensss
in chicken was substantiated by the findings of Graetzer gg_gi;
(1963) and Jankovic et al, (1963a, 1963b) who found production
of hasmagglutinin was affected by bursectomy but not by thymectomy.
Bursectomy did not interfere with normal development of delayed
wattls reaction to tubserculin. The development of tuberculin
reaction, however was found to be inhibited in the thymectomized

birds.

Although burssctomy by a hormons had been found to be mora
/

!

effective in suppression of antibody production than surgicai
bursectomy (Mualier et al, 1960, Pierce et al, 1966),
hormonally bursectomized chickens were found to have varying
degrees of - - atrophy of ths thymus (Warner et all 1962, leuller
8t al. 1962 and Pisrce et_al. 1966). |

Cooper.gt al.(1965) developed a techniqus by which the bursa
and bursa-dependent lymphoid tissues werse sliminated from the
birds without causing any permanent damages to thes thymus gland ;

the bursa was surgically ablated on the hatching day and the

L4

~ 46




bursectomized chickens were whole body x-irradiated the following
day. Such bursectomized-irradiated chicksns wers found to bs
incompetent to produce any dstectabls amount of circulating anti-

bodies to BSA and 3rucella abortus at 7 useks of ags. Further=

more, both IgG and IgM were found to be absent in the ssra of the
bursectoﬁized—irradiated’chickens;

Surgical thymectomy on the hatching day follouwed by wholas
body x-~irradiation on the sscond day of lifs was also eﬁployed
to test the immdnological functions of the.thymus gland in chicken,
Neonatal thymactomy combined with whole body x-irradiation supp-
ressed development of delaysd hypeésensitivity reaction to tubser-
culin and prolongsed survivals of skin homografts but did not bring
~any daficiency in antibody production to BSA and B, abortus
(Cooper st al. 1965, Coopsr et al, 1966). These results clearly
established the concept that in chicken humoral immunity and cali-
mediated immunity ére anatomically represented by two different
lymphoid organs. Furthermore, theée findings suggested that the
bursa and the thymus gland can develop and function independently
in the absence of one another.

Several groups of workers produced evidence which suggested
that bursaless chickens were able to mount a humoral immune
responsa to a variety of antigens. Pierce et al.(1966) found
that chickens bﬁrsectomized surqgically on the day of hatchingA
produced a low level of antibody to ESA at 3 weéks of age., Thay
accofdingly suggested that the continued bresence of bursa in
chicken was not necessary for antibody production, Claflin et
al, 1966) also found that both hormonally bursectomized chickens
and chickens bursectomized surgically on thé day of hatching
produced antibody to B. abortus at 6 weeks of age, A Similér

finding was reported by Lerner gt al.(1971) who found hormonal
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bursectomy and surgical bursectomy cn the day'of hatching inhib-
ited but did not totally eliminste production of antibody to
shaep H.B.C. Furthermore they found that inhibition of antie
body synthesis in the bursaless birds was nat accompanﬁdby.a
similar marked reduction in the serﬁm levels of IgG and IgM.
According to these findings Lerner and his co-workers (Lerner,
Glick and McDuffie) suggested thag¢thsa was not essential for
"antibody and immunoglobulin synthesis.

Development pf a technique by which the bursa of fFabricius
could be gblated surgically in ovo ‘several days before hatching
paved the‘way for the study of ontogeny of humoral immunity
particularly immunoglobulin synthesis in chicken, Van Meter
et al. (1968) and Cooper st al. (1969) found that bursectomy
in_ovo on day 19£h of embryonic davelépment reduced serum levels
~of IgG in chicken at 5 = 6 wesks of age but did not suppress IgMm-
synthesis, A gross deficiency of both IgG and IgM were found in
the chickens bursectomized in ovo on day 17th of incubation,
These findings wvere substantiated by Aitken et sal. (1972) who
found 29% of the chicksns bursectoﬁizad on day 17th of incubation
had no ;erum IgG or Igh,

~There ;s, thus,a genaral agreement that bursa of Fabricius
plays a major part in the davelopment of humoral immunity partic=~
ularly production of entibediss to different antigens. It is also
evident that contribution of the bursa of Fabricius to the develop~-
ment of humoral immunity in chicken begins well before hatching,
However, it appears that there is not a gsneral concénsus among
different groups of worksrs with regard to burse of Fabricius as
the only lymphoid organ in chicken responsible for production of
antibody and immunoglobulin,

Histolaqical Chances in tha Lymphoid Tissues of Chickens After
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bursectomy nr thymectomy = Histological examination of the

~

lymphoid tissues of the bursectomized and thymectomized chickens
revealed that ths bursa of Fabricius and the thymus play a major
part in the cellular development of ths beripheral lymphoid
tissuss., Carey et al. (1964) showed that inhibition of tha

bursa of Fabricius by administration of testosterone propionats

in_ovo suppressed normal development of plasma cells and germinal
centres in the splesn. Surgical ablation of the bursa of
Fabricius on the day of hatching was also found Lu impair the
mechanism responsible for the prolireratioﬁ of plasma cslls
(Isakovic et al., 1964). In addition, these workers showed that
implantation of the bursa from newly hatched or 8 week old ;hickens
into neonatally bursectomized chickens significantly increased
their ability to produce antibody to heterologous erythrocytes
and caused proliferation of plasma cells in the spleen.,. Theay
accordingly suggested that the way in which the bursa of Fabric-
ius exertsits immunological function is probably by means of a
humoral factor.

Thavrole of the thymus in the cellular development of tha
spleen was also revealed‘by surgicai ablation of this organ,
Neonatal thymectomy did not suppress proliferation of plasma
pells in the gpleen. In the spleen of thymectomized chickens,
howavor, masses’ of small lymphocytss surrounding arteries,
schweiger-seidel shsaths and lymphatic nodules were found markedly
depleted (Jankovic et al. 1964). These findings clearly indicat-
ed that the bursa of Fabricius and the thymus contriﬁute to the
development of two different populations of lymphoid cells in
the spleen. |

Another finding of considerable importance was thatAof

Pierce et al, (1966) who found that inhibition of bursa of

49



Fabricius in ovo by testosterons propionate brought greater

-

reduction in the numbers of germinal centres and plasma cells in

the spleen than surgical bursectomy on the day of hatching, Sur=
gi&al bursectomy in ovo on day l?th of incubation was similarly
found to be more effective in reducing the numbers of plasma cells
and.germinal centres in the spleen and caecal tonsils than surg-
ical bursectomy on the day of hatching (Van ieter et al, 1969,
Cooper st al. 1969), It became, thus, clear that ths part which
bursa of Fabricius plays in development of plasma cells and germinal
centres begins well before hatching.

Complete absence of plasma cells and germinal centres wers
found in the splesns and caecal tonsils of chickens which had bseen
surgically bursectomized on the day of hatching .and had been whole
body x-irradiated on their second day of life (Cooper et _al. 1965).
Similar study in the thymectomizéd-irradiated chickens added weiéht
to the previous finding (Jankovic et al. 1964) that neonatal
abiation of the thymus brings about a depletion of lymphocytes in

the white pulp of the spleen,
studies on migration of the lymphoid cells in chickens have
shouwn that there is a migration of cells from the bursa and the
thymus to thé spleen and caecal tonsils (Warner 1965, tinna et gl
1969, Hemmingsson 1972). It appears therefors that neonatél/
bursectomy and neonatal thymectomy cut off tha sﬁpply of lymphoid

cellé from the bursa and thymus to the spleen and cascal tonsils,

consequently thess peripheral lymphoid organs show marked cell

depletion,

The Role of Granuloma in vevelonment of Immunoloqgical Keactions =

Epitﬁeloid granulﬁmas are chronic inflammatory reactions which

are characterized microscopically by focal or diffuse collections

of epitheloid cells with variable numbers of macrophages, lymphocytes
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and giant cells, tormation of epitheloid-qranuloma has besn
associated with the davelopmenf of both humoral and cell-mediated
delayed hympersensitivity immune responses, Using fluorescent
antibody technique, white, Loons and Connolly (1955, demonstrated
large numbers of antibody-containing plasma cells in the granu-

loma which formed in rabbits at the site of inoculation of

ovalbumin or diphtheria toxoid precipitated by aluminum phosphate.

They accordingly suggested that production of specific antibody
in the granuloma countriouted to the increased antibody productioﬁ.
In chicken, intramuscular injection of HSA in FCA results
in formation of a large epithesloid-granuloma at the site of
inoculation, Antibody producticn in such immunized chickens
occurs in two separats phases as antibody levels in the circulation
show two major cycles (French, gtark and White 1970). trench
and her co~workers found that the granulomé at the second phase
of antibody response shouwad én intense infiltration of plasma
cells and the tissue extract of the grenuloma showed very high.
anti HSA antibody.
The epitheleid-granuloma has also been shown to contribute’
to the davelﬁpment of cell-mediated immune reactions. Thus
Wilkinson and white showed that there is a relationship batwee?
the granuloma which forms in gﬁihaa pigs at the site of inocul-
ation of ovalbumin in FCA and delayed hyperssnsitivity reaction
to the test antigen. Delayed hypersensitivity rsaction was tested
by injection of ovalbumin under the surface of cornea Zl‘days aftar
the primary immunization and the degree of opacity o? the cornsa
was measured at 24 and.48 hours after injection, They found that
there was a correlation between the size of the qranuloma with the

sesvarity of the cornea respcnse to the test antigen (Wilkinson &

White 1966, wilkinson 1966),

L4
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Reid and MicKay (1967) similarly found that in human patients
undergoing treatment for pulmonary tuberculosis, the size of
granuloma which formed at the site of inoculation of heat killed

M. tuberculosis correlated with the severity of the delayed

hypersensitivity skin feacticn. In chickens, Aiyedun (1972)
showed that formation of a granuloma at the site of inoculation
of HSA in FCA was essential for the development of the delayed
hypersensitivity response to the test antigen as indicated by
the increased rate of clesarance of colloidal carbon from the
circulation,

It is likely that the contribution of the granuloma to the
enhancement of ths delayed hypersensitivity reaction and increased
antibody production is due to the fact that the granulation tiséue
consists of the lymphoid cslls which mediate these immunological
responses, In chicken, it is conceivables that both bursa of
Fabricius as well as the thymus gland méy contribute to the

cellular development of ths epitheloid-granuloma,
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Experiment 1 - The Effact of Burssctomy on Production of Anfibody

8

to 'phage 0X174 and to Formation of plasma cells

and Germinal centres in the Lymphoid Tissuas,

Introduction - The bursa of Fabricius in chicken is considasred

to be the only lymphoid organ which contributes to the developmeni
of humoral immunity on the grounds that its inhibition in ove by
hormona or its surgical ablation soon after hatching deprives

the bird .of - thé entire immune system responsible for product-

ion of antibody to 3rucella suis and HGG (warner et al. 1962),

Haemocyanin and Brucella abortus (Cooper et al, 1966) and shsep

RBC (Alm et al, 1969).
Several groups of‘workers, however, found that both surgically
and hormonally bursectomized chickens can produce a low level of

specific antibody to Brucella abortus (Claflin et al., 1966) and

sheep REC (Lernsr et _al. 1971). Production of antibody to BSA
in chickens bursectomized aon the day of hatching was also reported
by Plerce gt 91,(1966). ‘Lerner and his co-workers together with
Bryant et al, (1973), who found spscific antibody tnm sheep RBC

to :
as wsll as MMycoplasma gallisepticum in hormonally bursectomized

chickens came to the conclusion that bursa of Fabricius is not
the only organ essential for deVelopment of humoral immunity'id
chicken and a possible bursa—-independent humoral immuna system
in chicken was suggested by these workers,

The general agresment betwesn all workers, however, is the
fact that bursectomy profoundly impairs the full production of
specific antiﬁody in chicken; It is conceivable, thus, that
these variable results on the preduction of antibody by the bursa-
less birds are merely due to the diffefent techniques used for
ablation of the bursa of Fabricius or/and the methodé used for

daetection of antibody.,. The workers who did not find any amount
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of antibody.in the sera of burssctomized ch%ckens may in fact han
used too insensitive method for detection of antibody. it is
also probable that the workers who reported presencs of specifid
antibody in the sera of bursectomized cﬁickéns may have failed
to deprive the birds completely -of the entire bursa dependent
lymphoid cslls, ~ Any bursa cell which escapes elimination may,
upon antigenic stimulation,produce specific antibody.

An experiment was therefore designed toc verify whether ths
bursa of Fabriclus is the only lymphoid organ in chickan which
contributes to formation of circulating antibody.

Brief outlines of the Materials and Methods (detailed accounts

of the materials and methods were given in the "General Materials

and rMethods")

Birds = Thornber 808 chicks were used in this experiment.

Surqical Opsration and Irradiation = The chicks were bursectomizéd

surgically on thé day of hatching.

In order to eliminate the cells which had migrated, during
the embryonic period, from the bursa to other sites in the body
the bursectomized chicks were whole body irradiated the day after
the surgical bperation. AR group of non-bursectomized chicks
were similarly irradiated on their second day of life to serve

8s intact irradiated controls,

60Cobalt was used as the source of radiation. The chicks
were kept under the exposure of 840 rads of Y=-rays with skin
sourcavdistance of 70 centimetres.

A grbup of bursectomized and a group of non-bursectomized
birds wefe also included in this study to serve as non-irradiated

controls (table 1).

Antigen and Immunization Schedule - Bacteriophage %174 was chosen

for this investigation since the 'phags neutralization test which
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is used to detect antibody against this ahtigen is ona of ths
most sensitive serological tests (Humphrsy and uhite 1970),
At five weeks of age, each chick was injected intrapariton-.

9
eally with 10" plaque forming units (PFU) of 'phage ®X174 suspen-

ded in 1 ml saline. On day 8 after immunization, blood was
collected from each chick's wing vein for estimation of antibody
to the 'phage and for immunoelectrophoretic analysis, The chicks

then were killed by an overdose cf scdium pantsbarbitone, The

splesn, thymus,'caecal tonsils and bursa of Fabricius (where
applicable) uefe removed from each bird for histological examination.
Histological examination of these lymphoid tissues were undartaken
to determine the effect of neonatal bursectomy and whole body

irradiation on ths cellular make-up of the lymphoid tissues.

RESULTS

Antibody Production - The result of the‘neutralization test on

the sera of the burssctomized and non=bursectomized chickens 8

days after an i.p, incculation of ‘phags &X174 is presented in

table 1. High esntibody activity was detected in the sera of

both intact non-irradiated and intact-irradiated chickens. The
sera of intact non-irradiated chickens showed higher antibody
activity than tposa of the intact irradiatéd chickens and the'
différehce was found to be statistically significant (P=0;08).

No antibody ectivity was detected in the sere of the bursectomized-
irradiated birds, The bursectomized non-irradiated birds, howevar,
were found to have brcducad a low level of antibody against the

" *phage.,

Immunoqlobulin synthesis - The immunoelectrophorstic analysis of '

the sera of the bursectomized non-irradiated, intact non-irradiated

and intact=irradiated chickens showed no difference from one another,
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Plate 1 « Agar gel immunoelectrophoresis of sere from bursect-
omized=irradisted and intect-irradiated chickens eight days

after i.p. inoculation of 109 PFU "phage 0X174, ‘T'roughs
contained either polyvalent raebbit anti chicken immunoglobulins
or monovalent rabbit anti chicken IgG. Wells 2, 3, 5, 7, 9 and
10 contained sera from bursectomized-irradiated chickens, \Uells
1, 4, 6, 8 and 11 contained sera from intecte-irradiated control
chickens, Noto‘abaanc. of IgG in the serum 2. The precipitin
arcse corresponding to IgG in the sera Y and 10 also are very faint
indicating marked reduction of IgG levels in these seras Sera
2, 9 and 10 similarly show reduction in the serum levels of other

classes of immunoglobuline.



Among bursectomized-irradiated chickens thers was one serum

(14+3%) which lacked IgG and two sera (28¢5%) had barsly dstect-

able IgG (plate 1).

HISTOLOGICAL FINDINGS

Splean = Hiﬁtological sections of the spleensof individual birds
wereexamined under the microscops. At low magnification, the

two pulps of the crgan - the red and white pulps with the germinal
centres are recognized distinctly (plate 2). The very apparent
difference in ths spleens éf'the bursectomized-irradiated chickens
with that of non-bursectomized birds, was the total absence of
germinal centres in the entire white pulp areas of the ma jority

of tﬁe sections examined under the microscops., These centrea
‘were counted in.the four sections of the splesn cut at four
different levels, the results are presented in table 2. Intact=-
irradiated chickens had significantly (P=0°¢02) higher numbers of
germinal centres than the bursectomized-irradiated cﬁickans.
surgical bursectomy alone without whole body irradiation did not
completely eliminate formation of germinal cantres. hHowsver, the
numbersof these centres were found to be ﬁarkedly reduced by
neonatal bursectomy and it was found that thsre were aignifiéadtly
(P = 0¢04) higher numbers of germinai centres in the spleens of
intact non-irradiated birds compared to thoseof the bursectomizéd
non-irradiated chickens. Whole body irradiation also reduced the:
numbei;of germinal centres in the spleen since larger numbers of
germinal centres were found in the spleens of intact non=irradiated
chickens 1= -+ :n thanin ths spleens of intact irrsdiated
chickens; however, the dit{crence between the numbers of thess

centres amcng these two groups cf birds was found to be statistically

insignificant (P = 0-1)..

]
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While there were large numbers of mature and immature
plasma cells in the red pulp strands of tha.spleens of the
intact birds, thesé cells wesre totally absent in the spleens of
the bursectomized-irradiated chickens. Thé only pyroninophilic
cell found in the red pulp strand of these bursaless birds wers
blast cells, Thess cells, however, were very few and scanty
with very pale cytoplasm. The red pulp areas of the spleens
of the bursectomized-ir:adiated birds, thus, were very thin and
depleted (plate:S).

| Surgical bursectomy alone without whole body irradiation
reduced significantly the plasma cells and blast cells, but did
not eliminate totally these series of cells in the sbleen.
However, the plasma cells and blast cells found in the splsen of
these bursectomized chickens, had a very pale cytoplasm often
Qith few empty vacuoles. In general, these cells vere very old
and showed signs of degeneration.

In the periphery of the white pulp of the chicken spiéen
there sre the ellipsoids or the Schweiggar = Seidel sheaths,
A mantle of pyroninophilic cells were found around the ellipsoids
in the spleens of all non=bursectomized chickens while thess calls
were totally absent around the ellipsoids in the spleens of thse
bursectomized-irradiated chickens,
The Thymus = chicksn thymic lobes are located along the neck.
These are 14 thymic lobes, 7 lobes in either side of the neck,.
f£ach lobé is compdsed of saveral rather large and elongated
lobules., Each tHymic lobule has two distinct zones; the medulla
in the middle encircled by the cortex in which the cslls are denser -
.and stain much more deeply than that of the'medulia.

In the periphery of the thymib cortex of the intact—irradiatéd

and intact non-irradiasted chickens, there wera scattered pyronin
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Photomicrographs of sections of spleens of an intact-irrad=
fated chicken (plate 2) and @ bursectomized-irradiated chicken
(plate 3) at 6 weeks of ages The chickens had been inoculated
i.pe with bacteriophage (X174 eight days previously. There ere
two large germinal centres, one in the lower left and one in the
lower centre of the plate 2, Note also pyroninophilic plasma
cells in the same plates Plate 3 shows total absence of germinal

centre and complete depletion of plasma cell series of cells from

the spleen,



positive blast cells among the small lymphocytes of the thymus.
In the medulla, the pyroninophilic cells consisted of immature
and mature plasma cslls, These cells were few and scanty and
located mainly in the cortico-medullary region. In cqrtaiﬁ
lobules these'plasma cells were abssent,

In the thymic lcbes of two chickens - oneintact non-irrad-
iated and one intact-irradiated, rﬁund structures similar to
germin%l centres ware found lacated in the medulla, There were
lymphocytss and blast cells in each ;entré (plate 4).

In the thymic lobes of ths bursectomized-irradiated chickeﬁs,
no blast cell was found in the cortex. There was no mature or
immature plasma cells or germinal centre in any thymic sections -
of these bursaless birds (plate 5)., ULisappearance of pyronin
positive cells was the only difference noticed in the thymus
of the bursectomized-irradiated birds. There was no apparent

depletion of lymphocytes nor any structual changaes in the

Hassall's corpuscles. In the thymus of the bursectomized

chickens which had not been irradiated few immature plasma cells

in the medulla and few scanty blast cells were found, No germinal
centres werg found in the thymic sectionskof these bursaless birds,

Tonsilia Caecalis (Caecal Tonsils) = In chicken, thers are two

o

caeca (appendices) which branch off from the junction of the

small and largs. intestine. The beginning of each caecum’is
marked by an enlargement which ié%gggrégation of lymphoid tissues
and has been appropriately named tonsilia caoscalis (Fig.i).

Large numbers of germinal centre§ were found in the sections of
the toﬁsilia caescalis of the non operated birds. These ﬁentras
had developed in the lamina propria specfally under the submucosa.
targe numbers uf pyronin positive cells were also found in thse

sections of the caecal tonsils of non-operated birds. Thess
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Pﬁotoalcrogrl hs of .;ctiohs of thymus of An iﬁiact—
irradiated chicken (plate 4) and a bursectomized-irradiated
chicken (plate 5) at 6 weeks of ages, The chickens had been
inoculated i.ps with bacteriophage §X174 eight days previously.
There are two germinal centres and large numbers of pyroninophilic

- plasmablasts in the medulla of the thymic lobule of the intact-
irrediated chickens Germinal centres and pyroninophilic cells are

completely esbgent in the thymic lobules of the bursectomized-irradiated

chickens



cells ware chisfly lecated in the coresof the villi,

A thorough microscopicel examination of the sections cut
from the éaecal tonsil of the bursectomized irradiated chickens
revealed that germinal centres, immature and maturs plasma cells
had not developed in this gut associated lymphoid organ. Burse-
ctomy without whole body irradiation significantly reduced, but
did not eliminate totally the pyroninophilic cells in the cascal
tonsil, few germinal centres were also found in the sections
cut from the cascal tonsil of one of the bursectomized non=-
irradiated birds.

The Bursa of Fabricius. There wereno apparent histological

differences betwz2en the bursa sections of the intact-irradiated

birds with thoss of the intact non-irradiated birds.

summary = The concept of whsther the bursa of Fabricius is the
only lymphoid organ responsible for dovelopment of humoral immunity
in chicksn was‘i&vestigated.

