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ABSTRACT
Quinea fow | ymphoid tissues (the thynus,Bursa of
Fabricius, Harderian gland and the spleen) were examned at
enbryoni ¢ and post-hatching periods to observe the gross and
histologic features and their gromh rate in relation to the
age of birds. Wiwole enbryos from day three to day 17 were
wax- enbedded, serially sectioned at 5.0m stained wth
Hemat oxylin and Eosin and observed for histological details
using light m croscope.
| ndi vi dual |ynmphoid tissues obtained by dissecting
enbryos fromday 18 to day of hatching and from guinea fows
from day one post-hatch till 32 weeks of age were epon
enbedded. Thick sections (0.5 - 1.0mand thin sections (0.05
- 0.2n) were observed using light and electron-m croscopy
respectively.

A total of 100 birds, in groups of five, were euthenized
and their |ynphoid tissues used for the study of the growth
rate in relation to the age of the birds.

Five adult birds at the age of 20 weeks post-hatch were

used to study the gross features of the tissues.



G oss Anat ony

The thynmus was grossly observed to contain a total of 13
| obes with seven |obes on the right side and six |obes on the
left side of the neck. The third and the sixth |obes were the
| ar gest .

The bursa of Fabricius was an oval blind sac with a
short stalk fromits point of origin. Each gland contained 12
to 14 primary folds or plicae internally.

The Harderian gland was a bright pink organ with slight
constriction about its mdpoint and had an irregular outline.
It had a nmean length of 15.0+0.8 mmand a width of 6.0+0.4 nm
at the broader end.

The spleen was a snooth bean-shaped structure with a

on the ventral surface which forned the entry and exit
of its vessels. The organ was covered by a thin but tough
capsul e except at the hilus. Three short arteries entered the

spl enic substance at its ventral surface.

Mor phonetri c Val ues

It is observed that the thynus, bursa, Harderian gl and

and spleen had m nimal nmean wei ghts at day one post hatch.



The maxi mal nean wei ghts were around 18 - 20 weeks post - hat ch
except Harderian gland which had its maxi mumat 32 weeks.

The bursa and thynus had mninal relative weights at 32
weeks while the Harderian gland and spleen had theirs around
24 - 26 weeks.

The bursa, spleen and thynus had their naxinmal relative
weights at four weeks while Harderian gland had naxi nal
relative weight at 10 weeks.

Fig.l revealed a significant decrease in weight and the
commencenent of involution of the thynus after 20 weeks and
of bursa after 18 weeks. Harderian gland and spleen had

conti nous growt h throughout the study.

H st ol ogy
Thymus

The thynus was first observed on day seven of incubation
as a collection of reticular cells and large |ynphocytes.
Individual red blood cells were seen together wth the
reticular and lynphoid cells on day 10 and these red bl ood
cells had appeared in groups on day 12. Small |ynphocytes and

the begining of capsular fornation were observed on day 14.
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By day 16, few blood vessels were seen in the interlobular
spaces.

By day 18, thymc corpuscles appeared within the gland
and there was presence of tiny vacuoles within the reticular
cells. Macrophages were first observed on day 20, the cortex
and medul I a becane di stingui shabl e by day 21.

On day 24, thymc corpuscles contained few debris at
central region. Distribution of blood vessels was uniform
between the cortex and nedulla at five days post-hatch while

pl asma cells appeared in the gland at three weeks post-hatch.

Bur sa

The bursa was observed day eight of incubation and
bounded by two layers of epithelial cells. Blood capillaries
and few |ynphocytes appeared in the nesenchyma on day 12.
Vacuol es were also observed in the epithelial cells.

Capsul e, plicae"and epithelial buds had forned on day 18
and macrophages were observed on day 20. Blood vessels had
occurred in the cortex and goblet cells were observed on day
21 while plasma cells were seen on day 22. On day one post-

hatch surface epitheliumwas pseudostratified.



Har deri an gl and

Harderian gl and, bounded by epithelial and nesenchynal
cells, was observed on day 10 of incubation. Bl ood vessels
and red blood cells were seen on day 12 while large
| ynphocytes appeared on day 13. The capsule appeared on day
14 while small granules were seen in the |ynphocytes on day
16. Tiny vacuol es appeared in the epithelial cells on day 18,
and tubul o-acinar formation and small tubular ducts were also
seen on this day.

By day 19, pseudostratification of epithelium was
observed. Acinar cells were filled with secretory materials
on day 24. At eight weeks, squanosis of epithelial cells was

evi dent .

Spl een

This organ was observed on day seven of incubation as a
bean- shaped structure conprising of reticular cells and |arge
| ynphocytes. Red blood cells were noticed in addition on day
ei ght. Sinusoids appeared on day nine while capsular

formati on was seen on day 10.
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Smal | | ynmphocytes, nacrophages and snmall bl ood vessels
wer e observed on day 11. By day 16, granulocytes had
appeared. Red and white pul ps were distinguishable on day 21.

On day one post-hatch, granul ocytes had di sappeared and
capsule was at its greatest thickness. At seven weeks post-
hatch, plasma cells and nonocytes were observed in the
splenic cords and sinusoids respectively. Two germ nal
centres appeared in the gland at 13 weeks post-hatch.

Al t hough the |ynphoid organs of birds are based on the
sane structural patterns as have been nentioned by several

hors, it has been conclusively shown that at |east there
are mnor but inportant differences that exist wthin these
i ndi vi dual gl ands anongst the different species of birds.

The study has shown that both the thynus and bursa
undergo involution at different times in different avian
species and in the guinea fow they do not invariably
di sappear altogether. The spleen and Harderian gland did not
even begin to regress as late as 32 weeks of life but
continued to grow

This study however, provides an opening for further

investigation beyond 32 weeks of life to observe the fina
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outcome of these lynphoid organs in the guinea fowl. There

would also be the need for thynmectony or splenectony to
erve its effect on the sizes and cell contents of the

other |ynphoid tissues so as to give a better picture of the

interaction between primary and secondary |ynphoid organs.
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CHAFTER 1

INTRODUCTION

Guinea fowl ranks second to chicken in poultry
production in Nigeria. The number of guinea fowls 1is
estimated at about 45 million while the exotic and local
chickens number 10 and 124 million respectively (Nawathe and
Lamorde, 1982).

In Nigeria, poultry meat and eggs constitute a major
source of animal protein. Despite the importance of poultry
products in our food, there 1s serious economic loss as a
result of poultry diseases such as Newcastle,Gumboro,
Coccidiosis, Fowlpox and Ectoparasitism. The guinea fowl has
been described as hardy and not very susceptible to common
diseases and parasites of the domestic fowl(Hann,1966;
Shakliee, 1976} and thrives well under temperatures ranging
from -23 to +15°C (Veicman, 1951). This hardy nature against
common poultry diseases may be connected with the immune
system of the bird. Tikhomirov (1935) observed that chicks
with a large thymus withstood unfavourable conditions better
and with lower mortality. A better immune status
necessitates a well developed and actively functicning

lymphoid tissue.
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The lymphoid system of many species and breeds of birds
have been extensively studied. Top on the list of the species

is Gallus domesticus. Its lymphoid system has been studied in

detail by a number of authors (Jolly, 1915; Jolly, 1823;
Bachlechner, 1926; Schrier and Hamilton, 1952; Venzke, 1952;
Hammond, 1854; Glick, 1956; Hohn, 1956; Warner and Szenberg,
1964; Jankovic, 1968), Others include domestic ducks {(Hohn,
1947; Grau, 1943; Kolda and Komarek, 19%58; Hashimoto and
Sugimura, 1976), House Sparrow (Hohn, 1956), tropical bulbul
(Ward and D'Cruz, 1968} and Red-billed Quelea (Kendall and
Ward, 1974).

Studies on the biclogy of the guinea fowl has reﬁeived
less attention than other species like domestic fowl, ducks
and turkeys. A thorough literature search has shown no work
on the detailed embryology and histeology of the lymphoid
organs of the guinea fowl.In earlier studies, we had reported
on the basic anatomy of the reproductive organs of the guinea
fowl (Onyeanusi et al., 1886). In the present study, we wish
to investigate the develcopment and histology of the lymphoid
system. The specific objectives of the study, therefore, are

to provide information on the following:
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(1) The histological picture of the lymphoid tissues
from embryonic stage to the adult stage of the guinea fowl.
(i) The growth of the lymphoid tissues in relation to
the age of the guinea fowl from hatching till the adult
stage.

(iii) The gross anatomy of the lymphoid tissues at
different stages which include the thymus gland, the bursa of

Fabricius, the spleen and the Harderian gland.



LITERATURE REVIEW
2.0. Introduction

The lymphoid system of the bird comprises of the
lymphoid tissues and the lymphatic vessels which are
considered along side the lymphoid tissues. The lymphoid
tissues altogether comprise what is called the immune
apparatus of the bird. This immune  apparatus lies
structurally between that of amphibia and reptiles on one
hand, and that of mammals on the other in complexity (Good
and Finstad, 1967). Phylogenetically, the lymphoid tissues
develop independently of the lymphatics so as to provide a
group of specific immunological responses to foreign antigens
(Good and Papermaster, 1964).

These lymphoid tissues have been divided into primary
(central) tissue and secondary (peripheral) tissue (Good et
al., 1965; Cooper et al., 1965; Szenberg, 1976). The primary
(central) lymphoid tissue of the birds consists of the thymus
and cloacal bursa while the secondary (peripheral) lymphoid
Lissue comprises the spleen, bone marrow, the lymph nodes and
mural lymphoid nodules, the aggregated lymphoid nodules of

the digestive tract and oculonasal region, and the numerous
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smaller foci of solitary nodules scattered throughout the
body.