BX=IR chicksns failed to produce any detectaﬁle amount of

specific antibody to 'phage $X174. Necnatal bursectomy folloged

by whole body irradiation suppressed davelopment of plasma cells
and formation of germinal centres in the lymphoid tissues, Perie-
ellipsoidal areas in the spleens of BX=IR chickens wers foung /
particularly markedly depleted *of pyroninophilic cells.

These results suggest strongly that the bursa of Fabricius

is tha only organ which contributes to formation of antibody to

)

tohage OX174, Furthermors, this lymphoid organ is responsibls

for development of plasma cells and formation of gsrminal centres

-

in the lymphold tissues.
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Experiment 2 - The Effect of Bursectomy on Biphasic production

of Antibody and Formation of Granuloma After A

5ingle i.m. Injection of HSA in FCA.

Introduction = Production of antibody in chicken after i.ms
inoculation of an albumin antigeﬁ in FCA is characteriésd by a
high levql of circulating antibody which lasts for several months, -
In addition, the antibody production appears to occur in two ssp-
arate phases (French, Stark and White 197d). French and her co=
workers found that chicken inoculated with HSA in Freund's complets
ad juvant showed an initial rise of circulating antibody with 8
peak at day 8 - 12 félloued by a gradual decline in antibody
level, The circulating antibody lsvel rose again by day 21
and production of antibody continued up to day 59 after the init-
ial immunization, The antibody level in the second phasa was )
found to be very much higher. than that of the first phasse. |
French and her co-workers further produced evidence that the bulk
of antibody produced in the second phase.came from the’granuloma
which had formed in the pectoral muscles at the site of inoculation
of the antigen in FCA;
In this experiment the cccurrence of such biphasic product=-
%on of antibody in bursectomized chickens will be investigated
with the view to determine whether the late production of gnti—
body is bursa depaqdent or a humoral immune system indépendent of
ihe bursé of Fabricius contributes to its formation. Furthermore,
the contribution o%cgursa of Fabricius in formation ?f granuloma

at the site of inoculation of n3SA in FCA will be investigated,

Brief Qutlines of Materials and Methods (dstailed accounts of

the materials and methods were given in the "General materials

and riethods® ).,

Eirds - Thornter 808 chicks were used in this experimsent.
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Surqgical Operation and Irradiation =« The chicks were bursectomizaed on

the day of hatching, The bursectomized chicks and their intact
controls wére subjected to whole body irradiation from a GOCobalt:Source-
The total amount of radiation given to each bird was 800 rads |

with a source skin distance of 70 cm.

Antiocens and Immunization Schedule, The chicks ware immunized

at 4 weeks of age with HSA in FCA. The inoculum for each bird

consisted of 4 mg H3A and 1 mg M. tuberculosis in 0+5 ml Bayol/

Arlacel ang 0*5 ml salino. The sitae of innculation was the
right pectoral muscles,

The birds were bled through the wing;vein on days 10, 15,
21 and 28 after immunization and anti HSA in their sera was est-
imated by Farr Test, After the last bleeding the chickens were
killed and a piecs of granuloma which had formed in the pectoral
muscles was cgt. The granuloma and spleen wers histologically
examined, |

RESULTS

Antibody Production - Table 3 and Fig.lv show the serum antibody

levels of the BX-IR and IN=IR chickens at different intervals
after a single i.m. inoculation of HSA in FCA.

.The initial rise of antibody levels in the seré of IN=IR
birds on day 10 was followed by a decline in antibody levels on
day 15. The circulating entibody levels, howasver, rose again by
day 21 and continuad to rise up to day 28. Thus antibody produc-‘
tion in IN-IR birds occurred in two separate phases or cycles,

The serum antibody levels in the second cycle of thié biphasic
antibody response showed greater magnituds than éhe first cyqle.‘

BX=IR chickens failed to produce any detectabls amount of

antiboay to HSA at eny stage after i.m. inoculation of this

antigen in FCA.
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Table 3 _ Serum antibody levels (ABC;y ug/ml') in bursectomized-irradiated and

intact-irradiated chickens at different intervals after i.m. inocuiation of

4 mg HSA in Freund’g complete adjuvant.

Day 10 Day 15 Day 21 Day. 28
hickens of Mean of Mean of Mean of” Mean
Chick-| & Chick-| & Chick- & Chick| &
ens Range en s Range ens Range . ens range
Intact- N o 5.1 17.65 - 54.9
6 | - 6 6 |- . 2
irradiated 3.84-12.6 1.02~11.10 1.86-66.0 16 ,8-93.0
" Bursectomized <0.06 £0.06 £0.06 | <0.06
. | 9 8 - 7 2
irradiagted : ; . :
£0.,06-40.06 <0.06-40.06 £0.06-<0.06 £0.060.06
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Fig.IV~ Serunm 'an't':ibody levels in a group of intact-
irradiated chickens (solid line) and a group of bursect-

| omized-irradiated chickens (broken line ) at different
intervals after a single i.m, injection of 4 ng HSA in

- FCA. The intact- irradiated chickens produced antibody
in two phases as antibody levels in the circulation-
showed two cycles. The bursectomized-irradiated chickens
failed to produce any detectable amount of anti'body up to

- 4 weeks after the initial immumization.



Histological Findings in the Granuloma = Histological sections

of the granulomas af both groups of birds revealed that the muscle
tissues had bsen infiltrated by a variety of cells not found
normally in thp pectoral muscles. The infiltration of cells to
the area whers the antigen in Freund's completé ad juvant had been
deposited was so dense that the muscle tissues had baen ;eplaced
by entirely different tissus whose main cellular components wers
macrophages§,epitheloid cells and lymphocytes. In the granulomas
of the non-bursectomized chickens,immatdre and mature plasma cells
were by and large the most numberous typss of cells praesent all
over the sectibns (plate 6) .Epitheloid cells, lymphocytes and
multinuéleated giant cells were found chiefly around the tubercles
- and oil dropleté.

In the granulomas of the bursectomized birds immature and
.mature plasma cells were completely absent throughout the entire
sections (plate 7). The cellular elemepts which comprised the
granulbmas of the bursectomized chickené consisted mainly of
epitheloid cells, giant cells and lymphocytes.

Histological Findinosvin the Spleen = Both plasma cells and germinal

centres were found in thoe spleen sections of the intact-irradiated
chickens which were killed four wseks after i.m, injéction of

4 mg HSA in Freund's complete adjuvant, In contrast to the hig=-
tological sections of the granulomas, there was, howsver, no
indication cf massipa proliféfation of plasma cells in the spleen,
These pyroninophilic cells were in very moderate numbers and were
found in the red pulp strands of the spleen,

lhere was complete ebsence of plasma cells and germinal,éentres

in the spleen sections cof éll bursectomized-irradiated chickeans.

Summary = The concept of whather the bursa of Fabricius is the

only lymphoid organ in chicken responsible for development of

humoral immunity was further investigated.
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Plate 6

UP, x 400
- ‘4@-2"" -
Plate 7
uP, x 250

Photomicrographs of sections of the granulomas which formed
in the pectoral muscles of the intect-irradisted chicken (plate 6)
and bursectomized=-irradiated chicken (plate 7) at the site of
inoculation of Q mg HSA in Freund's complete adjuvant., The chickens
were Lnoculntngzgz- antigen-ad juvant -ixturo 28 days previously,
There are large numbers of plasma cells in the section of the
granuloma of the intact-irradiated chicken, Plesma cell series

of cells are completely absent in the section of the granuloma of

the bursectomized-irradiated chicken,



B8X=~IR chickens failed to produce sny dztectable amount of
antibody up to 28 days after i.m. inoculation of 4 mg HSA in FCA:
The IN=IR controls which vere similarly inoculated with 4 mg HSA
in FCA showed a biphasic antibody response with two major cycles
of antibody in the circulation,

A granuloma was formed at the site of inoculation of H5A in
FCA in both groups of birds. The grenulomas of the EX-=IR chickens
were smaller than the controls and lacked the plasma cell series
of cells,

The results suggest»‘that the bursa of Fabricius is the only
lymphoid organ which contribute§ to formation of antibody to HSA.
The cells responsible for production of both phases of antibody

are bursa depsndent,

Experiment 3 - The Effect of Thymectomy on Biphasic Production of
AntiEody and Formation of Granuloma After a Single

iems Injesction of HSA in Freund's complete Adjuvant,

Introduction = Production of a high level of cigculating antibody

in chicken after i.m. inoculation of HSA in FCA is asscciated /
chiefly with the epitheloid granuloma which forms at the sita~of
inoculation (franch, Stark and White, 1970)., There is ample
evidence which suggests that epitheloid-granuloma is a cellular
immune response with the characteristics of cell-mediated immun-
ological reactions since it is transferrable by immune lymphold
cells but not by antiserum (Boros and Warren, 1873). Call-wediated
immune reactions in chicken'are thymus—dependeni (Jankovic g&_gl;
1963h,Cooper et _al. 1966) and it is likely thag&fiymus may also

contribute to the formation of this type of granuloma, thersby
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enhanchﬂ@roduction of circulating antibody.

This experiment is therefores designed to.determine if and t;
what extent neonatal'thymectomy affects biphasic production of
antibody and formation of epitheloid-granblcmé’in chicken after
i.m, inobulation of HSA in Freund's complete adjuvant, Further-
more, spleen and the bursa of Fabricius of the thymectomiied
chickens are histologically examined to add further evidence on
the role of thymus to the cellular developments of these lymphoid
organs,

Brief Outlines of paterials and priethods (detailed accounts of ths

materials and methods were given in the %“Gensral Materials and
Methods"),
Birds =~ Thornber 808 chicks were used in this experiment.

Surqical QOperation and Irradiation = The chicks were thymectomizd

on the day of hatching,. Ths thymectoﬁized chicks along with
their intact controls were subjected to whole body irradiation on
their secand day of life in order to aliminate the cells which
had migrated from the thymus to other sites in the body during
the embryonic psriod. The chicks were kept under the exposure

of 800 rads of radiation from a 60Cobalt source with source skin

distance of 70 cm.

antigen and Immunization Schedule = The chicks were immunized at

4 wseks of age with HSA in FCA. | The inoculum for sach bird cons-

jsted of 4 mg HSA and 1 mg Il, tuberculosis suspended in 0+5 ml
Bayol—Arlécel and 0°5 ml saline. The site of inoculation was

right pectoral muscles.

The birds were bled through the wing vein on days 10, 15,
21, 28 and 38 after the immunization. One of the .IN=IR chickens

which was found to produce a high titre of anti HKSA antibddy was
spared to obtain large amounts of chicken anti HSA antibody which

was needed for another experiment, The remaining four IN=IR and
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three TX-IR chickens were killed 5 minutas after i.v. injection‘
of 0°5 ml indian ink, ’ | |

The birds were weighed immasdiatlly before'they were killed. .
The areas along the jugular veins in the thymecteomized birds wers
carefully examined in search of any thymic residus. The thymic
lobes, spleen and bursa wers removéd from the bifds and were imme=
ediately weighed, The pectoral muscles of each birduwere also
ingpected for presence ﬁf granuloma at the site of inoculation of
HSA 1in tCA, A piece of granuloma together with spleen and bursa

were fixed in formol-saline for histological examination.

RESULTS

Antibody Production = Anti HSA antibody in the sera of the TX=IR

and IN=IR chickens was measured with Farr test.‘ The results are
presented in table 4 and Fig. v;

In both groups of birds, the initial rise in the serum anti-
body levels, with its peak on day 10, after the initial immunization,
was followed by a decline in the antibody levels, This decline
in the serum antibody levels was detected on day 1lS. The serum’
antibody levels in both groups of birds subsequently rose again
without further immunization and continued to rise up to déy 38

after the initial immunization. The TX=IR birds, thus, like their

IN=IR controls produced circulating antibody in two separate phases

after a single L{.m. injection of HSA in FCA.

Statistical analysis showed that the titre of anti HSA anti~
body (ABC,y) in the sera of IN-IR chickens on day 10 was signifi-
cantly higher than that of the TX-=IR chickens (P = 0°¢04) uwhereas
the antibody titrs of £he TX=IR chickens on day 21 was significantly
higher than that of the IN-~IR birds (P = 0.09), The differences
between the antibody titres in the sera of these tuwo groups of

birds on days 15, 20 and 38 after the immunization were not state-

istically significant (P = 0.15, 038 and 021 respectively),
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Table 4 = Serum antibody levels (A.‘BC3O yug/ml) in thymectomized—ii‘radiated §

and intact-irradiated chickens at different intervals after a single i.ms

injection of 4 mg HSA in Freundss complete adjuvant.

N Day 2 28 Day 38
No.|ABCzgug/ml| . No. |ABC=, ug/ml| No. |ABC.. ug/ml| |
Chickens - . of Me;,t?x & of 2 e R A
No. | ABCs ug/ml | Mo, ABCqug/ml | . Mean & O+ IMean &
cg Ll Meam & | of | mMean g |OChicky Range |CBicky  ponge  [ohick)  Range’
. Chick- ens eng - :
ens Range ons Range ens
Thymectomized 9.2 0.45 10.55 40.6 109.4
—irradiated] 4 . .. o 4 1 . 4 1. . 3 ' 3 |
. : ot ) |
Intact 3.64 1.48 4.0 128.86 851.7
| 7 7 o . 7 S 5 5 | .
~irradiated 0.6-9.0 0.18-5,1 0.5~ 9.6 20.3-384.0 45.6-3720.0
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Fig.V- Serum antibody levels in a group of thymectomized—
irradiated chickens(broken line) and a group of intact-
irradiated chickens(solid line) up to 38 days after a single
i.m. injection of 4 mg HSA in FCA.The thymectomizedmirradiated
| chickens,like their intact-irradiated controls ,produced

antibody in two phases as antibody 1evels in the circulation
showed two cycles.



Body uWeights and the Weights of the Lymphoid organs = The weights

~

of the splesn, bursa and the thymus as well a; the body weights of TX-IR
and IN-IR chickens are pressnted in table 5.,  1he differences

between the body weights and the weights of the spleens and the

bursas in these two groups of birds were not statistically signi=-

ficant (P = 0+14, 015 and U*47 respectively),

Teble 5§ - Body weights and weights of the lymphoid organs of the thymect-

cnized=irradiated and inta;t-irradiated chickens at 10 weeks of agse.

No. of|Body weight |Spleen weight|Bursa weight|Thymus weight
thickens (9) (mg) (mg) (mg)

chicks|mean & range[{mean & range |mean & rangel{mean & range
Taymecto= | 3 62646  1329+0 127546 13343
rized
irradiated 455-725 725-1938 656-1940 122-144
intact 4 7537 18527 1300+5 5208
irradiated 625-945 1260-2713 1156~1502 4138-6296

At autopsy all TX=IR chickens were found to have rudimentary or
well-developed thymic lobes in the lowsr end‘of the neck. The
weights of the thymié lobes in the IN=IR chickens and thos§ found -
in the TX=IR chickens are presented in table 5. The difference
between the thymus weights of the IN=IR chickens and those of the

TX=IR chickens was statistically highly significant (P = 0+0001).

‘Histoloqgical FindinQS'

The Granuloma = A granuloma had formed in the pectoral muscles

of both groups of birds, where the antigen in FCA had besn injected.
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Plate 8
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Plate 9
uP, x 102

Photomicrographs of sections of the granulomas which formed
in the pectoral muscles of a tﬁyaectoniz-d-irradiatod chicken
(plate 8) and an intact-irradiated chicken (plate 9) at the site of
inoculation of 4mg HSA in Freund's complete adjuvents. There are
large numbers of plesma cells in the granulomas of both intact and
thymectomized chickens., Note also formation of two germinal centres
in the grenuloma of the thymectomized chicken. Epitheloid cells
and lymphocytes in the granuloma of the thymectomized bird are very
scarce. In contrast, the granuloma of the intact chicken shouws

massive infiltration of epitheloid cells and lymphocytes,



The TX-1R chickens had rathar smaller granulomas than those of the
IN=IR chickens whose granulemas had spread through almost all right
pectoral muscles,

In histological sections, it was found that the muscles tissues
had been replacediby a lympho=-epitheloid tissus, Large numbsrs
of immature and mature plasma cells were present in ﬁhe gtanuiomaa
of both grﬁups of birds, In the histological section of the gran=-
uloma of one TX=IR bird two germinal centres wesre found indistinguish-
able from the germinal centres of the spleen (Plate 8 ).  Howsver,
the histological ssctions showed clearly that there was higher
infiltration of csells in the granulomas of the IN=IR birds in
comparison to that of the TX~IR birds (Plate 9 ). There was no
indication that neonatal thymectomy coupled with whole body
irradiation hgd supﬁressed proliferation of plasma cell series of
cells in the granuloma, However, it was very clear in the histo-
logical sections that infiltration of epithsloid cells, mulincleated
giant cells and lymphocytes had bean conéiderably inhibited by neo=-
natal thymectomy followed by whole body irradiation of the birds.
'Sgleen - Moderate numbers of plasma cells and germinal-centras vere
found‘in the spleen sections of both IN-IR and TX=IR chickens, No
plasma cell or germinal centre counts were carried out in any spleen
section, Howsver, there wes no indication that neonatal thymectomy
couplad with whole body irradiation had brought about a marked
reduction in the nuﬁbers of plasma cells and germinal centres in
the spleen.'

In the spleen sections of the TX-IR chickens, thére was a
ﬁdticaable deplefion of lymphocytes in the white pulp strand. The
lymphocyte depletion was confined particularly to the peri-arterial
sheaths of the white pulp (Plate 10). It was found that the degree
of lymphocyte depleticn in the white pulp of the spleen varied

among the TX-IR birds. Marked lymphocyte depletion was found in
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Plate 10

Up. x 384

Plate 11

uP, x 384

Photomicrographs of sections of spleens of a thymectomizede
irradiated chicken (plate 1l0) and an intacteirradiated chicken
(plate 11), The chickens had been immunized with i.m. inoculation
of 4 mg HSA in Freund's complete adjuvent 38 days previously and
were injected intravenously with indian ink 5 minutes before they
were killed, Note depletion of small lymphocytes in the perie
arteriole sheath of the white pulp in the spleen section of the
thymectomized=irradiated chicken, There 1is no apparent cell
depletion in the peri-arteriole sheath of the white pulp of the
intect=-irradiated chicken, The carbon-bearing cells are largely
at the periphery of the ellipsoids and to a lesser extent in the

white pulp of the spleens of both chickens,



the whitse pﬁlp of the splsen of the TX=IR bird which had tha'
smallest thymus residue.

The macrophages in and around the ellipsoids, in the spleens
of bbth groups of birds were found loaded with the carbon particles
of the indian ink. There was no differsence bstween the pattern
of localization or distribution of carbon particles in the spleens
" of TX=IR and IN=~IR chickens,

Bursa of fFabricius - There were no apparent histological differences

between the bursas of ths TX-IR birds ‘@and those of their corrsspond=-
ing intact controls,

Summary = The role which thymus plays in enhancing production of
antibody and formation ﬁf epitheloid granuloma at the site of inoc-
ulation of HSA in FCA was investigated.

Neonatally thymectomized and irradiatsed chickens were immuniz-
ed, along with their intact-irradiated controle with i.ﬁ. injectioh_
of 4 mg HSA in FCA, Both groups of birds produced antibody in tuwo
major cycles or phases. Neonatal thymectomy couplea with whole
body irradiation reduced the serum antibody levels in this biphasic
antibody response;

Histological investigation showed that neonatal thymectomy
followed by whole body irrediation suppressed infiltration of f
epitheloid cells, giant cells and lymphocytes in the granuloma.ahd

brougint about a depletion of lymphocytes in ths peri~arteriole shaaths

of the white pulp of the spleen,

These results ars discussed in relation to the role of the thymus
}n formation of the lympho-epithsloid granuloma which is a site where
the bulk of antibody is formed during the second phase of the biphasic

antibody response. The depletion of lymphocytes in the white pulp

of the spleen is discussed in relation to migration of cells from

the thymus to the splesn,

.
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Experiment 4 = Study of tha Effect of Thymus on ths Ability of

Freund's Complete Adjuvant (FCA) to Potentiate

Antibody response of the Chicken to HSA.

Introduction - The results of the preceding experiment in which
antibody production in thymectomized chickens given HSA in FCA was
studied revealed fhat circulating antibody levels of ths TX=IR chick=-
ens were lower than those of their corresponding intact controls,
Several groups of workers hava'recently fnuﬁd that T - cells ara.
required for potentiation of entibody formation when antigen is
given in FCA, Allison et_al. (1571) found that in mice depletad
of T-cells antibody response to BSA in FCA is decreased. When
mice éra reconstituted with a thymus graft marked stimulstion of
antibody formation by the adjuvant 1s again obtained, Similar
findings in mice were reported by Dresser (1972) using sheep RBC and
pertussis adjdvant.

The aim of this éxperimegt is to ascertain whether in chicken
cooperation of the thymus is necessary for full effectivensess of
FCA in enhancing production of antibody. The experiment is designed
on the hypothesié that chickens depleted of T=-cells, by neonatal
thymectomy coupled with whole body irradiation, would produce the
same amount of antibody when immunized to HSA in FCA as that of
iniact—irradiated chicksns given‘HSA in water-in-0il emulsion,

Brief Outlinss of fiaterials and Methods (datailed accounts of the

materials and methodé were given in the *"General Materials and
Methods“).
Birds = Thornber 808 chicks were used in this experiment,

Surqical Operation and Irradiation = The chicks wers thymectomized

on the day of hatching.  The thymectomized chicks along with their
intact controls were subjected to whole body irradiation on the day

after hatching., The chicks were kept under the exposuré of 800

69



rads of radiation from a 60Cobalt source with source skin distance

of 70 cm.

Antigens and Immunization Schedule - At 4 weeks of age, the thymec~

tomized-irradiated chickens and a group of intact-irradiated chickens
were inoculated intramuscularly with HSA in FCA, The inoculum for

each bird consisted of 4 mg HSA and 1 mg 1., tubsrculosis suspended

in U5 ml Arlacel-Drakeol 6 VR and 0«5 ml salins,

The second group of intact-irradiated chickens were inoculated -
intremuscularly with HSA in water-in-e0il emulsion. The inoculum
for each bird in this group consisted of 4 mg HSA suspsnded in 0°5 ml
Arlacel-Drakeol 6 VR and 05 ml saline (tabie 6). The site of
inoculation in all groups of birds was right pectoral muscles.

The chickens were bled at different intervals after immunization
and anti HSA antibody in their sera was measured by Férr test.,

There was a high rate of mortality among the thymectomized=
irradiated birds., Out of 16 TX-IR birds only 4 survived by the
age of 4 wesks, | Another two TX-IR birds disd during the courss
of experiment, It wuas decided, however, to continue measuring the
circulating antibady in the remaining TX-IR birds and all the intact-
irradiated controls as long as possible to determine the peak and
fall of antibody levels in the sscond phase of the biphasic antibody

/

responsae.
All chicksns were sacrificed at the ags of five months and an

autopsy was carried out on each bird. The site of inoculation of
HSA in FCA or HSA in water-in-oil emulsion was dissected to determine
tﬁe formation of granuloma in the area. The area along the jugular
veins in the TX-~IR birds was also carefully examined to determine

wﬁether all thymic lobes had'been completely removed in the surgical

operation which was carried out on the day of hatching.
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RESULTS

Antibody Production = Anti HSA antibody in the sera of TX=IR and

In=IR chickens was measured with Farr test up to 113 days after
the initial immunization; The results are presented in table 6
and Fig VI,

In all groups of birds, the initial rise in the serum anti-
body levels, with its peak on day 10, was followed by a decline
in the antibody levels, This decline in the antibody levels was
detected in the sera of all three gréups of birds on day 15, The
serum antibody levels in all groups of birds subsequertly rose again
without further immunization and continued to rise up to day 51 (in
the IN-IR birds immunized to HSA in water-=in-oil emulsion) or day
64 (in TX~IR and IN-Ié birds immunized to HSA in FCA.) The serum
antibody lavels then showed an abrupt decline on day 64 (in IN=IR
birds immunized to HSA in water=in-oil emulsion) or on day 92 (in
 TX-IR and IN=-IR birds immunized to HSA in FCA).

With regard to the peak of the serum antibody levels in the
first phése of antibody response, the IN-=IR chickens immunized to
HSA in FCA were found to have significantly higher titres of anti-
body (ABCBO) than the TX-IR chickens which were immunized similarly
(p = 0+029). The difference batween the antibody titres (ABCsU)
in the sera of these two groups of birds on the peak of second

phase of antibody response was not statisticelly significant

~,

(p = U'37)0
Post Mortem Findings = All IN=IR chickens which were lnoculated

with HSA in FCA had deve10ped a large granuloma at the site of
inoculation. Thse TX~IR chickens were also found to have granuloma
‘at the sita of inoculation. The granuloma.in thq TX=1IR chickens
were abviously smaller than thaseof the IN=IR chickens but the

appearance of ths cut surface of both were similar, No granulation
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Table 6~ Serum antibody_lévels (AECSO vwg/ml ) in a group of thymectomized-

irradiated end two groups of intact-irradiated chickeus at different

intervals after a single i.m. injection of 4 mg HSA suspended either

in Freund?s cozplete adjuvent (FCA) or in water-in-oil emulsion(W0).

Chickens Pay 10 | Day 15| Day 21 | Iay 28 Day 38 | TDay 51 Day 64| Day 92 | Day 113
Tf.\ymectomized_ * 3.5 1.93 16.36 | 37.6 38.1 52.2 68.1 34.5 39.3
lrradldted’ “**O. 25—5.0 1 '3'—202 902"2502 11.4"51.0 3708"380448.0"56 04 5905"‘76 07 32 04"35 07 3500—43‘6
immnized tolaxs 4 A 4 3 ;
4 mg HSA in FCA | 2 2 2 ° °
Intact-irradiated| .* g.o | 3.25 | 6.64 | 28.2 51.8 52.4 100.9 49.7 53.7
immunized to [*6.6-12.72.4-2.1 2.5.13.2/9:0-58-8145 ¢_70.8|27.0-66.0| 28.2-246.9 9.1-133.6| 23.7~1451
4 mg HSA in FCA |[®¥¥* 6 6 6 6 6 6 6 6 6
Intact-irradisteal * 5.34 1.95 | 6.60 | 25.58 51.24| 65.4 59.2 30.6 34.7
i]ﬂmunized ‘to %}*105"‘1107 105"204— 205"‘108 11 .7"'39.0 30.0_72.0 36.6__156.044.6_106 316.0—-61.5 ]6.1—51 O
4 mg HSA in wo |uxxx 7 7 7 7 5 5 5 5 4
* Mean serun antibody levels(ABCBOug/ﬁl ) .

** Range of serum antibody levelS(ABCBO vg/ml )

*#% Numbers of chickens,
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Fig.VI-Serun antibody levels in a group of thymectomized-irradiated chickens
(broken line) and a group of intact-irradiated chickens (solid line ) after a
single im. injection of 4 ng HSA in FCA . The dotted line shows the serum
antibody levels in a second group of intact-irradiated chickens affer a single
j ot injection of 4 mg HSA in water-in-oil enulsion (W0).
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ltissue was obvious by naked eye inspection in the pectoral muscles
of the IN=IR chickens which had besen inoculated with HSA in water=-
in-ocil emulsicn,

- Inspection of the areas along the jugular veins in the thymect-
omized-irradiated birds revealed that thers was regeneration of thymic
tissues in these birds. Each bird had two rudimentary thymic lobes
which were located in ths lower end of the neck. The thymic lobé.
in this area is difficult to remove and it is usually removed by bits
and pleces., Any thymic tissue which is left, provided it has vascular
connection, would regenerate,
summary - Thé~concapt of whether cooperation of thymus is neccessary
for full effectivensss of FCA in enhancing production of ant;body
was investigated,

A group of TX-IR chickens wasg. piven a single i.m., injection of
4 mg HSA in FCA, A group of IN=IR chiékens was . similarly given
4 mg HSA in FCA. A second group of IN=IR chicksns wae 4given a
single i.m. injsction of 4 mg HSA in water—in-oil emulsion.

Anti HSA cantibody in ths sera of all groups of birds was meas=—
ured by Farr test at different intervals after immunization up to
113 days after the initial immunizat}on.

Formation of antibody in all groups of birds occurred in tuwo

separate phases as there were two major cycles of an§ibody in the

circulation,

With regard to the peaks of serum antibody levels in the Pirst
and second phase of antibody raesponse, the IN=IR chickens immunized
to HSA in FCA were found to have higher titres of antibody (ABCzo)
than the fX—IR chickens which were immunized similarly with HSA in FCA.
The‘antibody titres (AECSD) of the TX=-IR chickens were almost equal to
those of the In=IR chickens immunized to HSA in watsr-in-oil emulsion.

. the
These results are discussed in relation to the part whichVihymus



plays to bring about optimum effectiveness of FCA in enhancing anti-

-

body production,

Experiment 5 -« The Effect of Bursectomy on Day 18th of Incubation
of Chick Embryo on Cellular Development of tha-Thymus

Gland and Production of Antibody to Sheep R.B.C.

The .
Introduction =Vbursa of Fabricius contributes to the development of

the peripheral lymphoid tissues such as spleen and caecal tonsils by
seeding these tissuss with cells, In the young chick, bursa cells
migrats to the peripheral lymphoid tissues as well as to tha thymus
gland (Linna et al., 1969, Hemmingsson et al. 1972a), The fact that
neonatal bursectomy without whole body irradiation does not eliminate
the entire population of plasma cells in the peripheral lymphoid
tissuss of the bursaless birds (Cooper st al, 1966) indicates also
that migration of cells from thq bursa to other sites in the body

is well uﬁdar way in the embryo.

It is not, however known whether the cells which migrate from
the embryonic bursa to other lymphoid tissues repreéent_a small pop-
ulation of cells or there is extensive cell migration from the bursa
during the eﬁbryonic périod.' If there is extensive migration of
cells from the bqrsa to ;ther lymphoid tissués during the embrypnic
period, surgical ablation of bursa in the chick embryo or inhibition
of the bursa in ovo by a steroid hormone is expected to bring about
atrophy or marked depletion of cells in the spleen and thymus, Sgv-
eral groups of workers have in fact found that inhibition of the
bursa of Fabricius in the embryo by sterecid hormonqs brings abogt
varying degrees of thymus atrophy (Warner st al. 1962b, Warner gﬁ_gl.
1964, Pierce gt al. 1966). Thymus atfophy ¢f the hormonally burse-

ctomized chickens has bsen atiributed to the effect of the steroid

/
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hbrmona on the thymus, There is howsver no direct evidencs on

the inhibitory seffect of the steroid hormones‘pn the thymus and ihe
poséibility that deprivation of the thymus AbF thé bursa cells and/
or its humoral factor (if any) may bring thymus atrophy has not been
ruled out.

In'this experiment the bursa of Fabricius is surgically ablated
on day 18th of incubation with the view to ascertasin the part which the
embryonic bursa plays in the cellular Qavalopment of the thymus and
spleen, Furthermore, the bursectomized chicksns ars immunized to
shéep R8C to verify whether bursectomy in ovo on dey 18th of incub-
ation would completely eboljsh ths humoral immuns system which is
responsible for production of specific antibody,

Brief Qutlines of the Materials and Methods (detailed accounts of

the materials and methods were given in the “General pMaterials And
Methods"),
girds = Thornber 808 chicks were used in this experiment,

Bursectomy "In-ovo" = The fertile Thornber 808 eggs wera'put in the

Westernstte incubator. A random selection of embryonated eggs were
taken out of the incubator on day 18th bf incubation and the embryos‘
were surgically bursectomized in oava. The bursectomized embryos

wera again placed in the incubator until they hatched on the day 21st

of incubation,

Antigen and Immunization Schecule - At eight weeks of age, the burs-

sectomized chickens and the corresponding intact controls uwsrte eacﬁ
given an intravenous injection of 3 x LOB sheap RBC. The birds uwers
bled on day B'éfter the immunization and were killed S minutes after’
i.ve injection of 1 mi indian ink,

The birds were weighed immediatdy before they were killed,
Spleen, bursa and all thymic lobes were carefully removed from the.

birds and were weighed. Spleen and thymus were then placed in
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formol saline, Histological sections of these lymphoid tissues

were cut and they were examined under the microscope. .
Antibody to sheep RBC in the sera of the bursectomized and intact

chickens was measured by haemagglutination test and serum IgG levels

wvere determined by radial immunodiffusion test (Mancini test). The

sera of both groups of birds were also analysed by immunocelectrophoresis,

RESULTS

Body Weights and Weights of the Lymphoid OUrgans = The boady weights

and weights of the lymphoid organs of the bursectomized and intact
chickens are pfesented in table 7 .

Although the mean body weight of the intact chickens uwas higher
than that of the bursectomized birds, the difference was not statis-
tically significant (P = 0°30). 1he difference between the spleen
waights in these tuwo groups of birds was also without statistical .
significance (P = 0+18). The bursectomized chickens, however, were
found to havse vefy small thymic lobes and the difference bstween the
weight of the thymus in bursectomized chickens Qith that of their
corrasponding control waé statistically highly significant (P = 0:01)."

Antibody and InG Levels in the Sera of Bursectomized and Intact Chickans

Table 8 shows the serum levels of haemagglutinin to sheep erythrocytes

/

A very low titre of haemagglutinin activity was dstected in the

and the serum IgG levels,

sera of all bursectomized chickens, The haemagglutinin activity in
the seré.bf the intact chickens was about 80 fald- higher than that
of the bursectomized chickens (P = 0.00l1),

Immunoelectrophoresis showed the presence in the sera of bursec=
tomized birds of precipitin arcs due to all classes of immunoglobulins.
However, the quantitative determination of serum IgG by Mancini test
"showed that the level of this class of immunoglobulin in the sera of

bursectomized chickens wasg three timses lower than that of their

.
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Teble 7 - Body weights end weights of the lymphoid organs of

the bursectomized and intact chickens at nine weeks of aga,

NO. Body Spleen Weight | t1hymus Weight | Bursa Weight
of " Weight (ng) m m
Chickens (g9) (mg) (mg)
Chickens] Mean & | Msan & Range Mean & Rangs Mean % Range
Range
Burssect=- 841-0 23034 3228+0 -
5
omized#* 730-925 | 1714=2786 256U=4250
Intact 5 875.0 2661.2 489u.8 35540
715-1020 2031=3604 3282=-6014 2434=-4474

# These chickens were bursectomized in ovo on day 18th of incubation,

Table 9 ~ Numbers of gsrminal centrss in four sections of the

spleens of bursectomized and intact chickens 8 days after 1.v.

injection of 3 x 108 sheep KBC.

NOo numbers of germinal centres in
Chickens of four sesctions of the spleen,
‘Chickens _Mean Range
dursectomized# 5 18 0-47
Intact 5 1648 36-369

* These chickens were bursectomized in ovo on day léth of

incuhation.




corresponding intact controls (P =<0,01)

Table 8 = Antibody Titres and IgG Levels in the sera’
of bursectomized end intact chickens 8 days after a

single i.v, injection of 3 x 108 sheep RBC.

No. Reciprocal of 196G levels
of antibody titres Mean & Range of
hicken
Chickens Chickens rean & Range the areas of the
precipitin rings
2
(mm )
56 78+96
pursectomized® 5
4 -8 39434-113.41
: 460.8 23320
Intact 5
256=512 200¢96~254434

# These chickens wers bursectomized in_ova on day 18th

of incubation.

Histological Findings

Spleen = In the spleen sections, the ellipsoids had been distinctiveiy
demarcated by the indian ink which was intravenously injécted into
the birds 5 minutes before they were killed. In the spleen sections
of the intact birds, large numbers of macrophéges bearing carbon
particles were found in and around the ellipsoids as well as in
thé white pulp areas (Plate 12). Large numbers'of germinal centres
were found in the white pulp of the epleens of the intact birds

fres .

(table 9 ). Those germinal centres wereYfrom carbon particles.

Spleen sections of the bursectomized chickens showed higher
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Plate 12

UP, x 48

Plate 13
UP, x 48

W) SR
THLTT Py

M

Photomicrographs of sections of spleens of an intact chicken

(plate 12) and a chicken which had been bursectomized in_ove on

day 18th of incubation (plate 13)s The chickens had been immuni,ed
with 8 single i.ves injection of 3 x 1o° sheep RBC eight days preve
iously end had been injected intravenously with indian ink 5 minutes
before they were killed, Note large numbers of germinal centres in
the plate 12 and total absence of these lympholid nodules in the

plate 13, The ellipsoids have been well demarcated by the carbone
bearing cells, Note that in the spleen section of the bursectomized
chicken almost all carbon-bearing cells are confined to the perie
clliploldal zones, whereas in the spleen section of the intact control
bird, large numbers of carbon-bearing cells ere already in the

white pulp strand.



concentration of the carbon particles in ths ellipsoids, whereas
the areas immediately around the ellipsoids as wsell as thse whité
pulp strands ware found almost free from carbon-bearing macrophages
(Pléte 13). Peri-gllipsoidal zones in the spleens of bursesctomized
chickens particularly were found markedly depleted.

In ths spleen'sactions of 3 (60%) bursectomized birds, no
germinal centre was found, However, in the spleen sections of
the remaining bursectomized birds germinal centes wers found in
the white puip strand with no apparent histological diffsrences
with those in the splasns of the intact birds. it was also guite
evident that bursazctomy in ove on day l18th of incubation had
substantially reduced the numbers cf immature and mature plasma
calls, Rowsver, thess pyroninophilic cells were found scattered
in the red pulp areas of all bursectomizsed chickens.,

Thymus = The thymic lcbules of the bursectomized chickens were
found to be smaller than those of thsir corresponding controls.
The madulla appéared particularly atrophied and depleted of cells
(Plate 15 compare with Plate 14). yhereas there were large

numbers of pyroninophic blast cells in tha thymic medulle of the

intact birds, thesae ceslls were totally absent from the medulla of

the thymus of the bursectomized birds.'

It was however quite obvious in the hisfological sections of
the thymus, that there was also a depletion of lymphocytes in the
thymus of the bursectomized chickens since pyroninophilic cells
did not constitute a large proportion of the cells within the
thymus of the control birds. It is thus unlikely that depletion
of ﬁyroninophic cells alone could cause a marked atrophy of the
thymus in burseéctomized chickens. |
Summary - The effect of bursectomy on déy 18th of incubation of

chick embryo on cellular development of thymus, production of anti-
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Plate 14

UP, x 42

Plate 15

UP. x 42

Photomicrographs of sections of thymus of an intact chicken
(plate 14) and of a chicken which had been bursectomized in _ove
on day 18th of incubation (plate 15). The chickens had bgen
immunized with a single i.,vs injection of 3 x 108 sheep RBC eight
days previously and hed been injected intravenously with indian ink
5 minutes before they were killeds Note very small and atrophied
thymic lobules of the bursectomized chicken in comparison to the
large end well developed thymic lobules of the corresponding intact
control chicken, Carbon-bearing cells are absent in the thymic

lobules of both chickense



body and immunoglobulin was investigated,

Eursectomy in ovo on day 18th of incubation brought about
" substantial reduction in the thymusAweight. Histological examin-
ation of the thymic lobules revealed that both cortex and medulla
had been markedly atrophied, Thymus atrophy in the bursectomized
birds was found to be dus to total absence of blast cells, plasma
cells and'partial depletion of lymphocytes,

Bursectomy in ovo on day 18th of incubation inhibitec almost
totally formation of germinal centges in the spleen but did not
eliminats the entire population of plasma cells in this lymphoid
organ,

Surgical ablation of the bursa in ovo on day 18th of incubation

was found to suppress almost totally production of antibody to

sheep HBC and reduced significantly circulating IgG levels,

Thess reéults suggest strongly that bursa of Fabricius contri=-
butes substantially to the c;llularnﬁke up of fhe thymus. The
findings in the spleen sections indicatse that migration of cslls
from embryonic bursa to the spleen is well under way by day 18th
of incubation. Furthermore, the results of this study provides
additional evidence that development of the humoral immune system

responsible for production of antibody to sheep RBC and Iq9G

synthesis is bursa dapendent,

Experiment 6 = Study on the Anatomical relationship of the umbilical
Cord Residue with the Small Intestines and its Histo-
logical Structure in Bursectomized and Intact Chickans.

T
Introduction =Vumbilical cord is a narrow stalk which connects the

chick embryo with the yolk sac and includes all the garm layers:
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an outer ectodermal layer, a double sheath of mesoderm and an

‘endodermal lining, In addition it contains the blood vesssls

going to the yolk sac,

In the young and adult chickens although the yolk and the
yolk sac disappear completely, part of the umbilical cord, howsver
remains as a small vermiform appendix which 1s attached to the
small intestine.,Themammalian homologue of this umbilical residus
is known as meckel's diverticulum,

It has Leen shouwn that thie verwiform eppendix in chicken is
composed mainly of lymphoid cells (Calhoun 1933), However, the
relationships of the lymphoid cells of this appendix with the bupsa
of Fabricius has not been investigated, It is nct known whether
this appendix is populated with lymphocytss from the bursa of
Fabricius in the same way as the peripheral lymphoid tissues such
as splaen and caecal tonsils or the lymphoid cells of this appendix
remains independent of the bursa of'Fab:icius. v

Tﬁis study was therefore undartaken to deterhiﬁe.the relation=-
ship of this appendix with the small intestine and to investigata
the éellular structuré of this appendix in buréectomized and intact
chickens with special refersnce to plasma cells and germinal centres.

Brief Dutlines of the Materials and Methods (detailed accounts of

the materials and methods were given in the "General materials

and Kethods"),

Birds -~ Thornber 608 chickens of both sexes were used in this

study.

Post Mortem examination =~ uvay old end one wuweek o;d chicks wsere

killed with ether and nine wesks old chickens ﬁere killed with

sodium pzntabarbitonae, A long mid line incision was made with

scalpel in the skin and abdominal muscles., The skin and abdominal

muscles on either sides werae then laid open, The intsstins was
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exposed and it was disconnected from the mesentry, the gizzard
and the cloaca by a pair of scissors. The intestins mas than~
taken out from the body cavity and it was laid out on a flat
surface in post mortem room, The small intestiﬁe was inspected
for presence of the umbilical cord (in young chicks) or umbilical
cord residue (in adult chickens) and their enatomical relationship
with the yalk sac and small intestines was studied. In crdar to
- determine the exact pasition of the umbilical cord or umtilical:
cord residue in the small intestine, different parts of the small
intestine in relationship to umbilical cord or its residue were’
carefully measured by a ruler,

| in chicken, there is not a sharp demarcation betwaen~jejunum
and ilsum (Bradley, 1960). In this study, however, that part of
the small intestine which lies batween the doudenum and umbilical
" cord residue is referred to as jejunum and that part of the small
intestine which lies between the umbilical cord residue and the
beginning of large intestine {is refarred to as ilsum, |

The umbilical cord residue of nine wesks old chickens and

that of their corresponding intact controls were cut for histological
examination., These two groups of birds wers those used in the
previous expsriment, Ons group consisted of 5 chickens which
had been bursectomized in ovo on day 18th of incubation. Their
controls consisted of 5§ intect chickens, The chickens in both

groups had each been given an i.,v. injection of 3 x lD8 sheep REC

gight days before they wers killed.

RESULTS
Téble 10 shows the measurements taken from the differsnt segments
of the small intestine, umbilical cord and umbilical cord residue.

It appears from these results that the umbilical cord or its

residue is attached to the small intestine almost mid way between
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Table 10 - The length of the umbilical cord, umbiiical

cord residue (Meckel's diverticulum) and different

segments of the small intestine in intact and bursecte-

omized chickens.,

NOo. Length of| Length of| Length of Length of
Chicken Ags of Duodenum | jejunum |umbilical ileum
mm mm mm
Chickend (mean & | (mean & |cord or itd (msan &
range) range) |residue® rangs)
mm
(mean &
range)
"Intact one 10 90.+0 135.0 9.0 10040
day
old (70-110) |(l20-160)|(8-10) (90-115)
one 139+0 209+0 745 190+0
Intact week 8
old (130-150) |(200-225)| (6-8) (160-210)
nine 223 .0 402+ 0 55 3990
"Intact week 5
old (200-240) |(345-510) | (4=7) (340-490)
nine 200-+0 380+0 4.0 376+0
Bursectomized week | S
old (170-220) |(350-420) | (3-5) (340-420)

* The figures

in this column show the length of the umbilical cord

in one day old and one week old chickéns and in the cass of nins

weeks old chickens the figures in the column represent the length

of the umbilical cord residue (Meckel's diverticulum).




the ducdenum end large intestins,

Tha umbilical cord in day old and one wveek 0ld chicks connects
the yolk sac to the small intestins, Tﬁe cord is a narrouw stalk
which is open at ons end to the small infestine and at the othsr
end tao the yolk sac. (Plate 16)

In nine week o0ld bursectomized and intact chickens, the yolk
sac was not found in any bird, The umbilical cord residue in
these birds appeared as a small blind vermiform appendix attached .
to the small intestine. The umbilical cord‘residue in nine weék
old birds was very much thigker and shorter than ths umbilical

cord in one day old and one week old chicks (plate 17,tabls 10).