The central Ilymphoid tissues are believed to be the
primary sites of lymphocyte development and the peripheral
lymphoid tissues are thought to be dependent on the central
tissues. The primary lymphoid tissue is most active in early
post. embryonic life. The secondary lymphoid tissue is antigen
driven "effector"™ tissue in which the differentiation of
immunologically competent T and B cells into the respective
effector cells are completed. Thus the secondary lymphoid
tissue derives its lymphocytes from the primary Llymphoid
tissue (Rose, 1968) .But L is also observed that
proliferation of lymphocytes within secondary lymphoid tissue

also occurs (Rose, 1968).

2.1 Thymus (Crop glands)

This is one of the primary (central) lymphoid tissues in

birds. Grossly, this gland consists of about 14 lobes in the
domestic fowl which lie, seven on each side, adjacent to the
jugular veins (Maughan, 1938; Payne, 1971). It is the first
lymphoid organ to develop during embryonic life. Thymus cells
are seeded by stem cells from the yolk sac and differentiate

into lymphocytes within the environment of the thymus
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(Raviola, 1975). The thymus undergoes marked involution and
fatty degeneration after sexual maturity but never completely
ceases to exist (Venzke, 1843). Pilipenko {1965) observed
that it never disappears with age in the duck but undergoes
an involution which is closely linked with the activity of
the sex glands. Bachlechner (1926) observed in the chicken
that there were three to eight thymic lobes of varying sizes
and shapes extending along each jugular vein as far as the
thyroid gland. Thymic tissues sometimes penetrate the
thyroid and parathyroid without an intervening capsule, so
making complete thymectomy difficult (Payne, 1971}. Hohn
(1956) observed that the upper fifth of the neck was devoid
of lobes in the chicken. The thymus o©f the domestic ducks
and geese resemble those of hawks 1in which thefe are
typically five Ilobes, the most caudal always being the
largest (Hohn, 1947}. In passerines and hawks (Accipitridae},
the two lobes which lie in the cranial part of the neck close

to the angle of the jaw, are the largest (Hohn, 1956, 1961).
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In the domestic fowl, the thymus progressively increases in
welght from the tenth day of incubation onwards, and between
the sixteenth day and hatching, there 1is a very marked
increase. At hatching, the mean weight of thymus in domestic
fowl is 0.101gm or 0.313% of the body weight {Latimer, 1924).
Tn white Rock chicken, the thymus attained its maximum size
between four and seventeen weeks of age and then regressed
with the onset of sexual maturity. A maximum percentage body
weight of 0.5% was reached at 10 weeks in White Rock chicken
{(Wolfe et al., 1962). The maximum absclute thymus welight
cbgerved was 15.75gm at 17 weeks of age for both the left and
the right sides.
The thymus reached maximum weight and activity between
100 and 130 days of age 1in pheasants after which involution
of organ begins (Kirkpatrick and Andrews, 1944). The thymus
attains its qgreatest size during the peak of growth in
Pheasant chicks and undergoes involution as the bird attains
maturity (Bradley and Grahame, 1960; Sturkie, 1854} .
According to Tikhomirov (1935), the size of the thymus is
indicative of the health status of the newly hatched chick.
In healthy chicks, the weight of the thymus equals 0.14% of
the body welght, 1in weak <c¢hicks only 0.044%.0Onset of

involution after maturity varies according to the breed of
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fowls involved. The thymus did not start to involute in the
first year of life in the Fayomi fowl but rather increased
with age, reaching its maximum size at one vyear of age
(Kamar, 1960). In the Nigerian cockerel, the thymus attained
maximun size at 20 weeks of age and regression started at 22
weeks (Alre, 1973), and it was observed that the thymus of
the Nigerian cockerel inveoluted much earlier than in the
Leghorn c¢ockerel (Aire, 1974). Maximal thymus size 1in
Leghorn cockerel was at 24 weeks and involution started at 26
weeks. In the White Pekin ducks, the thymus mean weight
reached its maximum at 11 weeks of age and thereafter
regressed {(Hashimoto and Sugimura, 1976).

Recrudescence of the thymus after regression has been
observed in a number of birds. The histological evidence of
recrudescence of the fowl's thymus was noted by Warner

{1964). It was observed in the mallards {(Anas Platyrhvnchos)

and House sparrow (Passer domesticus) following the annual

breeding cycle (Hohn, 1956). It has alsc been observed in
tropical bulbul (Pycnconotidae) (Ward and D'Crus, 1968), in
Phasianus ({Anderson, 1970} and Red-billed Quelea {(Quelea
quelea) (Kendall and Ward, 1974). Recrudescence occurs in

response to an increased demand for red blood cells in these
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birds =ince it has been established that the enlarged thymus
contains many immature erythrocytes and lymphocyte-like
cells and would therefore serve as an erythropoletic organ
(Kendall and Ward, 1974; Bacchus and Kendall, 1975; Ward and
Kendall, 1975).It is clearly known to regulate erythropoiesis

in mice, man, opossum and rabbit (Alm and Peterson, 1971).

2.1:1 Development

The primary thymic primordium is derived from the third
and partly from the fourth pharyngeal pouches (Schrier and
Hamilton, 1952; Venzke, 1952}. The epithelial cords grow out
from the ventral and lateral walls of the third pouch and
from the dorsal wall of the fourth pouch and extend along the
jugular vein at five days of incubation in the chicken. At
five and half days, the cords sever their connection with the
pharynx and lie surrounded by mesenchyma. Thymic lymphocytes
that eventually populate the thymus gland originally migrate
from stem cells circulating in the bloodstream (Moore and
Owen, 1967). These stem cells are produced in the yolk sac

(Cwen, 1972: Leene et al., 1973) and first migrate into the
thymus at between six and seven days of incubation {Owen and
Ritter, 1969} with some of the cells becoming functional at

14 days {Dwyer and Warner, 1971}.
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Venzke, (1952) has observed an earlier migration of
these large lymphocytes into the periphery of the epithelial
thymic tissue from the surrounding mesenchyma at 177 hours,
with small thymic cells appearing at 252 hours. Payne (1971)
observed that large lymphocytes appear in the mesenchyma
around the thymic primordium at seven and half days and are
present within the thymic tissue at eight and half days.

The origin of thymic lymphocytes has been controversial
whether in the birds or mammals., It has been believed that
they arose by transformation of epithelial cells in the
rudimentary thymus ({(Buerbach, 1961; Weakley, et al., 1964:
Ackerman and Knouff, 1965); some believe that they are
derived from extrinsic mesenchymal c¢ells that migrate into
the epithelial anlage (Kingsbury, 1945; Smith, 1965) but
Moore and Owen (1967) have specifically established the
derivation of these large basophilic cells from stem cells
which later differentiate inte large thymic Iymphocytes.
These large lymphocytes are characterised by a basophilic,
non granular cytoplasm and a large, highly c¢hromatic nucleus
{(Venzke, 1952). Differentiation of the thymic cords into
thymic lobules begins at nine days. Small Iymphocytes appear

in the thymus at 10 days.
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A primitive capsule begins to develop around the thymus
of the chicken at 10Y? days and ingrowth of connective tissue
form the beginning of the thymic stroma which later becomes
compressed to form thin septa between the lobules. The
capsule 1is comparatively thin and 1is composed mainly of
ccarse collagen fibres together with a few fine elastic
fibres. External to the capsule are considerable amounts of
locse connective adipose tissues. Invelution in the embryconic
thymus is indicated by a progressive decrease in modal cell
volume of thymic lymphocytes which is noted between days 12
and 18 {Peterson and Good, 1965; Sherman and Auverbach, 1966).
In the duck embryo, the thymus appears as epithelial
islands containing lymphocytes and erythrocytes up to day 14
of incubation and that involuticon begins on day 16 (Klyueva,
1958) ., The thymus is divided into lobules by loose connective
tissue that is permeated with blood vessels. Erythrocytes are
ne longer present. There 1is fatty degeneration of the
epithelial framework of the gland which becomes complete with
greatly enlarged cells by day 23. The highest rate of thymus
involution of the duck embryo is on day 17 of incubation and
this period was seen to correlate with a drop in the rate of

growth and respiration of the duck embryo.
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2.1.2 Histology

Histologlically, the fully developed thymus 1is enclosed
by a connective tissue capsule. External to the capsule is a
considerable amcunt of loose connective tissue. In areas
where the gland is in close contact with Jjugular vein and
cther large vessels, the capsule tends to be much thicker.
Passing inwards from the capsule are numerocus fine septa
which divide the mass of the gland up into lobules. The main
blood vesgsels supplying the gland lie at the points where the
septa Jjoin the capsule and these vessels send branches
through the septa into the lobular tissues. The lobules can
be divided into two regions, the cortex and the medulla,
however, the division is not so0 clear-cut and the two
regions tend to merge with each other. The stroma of the
cortex and medulla consist of network of reticular cells and
their fibres (Lucas and Jamroz, 1961). These reticular cells
possess a round, oval or elongated nucleus, with few fine
chromatin granules and one or two nucleoli. The cortex is
packed heavily with large numbers of Iymphocytes, mainly
small Jlymphocytes and also medium-sized lymphocytes.
Epithelial cells and macrophages are also present.

According tc Hoffmann-Fezer {1973), the cortex decreases

with age and by eight months is absent in the domestic
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chicken. The lymphocytes in the medulla are less numerous
and larger than those in the cortex and as such, the medulla
stains more lightly than the cortex. The reticular cells in
the medulla are more ocbvious than those in the cortex and
they form small scattered islands called thymic corpuscles
(formally called Hassal's corpuscles), and within some of
these corpuscles are degenerating lymphocytes and reticular
cells {Hodges, 1974). Other cells present in the medulla
include macrophages, plasma c¢ells, mast cells, red blood

cells, granulocytes and myoid cells.