;Histolcgical Findings = Histological sections of the umbilical

cord residue in nine week old intect chickens shaved structural
similarity.with that of the caecalltons{195 Beneath the outer.
serosa, a8 layer of ;ircular and a layér of longitudiﬁal smooth
muscles respectively were founds The submucosa formed a thin
layer. .The lamina propria and the cores of ths villi cohtained
lymphoid cells = mainly small lymphocytes. Lisberkuhn glands
with an irrsgular and variable sizes were embedded in the lyhphoid
tissues beneath the submucosa.

Cerminal centres were found beneath the circular layer of
muscles and betwean the Lieberkuhn glands (plate 18). Thesse centres
wers packed with lymphocytesand blast cells. Large numbers of
blast cells and plésma cells were present in ths histological
sectiona.of the umbilical cord residus of the intact chickens,

In the histological sections of thse umbilical c&rd residue
of the bursectomized chickens, gsrminal centres were completaly
. absent, Plasma cells and blast cells were.also gither totally
" absent or they had been substantially reduced by burssctomy in_ova

on day 18th of incubation (plate 19)
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Plate 16 « The umbilicel cord, yolk sac and part of the small

intestine of one-week old chickes The umbilical cord of one-weesk
old chick like that of the chick embryo connects the yolk sac to
the small intestine and opens at one end into the yolk sac and at

the other end into the intestine.

Plate 17 = The umbilical cord residue (Meckel's diverticulum) end
part of small intestine of a nine-week old intact chicken. Note that
the umbilical cord residue remains in chicken as a vermiform blind

appendix which is attached to the small intestine,
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Photomicrographs of longitudinal sections of the umbilical
cord residues of an intacte-chicken (plate 18) and a bursectomized
chicken (plate 19) eight days after intravenous injection of 3 x 108
sheep RBCs There are two oval germinal centres between the
Lieberkuhn glands in the longitudinal section of umbilicel cord
residue of the intact chickens In the section of umbilical cord

residue of the bursectomized chicken germinal centres are absent

and there is depletion of plasma cell series of cells in the core

of the villi,



The
Summary <Yanatcmical relaticnship of the umbilical cord residue

with the small intestine and its histological structure in bursece
tomized end intact chickens were studied,

The umhilical cord residue was found as a vermiform blind
appendix attached to the sméll intestine almost mid way bstween
the dwodenum and large intestins. Histologically this divert-
Aiculum resémbles the caecal tonsils and it is composed almost
entirely of lymphold cells, Germinal centres wers comﬁletely
absent in the histological sections of the umbilical cord residus
cf the bursectomizsd chickens, Plesma cells were also either
absent or they had been substantially reduced by bursectomy in ovo
on day 18th of incubation.

This study revealed that the umbilical ccrd reéidue in chickens

remains as a gut associated lymphoid organ in which its plasma cells

and germinal centres are bursa depencent,
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l - Antibody Production in Bursectomized and Thymectomized Chickens,

One of the objects of ths present study was to verify uhethser
thare is a bursawindependent humoral immune system in chicken which
participates in antibody production. Some investigators (Lerner
et al. 1971 and Bryant et sl. 1973) found that bursectomy reduced
production.of antibody in chickens, naverthelsss.a low level of
specific aﬁtibody was made by the ;mmunizsd bursectomized birds,
'Accordingly these workers suggested that a system independent of -
tha bursa of Fabricius was responsible for production of antibody.

The general approach to elucidate the role of the bursa of
Fabricius in antibody production has been surgical ablation of

this organ soon after hatching or its inhibition early in the embryo

by administration of a stsroid hormons such as 19 -~ nortestostsrons.
Such birds were challenged later in life with an antigen and their

sera were tested for presence of specific antibody.

In the present study administration of a steroid hormone into
the chick embryo as a measurse to inhibit'devalopment of the bursa
of Fabricius was dismissed as these hormones cause atrophy cf the
thymus (Warner gt al. 1962b, Mueller et al. 1962 and Pierce gt al.
1966). Wesonatal bursectomy without subsequent whole body irrad-
lation was also considered as inadsquate for total elimination of
bursa dependent lymphoid cells in the bird since by the time of
hatching extensive perilipherazation of cslls from the bursa has
already occurred (Cobper st al. 1965) Neoﬁatal bursectomy followed
by whole body irradiation or surgical bursectomy performed in ovo
on day 18th of incubation were the two methodsused in the present
study,

It was shown clearly that chicksns bursectomized neonatally
and wholas body irradiated were unable to produce specific antibody

8 days after a single i.p. injection of 'phaoe JX174 at 6 weeks
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of ags (tabls ) ), The bursectomized-irradiated chickens which
were completely deficient in circulating antigody were found to )
have no bursa residus, Furthermore plasma cells and germinal
centres were totally absent in the spleens cascal tonsils and
thymus of these birds (Plates 3 and 4 -)e These results
clearly indicate that in tﬁe absence of bursa of Fabricius there

appezrs to be no lymphoid organ in chicken which contributes to

the development of humoral immune response to 'phage §X174.,

Some workers, howsver found that specific antibody was still
made by ths bursectomized chickens which appeared slowly 2 = 3 weaks
after immunization (Bryant et al, 1973)., The occurencs of such
delayed antibody production in bursectomized chickens was investi-
gated up t$ 4 weeks after initial immunization. To potentiate
production of antibody, the antigen (HSK) was inoculated i.m.
with Freund's complete adjuvant in bursectomized-irradiated
chickens at 4 weeks of age. The sera of the iﬁmunized birds
were tested for ‘presence of specific antibody with a highly sensi-

tive test = the fFarr test on days, 10, 15,21 and 28 after the

. initial immunization. " The results presented in teble 3 and

Fig IV showed conclusively that bursectomized-irradiated chickens
are completely unable to produce detectable amount of specific
antibody as long as 28 days after immunization. This finding is
taken to indicatg that in the absence of bursa system in chicken,
there is highly unlikely any organ which barticipates in pfoductian.
of antibody to this antigen,

Production of antibody in bursectomized chickens occurs usually
in the chicken in which ths aorgan itself has been ablated but the
cells which had migrated from bursa to other sites in the bady have
not besn eliminated, Cooper gt 2l.(1966) showed thag the effactive

method to eliminate the migrated bursa cells is to irradiate the

neonatally bursectomized birds.
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th In the present study it was also shown that surgical ablation

e -~

of Ybursa of Fabricius on the day of hatching or on day 18 of incub-
ation without whole body irradiation does not bring a tetal deficiency

in the immunological system of chicken for production of a low level

of circulating antibody to 'phaqe X174 (table 1) or to shesp RBC was )

obtained (tabls 8 ), The fact that plasma cells and-gsrminal centres were
found in ths lymphoid tissues of these burssctomized birds indicates
clearly that bursa cells had migrated to other sites in the body
before thc exdrpation of the organ, It is conceivabls thus; these
bursa-derived cells were the cells which responded to these antigens
and pfoduced the low levels of tirculating antibody, Evidence on

cell migration from bursa to other lymphoid tissues is presented

in another chapter of this thesis,
Having established that in complete absence of bursa dependent

lymphoid cells in chicken, detectable amount of specific antibody °

the
is not produced by other tissues, the possibility thaEVEhymus may
the
in fact participate inYhumoral immune responsa with the cooperation
the ’

of Vbursa was next investigated., This investigation was darried
out in thymectomized-irradiated chickens inoculated with 4 mg HSA
in Freund's complete adjuvant, French, Stark and White (1970)
showed thaﬁ normal chickens inoculated intramuscularly with HSA
in Freund's complete adjuvant produced an early phase of antibbd;
responsé with ‘a peak on day 12 followed by a rapiu dacline of
circulating antibcdy on day 15, The circulating antibody level
subsequently rose again, without further immunization, to a greater
level and longer duration than that of ths early antibody responsa.,
The fact that the tulk of antibody in the second phase was made in
tﬁe epitheloid.granuloma which formed at the site of inoculation
suggests that thymus may contribute to the prccuction of sntibody

in the second phase, There was howaver, no sexperimental evidence

.



on this point thus the present study was undertaken to clarify ths
part which thymus plays in cooperation with bursa in antibody
production. The biphasic antibody response in chicken is primarily
bursa dependent since bursectomized irradiated chickens inoculated
i.m. with 4 mg HSA in Freund's complete adjuvant failed to produce
detectable amount of antibody during and up to 28 days after ths
initial immunization (table 3 Fig.1v ). Neonatal thymectomy

did not abelish early or late phase of the biphasic antibody
responss, Howevér, the antibody levels 1n‘the sera of the
thymectomized irradiated chickens incculated i.m. with 4 mg HSA

in Freund's complete adjuvant ue;e found to be considerably lower
than those of their corregponding intact controls(table.4 ). Thass

results suggested that thymus may coopsrate with bursa in production

of antibody to HSA,

The concept of cooperation of thymus with bursa in antibody
production was further investigated in order to dstermine whether

fMycobacterium tuberculosis was the main component of ths edjuvaﬁt

vhich evoked cooperation of thymus in antibody production. 1t

appeared that omission of M, tuberculosis from the adjuvant reduces
the antibody levels in the sera of the intact-irradiated chickens

elmost to the same levels as those in ths thymactomized-irradiatad_
birds inoculated with HSA in pycobacterial adjuvant (fable 6 Fig..VvI).

These reasults sudgsst strongly that coopsratien of thymus with bur;a

in enhancing antibody production is induced by the Mycobacterium

in the anticen-adjuvent mixture. A Similar finding has besen reported
in mice>in which it has been shown that Freund's compiéte ad juvant
potentiates antibody production with the cooperation of the T=-
lymphocytes (Allison et al. 1971b, Dresser 1§72). Dresser showed
that the loueéggincentration of antigen, the greater is the despend-

enca of the Freund's complete adjuvant on the ccoperation of T=
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lymphocytes., In the original study of French, Sterk and white .
(1970) dus to larger amount of flycobacteria (5 mg) and smaller
amount of HSA (40 ug) which were used for immunization oflthe.birds
the antibody lsvel in the sera of the chickens inoculated with HSA
in FCA was far higher than that of chickens given the same amount
of antigen in water-in-oil emulsion, The thymectomized chickens
used in the present study wers not entirely free of T-lymphocytes
as it was Pound that they all had a small thymus residue (tabls 5 )e
t is conceiveble that complets elimination of the f-lymphoctyes
might have brought greater suppression of antibody production in
these birds,

In one experiment antibody production by tiie chickens immunized
to HSA in Freung's complete adjuvant or in watgr-in-oil emulsioﬁ was
followed up to 1ll3 days after ths initial inoculation of the éntigen.
There was no indication that the antibody production in the immuni;ad
birds would soon diminish as the antibody levels in the sera of all
birds oﬁ day 113 of the primary immunization were Eonsiderably high.
I1.0. Altken (permonal communication) found that normal non-irradiated
chickens given a singlé i.m. injection of BSA in FCA or in water=in=-
0oil emulsion produced a high titre of specific éntibody 18 months
after the initial immunization. Herbert (19€8) also found that
mice given a single subcutanéous inaculation of ovalbumin in vater-
in-0il emulsion continued to produce antibody for at least a year,

He showed that the long la;ting antibody production is due to slou

release of small quanﬁities of the antigen from the site of inocul-

ation over a long périod of time. It has recently been shoun

(Uhite 1973) that biphasic production of antibody in chicken is

also dus to slow release of the antigen from the site of inoculation

as daily i.m. injection of HSA in saline produced a biphasic antibody

response similar to that produced by chickens immunized with HSA in

water-in~nil emulsion.
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Serum Immunoglobulin levels in Chickens Bursectomized "In Ovo"

cr_on Day of Hatch., = As seen in table 8 chickens bursectomized

in ovo on day 18 of incubation were found at nine wseks of ags to
have serum IgG levels which were considerably lower than those of
their intact controls, Reduction in thé levels of circulating
immunoglobulins of the bursectomized chickens has been found by
several}workers (Van Meter et al. 1968, Cooper st al. 1969, Aitken
et _al. 1972), Immunoglobulin deficiency of the bursectomized
chickens thus is taken as an indication that production of immuno-
globulin is restricted chiefly to a population of lymphoid cclls
which originatesfrom the bursa of Fabricius. Production of
immunoglobulin by the cells of the bursa of Fabriciﬁs has been

shown in chick emﬁryo on day 18 (Thorbecks et_al. 1968) and on day
14 of incubation (Kincade gg_gi.'197l). The serum immunoglobulin
which was detacted at nine weeks of age in chickens bursectomized |
in ova is unlikely to be the immunoglobulin which formed b} the
bursa célls in situ before surgical ablation of this organ on day
18th of incubation, This is supported by the fact that the half=-
lives of IgG and Ig M iﬁ neonatally bursectomized chickens are

3+4 and 1+5 per day respectively and they would diminish rapidly
(Frommel st al. 1970). Thers is growing evidence which suggests
that bursa cells migrate to peripheral lymphoid tissues vhere they
differentiats into p;asma cells and participate in immunoglobulin

| synthesis (Linna et al. 1969, Hemmingsson gt al. 1972a)., Histo-
logical examination of the spleens of the chickenstursgctomized on
day 18 of incubation showed that this lymphoid organ was not entirely
free from blasma cells, It appéaré, therefors, that by day 18 of
incubation .already migratioa of cells from the bursa to other sites
in the body had begun. Thess bursa-desrived cslls are most probablj

the cells responsible for immunoglobulin synthesis in the bursect=

omized birds,
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Whole body irradiation of the neonatally bursectomized chickens
has bsen used by various wﬁrkers to eliminate the cells which had
migrated from the bursa to other sites in the body, This treatment
effectively eliminates the plasma cells and deprives ths birdsqu ability
produce any detectable amount of specific antibody. ithole body
irradiatiop of the neonatally bursecfomized birds, howsver, doss
not bring a total dasficiency of immunoglobulin synthesig (Alm
et al, 1569, ;vanyi et al. 1969). The results of the present
study are in accorq with those of aboue-mentioﬁed Qorkers as it
was found that bursectomized=irradiated chickens were totally
deficient in circulating antibody to *phage 0xX174 whereas immuno=
electrophoresis of the sera of these birds at 6 weeks of age
revealed that ovar‘57% of the BX~IR birds had immunoglobulin of
.~ all classes (platei ). It is conceivable that the cells which
migrate from the bursa to the pesripheral lymphoid tissues before
hatching are not all killed soon after whols body irradiation of
theneonafally bursectomized birds. Certain numbers of these cslls
probably survive for several wseks or‘longer and participatse in
immunogleobulin synthesié. Inability of the bursectomized irradia-
ted chickens to produce spscific aﬁtibody at 6 wesks of age, is
therefore an indication that at this age all uncommitted B-lymphocytes
had diminiéhed. According to this view bursectomized irradiated
chickens would also become totally deficient in circulating immumo-
yglobulins at later ags, There is indication that, in fact, total
.immunoglobulin deficiency awaits bursectomized irraaiatad chickens
as it has been found that 59% of chickens neonatally bursectoﬁized
and whole body irradiated thg day after operation showed comﬁleta
lack of both IgG and Igm at 8 weeks of age (Qan Meter et _al, 1969).

Histological Findings in the Lymphoid Tissues of Chicken After

Various Procedures on Surqical Ablation of the Bursa of Fabriciug =

Neonatal bursectomy followed by whole body irradiation caused &



cellular depletion in the lymphoid tissues which was very marked,
in the red pulp and periellipsoidal zones of the splaen, in the
- medulla of the thymus and in the villi of the caecal tonsils. The
celi depletion was apparently due to the total absence of plasmé
cell series o’ cells and germinal centres (plates 3 and 5). fhere
is ample eyidence which suggests that plasma cells as well as
blast cells of the germinal centres are descendants aof the lympho-
cytes of the bursa of Fabricius, Studies en lymphocyte migratidn
in chicken, has shown that bursa cells migrats to the spleen, cascal
tonsils and the thymus (Linna et al. 1969 Hemmingsson st al. 1972a),
Plasma cells are consistently absent within the folliclesof the
bursa of Fabricius,. However, the finding that neonatal ablation
of the bursa of Fabricius results in depletion of plasma cells in
the spleen and other lymphoid tissues is taken as an indication
that the cells which migrate from bursa to other lymphﬁid tissues
transform into immature and mature plasma cells,

Neénatal bursectomy without whole body irradiation reduced
but did not eliminate all plasma cells and germinal centres in
the peripheral lymphoia tissues, Bursaectomy in ovo on day 18th
of incubation brought about evan greater dapletion of piasma cells
and germinal centres in the splesn and thymus than nesonatal bursec-

tomy. These raesults étrongly suggest that migration of cells from

the bursa to other sites in the body 1s well advanced before hatching.

Histological examination of the spleens of chickens bursectomized
in ovo on déy 18th of incubation showed that some bursa cells had
populated this lymphoid organ before day 18 of incubation as indic=-
ated by the presence of small numbers of'plasma cells and gérminal

centres (plate 13 and table 9).

Bursectomy in ovo on day 18 of incubation brought about far

greater depletion of cells from the thymus than the spleen.
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Depletion of plasma cells and germinal centres in the spleens of,

these bursectomized birds did not cause a significant reduction

.in the weight of this organ, However, the thymus of the chickens

bursectomized in ovo on day'leth of incubation showed compléte
absencs of plasma cells and germinal centrses, a very pronounced
atrophy of{the medulla and cortex and a significant reduction in

the weight of this lymphoid organ at 9 weeks after hatching (plate 15
and table 7). Atrophy of tha thymus has also been found in chickens

treated with steroid hormones during the embryonic period (Warner

et al, 1962, Warner et al, 1564, Pierce et al, 1966), The present

findings on the thymus atrophy of the chickens burssctomized
surgically in ovo on day 18 of incubation suggests strongly that
normal development of the thymus depends partly on the bursa of
Fabricius, It is conceivable that atrophy of the thymus of the
chickens bursectomized in ovo .surgically or by-treatmant in ovo
with steroid hormones is due to deprivation of thymus, during the

. of
embryonic period, from the cells and/or humoral factor of the bursa
7

of Fabriclus.

The thymus of the ?hické bursectomized in ovo on day 18th of
incubation consistently showed absence of plasmablasts énd plasma
cells gspecially from the meduiia. These pyroninophilic cells,
however, did not constitute a large proportion of the cslls within
the thymus gland of the corresponding intact controls. Thus it is

suggested that atrophy of the thymus of the chickens bursectomized

in ovo on day 18th of incubation is due to absence within this

of
lymphoid organV the pyroninophilic blast cells and plasma cells

as wsll as a population of lymphocytes. Presence within the thymus
a high population of burse-depsndent cells has also been shown by
Zucker et al, (1973), Thesae workers found that neonatal bursectomy

reduced tha total lymphocytes of the chicken thymus by 15¢ at 16
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wesks of age. | . o

It should be mentioned that neonatal bursectomy coupled with
whole body irradiation also eliminates plasmablasts and plasma
cells from the thymﬁs but does not bring about a marked atrophy
of the thymus (plate § ). It appears therefore that bursa of
Fabricius contributes to the cellular development cf the thymus
particulariy during the embryonic period.

The contribution of tﬁa bursa of Fabricius to the cellular
development of the umbilical cord residus (Mecksel's diverticulum)
had not been investigated previously, In ths present study, this
diverticulum was found histologically very similar to that of the
caecal tonsils, Absence of plasma cells and gorminal dentres in
the iieckel's diverticulum of the bursectomized chickens indicates
strongly that this vermiform appendix, like caecal tonsils is also
populated with the cells of the bursa of Fabricius. This vieuw 19.
substantiated by the demonstration that labelled bursa cells homs
in this.gut associated lymphoid tissue after in_sjtu labelling of

the bursa uith 3H-thymidine. This svidence will be presented in

part two of this thesis,

Histoloqical Changes in the Lymphoid Tissues of Chickens After Neo-

natal Thymectomy = Neonatal thymectomy followed by whole body irrad- '

iation did not suppress proliferation of plasma cells and formation
of germinal centres ;n the splsen, However, spleens of the thymec-
tomized-irradiated chickens éhowed congsidsrable cell depletion affecte
ing only the lymphocytes. In the spleen, thsre vas .histologicél
evidence of lymphocyte depletion in the peri-arterial sheaths of

the white pulp (plate 10). There has been a number of studies

vhich demonstrate migration.of cells from the thymus to the spleen
(Linna et _al, 1969, Hemmingsson 1972). Further evidence on migration

of cells from the thymus to the peripheral lymphoid tissues will be
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presented:in part two of this thesis, I£ i& therefore suggested
that cell deplstion in the spleens of thymectomized-irrédiatad
chickens is due to absence within this lymphoid orga£$5 population
of lymphocytesuhich originate from the thymus. Neonatal thymect=
omy cuts off miération of thymocytes to the spleen, consequently
certain specific areas within this organ remain depopulated. This

view is substantiated by the fact that thymocytes labelled in vitro

with 34 - sdensosine heme preferentially in the areas of the spleens

of the intact chickens which correspond to the depleted arsas in the
spleens of the neonatélly thymectomized chickens,

There was apparently no histological evidence of cell depletion
iﬁ the bursa of the chickens thymectomized on the day of hatching.
This finding is taken to indicate that the bursa of Fabricius of,
young birds is not populated by the thymic lymphocytes. Studies
on migration of cells from the thymus to other lymphoid tissues
have in fact shoun that thymic cells do not home to the bursa of
Fabricius in significant numbers (Hemmingsson, 1972), |

It should be mentioned that neonatal thymectomy in chicken iq
a difficult operation, It is particularly difficult to remove
the two thymic lobes which are deeply located in the upper part
of the thoracic cavity, The thymectomized=irradiated chickens
which were used in the present study wers ali found‘at post mortem
examination to have thymus residue (table 5 ). It is likeiy
therefore that the spleens of these thymectomized-irradiated
chickens showed only a partial cell depletion.

Histoloqical Findinns in the Granuloma - There was completae absence

of plasma cells in the epitheloid-granuloma which formed in the
pectoral muscles of the bursectomized-irradiated chickens after
lems injection of HSA in FCA (plate 7). neonatal thymectomy

followed by whole body irradiation did not suppress proliferation
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: of plasma cells in the epitheloid granuloma but inhibited infiltration
of epitheloid cells, multinucleated giant'celis and.lymphocytes in
the granuloma which formed at the site of inoculation of HSA in
FCA (plate 11).
It appears. therefore that in chickens i.m., inoculation of

HSA and [, tuberculosis suspended in water-in-oil emulsion (FCA)

bring to the site of inoculation several populations of cells which
are mobilized either by the bursa of {abricius or by the thymus
gland.