2.2 The Bursa

This is the other primary (central) 1lymphoid tissue
found only in avian species. It had earlier been described
as being present only in the female where it functioned as a
semen reservoir (Adelmann, 1967).It has been definitely
identified as an organ involved in the production of immune
cells (B-Lymphocytes and plasma cells). The bursa is a dorsal
diverticulum of the cloacal proctodeum. It is round to oval
in the chicken but elongated in the Pekin duck (Glick, 1963)
and FEuropean Starling (Glick, unpublished observation). The

bursa in the turkey is essentially globular in shape, but it
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is pointed at its cranial end. In the goose, it is
cylindrical and ceacum-like.

Beach et al.(1934) reported that the bursa is absent in
all birds in a flock of seven-month -old White Leghcrn
pullets. The bursa is described as a transient organ which,
unlike the thymus, involutes completely in most species
(Riddle, 1928). It is well developed at hatching and grows
rapidly after. The greatest size relative to body weight is
reached at three to six weeks of age, the precise time
depending upon the breed (Glick, 1960; Wolfe et al., 1962)
and it usually beqgins to reqress at about two to three months
of age (Warner and Szenovery, 1964). At the time of sexual
maturity, its involution is completed. Many studies have
shown attainment of maximum sizes at different ages. Weights
were intlaenced py sbtrain of bird, sex and rearing method.
By 10 menths, the bursa is reduced Lo a tiny saccule a few
miilimeters long which is hidden in the connective tissue of
the dorsal wall of the cloaca.

Yamada (1966) found that mean weiqht decreased from 12
weeks of age and, at 27 weeks of age, all bursal weights
were below 0.3gm in male White Leghorn chickens studied.
Aire (1973) observed that the bursa of the Nigerian cockerel

reached maximum size at 14 weeks and involution did not begin
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until after 20 weeks of age. The bursa of the Leghorns
reached maximum slze between 20 and 26 weeks of age. Bradley
and Grahame (1960) observed the bursa to attain maximum size
at four months and then to regress. Glick (1960) observed it
to attain maximum size in chickens at two months and had
scarcely regressed at four months.

The greatest development in the duck is reached by
approximately three te four months and in six months, it has
a length of 5.0cm, and diameter of 7.0mm (Grau, 1943).
Schauder (1923) gave the maximum size attained at four to
five months of age as 2 to 3.0cm and 15.0cm wide in the
chicken. Hashimoto and Sugimura {1976) observed that the
maximum mean weight of the bursa in White Pekin ducks was at
nine weeks of age. By the end of 22 weeks, many of the
bursae had lost their lymphoid fellicles and remained as a
fibrous sac. The bursa has been found tc have some
relationship with the testes in the birds. Riddle (1928)

found that in the Ring Dove (Streptopelia resoria} and Common

Pigeon {(Columbia livia} the bursa and the thymus increased

rapidly after hatching, while the testes remained small.
When the bursa and the thymus began to involute, the testes
increased rapidly in size. This type of relationship exists

between the bursa and testeas in the Ring-necked Pheasant
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(Phasianus colchicus) (Kirkpatrick, 1944) and chicken (Glick,

1956; Dieter and Breitenbach, 1968).

2.2.1. Development

The bursa originates as an epithelial proliferation
along the ventro-caudal area of contact between the cloaca
and the external ectodermal epithelium {Ruth et al., 1964).
At six days, the epithelial anlage projects from the dorso-
caudal margin of the urodeal membrane and containg numerous
lacunae which at day seven, begin to coalesce to form a
Jumen. Between the seventh and eighth day, the lumen becomes
continuous with that of the proctodeum. The first plica in
the mucosa appear on the 10th or 1ith day and by the 14th or
153th day, 11 or 12z plicae have grown out into the bursal
lumen. The lumen is lined with a layer of cuboidal to
pseudostratified cells about three cells thick. ©On day 12 of
incubation, buds of epithelial cells begin to form in the
undifferentiated lining of the inner surface of the bursa and
project into the mesenchymatous tissue of the lymphoid
follicles. There 1is a distinct separation of the bud cells
from the underlying mesenchymal cells of the tunica (Ackerman
and Knouff, 1959). At the same time, capillary loops develop

to form a capillary network outside the basement membrane of
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the developing bud. A row of undifferentiated epithelial
cells occurs along the basement membrane and these are
continuous with the c¢ells of the surface epithelium. These
basal cells divide to form daughter cells lying more
centrally within the bud and the daughter cells develop the
microscopic and histochemical characteristic of lymphoblasts
{Ackerman and Knouff 1964),

Lymphocytopoiesis begins at day 14 or 15 of incubation.
Deeply basophilic lymphoblasts appear amongst the epithelial
cells and originate by differentiation from epithelial cells

of the bud (Ackerman, 1962: Ackerman and Knouff, 1959).

2.2.2 Histclogy

The normal mature bursa presents a central lumen which
to a great extent is obscured by the presence of plicae, long
folds of the mucous membrane of the bursal wall, which
resemble villous projections. There are 11 to 13
longitudinal primary plicae or folds, each of which is
subdivided into six or seven secondary plicae or folds in the
chicken {Ackerman and Knouff, 19589),

The wall of the definitive bursa 1is composed of four
layers: a thin serosal layer, a muscularis, a mucosa and a

surface epithelium. The muscularis is formed by either a
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layer of circularly arranged smooth muscle fibres (Jolly,
1915) or of an outer layer of longitudinal fibres and an
inner layer of circular fibres. At closely adjacent points
on the circumference of the gland, the muscularis may have
the appearance of a single longitudinal layer; an outer
longitudinal layer and an inner circular layer. The main
branches of the blood vessels supplying the organ lie between
the muscle layers at the base of each of the plicae and
branches of the vessels pass up through the corium of each
plica.

The mucosa comprises the greater portion of the
thickness of the wall and it can be divided into two
components, the connective tissue framework and the
follicles. The amount of connective tissue is sparse except
within the corium of each of the plicae. It has been
observed that few elastic libers, if any, are found in the
mucosa and in association with the larger blood vessels.

In the chicken, the mucosa has been found to contain
about twelve thick, vertical folds and each plica or fold
consists mainly of large numbers of polyhedral follicles
closely packed together with small amounts of connective
tiasue separating the follicles. Adjacent follicles are

separated by a fine inter-follicular connective tissue
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septum, The follicle, in most birds, including Gallus,
consists of a central medulla enclosed by a peripheral cortex
(Jolly, 1915, 1923; Dominic, 1962). 1In some species however,
including some diurnal and nocturnal raptors, certain
ratites, cuckoos and passeriform birds, the medulla is not
enclosed by a cortex but lies instead between the cortex and
the mucosal epithelium. Both the cortex and the medulia
possess a supporting network of stellate reticular epithelial
cells whose meshes are [illed with lymphoid cells; in the
cortex, the network of cells 1is continuous with the
aurrounding conneclive Lissue, The cortex stains more deeply
than the medulla due to its higher concentration of small
lymphocytes.

In the cortex, lymphocytes, many mitotic figures and
macrophages containing remnants of nuclear disintegrations

can also be seen (Thorbecke et 1., 1957). In the

]

interfollicular connective tissue are numerous fibroblasts.

Blood capillaries occur in the cortex but only rarely in the
medulla (Ackerman and Knouff, 1954). In contrast to the
thymus, the cortex and medulla in the clocacal bursa are
separated by a distinct basement membrane and a thin layer of
reticular epithelial cells. Adjacent to this basement

membrane is the outermost laver of the medulla, composed of
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undifferentiated epithelial cells, which is in continuity
with the surface epithelium of the plica. The
undifferentiated epithelial cells are low cuboidal cells with
palely stained, rounded nuclei. The medulla is composed of
lymphoblasts, found in greater concentration near the
periphery, and medium and small lymphocytes. Lymphoid cells
of both the cortex and medulla of the follicle have been
found to vary in size from 4.0mm to 8.0mm {Clawson et
al.,1967}. The smallest cells (lymphocytes]) have only a thin
rim of cytoplasm with a nucleus containing closely clumped
chromatin material and a small nucleoclus. The largest cells
{lymphoblasts) show a substantial amount of cytoplasm with a
nucleus that has very 1little clumping of chromatin and a
prominent nucleolus.

Thorbecke et al., (1957} could not identify plasma cells
within the bursal follicles but these plasma cells were
present in the connective tissue both between the follicles
and immediately beneath the epithelial 1lining of the bursa.
The surface epithelium is described as a tall, columnar,
pseudostratified type {(Thorbecke et al. 1957). 1In the newly
hatched c¢hick, three definitive type of cells could be

identified in the epithelium (Ackerman and Knouff, 1959).
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Amongst the three types described above, Type 1 of the
cells are oval with clear cytoplasm. The nucleus is round to
oval in shape but may be somewhat irreqular. They are said to
occur at any level in the epithelium and are most infreguent
of the three types. Type II are most numerous cells and
appear as columnar cells with an oval nucleus possessing
single nucleolus. The nucleus i3 normaliy located below the
midline of the cell. The cytoplasm is slightly basophilic.
Type III is a narrow goblet cell containing a hyperchromatic

nucleus.

2.3 Harderian Gland

This gland was first described by Johann Jakob Harder, a
physician and naturalist (Kennedy, 1970). The nictitating
membranes are lubricated by this gland and for this reason,
it is also known as gland of the nictitating membrane.
Mueller et. al.,(197]1) confirmed the importance of this gland
in the immunological mechanisms of the fowl and suggested
that it primarily responds to local antigenic stimulation of
the eye. Harderian gland has been described as the dominant
orbital gland in the fowl (Burns, 1977). It is a large
multilobular and mucus-secreting compound tubulo-acinar

gland. The gross structure, histology and some aspects of
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the histochemistry of the glands of the duck have been
described (Ballantyne and Fourman, 1967). This gland has
kbeen identified in marine and domestic ducks as non sebaceous
but as particularly large glands producing oily secretion
that is spread by the nictitating membrane to protect eye
from sea water,

In the chicken, this gland lies in the orbit ventral and
postero-medial to the eyeball., It extends rostrally from the
region of the optic nerve and from its anterior extremity its
duct emerges and passes inferior to the origins of the
superior and infericor oblique muscles (Wight et al., 1971).

Bang and Bang(1968) described it as a relatively large,
paired, 1lymphold gland located in the eye orbit in the
chicken and a variety of wild birds. The gland is pale, pink
te breownish red and rather irregular in shape but generally
strap-like. The surface adjacent to the periorbital fascia
is convex and that facing the eyeball is concave. The
average size of the gland in the adult chicken is 17.3 x 7.4
x 2.2mm and the mean weight is 84.4mg (Wight et al., 1971).
In a 14 week-o0ld chicken, it has been found to measure 15 x 5
x  lmm (Mueller et.al.,1971). There was a remarkable
uniformity of the Harderian gland in the 12 avian species,

that included one falconiformes, four galliformes and six
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passiformes studied by Paule and Hayes (1958). All the glands

were shown to be mucous in nature.

2.3.1 Histology

The Harderian gland of the fowl is surrounded by a thin
connective tissue capsule and it is divided into unequal-
sized lobules by septa. Strands of collagenous and reticular
fibres penetrate between the acini and tubules from the
capsule and septa (Wight et al., 1971). Fine elastic fibres
are also present in the capsule. Blood vessels accompany the
septa into the gland and numerous capillaries form a network
around acini and tubules. Wight et al. (1971) found foci of
lymphocytes that may bke present in the capsule of the
Harderian gland of the chicken and sometimes will project for
a short distance into the gland. The acini are located at the
periphery of the lobules arcund the secondary tubules which
lead to a single main collecting tubule. Columnar epithelium
line the acini and the cells show considerable variation in
height depending on their functional state. The nucleus is
basally situated and it is circular. A basophilic nucleoclus
is also visible. Each cell has an extensive cytoplasm that
has a rather empty appearance but contains fine basophilic

granules. The free borders of the cell are often marked by a
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thin basophilic line and some basophilic materials are
usually present in the acinar lumen (Wight et al., 1971).
The epithelium of the acini gradually merges into that of the
tertiary ccllecting tubules and this in turn merges into that
of the secondary tubules. The epithelium lining the tubules
is also basically columnar and varies in height but may be
almost cuboidal in parts probably because of the large
numbers of plasma cells which accumulate beneath it with
increasing age (Wight et al., 1971). The presence of these
plasma cells in the gland was first noted by Bang and Bang
(1968) and it was found Lo constitute 27% of the gland in a
60 day-old domestic fowl (Wolters et al., 1977). There are
very few of plasma cells in newly hatched chicks, but these
progressively accumulate until large numbers are present.
Wight et al. (1971) indicated that other types of cells of
the lymphoid series are very infrequent at any age but that
in one day-old chick, many heterophils are present in the
interstitium.

The plasma cells are considered to originate from cells
of the lymphoid series (Bloom and Fawcett, 1962) but
appreciable numbers of the lymphoid series were not cbserved

at any age in the same part of the gland as plasma cells.
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This suggests elther the lymphocytes in the gland develop
into plasma cells so rapidly that small number of these
precursors were overlooked, or that preformed plasma cells

migrate into the gland.

2.4 Spleen

The spleen i3 a secondary (peripheral) lymphoid tissue
in birds. It is a round or oval organ in Gallus and Meleagris
but more triangular with a curved ventral surface and a flat
dorsal surface in BAnser and Anas (Grau, 1943). In all birds,
it lies on the right side o¢f the Jjunction between the
proventriculus and the gizzard. The colour is a reddish-
brown and it may be as much as 2.0cm in diameter in the adult
fowl.

Small accessory spleens have been reported frequently in
young fowls (Latimey, 1924: Glick and Sato, 19¢4: BRose,
1968). These weigh from 4 to 45mg in the birds observed
{Glick and Sato, 1964). The spleen increases 2.5 to 5 folds
relative to body weight during the first six weeks of life in
the chicken (Norton and wolfe, 1949; Wolfe et al., 1962) and
in both sexes, a maximum spleen welght relative to body
weight of 0.2% was reached at 10 weeks (Norton and Wolfe,

19492). 1In the Cockerels, the relative weight was found to
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fluctuate around 0.2% between 6 and 23 weeks (Wolfe et al.,
19623 . In the study of Dieter and Breitenbach (1968), the
maximum spleen weight relative to body weight was nearly
0.3% at five to eleven weeks.

The maximum mean weight of spleen in White Rock fowls
studied by Wolfe et al. (1862) was 6.45gm at 20 weeks in a
study extended to 23 weeksz of age. Kolda and Komarek (1958)
found the spleen toe weigh about 3.0gm in the female chicken
and 4.b5gm in the male. In the goose, it weighs about 2.5gm.

Norton et al., (1950) also observed that the spleen attained

its maximum s3ize in the domestic fowl at three to four months

of age.

2.4.1 Development

The spleen originates by budding off from the wall of
the peritoneal cavity {(Rel'nik, 1968). The spleen primordium
appears in the three and half day-old embryo as a mass of
mesenchymal cells {Delenney and Ebert, 19862). At four and
half to five days, sinusoids appear in the mesenchyme and
these g¢ontain erythrocytes. At about seven and half days,
granulocytopeiesis begins in the spleen and continues up to
hatching. Romanoff (1960) observed that granulocytes are

formed in large numbers while erythropoiesis is not yet very



27
active. He stated that granulocytopolesis begins in the red
pulp at 12 to 13 days of incubation while small lymphocytes
do not appear in the white pulp until 16 to 17 days in the
fowl. Danchakeff (1910} and Sandreuter ({1951} in their
separate studies noticed that small lymphocytes first
appeared in the white pulp at 14 to 15 days of 1incubation.
Dramatic changes occur in the cell content of the spleen just
after hatching. The granulocytopoietic functions became
drastically reduced and the spleen becomes predominantly a
lymphocyte-producing and an erythrocyte-destroying organ
{Danchakoff, 1916; Lucas and Jamroz, 1961}). In 24 hours
after hatching, there is an out pouring of heterophils from
the spleen followed by a massive development ©f lymphocytes
and monocytes (Lucas and Jamrcz, 1961) and by 48 hours post
hatching, lymphocytes are the dominant cells of the organ.
The diffuse lymphoid £foci become clearly wvisible in the
spleen immediately after hatching while germinal centres are
seen in the spleen of two week-old chicks (Thorbecke et al,
1957). In the adult fowl, Mijasscjedoff (1926} found the

spleen to be predominantly a lymphocyte-preoducing corgan.
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2.4.2 Histology

The spleen is enclosed in a thin fibrous capsule limited
externally by a flattened layer of peritoneal mescthelium.
Two layers of fibres are said to be beneath the peritoneum,
an outer layer composed of cellagen fibres together with a
few elastic fibres comprising about one third of the total
thickness, and an inner layer composed mainly of an elastic
network in association with the collagen fibres, a few muscle
fibres and fibroblasts.

The spleen of the birds contain no true trabeculae
although Bradley and Grahame, {1960) reported "sparse
Lrabeculae™ which in fact are large blood vessels with small
amounts of assoclated tissue entering the splenic tissue.
The framework of the splenic tissue consists of a network of
reticular cells and reticular fibres with the reticulum
particularly dense around the arteries of the white pulp and
in the capsule {Bradley and Grahame, 1960Q). Superimposed
upon this framework are the two types of splenic tissue, the
white and the red pulps. Over B80% of the substance of the
spleen is divided about equally between this red and white

pulps (Lucas t al., 1854},

— —
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About 85% of the red and white pulps is composed of
lymphocytes held in the framework of reticular cells and
reticular fibres. Mjassojedoff (1926) believed that the
distribution of the red pulp is sparse when compared with the

white pulp.

2.4.3 The White Pulp

Within the substance of the splenic tissue, the medium-
gsized and small branches of the splenic arteries are
surrounded by sheaths of mainly lymphoid tissue, the white
pulp. This tissue is diffusely spread throughout the organ,
although predominantly located around the arteries and thus
the sharply distinguished areas of red and white pulps which
occur in the mammalian spleen are not seen in the fowl
(Thorbecke et al,.1957}). The white pulp consists of
collections of smail lymphocytes surrounding the central
arteries. Radiating out from the central arteries are
penicillar arteries which, at the periphery of the white
pulp, give rise to the sheathed capillaries. The sheathed
capillaries are enclosed by reticular cells forming the
ellipsoid. From the sheathed capillaries arise the terminal

arterioles which open directly into the spaces between the

reticular cells of the red pulp.
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Within the diffuse network of the reticular cells are
scattered a few small, medium and large lymphocytes of the
white pulp. Lymphoid nodules occasionally occur within the
white pulp (Lucas et al., 1954; Taliaferro and Taliaferro,
1955). Lucas and Jamroz (1961} have considered these nodules

as abnormal or "ectopic" lymphoid foci.