Tha findings that formation of the epitheloid=-granuloma in
the pectoral muscles of ihe immunized BX-IR and Tx-IKH chickens
was considerably inhibited can he taken to indicate that it is
basically the lymphoid tissus: oé the immunized animal which is
rasponsibls’ for formation of the epitheloid-granuloma, The
stimulus for formation of this typs of granuloma is thsrefore
immunological. -It is likely therefore that the infiltration and
proliferé;ion of cellular elements of humoral and cell-mediated
immuni@y in ths epitheloid-granuloma can enhance considerably the
gssverity of the immunolegical re;ctions to the test antigens,
Segeral groups of workers have in fact found that there is a
correlation between the size of the granuloma and the severity of
the delayed hypersensitivity reaction to the test antigen in the
granulome (Wilkinson & White 1966, Wilkinson 1966, Reid & McKay.
1967, Aiyedun 1971), Similarly, epitheloid~granuloma has been»
shown to contribute to the production of specific antibédy." Thus
White, Coons & Connolly (1955) demonstrated large numbers of anti-
body~containing cells in the granuloma, fFrench, Stark and White
(1970) who studied the biphesic produc£ion of antibody in chickens
immunized to HSA in FCA found that ths bulk of antibody in the
second phase of thexantibody response came from the granuloma which

formed at the site of inoculation, In the present study, histo-.
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logical findings in the granuloma which formed at the site of
inoculation of HSA in FCA in IN=IR and TX~IR chickens also suggeét
that the large numbers of the pyronin positive plasma cells .in

thé granulomas of these two groups of birds are most likely
responsible for prodﬁction of antibody to HSA,

The cellular-elements of the granuloma which formed at ths
site of inoculation of HSA in tCA consisted of both lymphoid and
non=-lymphoid cells, The non=lymphoid cells of the granuloma
consisted of macrophages, epitheloid cells and multinucleated
giant csells, It is not clear whether the bursa and ths thymus are
also responsible for infiltration and proliferation of non=lymphoid
cells of the granuloma. This aspect of tha granuloma can be
studied in chickens in which both the thymus and the bursa of
Faﬁricius have been neonatally ablated.

It has been shown that M. tuberculosis has a chemotactic

action on macrophages (Wilkinson et al, 1973), Wilkinson and his
co-worksrs have suggested that the chemotaxtic factors may play an

important part in recruiting cells from the circulation to the erea
in which mycobacterial adjuvant has been deposited, Itié likely
that migration of the macrophages from the site of inoculation of
antigen-adjuvant mixture is then inhibited by so;uble factors of
the lymphocytes.Production of migration inhibition factor \le)

by the lymphocytes which prevent migration of macrophages has been

shown in several species {Reviewed by Pick and Turk).
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CONCLUSIONS

The immunological funcﬁions of the bursa ;f Fabricius end
the thymus gland were studied with special reference to two immuno-
logical parameters: circulating antibody and éellular elements of
‘the lymphoid tissuses, The following conclusions have beén reached,
1, vevelopment of immunological system necessary for produétion
of antibody to 'phage (X174, HSA and sheep KBC in chicken ig
exclusively bursa dependent,

2, In the chicken, cooperation of thymus is essential for the

ad juvant effect of jycobacterium_tuberculosisg in water=in-nil
emulsion in order to induce formation of a highsr amount of anti=
body than that produced by chickens immunized to HSA in water-in-

oil emulsion.

3. ihe oursa of Fabricius contributes to the development of plasma
cells and germinal centres in the spleen, cascal tonsils, reckel's -
diverticulum and the thyuus. It i1s accepted that lymphocytes of
the bursa of Fabricius migrate to the peripheral lymphoid tissues‘
and the thymus where they transform into blast cells (plasmablasts)
and plasma cells. Histological evidence indicates that migration
‘of cells from the bursa to other sites in ﬁhe body is well under

way in the chick embryo, This migration begins before day 18th

of incubation,

4, The thymus gland contributes to thse deyelopment of theAlympho-
cytes in the peri-arterial sheaths of the white pulp of the splaen;
It is accepted that thymocytas.migrate from the thymus to the'white
pulp of the spleen. |

5. In thé chicken thymus, the plasmablasts, plasma 691;3 and
probably a sub-population of lymphocytes are bursa dependent,

6, 1he bursa of Fabricius and the thymus gland both contribute

to the cellular development of the granuloma which forms in chicken

et the gsite of inoculaticn of HSA in Freund‘'s complete adjuvant.
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lThus, the plasma cell series of cells in the granuloma are bufsa

. dependent, the small lymphocytes and the epithsloid and giant
cells in the granuloma are the cells which appear to bs thymus
Oependent. |

7. The umbilical cord residue (Meckel's diverticulum) remains in
the young and adult.chickens as a vermiform appendix attached to
the small intestine mid way between the jejunum and ilesum, It . is
compased almost entirely of lymphoid cells, Histologically, this
gut-associated lymphoid tissue is very similar to caecal tonsils,

Its plasma cells and germinal centres are bursa dependent.
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PART IT

MIGRATION OF CELLS FROM THE BURSA OF FABRICIUS

AND THE THYMUS TO OTHER SITES IN THE 3BODY.
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REVIEW OF THE LITERATURE

Une of the early studies which led to the concept of celi
-migration from the bursa of Fabricius to other gitesiin fhe body
was that of Mueller et al, (1960). Mueller and his co-workers
found that chickens bursectomized at cne week of age produced
significantly less antibody than their intact controls, whereas
bursectomy later in life did not bring about such a marked
supprassion in the antibody responsa. Ifhess results were inter=-
preted in terms of a progressive migration of cells from the burca
to other lymphoid tiscues during thelfirst few weeks of.life.

They suggested that the bursa of Fabricius is not a site for
antibody production but a place where lymphoid cells are sensitized
prior to migration to other parts of the body (Mueller et al., 1960,
1962)., the finding that neonatal bursectomy depletes the lymphoid
tissues of plasma cells and germinal centres provided additional |
support for the concept of cell migration from the bursa to the
peripheral lymphoia tissues (Carey et al. 1964, Isakovic st al.
1964, Cooper st al. 1965), 1here was also an indication that

the thymus gland populates spleen and possibly other lymphoid
tissues with lymphocytes since neonatal thymectomy resulted in
depletion of lymphocytes from the white pulp of the spleen /
(Cooper et_=2)l. 196€).

Cirect Qvidence on transport of cells from the bursa and tha
thymus to the peripheral lymphoid tissues cams from the studies
by several groups of workers using radio-iéotope traping techni-
ques, One of the earliest studies on cell migration in chickens

involved in vitro lebelling of the bursa and thymus cells from

2 = 3 months old chickens with 3H « uridine and transferring the

labelled cells into two-week old allogeneic chickens, Both

labselled bursa and thynus cells were found to home selectively in

.
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the spleen (Warner 1965).. it was shown later that the bursa cslls

labelled in vivo with 3H~thymidine migrate to ths spleen as weli
as to the thymus and caecal tonsils. Qithin 48 hours after in
Vvivg labslling of the bursa cells, the lébelied cells were found
mainly in the white pulp of the spleen but net in the germinal
centres KLinna gi_gi. 1969).

The question of whether migration of cells from the burse
of Fabricius to other lymphoic tissues continues in the young zs
well as in the adult chickens was investigatéd by Hemmingsson
et al. (1972a). Ihe bursa cells were labslled in vivo with

34 = thymidine and the birds were killed 48 hours latser. Auto-

radiographs of the lymphoid tissues showed that transport of
cells from the bursa to the spleen, thymus and caecal tonsils
occurred fn newly hatched, 9 day old and 6 week old chickens,

but not in 14 week old chickens, In the 6 week old birds, the
labelled bursa cells were found in the medulla of the thymus and
among the pyronin-positive cslls in the red pulp of the spleen,
1he labelled cells were not found in the germinal centres of

the spleen or in the bone marrow, Similar étudy on thymic’celli
migration (Hemmingsson 1972) showed that thymus cells migrate to
the spleen, caecal tonsils and bone marrow in Y day old chickens.
The transport of cells from the thymus to the spleen continuqd in
6 week old chickens but the rate of cell migration decreased in
the older chickens. In the spleen, the labelled cells wers

found betwsen the red and white pulp. wo labelled cell was

found in the germinal centras of the spleen or in the bursa of.

Fabricius.

The expsriments which follow were designed to add further evidence
on migration of cells from the bursa and thymus to cther sites in

the bady. In particular, one of the main gbjects of the present
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stucy is to determine whethsr the labelled bursa and thymﬁs

cells would homs preferentially in the areas of the spleen
corresponding-to the dépleted areas in the spleens of the bursec-—
tomized and thymectomized chickens. Furthermcre, .the distribut-
ions of thevbursa and thymus cells in different micro-compartments
of the spleen is cetermined with the view to ascertain whsther the
distributions of these two populations of lymphocytes differ in

the spleen,

Experiment 1 - The Fate of Bursa cells Labelled in vivo with

3H = thymidine,

In this experiment, the bursa of Fabricius is labelled in situ

with 3H = tphwidine, The fate of those bursa cells which take up
the radio-isotope in vivo anq migrate to other lymphoid tissues ‘
will be investigated by the technique of autoradiography.

Studies which have been carried ouf on transport of radio-
isotope labelled calls to the spleen have coﬁsistently failed to
demonstrate.presence of labelled cells within the germinal centres
of the spleen (Linna et al. 1969, Miller III, 1969, Hemmingsson
et_al, 1972a). Since germinal centres are lymphoid nodules which
begin to form three days after antigenic stimulation (White, 1963)
it was decided to immunize some of the birds with HSA two days
before in situ labailing of ths bursa fo détsrmine whether immune
ization would incuce formation of new germinal centres in the
spleen with labelled bursa cells part of thair cellular composition.

Brief Uutiines nf Materials and Methods (detailed accounts of

the materials end methods were given in the “"General riaterials,

and riethods"),

Birds = lhornber 808 chicks were used at the ane of five uweeks.
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Antigen and Immunization Scheduls = 5§ chicks were immunized'with

intravenous injection of 5 mg HSA 48 hours before in situ labell=-
ing of the bursa of Fabricius, There are also 4 chicks in this
experiment which were not immunized and serve as non-immunized

controls,

Min-vivo" Labelling of the EBursa Cells ~ The bursa was exposed

through an incision mid way between the cloacal vent and thse
bass of the tail. A volume of O+l = Us2 ml of PBS'containing

40 UCL of ZH = thvmidine was injected slowly into the substancs

of the bursa., To prevent the re-utilization of the brezkdown

products of the labelled cells, U5 ml unlabelled thymidins

solution containing u«5 mg thymidins was flushed immediately over

the surface of the bursa snd 25 mg of the unlabelled thymidine

was also injected intraperitoneally into the bird.

Histoloagy and Autoradioqgraphy = the birds were killed 24 hours

after in situ labeslling of the bursa, Spleen, thymus, bursa,
caecal tonsils and umbiliqal~cord fesidue {Meckel's diverticulum)
were removed from each bird, These lymphoid organs were fixed
in formol saline and histological ssctions were cut with migrotdma.
The sections were coated with Ilford photographic emulsion. ihe
coated sections were exposed for 4 weeks at 4°C., They wers tQOn

/

developed, fixed and stained through the emulsion by the method

of Unna Pappenhsim.

RESULTS

Bursa of rabricius =~ Autoradiographs showed that the 'bursa which

had been injected with 3H = thymidine had preserved its normal

cellular architecture and it was free from necrosis, Labelled
cells were sharply localized to the areas of injection., Thay ’
included cells in the cortex and medulla as wsell as scanty epith-

elial cells and ce%ls in the sub=epithelial connective tissue.
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Plate 20 = Photomicrograph of the section of the bursa 24 hours

after in situ labelling of this lymphoid organ with Jj=thymidine.
Large numbers of cells in the medulla and cortex of the follicles
have been labelled. Some of the cells in the tunica proprias
(top right) have also been labelled, HNote also that there are
large numbers of heavily labelled cells in the area between the
tunica propria and the bursa follicles,s The cells in this area

are mainly blast cells (plesmablasts).UP X600



R lesser proporticn of the cells in the medulla than iﬁ the
cortex had besen labelled, The medulla contained a highar numb;r
of large lymphoid cells with a lower grain count per cell than
thoée of the cortical small lymphocytes (plate 2u).

Autoradiographs of the small intestine which were prepared

at the same time in order to find out ths possibility of re-util=

ization of the 3H = thymidine showed no evidenca of uptake of the

radio-isotope by the epithelial cells,

Spleen - Auturadicgraphs of the spleens were surveyed undser the
microscopa to determina the location of the labelled bursa~derived
cells in each of the five splenic micro-compartmenfs: red pulp
and white pulp including the ellipsoids, peri-sllipsoidal zone

and germinal centres, It should be mentionsd that labelled cells

could not always be located exactly into these zones. The peri-
ellipsoidal zone, in particular was sometimes difficult to define.
It was better dglineated in that part of its extent which is cent=
iguous with the red pulp tham the white pulp. It was also found
that the width of this zon; differed markedly in the splesn
sactions of different birds,

As seen from table ll large numbers of labelled cells uwers
found in the spleen of birds given an intra-bursal injection of/

/
3H = thymidine., Prior administration of antigsen did not appear

to increase the total numbers of labelled bufsa cells found in
‘the spleen sections or alter thepattern of their distribution,

A major'proportion of the labelled cells were found within
the peri-ellipsoidal zone (plate 21). Lesser numbers of labslled
cells were found in the red pulp and white pulp areas, Very-few
lightly labelled cells were found within the ocutline of the germinal

centres,

lnymus = {abelled bursa cells were found mainly in the medulla of
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Plate 21 - Photomicrograph of section of the spleen of chicken
24 hours after in situ labelling of the bursa of the seme

chicken with 3W=thymidine. The chicken had also been immunized
thh i.ve injection of & mg HSA u\mnty two hours previously,

Wote the heavily lebelled bursa-derived cells in the perieellipsoidal
zone of the spleens UP, X1140



RP
PEZ

the thymic lobulss. Scanty labelled cells were alsc present at

the cortico = medullary junction;

Caecal Tonsils and umbilical Cord Residue =~ prioderate numbers of -

labelled cells were found in the sections of the tonsilla caecalis

and umbilical cord residue. Ihese cells appeared in tha diffuse

lymphoid tissue of the lamina propria and sub-mucosa.

cell was seen in any germinal centra,

—Fable 11 = Distribution of Labelled burss cells in

diftersnt lymphoid organs 24 hours after in situ

labelling of the bursa with 3H = thymidine.

The

chicks marked with * had besn given an i.v. injection

of 5 mg HSA 72 hours previously. The figures in

this table show the total number of labelled cells

counted in individual sections,

Chick Spleen Caecal> Ume Thymus
No HP PEZ E WP Tonsil Residué Cor Med
*] c 12 o 8 lu ‘ 1 - -
#2 4 4 0 7 4 - o 9
*3 11 17 2 5 7 - u 21
15 25 3 9 '
*4 29 -57 U 18 14 4 o 8
*5 3B 52 0 21 49 - 0 32
6 17 88 0 12 35 10 .4 8
7 27 97 0 31 25 5 1 1
8 40 88 5 31 20 | - 0 24
9 28 33 0 13 21 - o 11
= Red pulp WP = white pulp
= peri-ellipsoidal zonse cor = cortex
= Ellipsoid ‘ . med = medulla

um = Umbilical cord
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Summary = This experiment is summarized with next experiment on

page fjo .

Experiment 2 = The Fate of Bursa cells and Thyimnus cells labelled

in vitro with 3H =~ aderpsine.

In this experiment, the migration of both bursa cells and
thymus cells to various lymphecid organs of the chickens are
investigated after intravenous injection of either labelled bursa
cells or labelled thymus cells, Thess two populations of lymph=
ocytes differ from sach other with regard to their origins as well
as functions, In order to determine whether they also show diff=
erent distribution patterns in the spleen, tha migration of these
two populations of cslls are investigated under similar experimental
conditions, Thus both populations of cells are labelled with the
sama isotope, using the same techniquse, lhe birds are injected
intravenously with their own bursa or thymus cells which had been
labelled in vitro, They.are then killed at different time inter=-
vals after i.v. injection of the lebelled cells. It is clear
that in this experiment, the two groups of birds can sach serve
as a control group as well as experimental groupe.

Brief Outlines of the fMaterials and Methods (detailed accounts ‘of

the materials and methodswere given in the “Genaral materials and

Methods").

Birds = Thornber 808 chicks were used at the age of tuwo weeks,

Radio-isotope Labelling of the Bursa and Thymus Lslls -~ Bursa and

thymus cells were labelled in vitro with 3H - adenosine.

The whole bursa was removed from each bird and bursa cell .
suspension was prepared from the organ as described in details

in the General paterials and Methods. In another group of birds,

laa6.



five to six thymic lobes were removed fromvaach bird and thymic

cell suspension was similarly prepared usind the thymic lobas.‘
rach cell suspension was then incubated with 5u uci 3H~

aaenosina at a concentration of lu uCi,;ml, .Aftar inchbation,

the cells were washed in Eagle's medium to remove any amocunt of

3H=-adenosine which had not been utilized by the cells, ihe

viability of the cells was determined by trypasn blue exclusion

method, The labelled ce8lls were then injected 4intravenously

“into the birds in volume of U*l = 05 ml, tach bird was injected
into the wing vein. its own bursa or thymus cells,

Histoloay and Autoradioqraphy - [he birds were killed at different

time intervals after intravenous injection of labellsd bursa or
thymus cells (table 12). Spleen, thymus, bursa (where applicable),
caecal tonéils, liver and lung were removed from each bird. These
organs were fixed in formale~salins and histological sections of .
tﬁese organs were cut with microtome. 1he sections wers coated
with photographic emulsion. The coated sections were exposed

for 4 wesks at 4°C, They were then developed, fixsed and stained

through the emulsion with UP.
RESULTS

1 - The Fate of 3H = adenosine Labelled Bursa Cells‘After Intra-

venous injection. One chicken died during the intravenous

injection of the bursa cells (chick no.10). Autoradiographs

of the various lymphoid organ of this bird revealed that large
numbers of the labelled cells were in the lung. Labelled cells
were also present in the spleen at this early tima.. The majority
of the labelled cells were in the red pulp, but a considerable

number (28%) were either in the ellipsoid's lumen or among the

cells immediately surrounding the lumen, fiecrsover, it was found

that the cells present in the ellipsoid's lumen or among ths cslls
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plate 22 « Photomicrograph of section of the chicken spleen

24 hours after i.ve injoction of JHeadenosine labelled autologous

bursa cellss Four heavily labelled bursa cells have taken part

in formation of a germinal centre in the white pulp of the spleen

UP, X 1140



of the ellipsoid wall were much sﬁaller than the majority of the
labelled cells in the red pulp.

Autoradicgraphs of the birds which were killed one hour
after i.ve. injection of the labelled bursa cells showsd that

large numbers of labelled cells were still present in the liver

and lung, very few in the thymus or cascal tonsils, In the splsesen,

most labélled cells were present in ths red pulp, although in one
or two birds a small percentage were already found in the peri-
8llipscidal zone.

Labelled bursa cells were algc found in the germinal centrss
of the spleens 24 hours after intravenocus injection (table 12),
In each centre, 2 or 3 cells were found very hesavily labslled
(plate 22). However,.the numbers of germinal centres having

labelled cells werse never vsry high,
In gensral, the distribution of the bursa cells labelled

in vitro with 3H -~ adenosine in the spleen at 24 hours was

similar to the distribution of caells derived from the bursa 24
hours after in situ labelling of the bursa with 3H = thymidine
(Fige VI))s The labslled cells appeared to predominate in the
zone surrounding the ellipsoids in the spleens in which this zone

could be clearly delinesated,

Thymus and Caecal Tonsils =~ At 24 hours, the numbers of labelled

bursa cells found in the thymus and caecal tonsils increased
considerably. In fhe thymus, all labecllad cells wers présent

in the medulle, either in the substance of the medullary lymphoid
tissue or in connection with medullary vessels. In.the caecal
tonsils, the cells were found in the diffuse lympﬁoid tissue of
the lamina propria and sub-mucosa, A few labelled bursa qells

were also found within the germinal centres of caecsl tonsils in

one bird (chick nao. 16).
108




Table 12 = Distribution of the 3H-adenosine labellad

bursa cells in different organs after inéravenous

injection,

- number of cells counted in individual sections.

the figures in this table show the total

within the.brackets represent numbers of labelled cells

found in germinal centres.

lhe figures

Chick|io. of Thymus Cascal Spleen
cells Time Liver
woe |injected * Cor ried Tonsil | RP PEZ E WRS
1w |2x10” 0-lmin | O 71 13 32 O
11 |1.5x107 | 1n o 1 | 125 2 s s 4 1
12 |1.sx10" | 1h o 1 | 131 1 {68 24 2 3
s6 3 0 1
57 158 2 9
13 |6x10® 1h 0 1 80 o {31 12 o o
14 |6x10° 24h 0 43 2 g |aa 18 o 7
] 18 62 0 30(4)
15 |7.5x10° | 24h 0 3 13 s |22 69 o0 6(1)
16 26 o0 2
16 |8-5x10°% | 24n 6 5 g |15(3) |78 79 0 4l(2)
34 63 0 12(7)
44 31 0 8

# Time intervals after i.v.

cor
med =

RP =

cortex

yledulla

Red pulp

PEZ =
t = Ellipsoid
WP = White pulp

injection of labelled bursa cells

peri-ellipsoidal zone

2 = The Fate of 3H = adenosine Labelled Thymus tells After Intra-

venous Injection = In the chicks killed at 10 = 15 minutes or 1

hour after i.v. injection of the labelled thymus cells, largs numbers

lug




plate 23 - Photomicrograph of section of chicken spleen 24 hours
after i.,ve injection of 3H-adenosine labelled autologous thymus

cells, Note heavily labelled thymus cells in the peri-arteriole

sheath of the white pulp, UP, X1140




Table 13 - vistribution of 3r—-adenosine labelled thymus

cells in different organs after intravenous injection.