2.4.4The Red Pulp

This is a loose spongy tissue composed of ramifying
cellular cords surrounded by wvenous sinuses. These sinuses
are the main type of vessels to be seen in the red pulp
(Lucas et al., 1954). However, Taliaferro and Taliaferro
(1955) stated that the sheathed arteries are to be found in
the red pulp rather than the white pulp. The venous sinuses
are irregularly shaped passages within the pulp lined by
flattened and elongated cells called littoral cells. These
eventually drain into the splenic veins. There are cell
cords found between the sinuses and they are composed
basically of reticular c¢ells amongst which are found
lymphocytes, macrophages and circulating blood cells. Plasma
cells may be seen occasionally in the normal spleen but are
more abundant in experimental and infective conditions

(Taliafarro and Taliaferro, 1955: Lucas and Jamroz, 1961).
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Warner and Szenberqg (1964} considered the presence of plasma
cells as cone of the main features of the normal spleen.
These plasma cells are described as being present in the
sinus walls in both normal and germ-free chicks from two
weeks of age (Thorbecke et al., 1957). Lymphocytes are the
most common cell type but frequently moderate numbers of
eosinophilic granulocytes also occur.
Lymphatic vessels have been demonstrated but only within
the splenic capsule (Dransfield, 1945}). Lucas et al., (1954)
did not observe any lymphatic channels within the substance

of the spleen.
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CHAPTER 3

MATERIALS AND METHODS

250 day-old guinea fowls were obtained for this study
from Kainji Lake Research Centre. These birds were raised
under the deep litter system in the Faculty of Veterinary
Medicine, Ahmadu Bello University, Zaria. They were housed
in a well ventilated poultry house with adequate heating
facilities. The floor was covered with dry wood shavings and
this was reqgularly changed. The birds were fed on
commercially compounded poultry feed and clean water was
given ad libitum. All the necessary routine poultry vaccines
were administered and medication was provided as required.

56 embrycs were obtained by incubating guinea fowl eggs that
were purchased from small scale poultry farmers in Zaria.

3.1 Collection of Embryonic Tissues

A total OF 150 eqgs were incubated in a standard egqg
incubator'. The temperature and relative humidity were
maintained at 37°C and 55 - 60% respectively, during the
period of incubation. Eggs were placed horizontally on their
long axis in the incubator and manually turned every six

hours throughout the period of incubation.

'Eqg Incubator -Model ICE-452-F, Made in Italy.
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Water provided in trays and the adjustable openings in
the incubator enabled the relative humidity to be regulated
at 55-60%. From days 1 - 17 of lincubation, two eggs were
split open on daily basis al the blunt end (air space) and
the embryos extracted with a forceps. These were immediately
fixed in 10% formalin and later dehydrated in alcohol using
ascending serial concentrations and then cleared with xylene.

They were further passed through hot wax baths for proper
infiltration and finally wax-embedded for serial sectioning.
These sections, cut at 5.0m, were stained with Hematoxylin
and Eosin and later examined with a light microscope.

The lymphoid tissues from embryces at day 18 till day of
hatching (28th day of incubation) were dissected out using
dissecting microscope’. Sections of tissues not larger than
3.0mm, were fixed immediately with 2.5% glutaraldehyde in
0.2M cacodylate buffer at pH 7.3 for 3 hours. Tissues were
rinsed three times with the buffer, labelled and then stored
in the buffer at 4°C.

After collection at the end of incubation,all stored
tigssues were post-fixed in 1% buffered Osmium tetroxide for

one and half hours, rinsed in buffer at three changes for 10

’ Dissecting Microscope- Gallenkamp Model 310 MIB-310-P
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minutes each. Tissues were later dehydrated with graded
serial aleochol concentrations of 50%, 80%, 80%, 96%, 99% and
99% at 15, 15, 20, 20, 20 and 20 minutes respectively, at
room temperature. The above steps were followed by three
changes of 10 minutes <each in 99% propylene oxide. The
tissues were finally left in an equal ratio of propylene
oxide and epon over night in the safety hood. The epon left
in each specimen bottle was replaced the next day with a
freshly prepared epon and left for another four hours at room
temperature. Each specimen was then put in a compartment in
an embeddment block, properly oriented, labelled and filled
with epon. This was hardened in an oven at 55 - 60°C for two
days. Each block was trimmed of excess epon, and sectloned at

3, The semi-thin sections obtained

0.5 - 1.0m with a microtome
were stained with 1% toluidine blue and 1% borax, rinsed and
examined under a light microscope.

Photomicrographs were obtained with an Olympus photo-
micrographic camera. Ultra-thin sections of 0.05 - 0.2m were

obtained for electron-micrescopy. These sections, put on

grids, were stained with 2% uranyl acetate for 30 minutes

*Rotary retracting microtome-made in Germany. MNT-421-L



rinsed in double distilled boiled water and flcataed 2z drops
2f lead citrate, They were examined undsr a Philips 20
transmission electron microsoore  at ollky ana  photoe-
miceogravhs made,

In addition to the general hictology < the tissuer, the
keight of epithalial lininos were measured with an aocular

micrometer’,

3.2 Collection of Post-hatching Tissues

-

A tctal of 33 bitds were used for higtolnoical study
during post-hatch tissue collection pericd, one bird was
eythenized each day using chloroform on days 4,3,% ana
post-= hatch and the lymphoid tlssues dissected cul, sectloned

"~

te 2 = 3mm thick and fixed in 2.5% tuffered glutaraldshyde,
Thoreatter eourhepization was done on weekiy hasis till 32

waaks post-hatch., Al: tissues obtaipea were treated as was

done for Lissues from day 13 ol Lncubaticn.

te: age of birds. A gronp of five nirte wers purhenized on

days 1, 3, 5 and 7 cost=natch, Earthen zation continued ac 2

ocular and stage micrometers-Gralicnles Limi
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weeks interval until 32 weeks post-hatch. All birds and the
lymphoid tissues dissected out from each group of five birds
were weighed with an analytical balance® of 0.01lgm
sensitivity.

Five{5}birds at the age of 20 weeks post-hatch, were
dissected for gross anatomical study. The positions and gross

features of the lymphoid tissues were observed and noted.

Mettler Balance-Made by Mettler Instruments A.G.Greifense
Zurich.
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CHAPTER 4
RESULTS

4.1 GROSS ANATOMY

4.1.1THYMUS
The study revealed that gquinea fowl has about 13 thymic
lobes distributed along the course of the jugular wveins
{(Fig.3). The number of the thymic lobes on the right side of
a 20 week old quinea fowl was seven. They were positioned
from the caudal two-thirds of the neck and they appeared pink
in the fresh state. The lobes were positioned along the
right jugular vein. The first and the fourth lobes were the
smallest while the third and the sixth were the largest (Table
4.5}).

2ll the lobes were longer than they were broad and were
wall secured to the esophagus by fine but tough cennective
tissue. The firat, fourth, €fifth and seventh 1lobes were
located on the cranial side of the jugular vein while the
second and the third lobes were located on the caudal side.
The sixth was placed obliquely from the cranial to the caudal
side of the wvein. The caudal extent of the lohes reached as
far as the cranial one-third of the crop.

On the left side of the neck, were six lobes. The first

lobe was 15.0mm rostral to the first lobe on the right side.
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The sixth lobe was located at the same level as the seventh
lobe of the right side. Excluding this sixth lobe, all the
other five lobes were positioned on the caudal side of the
jugular vein.

The sixth lobe was located on the cranial side of the
jugular vein. The lateral surface of each lobe was convex
while the medial surface was slightly concave but in some
cases it was flat (Plate 1). The blood wvessels penetrated

each lcbe from the medial surface.

4.1.2 Bursa

The cloacal bursa appeared as an oval blind sac with a
short stalk from its peint of crigin. It originated from the
proctodeal wall of the cloaca and was placed dorsal to the
rectum (Fig. 3). 1In a few others, the outline was of a more
pointed c¢ranial end with a slightly bulging middle part
followed by the caudal stalk (Plate 2). The gland was pale
pink in the fresh state and externally it showed evidence of
the primary folds or plicae that existed internally. The
internal surface, when opened, showed between 12 ~ 14 primary
folds which were tallest at the mid region. The bursa
measured averagely 18.0mm in length and 15.0mm in width at

the mid- section at 20 weeks of age.
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4.1.3 Harderian Gland

This gland is bright pink and was situated at the
ventromedial aspect of the orbit (Fig.3). It was loosely
attached to the orbit by periorbital fascia. The medial
surface was convex while the lateral surface, related to the
eyeball,was concave. The gland had an 1irregular outline
(Plate 3). The caudal half was broader than the cranial half
and the mid point was slightly constricted. The duct left
the gland near the caudal end of its medial side. The length
of the gland averaged 15.0mm and the broader end averaged
6. Omm. It had serrated edges af certain points indicating

the existence of lcobulation.

4.1.4 The Spleen

The spleen was shaped like a bean seed. It was dark red
in the fresh gspecimen and smooth. It had a hilus on the
ventral aspect which served as the point of exit and entry
for vessels. The ventral surface was flat while the dorsal
surface was convex (Plate 4). The organ had a tough, thin
capsule covering the outer surface except the hilus.

The spleen of the adult guinea fowl was placed dorsal to
the proventriculus but more to the right of the mid line

(Fig.3). At its caudal end was the gizzard and the second
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part of the duodenum. At its cranial end was the apex of the
heart and the pericardial ligament.

Three short splenic arteries entered the spleen on the
ventral surface. Two of these arteries were from the cranial
end while the third was from the caudal end. They arose from
the branch of cellac artery that supplied the pancreas, the

duodenal loop and the right side of the gizzard.

4.2 Moxrphometric Values

Tables 4.1 - 4.4 and 4.6 and Figs.l and 2 show the
changes cbserved in the growth of the lymphoid tissues from
day one post-hatch till 32 weeks of age. The minimal mean
weights of the thymus,bursa,darderian gland and spleen were
at day one post-hatch. The maximal mean weights were around
18 - 20 weeks post-hatch except Harderian gland which had its
maximum at 32 weeks.

The bursa and thymus had minimal relative weights at 32
weeks while the Harderian gland and spleen had theirs around
24 - 26 weeks. The bursa, spleen and thymus had their maximal
relative weights at four weeks while Harderian gland had
maximal relative weight at 10 weeks.

Fig.1 shows a significant decrease in welght and the

commencement. of involution of the thymus after 20 weeks of
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age and the bursa after 18 weeks. Harderian gland and spleen

had continucus growth throughout the study.

4.3 Histology
4.3.1 Thymus (Incubation Period)

The thymus was first noticed on day seven of incubation
as collection of numerous deeply stained cells which
comprised a lot of reticular cells and small number of
lymphocytes (Fig.4). This ccllection of cells was located
close to the jugular vein and positioned at the cranial one-
fourth of the vein. Surrounding the thymus were the numerous
cells of the mesenchyma. These mesenchymal cells stained
much paler than the cells of the thymus and they had nuclei
that were surrounded by thin rim of cytoplasm. The nuclei
showed little nuclear content and a nucleolus, which occurred
at. any position within the nucleus.

The reticular cells within the thymic substance
exhibited nuclei with varying shapes. Some were oblong, some
were ovoid while the others were spindle-shaped. The
nucleoli were distinct and the rest of the nuclear spaces
contained dispersed chromatin materials. The few lymphocytic

cells present stained denser and had circular nuclei. Their
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chromatin materials appeared evenly distributed and the
nuclecli were only differentiated with difficulty.

At day eight of incubation, the thymus appeared as two
complete lobes separated by a space with little mesenchymal
cells or connective tlssue. The reticular cells were more
numerous and greatly outnumbered the lymphocytic cells,
These few lymphocytic cells comprised lymphoblasts and
lymphocytes which were recognised by their size, staining
ability and nuclear density. They both displayed darker
staining capacities than the retieular cells.The lymphcoblasts
invariably were the largest cells in size and they had the
greatest nucleus to cytoplasm ratioc. The nucleus of the
lympheobklasts were oveid while those of the lymphocytes were
round. The cytoplasm of the lymphoblasts were slightly less
basophilic than the lymphocyte. Cells undergoing mitosis were
also numercug within the thymus and majority of these were
the reticular cells.

At day nine of incubation, the thymus was conspicuously
divided intco small lobes which were cleose to one another. At
a higher magnification, some of these lobes were seen as
clumps of cells which invariably were in continuity with the

processes of some ot the reticular cells within the lobes.
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The thymus at this time contained a leot of reticular
cells and increased number of large lymphocytes whose
staining capacities were nearly the same as the reticular
cells. However, the lymphocytes stained slightly more
intense than the reticular cells. Few red blood cells were
seen in and around the thymus. Mitosis was seen but this was
oceurring within few cells.

At day 10 of incubation, the thymus was not much
different in size from the thymus of day nine. A definite
capsular boundary was lacking and the thymic cells merged
with the surrounding mesenchymal cells. The thymus showed
small lobes which are collection of cells separated from each
other by thin spaces. FEach collection displayed large sized
lymphocytes, reticular cells and few red blood cells. Each
cluster of these cells was held in place by the reticular
cells whose cytoplasmic processes formed the meshwork for
anchoring other cells. On this day of incubation, the
lymphocytes and the reticular cells stained alike. Their
nuclear membranes were well defined but usually the
lymphocytes showed more nuclear chromatin content. The
nuclei of the lymphocytes maintained their circular nature
despite the increase in cell population within the thymus.

Nucleoli were often difficult to be identified clearly from
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the numerous and large clumps of the chromatin materials of
the lymphocytes.

At day 11 of incubation, the thymus had shown lobes that
were widely separated by large interlobular spaces. The
boundary of each 1lobe was distinctly defined from the
surrcounding few mesenchymal cells and their cytoplasmic
processes. Some lymphoctes were at different stages of
mitosis with the nuclear material forming a lengthy clump at
the centre and the nucleus staining much lighter than other
surrounding cells, Small lymphocytes were not observed at
this stage.

At day 12 of incubation, the thymus showed continuous
increase in size and the division into lobes had persisted.
Bach lobe was a mass of deeply stained cells. Thege lobes
were separated from other by spaces occupied by few equally
deeply stained cells that included the reticular cells. The
reticular c¢ells within the lobes had poorly stained nuclei
and each nucleus showed a prominent nucleolus or two nucleoli
in some cases, The nuclear membrane was very distinct and
the nuclel varied greatly in shape. The cytoplasm of each
reticular cell was seen to extend outwards from the cell in
all directions. Those processes from the long axis of the

cellas were the most extensive.
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The lymphocytic cells were still on the increase and the
proportion of reticular cells to lymphocytic cells was
decreasing with every day of incubation. Lymphoblasts were
also observed amongst the lymphocytes. These showed their
relatively extensive cytoplasm and lighter stained nuclei.

Red blood cells with their intensely stained nuclei
appeared within the mesenchyma. They appeared either singly
or more often in groups.

At day 13 of incubation, the thymus looked almost the
same as the thymus of day 12. The sizes appeared the same
and the staining ability waz the same in both cases.

The lymphoblasts were few in number but the large
lymphocytes and the reticular cells abound. The red blood
cells were not as numerous as in the earlier stage. The
thymus did not show any definite capsular covering rather the
whole organ was held in place by the meshwork formed by the
reticular cells.

At day 14 of incubation, the thymus was seen to be
collectively enclosed by a thin connective tissue (Plate 3).

Immediately inner to this were the large sized lymphocytes
and some lymphoblasts. The number of reticular cells
appeared reduced because of the increasing number of

lymphocytic cells. At this stage few small lymphocytes were
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seen. These had dark stained small nuclei that were round
and occupied almost four-fifth of the whole cell. The
cytoplasm was thin and moderately basophilic.

Red blood cells were seen within the mesenchyma and also
within the interlobular septa. About two to three well formed
blood vesselsz were seen in the gland. Mitosis was prominent
amongst the large lymphocytes and some reticular cells.

At day 15 of incubation, the reticular cells appeared to
have an outburst and gave the impression of reduction of
other cells. Lymphoblasts were difficult to identify and the
small lymphocytes did not show any further increase in
number. An extra blood vessel had appeared within the gland.

On the whole, the size of the thymus appeared to be the same
as that on day 14.

At day 16 of incubation, lobulation was pronounced and
several irregularly shaped lobules with wide interlobular
spaceg were seen. These interlobular spaces were sparsely
populated with mesenchymal cells. The organ as a whole was
surrounded by fibroblasts that had transformed from the
mesenchymal cells. These fibroblasts had spindle shaped
nuclei whose nuclear membrane were distinct and a large
nucleolus was usually seen at the centre. The formation of

blood vessels had become defined in few areas within the
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interlobular septa. One of such vessels was seen with the
spindle shaped endothelial cells surrounding a group of red
blood cells., These red blood cells were not observed within
the lobular mass. The red blood cells displayed various
shapes some of which were boat-shaped, some oval while some
were circular. The round nucleus occupied the central part
of the whole cell and the external boundary of the cytoplasm
was well defined, but lacked the usual cytoplasmic strands
shown by the mesenchymal cells.

The other cellular components of the gland included the
large and s3mall 1iymphocytes, which had not increased
significantly, and the reticular cells that formed the
meshwork anchoring the other cells.

At day 17 of incubation, the thymus was not much
different from day 16. The boundary, however, became better
defined by the laid down connective tissue. All the
fibroblasts were spindle shaped but the nucleocll appeared at
varied 1level within each cell. The fibroblasts and the
accompanying connective tissue had permeated the substance of

the thymus in a non uniform manner. Blood vessels had not
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appeared within the thymic substance but had been limited to
the interlcbular septa. Thymic corpuscles had not appeared
and the thymus could not be differentiated into the cortex
and the medulla.

The reticular cells stained non uniformly. Some stained
more basophilic than others especially in areas where they
were crowded. The nucleolus occurred either singly or as
double in each nucleus.

At day 18 of incubation, the thymus =still had a thin
layer of poorly stained connective tissue enclrcling it
{Plate 5). The periphery of the thymus was partially divided
into incomplete lobules by the penetrating strands of
connective tissue but lobulation did not extend to the
central zone. There was no distinction between the cortex
and the medulla. The reticular celis still formed the bulk
cf the several cell types within the thymus. Many of the
reticular cells showed evidence of numerous vacuclations
within the cytoplasm especially towards the centre of the
gland.

About. the central zone of the gland, thymic corpuscles
were seen to appear (Plate 5). This was a collection of the

reticular cells with the coalescing of their cytoplasm
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enclosing the nuclei within. The nuclei at the periphery
were arranged concentrically.

Electron-micrographs revealed bhetter details of the
reticular cells and the lymphocytes observed at this stage of
incubation. The reticular cells displayed irregular shapes
especially as shown by the nucleus {(Plate 6). But 1in all
cases, a greater part of the cell was occupied by the nucleus
which was eccentrically positioned. The nuclear membrane was
well outlined and 1little c¢hromatin materials were seen
deposited around 1ts internal surface. The nucleoplasm was
equally occupied by finely dispersed chromatin materials.
Majority of these reticular <¢ells had one prominent nucleclus
within the nucleus but cases with up to three nucleoli were
seen (Plate 7). The surrounding cytoplasm was thin rimmed
except in one direction where the cytoplasmic contents like
the mitochondria occupied. Long and short cytoplasmic
processes projected outwards from all around the reticular
cells and wmost o©f these processes united and formed a
network. The cytoplasm of many reticular cells were observed
to contain vacucles.

The lymphocytes had spherical outline except for the few
short cytoplasmic spikes that were seen emanating at

different points of the cell {Plate 8). Some of the
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lymphocytes stained so densely that their cellular details
were difficult to discern (Plate 9). The 1lighter stained
lymphocyte showed an elongated nucleus with nuclear membrane
containing patches o0f condensed chromatin on the inner
surface (Plate 8). A nucleolus was seen but with difficulty.
The nucleus occupled a maximum of about one-~third of the
whole ¢ell. The rest of the cytoplasm was occupied by
large,dense stained spherical granules.

Few blood vessels of variable dimensions were seen in
the surrounding connective tissue. Majority of these blood
vessels,at. this time,were still located outside the substance
of the gland. A blood vessel located within the thymic septa
{Plate 9) showed a relatively thick and unfenestrated
endothelium that was surrounded by a perivascular connective
tissue space. The lumen of the vessel contained mainly disc-
shaped, nucleated red blood cells.