The figures in the table shouw the total numbers of cells

counted in individual sections,

Chick|wo.of Thymus |gursa Caecal Spleen
cells Time Liver
naoe |injected * Cor wred| c/m Tonsils|{RP PEZ E WP
17 | 7x16® |10-1sminf 0 2| 2 | 196 o 205 s50 7
18 |1.5x107 |10-15min| 0 8 | 12 | 668 1 fiss a1 2
19 | 4ax10” 1h L 11| 6 | 338 - Jooo oo 47
20 | 4x10” 1h o 2| 3 |24 1 |sie 170 57
21 | sx10” 1h 2 6| 3 - - |s6L 20 49
22 | 2x107 | 24n 1 46| 1 - 12 | 58 140 228
23 | 2x1a’ | 24h 1 24| 1 45 | 44 |108 11 0 105
29 00 10
24 | 2x107 | 24h 7 w| - 59 00 54
118 50 176

# Time intervals after i.v. injection

Cor
Med

c/m

= Cortex

= Medulla

RP

PEZ

cortico-medullary junction £

wpP

of labelled cells.

il

Red pulp

Ellipsoids

yhite pulp

peri-ellipsoidal zone




% DISTRIBUTION OF LABELLED BURSA CELLS IN THE SPLEEN
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Fige VIII Distribution of JH=adenosing labelled bursd and thymus
cells in the chicken spleen &t 1 hour and 24 hours after love
injection. Each bar represente the per centage of the total
labelled burse or thymus cells in the individual spleen sections,
nNote that distribution patterns of these two populations of cells
in the spleen show distinct differences which are very marked
particularly at 24 hours after 1.ve injection. A large per
coentage of the thymus cells homed in the WP (white pulp), whereas
the PEZ (peri=-ellipsoidal zone) was an area in the spleen which
was homed by a high per centage of bursa cells, Almost equal

per centages of labelled bursa and thymus cells homed in the

RP (red pulp)e



of laballed cells ware found in the autoradiographs of the lung,
liver and spleen (tabis 13), In the spleen, at 10 = 15 minutes,
practically all labelled thymus cells were found in the red pulp.
At 1 hour, the proportion of labslled cellé that migrated to the
white pulp had increased and in the birds killed at 24 hours, a
considerable percentage of the total numbers bf cells wére found
in the white pulp of the spleen (Fig VIII plate 23 )." No lzbal-
led cell was found in any germinal centre of the splaen, lhe
cistributicn pattern of the labelled thymus éélls in the spleen
thus differs from that of the bursa cells. |

At 24 hours, few labelled cells wers presént in the liver,
Scanty labelled thymic cells were present at all times in the
bdrsa of Fabricius, These labelled cells were clearly located
at the junction between cortex and medulla of the bursa follicles;

Significant numbers of the labelled cells were found in the

thymic medulla and in the caecal tonsil's diffuse lymphoid tissuss,

Summary to ths experiment 1 snd 2 -~ piigraticn of labelled bursa

and thymus cells to different lymphoid organs in chicken was
studied by the technique of autoradiography. The distribution
patterns of the labelled bursa and thymus cells in the spleen

after i.,v. injection of 3H-adenosine labelled bursa and thymus

cells and after in situ labelling of the bursa with 3H=thymidins

were also detarmined.,

Large numbers of heavily labelled cells wers found in the

| spleen at 1 hour and 24 hours after i.v., injection of 3H-adenosins

labelled bursa cells and 24 hours after insitu 1labelling of thse

bursa with 3H=thymidina, Considerable numbers of labelled bursa

cells were also found in the thymus, caecal tonsils and to a lesser
extent in the umbilical cord residus. Few germinal centres were

found to contain heavily labelled bursa cells,
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Spleen was also populated by a large numisers of heavily
labelled cells at 1 hour and 24 hours after i.v. injection of

3H=adenosine labelled thymus cells, Caecal tonsil was another

lymbhoid organ which was found to contain labelled thymus cells.

Distribution patternsof the labelled bursa and thymus cells
in the spleen showed distinct differences which were particularly
very marked 24 hours after i,v. injection of these labelled cells,
A higﬁlper centage of the labelled bursa cells in ths spleen wers
found in the peri-ellipsoidal zone. A~High’per centage of the
labelled thymus cells thch populated the spleen, were found in
the peri-arterial sheath of the white pulp.

These results are discussed in relation to specific migration
of bursa and thymus cells to other lymphoid organs, Uistribution
pattern of the labelled bursa and thymus cells in the spleen
showsd that the bursa and thymus cells home preferentially to
the éreas of the gpleen which correspond respectively to the

depleted areas in the spleens of bursectomized and thymectomized

chickens.
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DISCUSSION

Large numbers of heavily labelled cells were found in the
lymphoid tissues of the chickens following in situ labelling of

the bursa with 3H-thymidine and i.v. injection of 3H-adenosine

lebslled autologous bursa and thymus cells.'
Spleen appeared to be the main targst organ for both bursa
and thymus cells since far higher numbers of labelled cells were
found in this lymphoid organ than in. caecal tonsils or in the thymus,
The portai‘fointry of the labslled cells Ainto the spleen is dif-
ficult to envisags, It is likely that the labeiled calis take
the arterial route and emerge from the ellipéoids of the splesn.
Soon after entry into the spleen, the leballed bursa and thymus
cells localize chiefly in the red pulp since a high per centage
of the laSelled bursa’and thymus cells in the spleen were found in
the red pulp at 11U minutes = 1 hour after i.v. injection, |
The chickens which were killed at 1 hour after i.v. injection
of the labelled cells received higher numbers of either labelled
bursa cells or thymus cells than ths chickens kil;ed 24 hours
after i.,v. injection of these labelled cells. Yet the numbers of
the labelled bursa cells found in the peri=-ellipscidal zone and
the numbers of thymus cells found in the white pulp #* of the
spleens of chickens killed 24 hours after i.v. injection of the
labelled cells were considerably higher than thoss found in thé

corresponding arsas of the spleens of the chickens killed 1 hour

after i.v. injection of these labelled cells (table 12 and 13).

# The term “white pulp” in this context is used to denote

only the peri-artsriolecheath of the white pulp and

does not include the ellipsoids, peri-ellipsoidal

zone or germinal centres,
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It is unlikely that the increass in the numbers of heaQily
labelled bursa cells (in the peri-ellipsoidal zone) and thymus
cells (in the white pulp) 24 hours after i.ve. injection of thess
labelled calls fesulted from multiplication of the labelled cells
in these areas of the spleen, ritotic division of the radio-
isotope labelled cells often leads t; considerable decreass in

the amount of radio-isctope in the cell as the 3H=adenosins

latislled KNA and UNA molecules are distributed between tha daughter
cells. Such cells have low grain counts in the autoradicgraphs

and they either become undetectable_or because of low grain counts
they are not considered to be truly labelled.. It is therefors
likely that during the time interval betwesn 1 hour and 24 hours
after i.v, injection of the labelled cells, the spleen was pop=-
ulated by more labelled bursa and thymus cells. lhis visew, howsver,
remains speculative since it is difficult to detsrmine whather the
total numbers of cells which homed in the spleen increased at 24
hours after i.v..injactioq as the birds killed éﬁ.l hour and thoss
killed at 24 hours were injected differen£ numbers of labslled
cells, The possibilitybthat the increase in the numbers of
labelled bursa cells (in the peri-sellipsoidal zone) and thymus
cells (in the white pulp) by 24 hours after i.ve. injection res%}-

ted from migration of labelled bursa and thymus cells from other

areas of the spleen to the pasri-ellipsoidal zaone and the white

pulp respectively cannot be ruled out,

The distribution pattern of the 3H-adenosine labelled bursa
cells in the spleen 24 hours after i,v. injesction was similar to
that of the labelled cells derived from the bursa 24 hours after

. * . \
in situ labelling of the bursa with 3H~thymidine (Fig. VII |

jhese results indicate clearly that distribution of these csells
in different parts of the spleen is not random but it is very

selective, thus the use of two different techniques for labelling
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of the bursa cells with two different radiofisotopes did not alter
the distribution pattern of the bursa cells in the splsen,

With regard to distribution patterns of labelled bursa and
thymus cells in the spleen, these tuwo pdpulétions of lymphocytes
showed distinct differences which were very marked particularly
24 hours after i,v. injection of these labelled calls. A high
per centage of the labelled bursa cells in the spleen were found
in the peri-ellipsoidal zone., The per centage of the labelled
thymué calls in the spleen was very low in'beri-ellipsoidal zons
whereas a high per centage of ths labelled thymus cells in the
spleen were found in the white pulp areas, The red pulp of
the éplesn remained an area which contained a high per centage
of both labelled bursa and thymus cells (Fig.vIII). Thess
results indicate that the labelled bursa and thymus cells home'
preferentially in the areas of the spleen which correspond
respectively to the depleted areas in the spleens of bursectomized
and thymectomized chickens, Thus the psri-~ellipsoidal zone -
remains a bursa-dependent area whereas the peri-arterial sheath
of the white pulp remains a thymus-dependent area,

Germinal centres in the spleen and caecal tonsils were also

found to contain 3H-adenosiné labelled bursa cells at 24 hours

after i.,v. injection of these cells (plate 22). However, the
numbers of germinal centres found in the spleen or caecalbtpnsils
with labelled bursa cells were very low (table 12). Intfavenou;
injectioh of Smg HSA 48 hoursbefore in situ labelling of the bursa

with 3H=-thymidine did not increase ths numbers of labelled cells

in the germinal centres or in other areas of the spleen at 24

hours after in situ labelling of the bursa.

There are several lines of evidence which indicate strongly
that bursa-derived lymphocytss contribute to formation of germinal

centres in the splesn and other lymphoid tissues, These lymphoid
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nodules are consistently ebsent in the peripheral lymphoid tissues
of the neonatally bursectomized chickens (Cooper et_al. 1966, Alm
et al, 1969), Electron microscops examination of the lymphocytes
within the gerﬁinal centres has shown that they aré morphologically
identical with the lymphocytes of the bursa of Fabricius as indic-
ated by presencé of numerous polyribosomes in these lymphocytes.
The lympﬁocytes of the tnymus contain only small numbers of
individual ribsomes (Clawson et al. 1967). Presence of immuno~
globulin on the surface of the lymphocytes, which is characteristic
of ths E-lymphocytes, has also been demonstrated on the surfacs of
lymphocytes in the germinal centres of the chicken spleen (French
et al. 1969), Thus the failure of the labelled bursa cells to
take part in formation of larger numbers of germinal centres in
the spleen and caecal tonsils is probably due to the fact that

the lymphoid tissues of the chickens used in the pressnt study

had already been populated by the non~labelled bursa cells,

Hence it is conceivable that the bursa-derived lymphocytes which
contributed to formation of germinal centres were mainly thosse
non-labslled bursa cells which had previously bsen migrated to

the spleen and caecal tonsils, It is also likely that larger
numbers of the labelled bursa cells take part in formation of
germinal centres three days after their entry into the splesn or
ca;cal tonsils since these centres are formed normally 3 days

after immunization ‘(White, 1963).

Autoradiographs of the liver showed that large numbers of
labelled cells were present in this organ at 10 minutes = 1 hour

after i.v. injection of the 3H=adenosine labelled bursa and thymus

cells, At 24 hours after i.v. injection, very few lzbelled cells
were found in this non-lymphoid organ (table 12 & 13). This is
in sharp contrast with the splesn in which very large numbers of

labelled bursa and thymus cells wera found beoth at 1 hour and at
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24 hours after i.v. injection of these labelled cells. These .,
findings are teken to indicate thst a high per centage of ths
labelled bursa and thymus cells which were found in the spleen
represent the bursa and thymus lymphocytes which migrated |
specifically to this lymphoid organ.

goth labelled bursa and thymus cells were found in the caecal

tonsil 24 hours after i.v. injection of 3H~adenosine labelled

bur-a and thymus cells. In_situ labelling of the bursa with 255
thymidina also resulted in hcming of labelled bursa-derived cells
in the caecal tonsil., Caecal tonsil is ons of the gut-—-assosiatad
lymphoid organs which is depleted ‘of: plasma cells and lymphocytes
following neonatal bursectomy and neonatallthymectomy respectively
(Cooper et al, 1966). The lsbelled bursa and thymus cells in

this lymphoid organ thus are likely to reprssent the bursa and
thymus cells which preferentially home&¢%%is lymphoid organ,

Homing of the bursa and thymus cells in the cascal tonsil has

also been shown 48 hours after in vivo labelling of the bursa and

thymus with 3H-thymidine (Hemmingsson st al. 1972, Hemmingsson,
1972). These findinés substantiate the concept that there is a
specific migration of cells from the bursa and thymus to the
caecal tonsil,

Labelled cells‘wére also found in the umbilical cord residue
(Meckel's divsrticulum) 24 hours after in situ labelling of the

bursa with 34-thymidine. It was shown, in part one of this thesis,

that plasma cells and germinal centres are deplsted from this

" lymphoid organ following surgical ablation of the bursa on day 18th
of incubation (plate 19), Homing of the labelled bursa cells in
the umbilical cord residue thus indicates that bursa cells migrats

to this gut-associated lymphoid organ where thay take part in

development of plasma calls and formation of germinal centres,
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R considerable number of labelled cells were found in the

thymus 24 hours after i,v., injection of 3H-adenosine labelled

bursa cells and 24 hours after in situ labelling of the bursa

with 3H=thymidine, Thymus in chicken is ths central lymphoid

organ for cell-mediated immunity (Warner et al. 1962). However,
this lymphoid organ in intact chickens gontains a variable number
of cellular elements of humoral immunity including plasmablasts
and plasma cells, Germinal centres.which are bursa-dependent
lymphoid nodules may also devalop in the meaulla of ths thymic
lobules (plate 4),. The pyroninophilic plasmablasts and plasma
cells and garminal centres are completely absent in the medulla
of thymus of the bursectomized chickens (plate S & 14). In this
study the labelled bursa cells were found mainly in the medulla
of the thfmic lobules. lhese findings, thus, are taken to |
indicate that labelled bursa ceils migrated specifically to the
thymus and homed preferentially in the medulla of the thymic
lobules, . |

In the present study, scanty labslled thymus cells wers

found in the cortico-medullary junction of the follicles of the

bursa of Fabricius 24 hours after i.v. injection of 3H-adenosins
labelled thymus cells. Hemmingsson {1972), who studied migration
of thymus cells to other lymphoid organs in chicken, found that
the bursa of Fabricius was free from labelled cells 48 hours aftqr

N

in vivo labelling of the thymus with 3H=-thymidine. rieregver,

neonatal thymectomy does not bring an apparent depletion of cells

in the bursa of Fabricius \Cooper_et al, 1966) Thus it is

conceivable that thymus cells do not migrate to the bursa in

considerable numbers,
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CONCLUS IONS

.

rigration of bursa and thymus cells to the different lymphoid
organs of the chickens was studied by the technique of autoradio=-
graphy. lhe fate of bursa cells was determined within 24 hours

after intravenous injection of 3H-adenosine lzbelled bursa cslls

and at 24 hours after in situ labelling of the bursa with SH=
thymidine. The fate of thymus cells was also determined within 24

hours after intravenous injection of the 3JH-adenosine labelled thyius

cells, ihe following conclusions have been.reached:

1 - Bursa cells migrate to ths spleen, thymus, cascal tonsils
and umbilical cord résidue.

2 - thymus cells migrate to thé spleen and caecal tonsils.

3 = the bursa and thymus cells populate the areas of ths spleen
which correspond respectively to the depleted areas in the spleéns
of bursectomized and thymectomized chickens. lhus bursa cells
homs preferentially to the peri-ellipsoidal zone, germinal centres
and the red pulp, whereas the thymus cells home preferentially to
the peri-arteriol sheath of the white pulp and to the red pulpe.

4 - Bursa cells do not form germinal centres within 1 hour
after they hom;v%he spleen or the caecal tonsils and very fsuw
bursa cells taks part in formation of germinel centres in thé
spleen or caecal tonsils within 1 = 24 hours after they home to
thesas lymphoid drgans. It is likely that the bﬁrsa.cells have
to remain in thece peripheral lymphoid organs for longer periods

in ordar to become competent in formation of germinal centres.
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PART III

THE EFFECT OF BURSECTOMY ON LOCALIZATION OF
NATIVE HSA , AGGREGATED HSA AND HSA-ANTI HSA

COMPLEXES TO THE DENDRITIC CELL.
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Review of the Literature

~

Antigens are substances, often proteins, which are able to
elicit a specific immune response when they are introduced into
the body of an animal, Study of the events which take place iﬁ
the lymphoid tissues of an immunized animal leading to formation
of antibody are of great importance in understanding the phenomenaon
of humoral immune responss. To determine where in the bady the
antigen ends up and what types of cells are involved in handling
the antigen a practical approach is to search for the localization
and distribution of the antigen in different tissuss of the immun-
ized animal, White (1963) using fluorescent antibody technique
studied the fate of HSA in the spleen of chicken after i.v.
injection, He found that the antigen localization appeared 3u
hours after the initial injection. Ihe antigen had been localized
to certain elongated, spindle shaped cells which he designated .
dendr itic macrophages, He drew atfention to the fact that the
pattefn of localization differed from that exhibited by normal macro=-
phages in that the injected material appeared to be on the surface of
the fine dendritic céll processes., He showsd that the cells migrate
through the white pulp to end within ths germinal centres, where the
antigen may persist for as long as tﬁree weeks, Stark (1969) made a

similar study in chicken using 1251"'HSA. He showed that the antigen

bearing cells had been concentrated along the length of the penizillary :
arteriess and in the germinal centres of the spleen 88 hours aftsr i.v.;
injection, wnossal and his ce-workers (Nossal, Ada and Austin 1964,

Ada, nossal and Austin 1964) studied the localization of antigen

in the lymphoid tissues of the rat, They used flagellin antigen

from Salmonella adelaide which had bsen labelled with 1311. When

the labelled antigsn was injected into the foot-pads of rats, auto=

radiographs of the sections of the lymph nodes showed that heavily
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labslled cells were present in themz2dullary sinuses within § minuﬁes
after injection, Twenty four hours after injection, the radio-
actiye labz2lled antigen was detectable in the primary lymphoid foll=
icles on the cells with dendritic processes extending between the
lymphoid cells, Whilas antigénic materials localized to both medullary
macrophages and iymphoid follicleé, non-antigenic substances such as
carbon pa?tlcles were taken up by medullary macrophages but did not
localize to the lymphoid cells, These workers suggested that the
differences between distributuon of antigen and non-antigenic subst-
ances in the lymph nodes were related to the ability of dendritic
cells to recognize "foreigness" due to association of the antigen
with opsonizing factors.

On the question of mechanism of binding the antigen to the
dendritic cells, White et al. (1966) showed that e;rly synthesized
antibody by the chicken immunized to HSA is the main factor in the
localization of the antigen over the dendritic cells. They shouwed-
that with flucrescein labelled anti-chick x-globulin it was possible
to reproduce the pattern of antigen localization to the dendritic
cells in the germinal centre, indicating that Y-globulin is present
with the antigen at the surface of dendritic cells, Furthermore,
they showed that chickens rendersed specifically tolerant to HSA /
were unable to localize the antigen,

Since at the time of first appearance of HSA localization,
already antibody containing plasma cell precursors are pressnt in
the red pulp of the spleen, French et al, (1969) and White et al.
(1970) concluded that antibody necessary for the antigén localization
was provided by these cells. The antigen at the surface of the
dendritic cells was accompanied by immunoglobulin in the form of
antigen-antibody complexses, Balfour and Humphrey (1967)-also

found that localization of antigen in the germinal centres coincided
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with appearance of specific antibody. Lang et al., (1967a, 1967b)
showed that 1f HSAVeombined with anti-HSA entibody and injected
into the foot-pad oféaat, the complex was taken up by the
macrophages wore readily and the amount taken.up by thass cells
increased by a factor of about 10 compared. to HSA alone. In

the absence of specific antibody, HSA showed no tendsncy for

follicular localization,

Experiment 1 = The Effect of Bursectomy on‘Localizatidn of HSA

to the Dendritic Cells

Introductionﬂ- Localization and persistence of HSA to the dendritic
cells of the spleen was first shown by mesans of fluorescent anti-
body technique (White 1963). The dendritic cells wers slsa

found to have a major role in formation of germinal centres

since all antigen bearing dendritic cells were found to aggregate
into groups or collections of cells which togsther with B-cells
formed garminal centres in the white pulp of the spleen (White

et al, 1966, Wwhite et _al. 1970).

Nneonatal bursectomy in chicken prevents formation of germinal

centres in the spleen, Since germinal centres are formed, in the
spleens of normal birds, only aftsr an antigen :is localized to the
dendritic cells, failure of the bursectomized chickens to form
germinal centres in the spleen may be due ts the daficiency of
thecs bifds to localize antigens to the dendritic &alls.

The aim of the present experiment is, thus, to determine if
and in what manner bursectomy affects localization of HSA to the

dendritic calls,

Brief Qutlines of ths pioterials and Methods (detailed accounts of

the materials and methods were given in the “Gensral raterials

and rethods")
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Birds = Thornber 8u8 chicks were ussd in this study.

Surgical Uperation and Irradiation - The chicks were bursectomized

on the day of hatching. The bursectomized chicks and their intact
controls were subjected to whole body irradiation on their sscond
day of life, Each bird was subjected to 840 rads of Y-rays from
60

Cobalt with source skin distance of 70 cm.

Anticen end Immunization Schedule - At 12 weeks of age each bird

was inoculated intravenously with 10 mg HSA. The chickens then
were bled and sacrificed on day 4, 5 or 6 after immunization
(table 14 ). The spleen was rémoved immediately after the bird
had died, Frozen sections of the spleens were cut in a cryostat
and were stained with fluorescein labelled rabbit anti HSA anti-
body (single and double‘layer techniques)., - The sections then
were examined under a u.v, microscops. The antibody in the sera

collected from the birds was measured yith Farr Test,
RESULTS

Serum Antibody Levels in Bursectomized and Intact Chickens = Anti

HSA antibody in the sera of uBX-IR and IN~IR chickens was measured
with Farr test. The results are presented in tablse 15 .