The thymus at day 19 of incubation was beginning to show
signs of formation cf lobules. The distance between these
lobules was widened and contained substantial amount of
mesenchymal c¢ells and connective tissue strands. The
mesenchymal cells forming the outer covering of the gland had
increased in some places to two or three layers in thickness.

At the same time, these cells had greatly lost their earlier
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spherical shape and were now appearing spindle-shaped. Those
mesenchymal cells within the interlobular septa still had
spherical outline; some were irregular and some were club-
shaped.

More blood vessels had found their way into these wide
Interlobular septa and in cone of such blood vessels, few
lymphocytes were seen in addition to the red blood cells.

At day 20 of incubation, the interlobular septa were
decreasing in thickness while the gland was increasing in
size. Blood vessels had not found their way into the thymic
substance but were limited fo the interlcbular septa. It was
more evident at this stage that the thymic tissue stained
better than the surrounding mesenchyma. A lot of the
lymphocytes were stiil within the infterlobular septa but an
increasing amount. could now be seen within the lobules. The
ratio of small to large lymphocytes was also increasing.
Macrophages were being observed for the first time in the
thymic tissue with their intense eosinophilic stained nuclei.

They appeared both within the tissue proper and in the
interlobular septa. Mitotic phases of reticular epithelial
cells were chserved at this age.

At day 21, bloocd vessels had actually penetrated the

thymic tissue and many more were seen in the trabeculae
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traversing the substance of the thymus (Plate 10). Most of
these blood vessels within the thymic tissue were of the
capillary size since one or two endothelial cells formed the
walls.

The distinction between the cortex and the medulla ccould
be seen very clearly at this stage. The medulla was stained
pale as a result of the numerous reticular epithelial cells
that abound within it. The medulla was virtually surrounded
by numerous blood capillaries and the number of lymphocytes
within it was scanty. The cortex at this time was extensive
and had a lot of Ilymphocytes with wvarious dimensions, The
lymphocytes had greatly out-numbered the reticular epithelial
cells.,

At 22 days,lobulation was not different from that of the
previous day, However, the penetrating Lrabeculae were
occupied by the numerous blood vessels. The trabeculae now
contained mostly connective tissue strands and more or less
spindle-shaped fibroblasts in addition to the bloeod vessels.
The cortex was so densely populated with lymphocytes
especially the medium and small-sized, that most of their
nuclei had acquired polygonal shapes. Those of the reticular
epithelial cells within the cortex and at the periphery,

retained their spherical shape. Vacuclation of the cytoplasm,
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which had been a constant feature of the epithelial cells
since day 18 of incubation,disappeared within the cortical
zZone. However,some cells in the medulla still contained
vacucles.

The external covering of the thymus at day 23 of
incubation, showed a layer of fibroblasts. Lobulation of the
gland was not pronounced and the trabeculae had further
reduced especially 1in the —cortex. The population of
lymphocytes was still on the increase and their number almost
obscurred the presence of the reticular epithelial cells.
Some of the lymphocytes had nuclei with diameter within the
range of 3.8 to 6.2 and the chromatin clumps within the
nucleus were very distinct. The number cof macrophages had
not significantly increased more than the previous day.
Mitotic figures within the reticular epithellal cells and the
large lymphocytes were a common sight.

By day 25,the number of lobules that could be
identified was five and each lobule was separated by
prominent interlobular septa. Further more, each of the
lobules was permeated with these connective tissue strands
from the interlobular septa. Blood vessels were seen to be
more abundant within the lobules than within the interlobular

septa. Macrophages had increased in number slightly. The
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picture of the thymus was not remarkably different until the
hatching period. However, the lymphocyte population was
increasina and also the number of those dead and dying
increased as well. There was a pronounced accumulation of
necrotic cells especially towards the periphery with
surrounding clear zones around some of these cells.

4.3.2 Post-Hatch Period

By day one post hatch, completely demarcated lobules
were still few and these were more marginally positioned.
Vascularization within the stroma of the cortex was poor and
most of the biood vessels were located within the
interlobular septa, resulting in wider septa. The small and
medium-sized lymphocytes were evidently more numerous than
the large lymphocytes both in the cortex and the medulla
{(Plate 11). The small-sized lymphocytes were scarce towards
the capsule while the reticular epithelial cells and few
large lymphocytes were more abundant. In one of the lobules,
the small lymphocytes were clearly so few while the medium
and large lymphocytes predominated. The cytoplasm of most
reticular epithelial cells still had numerous vacuoles and
these were observed both in the cortex and medulla.

At day three post-hatch, lobulation was very poorly

defined. Incomplete lobulation was limited to the periphery.
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The vascularization was very pronounced with the large blood
vessels positioned more or less between the cortical and
medullary zones. The largest of these blood vessels had a
diameter of 57.2u. Within some of these blood vessels were
large cells that had fairly indented nucleus occupying about
two-thirds of the whole cell and a cytoplasm that contained
many large-sized granules. Some other cells contained nucleus
that was slightly indented and whose size was only about one-
third of the whole cell. Their cytoplasm also lacked any form
of granules and was more basophilic than those of other cells
in the thymic stroma. Yet some had nuclei that occupied about
four-fifths of the total cell with only a rim of pale stained
cytoplasm.

At five days after hatching, the distribution of blood
vessels was almost uniform between the cortex and medulla.
Lobulation had persistently been poor. Only very thin
trabeculae were seen to penetrate the substance especially at
the cortex. These tended tc be lost to the view as one
progressed to the medulla. The medulla was still much
smaller than the cortex as revealed by its lighter staining
capabilily. The population of the lymphocytes especially in
the cortex had almost completely obscurred the presence of

the reticular epithelial cells. The number of macrophages
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recognised per objective field had risen to about seven as
compared to day 25 of incubation that was about three. Their
shape varied greatly and depended on their content as well as
the other neighbouring cells.

By day seven, the lobulation was still poor and
vascularization lower than what it was on the fifth day. The
bloed vessels were more positioned centrally than
peripherally. Only a few were marginal and these were in the
trabeculae found within the cortex. Lymphocytes, especially
the small and medium-sized had filled up the gland thus
increasing the staining capacity of the whole gland. The
medulla was only slightly paler than the cortex because of
the (reater number of the large lymphocytes and reticular
epithelial cells within it.

At two weeks post-hatch, few complete lobulaticns showed
within the gland. The distinction between the cortex and the
medulla was very clear. The pale stained appearance of the
medulla suggested much reduction in the number of small
iymphocytes. (Generally, there was a reduction in the number
of lymphocytes in the gland resulting in less area of contact
between individual cells. Most of the nuclei now maintained
spherical to oval shapes due to 1less pressure from

neighbouring cells., The decreased population of lymphocytes
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also gave the impression of increased number of reticular
cells. Reticular fibres and the collagen fibres of the
trabeculae became more prominently stained but the trabeculae
were very thin. Blood vessels were fewer and these were
mostly peripheral.

At three weeks, vascularization was more pronounced than
it was at the second week and the medulla contained most of
the blood vessels. And the lobulation was not any different
from the earlier days. This stage showed more of macrophages
appearing within the trabeculae traversing the organ and were
commonly seen near the blood vessels. A lot of these
macrophages displayed cytoplasm filled up with large granules
displacing the nucleus tc¢ the periphery. Blasma cells and
red blood cells within the stroma of the gland were observed
for the first time. Most of the red blood cells also occurred
in the medulla.There was  further decrease of small
lymphocytes within the medulla but more of the large
lymphocytes and pale stained reticular cells abound. Thymic
corpuscles of variable dimensions occupied the central part
of the medulla but none had concretions within it.

By four weeks, the thickness of the cortex had reduced

while the medulla had increased. Septa from the capsule
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extended all the way to the medulla and carried along with
them few blood vessels which were of small dimensions. There
was further increase of red blood cells within the substance
of the thymus. Macrophages were also on the increase but
lymphocytes showed no obvious change in their number.
Mitotic tigures, among the large lymphocytes, were a common
gite in the medulla. Thymic corpuscles were present with
areas of concretions at their centres giving a distinct
intense purplish stain.

At five weeks, the cortex had become marginal and the
medulla increased correspondingly. Blood vessels were still
present but the few large ones were limited to the cortical
zone while the smaller ones occupied the medulla. Some of
the thymic corpuscles present showed enclosed macrophages and
remnants of dead or dying small-sized lymphocytes. Depletion
of lymphocytes especially in the medulla was evidently shown
by the much free spaces that abound between the neighbouring
cells. The reticular cells and a lot of reticular fibres
showed up clearly. Within the thin cortex, small lymphocytes,
few large lymphocytes and reticular cells were seen
abundantly. Macrophages had concentrated more in the cortex
than elsewhere. Some blood vessels, that could be described

as small arteries, showed up. Few circular muscle cells and
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peripheral cconnective tissue delineated them from the stroma
of the thymus. This was the stage that large blood vessels
of this calibre was first noted.

At six weeks, more of the large veins and arteries
became dominant especially in the medulla. Some of these
blood vessels were surrounded by small lymphocytes and walled
off by concentrically arranged reticular cells. The cortex
and medulla appeared to have acquired greater number of
lymphocytes although their dimensions remained apparently the
same. More of the small and medium-sized lymphocytes gave
rise to this population increase.