No antibody activity was detected in the.sera of BX=IR chickens
on day 4, 5 or 6 after the i.v. injection of 10 mg HSA. The se?a
of all IN=IR chickens, however, contained measureable amounts of
specific antibody.,. IN=IR chickens killed on day 6 after the
immunization had pfoduced considerably higher amounts o® antibody
(Asty,) then the chickens killed on day 4 or 5 after the immuniz-

ation,

Localization of HSA in the Spleens of Intact—-irradiated and Bursec=

tomized-irradiated Chickens = In the frozen sections of the spleens

treated with a single layer of fluorescein labelled anti HSA anti-
body, the antigen was detected as a granular lins of bright fluor-

escence on the dendritic cells in the white pulp of the spleens of
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Plate 24 - Fluorescence photomicrograph of frozen section

of spleen of an intact-irradiated chicken 5 days after i.v.
injection of 10 mg HSA., The section was first treated wiih
fluorescein~labelled anti HSA antibody and then with fluo=
rescein~labelled anti chicken IgG. There is one germinal
cnntre in the white pulp which contains HSA-bearing dendritic
cells., The antigen has localized on the cell membrane of the
individual dendritic cells.Note also IgG-containing cells

at the periphery of the germinal centre.(X300)



the intact-irradiated chickens killed on day 4 after immuniiation.
The HSA bearing cells appeared as large spindle-shaped cells ui;h
fine cytoplasmic extensions, The dendritic cells loaded with
the‘antigen wera chiefly confined to the white pulp strands or
within the germinal centrss, the red pulp and peri-ellipsoidal
zones had remained cohpletely free from antigen bsaring cells.,
Germinal centres were found in various stages of formation.
Sowe appeared as a group of antigen-bearing dendritic cslls,
spread widely iﬁ the white pulp and had no well defined margins, .
However, germinal centres with definite margins had already been
formed in juxtapositions to white pulp arterioles and each contained
between 10 to 20 antigen-bearing dendritic cells,

Spleen sections of the bursectomized irradiated chickens
killed 4 days after 1.v. inoculation of 10 mg HSA were also stained
with a single layer of fluorescein labelled anti HSA, under identical
conditions as those of the intact controls, There was houwsver, no
evidence of localization of the antigen on any cell in the spleen
sections of the bursectomized birds,

In the spleen sections of the intact-irradiated birds killed
on day 5 after i.v. injection of HSA, dendritic cells loaded with
this antigen were found mainly within the germinal centres of t?e
spleen, There wers very few antigen-bearing dendritic cells outside
the territory of the garminal centres at this stage of immune response.
targer numbers of well-developed germinal centres were svident in
each spleen section in comparison to those found in the spleen
sections of the intact birds killed 6n day 4 after imﬁunization.
The cellular elements of these germinal centres consisted of '
antigen-bearing dendritic cells as well as smaller cells with the
marphalogy of small lymphoctyes; These cells, however, neither

had antigen on their cell membranes nor within their cytoplasm
(plata 24 )o “
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Tableld Time scales for the localizatién of
HSA in the splesns of bursectomizéd;irradiated
éna intact-irradiated chickens on day 4, 5 or 6
after an intravenous injection of lh mg HSA,
lhe numbsers of chickens killed on each day is

referred to in the brackets,

Day 4 Day S vay 6
Chickens 1. '
E. u' G. E. u. G‘ E. h" G.
Bursectomized— - - - - - e - - -
irradiated (2) (3) (2)
Intact- - 4+ + -+ o+ - - 4
irradiated T (2) (3) (2)
+ = Localization of HSA £ = £Ellipsolids
- = Lack of localization = Yhite pulp
of HSA : G = Germinal centres

Table 15-Serum antibody levels (ABC, ug/ml) in
bursectomized-irradiated and intact-irradiated chickens
on day 4, 5 or 6 after an intravenous injection of 10 mg HSA.

Day 4 Day S Day 6

Chickens no. Of ABCSU’ ug/ml |No. aof ABC30 ug/ml jo. of ABCSO’ Ug/@l
chicks|mean & range [chicks Jmean & range chicks |mean & range

Bursecto=- | <@-U& _ <@-06 ' <@o0&

mized= 2 3 2
irradiated (<0.06=<5.06) (<0 06-{0+06) (<@.os-<@-oa)
Intact ) 1.83 5 - 573 ) 13¢5

irradiated (1.56=2+1) (2+28-10+11) (1342-13+8)
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No antigen-bearing ceil was found in any spleen sections
of ths bursectomized-irradiated chickens given an intravenous
injection of 10 mg HSA five days previouély. |

In the spleen sections of the intact irradiated chickens
killed 6 days af@er immunization with HSA, dendritic cells bearing
this antigen were found only within ths germinal centres. Thera.
appeared fo be no antigen-bearing dendritic cell outside the
territory of the germinal centres. Bursectoﬁized-irradiated
chickens killed 6 days after i.,v. injection of lu mg HSA, like
the bursectomized chickenskilled on day 4 and 5 after immunization
showed a complete lack of resp&nsa regarding the lécalizatioﬁ of
HSA, There was & total absence of antigen-bearing cells in ths
spleen ssctions of these bursectomized birds.

Antibody Containing Cells in the Spleens of Intact and Bursectomized

Birds - Antibody-containing cells in the spleen secfions'ware
visualized by treating the sections first with a dilute solution

of HSA in 0+15 M saline and then with a.layer of fluorescein
labelied anti HSA antibody. The anti HSA antibody, thus, appeared

as an area of very bright fluorsscenes in the cytoplasms of immature

and maturs plasma cells, These antibody-containing cells were
found in the spleen sections of intact irrasdiated chickens killed
on days 4, 5 and 6 after i.v. injection of 10 mg HSA. These cells
were confined to the redpulp of the spleen especially at the peri-

pheries of the srteries (plate 25 ).

Frozén sections of the spleens of the bursectomized-irradiatad
chickens were also stained, under identical conditioﬁs as those of
the intact controls, to demonstratevpresence of éntibody containing
cells in the spleen, There was however, no antibody containing
csll in any spleen section of the bursectomized-irradiated chickens

killed on day 4, 5 and 6 aPter i.v. injection of 10 mg HSA.

126



Plate 25 ~Fluorescence photomiérograph of frozén sdction of.
the spleen of an intacteirradiated chicken 6 dayds after i1.v.
injection of 10 mg HIA « The section was first treated with ~-
a solution of HSA and with fluorescelinelabelled anti HSA &ntie
body . There are large numbers of antibody-containing plasma
cells in the red pulp, The white pulp is completely free from

antibody-containing cells. (X 300)



Summary = This experiment is summarized with next two expsriments

|
on pagse 139,

Experiment 2 - The effect of Bursectomy on Localization of Aggregated
HSA on Dendritic Cells,
Introduction -~ It was shown, in the pqevious experimeng, that the

usse of native HSA as an antigen in bursectomized chickens doss not

result in localization of this antigen en the dendritic cells,
Localization of an antigen on the cell membrans of a cell depends
largeiy on chemical groupings or receptors on the molecule of
that antigen which permit attachment of the antigen to the cell
surface. Some of the receptors of an antigen are normally buriéd
within the molecule, hence they do not come in close contact with '
the cell membrane. Oenaturation of native proteins by gentle

heating results in opening up and extension of the coiled polypeptide

chains of the native moleculs, thus formation or disappsarancs of

some chemical groupings in the molscule, It has been shown that

denatured BSA is taken up by macrophages with greater avidity than
the native BSA (Thorbecke et al. 1960). The lymphoid cells also
show an enhancad reéponse to the heat denatured albumins as indice
gted by higher levels of circulaﬁing antibody in rabbits immunizeq
to denatured BSA (Hirata et_al, 1966). |

Ths dbject of this experiment is to datermiﬁe whether aggrega=-
tion of native HSA by gsntle heating wou{d similarly bfing a changs
in the molecules of this antigen which facilitates its iocalization
on the dendritic cells in the splesns of bursectomized-irradiated

chickens.

Brief Qutlines of paterials and Methods (detailed accounts of the

materials and methods were given in the %“General pmaterials And

methods").
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Birds = Thornber 808 chicks were used in this experiment.

-

Surgical Operation and Irradiation = The chicks were bursectomized

on the day of hatching, The bursectomized chicks along with their
intact controls were subjected to whole body irradiation using
60Cobalt. The total amount of radiation given to each bird was
840 rads with a source skin distance of 70 cm.

Anticen and Immunization Schedule = The bursectomized-=-irradiated

chickens and their intact-irradiated controls were each given an
intravencus injection of 10 mg heat aggregated HSA at 7 = 10 weeks
of age., Some cf the birdsAuere also injected intravenously -each
with 0.5 ml indian ink one minute after the inoculation of aggregated
HSA. The birds were then killed at different intervals after the
immunization (table 16). Splesn, bursa and thymus were removed

from the birds immediately after the bird had died. Frozen sections
of thess organs were cut in a cryostat and wers stained with fluor=
escein labelled rabbit anti HSA entibody (single layer and sanduwich
technique) to demonstrate localization of aggregated HSA or'presence
of antibody containing cells in the frozen sections of these lymphoid

ergans, The sections were examined under the U.V. microscope.

RESULTS

i
i

s
Localization of Aqnregated HSA and Distributiaon of Carbon Containe

ing Cells in the Spleen - In the frozen sections of the spleens

treated with a single layer of fluorescein-labelled anti HSA,.
aggregated HSA was found in as;ociation with the cells at the
periphery of the ellipsoids in the spleens of both bursectomized

and intect birds killed S minutes after i.,v. inoculation of 10 mg
aggregated HSA, The antigen had localized on the cell surfaces

as a granular bright line, outlining each individual cell {plate 26 ).
Colloidal carbon (Indian ink) which was intravenously injected cne |

minute before the birds were killed was also found in the ellipsoids
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Plate 26~ Fluorescence photomicrograph of spleen section-
of a bursectonized-irradiated chicken after i.v. injection
of aggregated HSA and indian ink, The aggregated HSA and

indian ink were injected respectively 5 minutes and one
ninute  before the bird was killed. The spléen section Wwas
ptained with a singleé layer of Zfluoresceinelabelled antie-
HSA antibody. This plate shows three ellipsoids where thé
ageregated HSA and carbon particles of the indian ink . have
localized, The localization of aggregated HSA can be seén
as bright iines on the surface of the cells at the peri-
phery of the ellipsoids. The cells in the inner layer o
the éllipsoids have localized the carbon particles of the
indian ink,. (X 570)



of the spleens of both groups of birds, The carbon—containing
cells, however, ware confined within the surrounding sheath of the
ellipsoids, The white and red pulp of the spleens of both groups
of birds, thus, were found completely free from antigen-beafing or
carbon=containing cells,

In the spleen sections of the intact—irradiated birds killed
24 hours after i.v. injection of aggregated HSA and colloidal
carbon, no antigen-bearing cell was found in the ellipsoids or
any other parts of the spleen, The ellipsoids also appeared to
be completely fres from carbon-containing cells. The carbone—
containing cells, however, were found scattered iﬁ the white pulp
areas,

Spleen sections of the bursectomized-irradiated chickens killed
24 hours after i.v. inoculation of aggregated HSA and colloidal
carbon showed evidence of localization of the antigen on the cella‘
in the peri-sllipsoidal zones of thesplsen, The concentration of'
the antigen on individual cell, howsver, was considerably less than
that of the cells of the chickens killed 5 minutes after inoculation
of this antigen, The localization of the antigen did not appeaf as
a continuous granular bright lins of fluorescence on the cells but
és bright spots of fluorescence on the cell well isolated from e?ch
othser., The white pulp of thes spleen appeared completely frea.from
' antigen-bearing calls,

The cells bearing the colloidal carbon werse found mainly in
the white pulp strand, There wers also few cells in each sllipsoid
which contained ccl;oidal carbon particles,

In the spleen sectionq of the intact-irradiated birds killéd
48 hours after immunization with aggregated HSA, dendritic cells
bearing this entigen wers found in the white pulp areas. The

-agqregated HSA, liks native HSA, had localized on the csell body as
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well as cytoplasmic extensiong of the dendritic cells. In places
where the white pulp arterioles appeared longitudinally, the antigene
bearing dendritic cells were found to lie along these arterioles.
There was, however, no evidence of localization of aggregated HSA

in the spleens of the bursectomized chickens killed 48 hours after
i,v. inoculation of this antigen.

Spleen sections of the intact birds killed 72 hours after i.v.
inoculation of aggregated HSA showed a high numbersof antigen bear-
ing dendritic cells in the white pulp of the spleen, These csells
had aggregated into groups or collections of cells along the penici-
llary arterioles of the white pulp. Germinal coentres with antigsn-.
bearing dendritic cells were also found at this stage of immune
response in different stages, Some of these centres were merely
a collection of éntigen-bearing dendritic cells with no well-dsefined

(PLate 27) ’ .
outline. There were however, few germinal centres with well
demarcated outline, which had formed in juxtaposition to an arteriole.

A detailed examination, under the U.V. microscope, of ths spleeg
sections of the bursectomized chickens did nﬁt show anf antigen=
bearing cells in any parts of the splesn.

Antigen-bearing dendritic cells in the spleens of intact-
irradiated birds killed 96 hours after i.v. injection df aggregated
HSA were confined chiefly within the germinal centres of the sﬁleen.
There wers vefy feu antigen-bearing dendritic cells outside the
territory of germinal centres at this stage of immune responss,

No antigen=bearing dendritic cell was found in any spleen
sections of the intact—irradiated birds killed 96 hours after i.v.
injection of this antigen., Larbon-containing cells were found
scattered in the white pulp of the spleens of both grdups of birds
‘killed 96 hours after i.v. injection of indian ink. | Some of the
carbon-containing cells were found at the psriphery of ths gsrminal

centres iIn the spleehs of intact—irradiated birds.,  These cells,
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Plate 27 = Fluorescence photomicrograph of spleen section of an
1ﬁtact-irtadiated chicken 72 hours after i.ve injection of
aggregated HSA and indian ink. The frozen section of the spleen
was stained with a single layer of fluorescein-labelled anti HSA
antibody, There are large numbers of antigen-bearing dendritic
cells within the irregular outline of a germinal centre. Note

that the carbon=bearing cells have not entored within the

territory of the germinal centre. (X 630)



however, wers only rarely found within the territory of some
germinal centres. The colloidal carbon particles were never
found in association with the cell membrane o? cytoplasm of dendritic
cells, The carbon particles were found in macrophages in the spleens

of both groups of birds as a mass or a large black spot inside the

cell,

Table 16 ~Time scales for tha localization of aggregated HSA
in the sploens of bursectonized-irradiasted and intact-irrad-

iated chickens at different intervals after an intravenous

injection of 1lU mg aggregatsd HSA. The numbers of chickens

killed at each stage after immunization is referred to in

the brackets,

S minutes | 24 hours | 48 hours | 72 hours | 96 hours .
Chickens
E. w. G. E. u. G. El w. G. E. w. G. E. u. G.
+ - -
Bursectomized= |+ = = - - - - = - . - -
irradiated (2) (2) (3) (3) (2)
Intact= T T R R I R R
irradiated (2) (2) (3) (3) (2)
+ = localization of aggregated HSA E. = Ellipsoids
- = lack of locelization of aggre- We = White pulp
gated HSA : G. = Germinal centres
% = ueak localization of aggregated

HSA

Antibody-Containing Cells in the Spleen = Frozen sections of the

spleens of both intact-irradiated and bursectomized-irradiated

chickens killed at different intervals after i.v, injection of
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10 mg aggregated HSA were also stained by sanduwich technique'in
an attempt to demonstrate the presence of antibody-containing cells
in the spleen sections,

.NO antibody—contgining cell was evident in any spleen section
of intact irradiated birds killed 24 hours after immunization,
Clusters of antibody containing cells were found in the spleen
sections of intact irradiatsed birds killed 48 hours after immun-
ization. These cslls showed characteristic morphology of plasma-
blasts and immature plasma cells, Due to combination of fluorescein
labelled rabbit anti 4SA antibody with HSA-anti HSA complexes in
these cells, an arsa of very bright fluorescent became visibls
within each cell which covered almost the entire cytoplasm. Spleen
sections of the intact-irradiated birds killed 72 and 96 hours afta;
immunization showed considerably larger numbers of antibody contain-
ing cells.. These cells were all confined to the red pulp strands
‘and wvere not found in the white pulp or within the germinal centres.

no antibody containing cell was found in the splesn sections
of the bursectomized irradiated birds killed 24, 48, 72 and 96 hours

after i.ve. injection of lu mg aggregated HSA.

Anticen-Bearinqg and Antibody-Containing Cells in the Bursa and Thymus

Frozen sections of the thymus of both groups of birds and frozen/
sections of the bursa of intact-irradiated birds were stained Qith
single layef fachniqua.as well as sandwich technique to detect
antigen~bearing end antibody=-containing cells in thess two central
lymphoid crgans. The frozen sactions of the thymus and bursa
Qere stained along with the frozen sections of the spleens, undsr
identical conditions,

There was, however no evidencs of localization of aggregated
HSA in the frozen sactions of ths thymus of IN-IR and wX-IR chickens

killed at different intervals after i.v. injection of this antigen.

-.
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The frozen sasctions of the bursa of thavIN-IR birds similarly did
not show any antigen bearing cells, | ‘

Antibody containing cells were also completely absent from
the frozen sections of the thymus and bursa of the IN-IR birds
and from the frozen sections of the thymus of the BX-IR bifds
killed 48,72 and 96 hours after i.v. injection of 10 mg aggregated
HSA.

Carbon containing cells wers found in the medulls of the thyuic
lobulss of both groups of birds and in the medulla of tho bursa
follicles cof the IN=IR birds, killed at different intervals after
i.v. injection of indian ink. The numbers of cells bearing the
carbon particles in the thymic lobules of both groups of birds
were very few and did not exceed 4 = 8 cslls per lobulss. There

were fewer carbon bearing cells in ths bursa follicles in the

comparison with the thymic lobulses,

Summary = This experiment is summarized with experiments 1 and

3 of this part of the thesis on page 139,

Experiment 3 = The Effect of Bursectomy on Localization of

HSA=Anti HSA Complexes to the Dendritic Cells,

Introduction = In the preceding two experiments we established
clearly that necdnatal bursectomy followed by whole body irradiat-
ion results in total deficiency of the BX=IR birds to localize
native of aggregated HSA to the dendritic cells of the esplsen,

1t is highly unlikely that the failures of the BX-IR Ehickens to
localize H3A is due to inavailability of dendritié cells in the
spleens of these birds sincs bursectomy doeé rot bring depletion
of non=lymphoid cells in ths spleen. There is, however, ample

evidence suggesting that neonatal bursectomy eliminates the pool
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of B-lymphocytes including the plasma cells, consequently such
birds fail to produce specific antibody (Cooper EE_El' 1966, Alm
st al. 1969), Moreover, it has been well documented that intact
chickens rendered immunologicaliy tolerant to HSA are incapabls of
localizing this antigen on the dendritic cells (White et_al, 1966)
Thus it is suspected that the inability of bursectomized chickens
to localize HSA on the dendritic cells is due chiefly to failure
of these birds to produce antibody.

In tﬁis experiment the bursectomizcd chickens are inoculated
intravenously with HSA-antl HSA-complaxes in en attempt to determine
whether such birds passively provided with spscific antibody becoms

competent regarding localization of HSA on the dendritic cells.

Brief Outlines of the Materials and Methods (detailed accounts

of the materials and methods were given in the "General faterials
and prethaods®, )
Birds - Thornber 808 chicks were used in this expariment.

Surcoical Oneration and Irradiation - 1he chicks were bursectomized

on the hatching day. The bursectomized chicks and their intact
controls wers subjectéd to whole body irradiation on their second
day of life. Each chick was subjected to 840 rads of ¥-rays
from 60Cobélt with source skin distance of 70 cm.

pntiocen end Immunization Schedule = The chickens were inoculated

intravenously with HSA-anti HSA complex at 7 = 9 weeks of age.
the inoculum for each bird consisted of 1 ml antigen-antibody
complexes containing anti HSA antibody precipitated by 1 mg HSA,
where HSA and its corresponding antibody were in optimal proportions.
the complex, then, had been disolved by addition of 10 hg HSA.

The chickens were kiiled at different intervals after i.v.
injection of the complsx (tablel7), Some birds wera also injected

intravenously each with y+5 ml indian ink one minute béfo;a they
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were killed, Spleen, thymus, bursa (where applicable) were removed
from the birds immediately after they had died. trozen sections
'of these three organs were cut in a cryosta£~and were stained wifh
fluorescein labelled rabbit anti=iSA ahtibody.(single layer and

sandwich techniques) in an attempt to demonstrate localization of.
the HSA=-anti HSA complex to the dendritic cells or presence of
antibody containing cells in these lymphoid organs, Thymus and
bursa (whers applicable) sections were also treated with a singls
layef of Pluorescein labelled anti chicken immunoglobulin to

demonstrate immunoglobulin containing cells in these two central:
lynphoid organs,

RESULTS

Localization of HSA - anti HSA Complex in ths Spleen = In tha

spleen sections of the chickens killed 5 minutes after intravenous
injection of HSA-anti HSA complex, the cells loaded with the
complex were found at the periphery of the ellipsoids in the spleen
sections4of both BX=IR and IN-IR birds. in general, the localization
of the complex in the peri-ellipsoidal zones of the spleen resembled
that of the localization of the aggregated HSA. 1he complex on
the surface of the cells, howsver, showed considerably brighterv
fluorescencedue to higher.concentration of the HSA = anti HSA
complexes on tha individual cell (plate 28), Very few célls
loaded with the complex were also found in the white pulp areas'af
this early stage of the immunization,

In the spleen sections of the both In=-IR and BX-IR chickeﬁs
killed 24 hours aftef f.v. injection of the HSA-anti HSA complex,
the ellipsoids and peri-ellipsoidal zones were found completely
free from complex~bearing cells, The dendritic cells bearing the

complex ware, howaver, found scattered in the white pulp areas of

.~

the spleens of both BX~IR and IN-IR birds., There were obvicusly
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Plate 28 « Fluorescence photomicrograph of spleen section of a
bursectomized-irradiated chicken after i.v. injection of HSA-
anti HSA complexes and indian inkes The HSA-anti HSA complexes
and indian ink were injected respectively S5 minutes and one
minute before the bird was killeds The frozen section of the
spleen was stained with a single layer of fluorescein-labelled
anti HSA antibodys This plate shouws two ellipsoids wvhere the
Ag/Ab complex and carbon particles of the indian ink have
localized, The Ag/Ab complex has localized on the cells and
appears as bright granular lines on the cells at the periphery
of the ellipsoids, The cells of the inner layer of the ellipsoids

have localized the carbpn particles of the indian ink (X 630)



more complex-bearing cells in the spleen sections of the IN=IR .
birds in comparison to BX-IR birds. There was no evidence of
formation of a germinal centrs by ths complex-bearing dendritic
cells in any splsen section, ‘

In the spleen sections of the IN-IR birds killed 48 hours
after i.vf injection of the complex, dendritic cells bearing the
complex were found as groups or collections of cells consisting
of 4 or 8 cells along the penicillary arteries of the white pulp.
Germinal csntres were alsos found at this early stagevof inmune
response which contained dendritic cells bearing the complex.
These germinal contres had formed in Juxtaposition to a white
pulp arteriole and soms contained up to 25 complex bearing dendritic
cell (plate 29),

Dendritic cells bearing the complex were also found in tha
-spleen sections of the BX=IR .chickens killed 48 hours after i.v.
inoculation of HSA-anti HSA complex. These cells were found
along fhe wvhite pulp arterioles singly, in pairs or as groups of
cells consisting not more than 6 or 8 cells, Howsver, detailed
examination of tha spleen sections of ths bursectomized-irradiated
chickens did not show any evidence of formation of a germinal
" centre in any section., |

In the spleen sections of the intact birds killed 72 hours
after i.ve. injection of HSA-anti HSA complex, the majority of
dendritic cells bearing the complex werae found within the fully
devslopsd germinzl centres. There were very feuw complex bearing
dendritic cells outside the territory of germinal centres at this
stage, |

The disﬁribution of the complex bearing cells in tha splesn
sections of the bursectomized birds killed 72 hours after L.v.
inoculaticn of HSA-anti HSA complex did not differ very much from

that of the bursectomized birds killed 48 hours after inoculation
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Plafe 29 - Fluoréscénce phbtomicrivc;i{zph oi‘ spieen scéfibzi
of an intact-irradiated chicken 48 hours after i.v. injec-

tion of HSA-anti HSA complexes. The frozen section of the
spleen was stained with a single layer of fluoresceine
labelled anti HSA antibody. There are large numbers of
complex~bearing dendritic cells within the irregular oute
1line of one germinal centre. Provision of specific antiw
body as HSA—anti HSA complexes .speeded up formation of

this germinal centre by one day. (X 630)



of this complex, There was no evidencse of formation of germinal
centre by the dendritic cells bsaring the cémplex in any sectién.
Spleen sections of the bursectomized birds contained considerablyv
fewer complex bearing cells in comparison to thase of their corres-
ponding intact control.
Table 17- Time scales for the localization of HSA=anti HSA
complex in tha spleens of bursectomized-irradiated and intact-
irradiated chickens at different intervals after i.v, injection
of HSA~-anti HSA complex. The numbers of chickens killed at

each stage aftesr immunization is referred to in the bracksts,

Chickens 5 minutes 24 hour 48 hour 72 hour
Ee We Lo Eo We Go E. We Go e We Go .

Bursectomized= $ = - - 4 - - 4 - - 4 -

irradiated (3) (3) (4) (4)

Intact- 4 - - - 4 - - + + - 4+ +

irradiated (3) (3) (4) (4)

+ = Localization of the complex E. = tllipsoid

Lack of localization of the W. = White pulp .

complex ) Ge GerminaL centre

Antibody~containing Cells in the Spleen = Frozen sections of the

spleens of the BX=IR and IN=-IR chickens killed 72 hours after i.v.
injection of HSA-anti HSA complex were also stained by sandwich

technique in an attempt to demonstrate presencs of antibody -
containing cells in the spleen, Large numbers of plasma cells
containing anti HSA antibody were found in thse spleen sectioné

of the In-~IR chickens, Thase cells were confined to the red
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pulp_strand and were not found near the ellipsoids or germinal
centres, Spleen sections of the BX-IR chickens stained under
identical conditions as those of their correspcnding intact

controls did not show presence of any antibody-containing cells

in any section.

fAnticen=be=ring cells, Antibody=-containina cells and IoG—éontaining

cells in the Bursa and Thymus = In the frozen sections of the

bursa and thymus treated with a single layer of fluorescein=-
labelled anti HSA entiboedy, no evidence of localization of
complex was datected in the thymus of the BX=IR or IN=IR chickens
killed at 5 minutes, 24, 48 and 72 hours after intravenous
injection of the HSA=anti HSA complex, There was also total
absence of complex~bearing cells in the bursa of the IN-IR birds
killed at similsr intervals after intravenous injection of HSA=
anti HSA complex, |

Frozen sections of the thymus and bursa were also stained

by sanduich technique, using fluorescein-labelled anti HSA anti-

body, in an attempt to demonstrate presence of antibody-containing

‘cells in these two central lymphoid organs. There was, houwever
complete absence of antibody-containing cellé in the thymus of
both groups of birds and in the bgrsa of the IN-IR birds killed
at different i?tervals after intravenous injection of HSA-ant;
HSA complexBes. . |
Frozen sections of the thymus of the BX-IR and IN=IR chickens

and those of the bursa of the IN-IR chickens werse also treated
with a single layer of fluorescein-labelled rabbit anti chicken
1gG to demonstrate pressnce of Igu-Eontqining ce;lg in these tuwo
lymphoid organs., The frozen sections of the thymus and bursa
of 3 intact non-immunized, non-irradiated Thornber 8§08 chicgens

which were sight weeks old wsre also similérly stained to serve

as controls, _
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Plate 30

X 60

Plate 31

X 300

Fluorescence photomicrographs of sections of the bursa
of Fabriecius of an Intacteirradiated chicken at 8 weeks
of age. The sections were stained with a single layer of
fluorescein-labelled anti chicken IgG.

There are large numbers of IgG-containing cells in
the medulla of the bursa follicles. Hote also few indi~’
vidual IgG-containing cells at the margins of the bursa
follicles.



Large numbers of IgG-containing célls were found in the frozen
ssctions of the bursa of the Iv~IR birds which had bsen killed
at different intervals up to 72 hours after intravenous injection
of HSA-anti HSA complexss, lhe frozen sections of the bursa of
the intact non-irradiated non-immunized birds alsoc showed
presence of IgG~containing cells in the medulla of the bursa
follicles, Almost'all bursa follicles in both groups of intact
birds showsed presence of IgG-containing cells. Thus there was no
indication that immunization of one group of birds with HSA-anti
HSA complexes had increased the numbers of bursa follicles which
showed Igu~containing cells,

The IgG-containing cells vere confined almost exclusively
to the medulla of the bursa follicies. the cortex of the
follicles thus remained as a dark zone surrounding the very bright
central regions (plates 30 and 31),

Ihe thymic sections of all groups of birds'wefe also treated,
under identical conditiong as bursa sections, with a single layer
of fluorescein-labelled rabbit snti chicken IgG. There was,

however, total absence of JIgG~containing celis in 21l thymic

sections,

Summary to the Experiment 1, 2 and 3 «~ The effect of bursectomy

followed by whole body irradiation on localization of native and
aggregated HSA to the dendritic cells was investigated by means
of fluorescent antibody technique.

vendritic cells bearing the native HSA were detected in the
sp laens of intact-irradiéted chickens on days-é, 5 and 6 after
i.,v, injection of 10 mg native nSA. Localization of the aggreg-
ated HSA to the dendritic was also detected in the spleens of the
intact-irradiated chickens &t 48, 72 and 96 hours after i.v.
injection of 10 mg asggregated HSA, Antigen-bearing dendritic
cells Qera found to tzke part in form.tion of germinal centres in
the white pulp of the spleen.

13¢



Presence of antigen-bearing dendritic cells in the white
pulp of the spleens of the intact-irradiated chickens was coin-
cided uwith formation of antiéody-containing cells in the red
pulp of the spleen,

Bursectomized=irradiated chickens failed to localize native
and aggregated HSA to the dendritic celis of the spleen. Anti-
body containing cells were also completely absent in the spleens
of the bursectomized-irradiated chickens,

Provision of specific antibody as HSA-anti HSA complexes
restored localization of HSA to the dendritic cells in the
spleens of bursectomized~irradiated chickens, However, ths
antigen~bsaring dendritic calls in the spleané of bursectomized=-
irradiated chickens failed to form any germinal centre.

These results clearly indicate that failure of the bursect=
omized-irradiated chickens to localize native or aggregated HSA
is due chiefly to deficiency ;f these birds in production of
specific antibody.  the finding that pfovision of specific
entibody, as HSA-anti HSA complexes to the bursectomized-irrad-
iated chickens did not restore formation of germinal centre in
the spleen is taken to indicate that B-lymphocytes_as well as
antigen-bearing dendritic cellsvare necessary for formation of
germinal centres,

Aggregated HSA and HSA=anti HSA complexes did not localize
in the thymus of the bursectomizad-i;radiated and intact-irrad-
iated chickens, the bursa of the intact-irradiated chickens
was also foundlcompletsly frge from aggregated HSA and HSA-~
anti HSA complexes,

Lack of localization of antigen in the thymus and bursa
after intravenous injection of aggregated HSA and HSA-anti HSA
complexes is discussed in relation to the fine vascular systems
of these organs which considerably raduce the inflow of the

circulating antigens in these two central lymphoid organs.
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1~ lLocalization of Antigen and Antigen-Antibody Complexss in

the Spleen - Both aggregated HSA and HSA=anti- HSA complexes .
appeared on the cells at the periphery of the ellipsoids in the
spleens of intact-irradiated and bursectomizea—irradiated chickens

S minutes after intravenous injection (plates 26 & 28). Localizat-
ion of aggregatéd H5A and HSA-anti HSA complexes in and around th; '
ellipsoids suggests that these materials had emerged from the
ellipsoidal sheath and they had been taken up by a net of macrophages
in these areés. carbon particles of ‘the indian iﬁk were also found
to segragate rapialy in the ellipsoids soon after intravenous
injection. tlearance of the particulate materials from the
circﬁlation by the macrophages in and around the spleen ellipsoids
is, thus immunologically non specific since there appears to be no
difference petween the antigens and non-antigenic materials in

this respsect and both intact-irradiated and bursectomized=irradiated
chickens show similar pattern of localization,

Localization of aggregated HSA in the splsens of bursectomized=-
irradiated and intact-irradiated chickens 24 hours after i.v. inject=
ion was next investigated. There was no evidence of localization
of aggregated HSA on the célls at the periphery of the ellipsoids ﬁr
in any other parts of the spleens of the intact-irradiated birds 24
hours after intravenous injection of this antigen.' It is unlikely
that the cslls which initially localized this antigen on their cell
membranes, subseqhently released it into the circulation., It is.
however, conceiQable that following localization of the antigen on
the cell membrane, the antigen was transported into the cytoplasm
where it was broken down by the protealytic enzymes. The antigen
fragments within the cell became indetectablq by the immunofluor-
escent technique, This view is supported by the f;ct that
1311-}-HSA is readily detected in the cells at the periphery of the

ellipsoids of the chicken spleen 72 and 88 hours after intravenous
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injection (white st al. 1970). The technique of autoradiography
permits detection of the radio-isotope labelled HSA within the
cell.

A small amount of agqregated HSA was found on the surface of
cells at the geriphe§y of the ellipsoids in the spleens of burse-
ctomized-irradiated chickens., Wwith regard to localization of
carbon particles, chickens bursectomized in ovo on day 18th of
incubation were also found to retain carbon particles on thair
cells at the periphsry of the ellipsaids longsr than * .-~ . thgir
corresponding intact controls (plate 13), It is possible that
the rate of phagocytosis of aggregated nSA and carbon'particlps in
the spleen are lower in the bursectomized chickens than the intact
chickens., With regard to clearance of particulate substances
such as carbon particles of the indian ink, bursectomized-irradiated
chickens do not show any deficiency (Aiyedun 1971), Phagocytosis
of the foreign particles by the macrophages normally takes placs
in  two distinct stages. Firstly adhesion of the particles to
the cell membranas and secondly transport of ths particlss into‘the
cytoplasm., The present findings suggest that bursectomized chiqkens
ars probably deficient in the second stage of phagocytosis. It is
well established that antibodies and immunoglobulins are opsonins
which facilitate phagocytosis (Humphrey and White 1970). The
deficiency of ths bursectomized chickens iﬁ endocytosis of the agg=
regated HSA and carbon particles is probably dus to the déficiendy
of these birds in prpduction of antibodies and 1mmunoglobuliné.
This concept is supported by the fact that provision of specific
antibody as HSA-anti HSA complexes restores the normal function
of the macrophages at the periphery of the ellipsoids in the spleens
of the bursectomized-irradiated chickens as indicated by the total
absence of the antigen-antibody comblexes on the surface of thasa

cells 24 hours &after intravenous injsction of the complex.
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Aggregated HSA was subsequently found to have localized on
the surface of the dendritic cells in the white pulp of the .
spleens of the intact—irradiated chickens 48 hours efter immuniz-
ation. The localization of this antigen on the dendritic cells
in the spleens of intact-irradiated chickens coincided witﬁ
appearancs of antibody-containing cells in the red pulp strands
of the spleen. Yhite and his co~-workers (White, French and
Stark, 1966) have produced ample evidence which suggests that
specific antibody 1s an essential factor for localization of
the antigen to the dendritic cells of the spleens of the intact
birds. They showed that immunologically tolerant intact birds
which do not producs detectable amount of specific antibody are
totally unable to localize HSA to the dendritic cells of the
spleens, Furthermore, by the use of fluorescein-labelled rabbit
anti chicken immunoglobulin they showed that the antigen at the
surface of dendritic cells is in the form of antigen-antibody
complexes (Frencﬁ, Wilkinson and white 1869), Lack of localization
of aggregated HSA on the dendritic cells during the first 48 hdurs
after immunizetion is therefore considered to correspond to the
'lag in proouction of antibody which normally occurs for similar
length of time after the.primary antibody response.

‘Bursectomized-irradiated chickens did not localize the native
HSA to the dendritic éeils of tha‘spleen on day 4, 5 and 6 after
intravenous injection of this antigen, The localization of
aggregated HSA was also completely absent from the splsens of
bursectomized=irradiated chickens st 48, 72 and 96 hours after
intravenous injection of this antigen, Antibody. containing calls.
were totally sbsent in the spleens of the bursectomized=-irradiated
chickens inoculated intravenously with 10 mg native HSA or 10 mg
aggregated HSA, The sera of the bursectomized-irradiated birds

immunized to native HSA did not contain any dstectable amount of
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specific antibody.

Provision of specific antibody in the form of HSA=~anti HSA -
complexes resulted in localization of the antigen‘to the dendritic
cells in the spleens_of the bursectomized=-irradiated chickens.
These results rule out the possibility that the deficiency of
bursectomized-irradiated chickens in localization of native or
aggregated HS5A is due to the lack of dendritié cells in the spleéns
of these birds., The competency of the. dendritic cells to localizs
antigen-antibody complexes also does not diminish after neonatal
bursasctomy followed by Qhole body irradiation, It is therefore
suggested that ths inability of the bursectomized-irradiatsd
chickens to localize native or aggegated HSA is due entirely to
inability of these birds to produce specific antibody,

The role of antibody is to provide a link betwsen the antigen
and the dendritic cells since some antigens such as‘human gamma
globulin (HGG) is readily localized to ths dendritic cslls in
the spleens of antibody deficient bprsectomized chickens (white,
Henderson, Eslami and Nielsen 1975). White and his ca-uorkers
showed that localization of HGG to the dendritic cells occurs by
maans of a receptor in the Fc portion of the molecule since HGG
treated with pepsin failed to localizs to the dendritic cells in
the spleens of bursectomized-irradiated chickens, Failure of /
native and aggregated HSA to localizae to the dendritic cells in
the absence of antibody, in the spleens of bursectomized-irradiated
chickens, is therefore due to the lack of the appropriate receptors
which could link these antigens directly to the déndritic cells.

Provision of specific antibody as HSA-anti HSA complex to
the dendritic cells accelerated the events leading to formation
of germinal centres in the white pulpf Thus in the spleens of
the intact-irradiated chickens germinal centres with complex-
bearing dendritic cells were found at 48 hours after intravenou$
injection of the co;plex (plate 29). The earliest formation of
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germinal centres in the spleens of the intact-irradiated birds
immunized to nstive or aggregated HSA was 72 hours after immun-'
ization, Thus, the time scale for formaticn of germinal centres
in the spleens of intact-irradiated birds had been shortened .by
24 hours due to passively administered specific antibody. |

The dendritic cells loaded with the complex in ths spleens
of bursectomized-irradiated chickens did not form germinal centres
even 72 hours after intravenous injection of the complex, It has
bean suggested that formation of germinal centre is dus to a
progressive capture and aggregation of lymphocytes by the antigen-
bearing dendritic cells (White et al.1970) Neanatal bursectomy
followed by whole body irradiation depletes the spleen and other
lymphoid tissuss from B-lymphocytes. The present finding on
the 1Hability of the complex bearing dendritic caells to form
germinal centre \in the spleens of bursectomized-irraaiated chickens
thus suggests that the bursa derived cell (8-lymphocyte ) is an

essantial cellular element for formation of germinal centres.

2 = Lnecalization of Antinen jn the Bursa and Thymus -~ Thers was

no svidence of localization of aggregated HSA and HSA-anti HSA
complexss or presence of antibody~containing cells in the frozen
sections of the bursa of the intact-irradiated 5irds killed at

5 minutes, 24, 48, 72 and 96 hours after a single intravenous
injection of these antigens.

Tha frozen sactions of the thymus of ths bursectomized-
irradiated and intact-irradiated chickens which had similarly
been given an i.v. injection of aggregated HSA or HSA-anti HSA
complexes and had been killed at similar interva;s after immuni-
zation were also found completely free from aggregated HSA, HSA=
anti HSA complexes and antibooy-confainingvcells.

Frozen sections of the thymus of both intact-irradieted and

bursectomized-irradiated chickens also showed complete absence of

~

146



IgG=-containing cells, In contrast, the frozen sections of the
intact-irradiated birds showed large numbers of IgG~containing
cells which wers located chiefly in the medulla of the bursa
follicles (plates Z0and 31). |

lhese results clearly demonstrate that, with regard to
localization of antigen and formation of antibody-containing
cells, the central lymphoid oréans of chicken differ markedly
from the spleen in which both localization of the antigen and
formation of antibody-containing calis readily develop follouwing
ieve injection of native or aggregated HSA.

unlike the peripheral lymphoid argans such as spleen, the
bursa and the thymus begin to involute in chicken with the onsst
of sexual maturity at 4 = 4% months of age (Ackerman and Knouff,
1959)., Lack of localiation of the antigens and formation of
antibody=-containing cells in the bursa and the thymus, however,
can not be attributed to the involution of thesse éuoorgans since
the birds used in the present study were 7 - 10 wéeks old, The
cellular érchitecture of the thymus, thus, was normal and did
not appafently show any sign of atrophy. Bursa of Fabricius also
showed no sign of atrophy as indicated by the follicles packed
densely with cells and pressnce of large numbers of IgG~containing
cells in the medulla of the follicles (plates30and 31).

Several groups of workers have also found that the bursa
and the thymus do not show a marked cellular reaction follouing
intravenous injection of an antigen. Thus antibody=-containing
cells were found sbssent following i.v. injection of sheep RBC
(Dent et _al, 1965, Jankovic et al. 1967).  Although bursa of
Fabriedus is the lymphoid organ which contributes to the formation
of germinal centres in other lymphoid tissues; thess centres
naver davelop in the bursa of fFabricius. Formation of germinal

centres in the thymus after a single i.v. injection of an antiga3n
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is also a very rare celluiar reaction.

One of the early studies which was carried oué to establis%
the conditions in which antigen localization may occur in the
thymus was that of marshall and Uhite (1961). They shousd that

i.ve injection of diphtheria toxoid in rat and guinea pig does

not bring any histological changes in ths thymus whereas direct
inoculation of the same antigen into the thymic lobes results in
localization of the antigen in the Hassell's corpuscleé and form-
ation of germinal centres in the medulla of the thymus. These
workers accordingly introduced the concept of blood-thymus barrier
which suggests thet lack of reactivity of thymic tissues to
circulating antigen is due to a barrier against the entry of the
antigen into the thymus or a lack of suitable phe.gocytic mechanism
to segregate the antigen in this lymphoid organ,

In chicken, tha bulk of intravenously injected colloidal
carbon of the indian ink is taken up by the liver, spleen and
lung since there is a large volums of blood flow as well as
numerous phégocytic cells in thess organs (Aiyedun, 1971),
Bursa follicles and thymus lobules have very small arteries and-
veins. The fine vascular systems of the bursa and thymus consid-
erably reduce the inflow of circulating antigens into these lymph-
oid organs., It is also likely that dendritic cells and macropha=-
ges are less prominent in the thymus and bursa, There is no report
regarding the hresenca of dendritic cells ir the thymus and bursa
6? Fabricius., Houwever, the fact that germinal centres formed 1n
the medulla of the chicken thymus following multiple'immunizatioﬂ.
with sheep RBC (Jankovic et _al. 1966) or after a single i.p.
injection of 'phage 0X174 (plate 4 ) can be takan tb indicate
that ths antigen had enterec the thymus and had localized to the

dendritic cells,

Presence of carbon-containing cells in the medulla of tha
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thymic lobules and in the medulla of the bursa folliclss also
indicates that macrophages are not absent in.these two central ‘
lymphoid organs, However, the.numbers of the cells bearing the’
colloidal carbon of the indian ink in the thymus and bursa of
tabricius were very fsu, This finding substantiates the concept
that liver, lung and spleen primarily take the bulk of antigen and
colloidal carbon from the circulation, the bursa and thymus remain
free from a high concentration of these maﬁerials. It is therefore

likely that multiple intravsnous injection of an antigen may lead

to localization of the antigenAin the thymus and bursa of Fabricius,

CONCLUSIONS

The effect of bursectomy on localization of native HSA,
aggregated'HSA'and HSA=anti HSA complexesAto the dendritic cells
was studisd using fluorescent antibody technique. The follouing.
conclusions have been reached,

1. The early localization of aggregated HsA (at 5 minutes after
intravenous injection) to the cells at the periphery of the
ellipsoids does not depend on the availability of specific anti-
bbdy as both intact and antibody daficiént bursectomized-irradia-
ted chickens show similar pattern of localization, |

2. Failure of the bursectomized-irradiated chickens to localize
native and aggrégated HSA to the dendritic cells is due chiefly

to the inability of these birds to produce antibody since provision
of specific antibody as HSA;anti HSA complex restored'localization
of H5A to the dendritic célls in the sbleens of the bursectomized-
irradiated chickens.

3. The fact that provision of specific antibody to the bursect=
omized=irradiated chickens, as HSA-anti H5A complexes, did not

restore formation of gsrminal centres in the spleen is taken to
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indicate that the B-cells (bursa derived lymphocytes) as well as

antigen~bsaring dendritic cells are necessary for formation of

these centres.

4, Lack
complexes

injection

system in

of localization of aggregated H5A and H3A-anti HSA
in the bursa and thymus after a single intravenous
of these antigens is probably due to the fine vascular

thess organs which reduce considerably the inflow of ths

circulating antigen in thaese two central lymphoid organs.
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