At seven weeks,the cortex was again increased in
dimension while the medulla decreased. Blood wvessels were
again pronounced. Strands of connective tisswue from the
capsule penetrated the thymic lobe with their accompanying
blood vessels bubt they did not actually unite to mark out the
lobe into lobules. The lymphocytes were again crowding the
thymus and there by diminishing the presence of other
cellular components. The thymic corpuscles showed collection
of reticular cells which were surrounded peripherally by
small lymphocytes. They lacked any concretions in their
centres, Macrophages were as scanty as in the previous

stage.
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At eight weeks, the thymic components were very much
like those of the seventh week. The capsule was slightly
thicker here. In certain areas two to three layers of
fibroblasts showed up. However, there was no apparent change
in the dimensicon of the cortex and medulla. Remarkably, the
macrophages abound in the septa and most of them contained
numerous large pinkish granules that filled up the cytoplasm
and most often masking the nucleus. Monocytes were noticed
occupying the lumina of few blood vessels along with the red
blood cells, It was evident that the medium-sized
lymphocytes were more in number.

At nine weeks, the deqgree of vascularization had
increased bhoth within the cortex and medulla. Large blood
vessels abound in the medulla and most of the smaller ones
were located in the septa traversing the cortex, Within some
of these blood vessels were plasma cells and lymphocytes.
The plasma cells, of diverse diameter, had cytoplasm that
stained intensely and they displayed the characteristic
eccentrically placed nuclei and the cart-wheel positioned
chromatin materials with a 1lighter stained zone below the
nucleus. The medulla was more extensive at this time and the

reticular cells had increased along with the lymphocytes.
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At 10 weeks, the hlood vessels appeared as much as the
previous stage and most of them were surrounded by small
lymphocytes and small-sized reticular cells. Again, only
marginal and partial lobulation of the cortex was observed,
A nerve bundle had been observed within a septum along with
some closely associated blood wvessels. The cortex and
medulla had shown no appreciable difference in their
dimensions. The more numerous cells were the small and
medium-sized lymphocytes. Only few reticular cells showed up
but were well dispersed within the cortex. Thymic corpuscles
with their deep stained concretions were observed. Once
again there was vacuolation of both the lymphocytes and the
reticular cells.

At 11 weeks, the medulla was more extensive than the
cortex and blood vessels predominated in the medulla.
Lymphocyte population was still high with all the wvarious
sizes present in the cortex. The large and medium-sized
lymphocytes dominated in the medulla. Eosinophils with their
large,intense and purplish granules filling wup their
cytoplasm were seen. Macrophages also showed increased
concentration within the cortex,

At 12 weeks, the blood vessels showed various shapes of

outiines. There were both large and small spherical-shaped
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ones and cblong vessels. A prominent bundle of nerve fibres
within a septum, and virtually surrounded by small-sized
blood wvessels, was observed in this specimen. Blood wvessels
did not necessarily follow the trabeculae in the medulla
unlike the cortex where they followed the path of the septa.

The medulla was still increasing in dimension and the thymus
gland, generally, was densely packed with lymphocytes as in
the previous stage. There were numerous Ilymphocytes and
reticular cells that were greatly vacuolated within the
medulla. The large Lymphocytes outnumbered both the small
and medium-sized lymphocytes in the medulla.

At 13 weeks, few strands of septa were seen penetrating
the thymus from the capsule. The cortical region was much
reduced and there was a corresponding increase in the size of
the medulla. The few blood vessels present were in the
septa around the cortex and they had collapsed lumina. The
medulla was virtually devoid of blood vessels and the small
lymphocytes,in it,outnumbered the large and medium-sized,
But generally, the population of Ilymphocytes in the cortex
and medulla was reduced as depicted by the relative distance
between one cell to another, There were a few macrophages
and also eosinophils dispersed within the gland. The cells

in the medullary zone still showed evidence of vacuclation.
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At 14 weeks,the capsular covering had remained a thin
layer in most areas, The cortex was receeding while the
medulla was increasing in dimension. Macrophaygyes were not
increased but a few of them contained debris. Some of them
had very large but clear vacucles within the cytoplasm
instead of granules and fthese macrophages with vacuocles were
mostly located very cluse toe the bklood vessels or near the
connective Lissue bordering them.

The general trend of the thymus was a cycle of increase
and depletion of lymphocytes within the cortex and medulla.
The cortex had not increased appreciably in thickness from
the past few previous stages. The population of macrophages
with their inclusions had also not altered much. Howevelr, one
other frequent occurring phenomenon was the vacuclation of
both 1lymphocytes and reticular cells within the medulla
(Plate 12). Until the 32nd week, there was no time the
thymus was seriocusly depleted of lymphocytes but occasicnally
more connective tissue and reticular fibres were seen within
the cortex or the medulla. The thymic corpuscles showed
concretions until the 32nd week but the dimensions varied.
The plasma cells were seen occasionally but not in all
sections and thelr numbers did not alter much. Lobulation

did not go further than the partial forms seen at the cortex
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and this did not actually give distinct lobules to the thymic

gland.
4.4.1 Bursa (Incubatory period)

The bursa of Fabricius was only recognised from the
embryo at day eight of incubation. This gland appeared as a
tubular structure in which the lumen was bounded by reticular
epithelial cells whose nuclei were intensely stained (Plate
13). The nucleus was rounded and positioned at the centre of
each cell. The cytoplasm of each reticular epithelial cell
was extensive and stained pinkish. The epithelial cells were
closely surrounded by mesenchymal cells that were much longer
than they were broad. The nuclei of these mesenchymal cells
were deeply stained and the chromatin materials of the
nucleus were not easily observed. The cytoplasm formed
processes that united with others to form a loose network.

At day nine of incubation, the bursa still appeared as
that of day eight. It had maintained a tubular structure
with a lumen bounded by reticular epithelial cells. The
mesenchymal cells only appeared to increase slightly in
number around the epithelial cells. No blood vessels nor red
blood cells were observed.

At day 10 of incubation, it appeared as an elongated

sac, The surrounding mesenchymal cells stained just as
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intense as the epithelial cells lining the lumen (Plate 14).
The epithelial cells were in a single layer and they were so
deeply stained that the nuclear boundaries were discerned
with some difficulty. The nuclear matrix showed 1little
chromatin materials and a nucleclus that was centrally
located. Blood vessels and red blood cells had not been
found within the mesenchyma at this time. There were no
lymphocytic cells present. The mesenchymal cells were also
with nuclei that could barely be differentiated from the
surrounding cytoplasm.

At day 11 of incubation, it was a long sac with a blind
end. The epithelial cells lining the lumen were only one
layer at some points but at other points as many as three
layers were observed. These cells were palely stained and
their nuclei were gquite extensive within the cells. The
nuclear sap appeared homogenous and nucleolus appeared not to
be present. The c¢ytoplasm was so pale stained that the
boundaries were not distinct. However, the boundary between
the epithelial cells and the mesenchymal cells was well
demarcated. AL some points, some smaller but deeper stained
mesenchymal cells with their distinct cytoplasmic processes

made direct contact with these epithelial cells.
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At day 12 of incubation, the bursa displayed an
extensive lumen that narrowed down to a stalk. The
mesenchymal cells were increasing in number and stained
intensely. Blood capillaries occurred within the mesenchyma
at this stage. Some contained erythrocytes within their
lumen while others had empty lumen with distinct endothelial
boundary. Some cells that were likely to be early
transformed lymphocytes were dispersed amongst the
mesenchymal cells. They had large circular nuclei. Their
chromatin materials were also denser than those of the
mesenchymal cells. These lymphocytic cells were generally
deeper stained than the mesenchymal cells. The epithelial
lining showed distinct boundary from the underlying
mesenchyma but 1n certain zones, mesenchymal cells and one or
two lymphocytic cells could be seen in close contact with the
epithelium. The nuclei of these epithelial cells were pale
stained, large, almost homogencus and contained an equally
pale stained mucleolus. The boundaries of individual
epithelial cells were difficult to identify here.
Epithelial cells occurred as lhree layers at some zones while
at other points, only two layers were  observed. Most of

these cells had tiny vacuoles within their cytoplasm.
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At days 13 and 14 of incubation, the glands showed only
slight increase in their sizes but number of cells did not
change siqgnificantly. The secondary lumina were not observed
during these stages of development. The epithelial lining in
most parts of the gland was made up of only two layers, but
on day 14, three layers of cells occurred more at the blind
end.

At day 15 of incubation, the gland had increased with
the stalk being considerably long. The mesenchymal cells
tended to be sparce leading to wide intercellular spaces. The
epithelial cells were arranged in twe layers around the wide
lumen. Tiny vacuoles also existed in the cytoplasm of some
of these epithelial cells, although not as much as was seen
on day 12 of incubation,

At day 16 ot incubation, the tunica propria was not
distinctly demarcated from other surrocunding structures in
the vicinity. The tunica propria was sparsely populated with
these mesenchymal cells resulting In c¢onsiderable spaces
between  individual cells. The extensive cytoplasmic
processes of each cell could be very well cbserved. Majority
of the nuclei were round but a few were ovoid. Many of the
nuclei were intensely stained with the result that the

chromatin content was seen with difficulty. Few showed pale
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stained nuclei in which the large nucleolus and the sparsely
contained clumps of chromatin could be observed.

The few lymphocytes seen had fairly limited cytoplasmic
processes, deeply stained nuclei in which the nuclear
materials could not be seen clearly at the light microscopic
level., The cytoplasm stained about the same with other
mesenchymal cells. The lumen of the gland was bound by the
epithelial cells that could not be described as being
completely of two layers. A clear demarcation existed between
these epithelial cells and the underlying tunica propria.
However, ftew liymphocytes and mesenchymal cells laid apposed
to the basement membrane of the epithelium,

The cytoplasm of the epithelial cells stained much more
intensely than the nucleus. The nucleus was relatively large
with a distinct nuclear membrane and a homogenous nuclear
sap. The nucleclus was hazy and in some of the nuclei, could
not be readily seen. Prominent among these epithelial cells,
were numerous tiny vacuoles present in the cytoplasm. The
stalk of the gland was lined by only a single layer of
epithelial cells.

At day 17, of incubation, the two layers of cell that
bound the lumen stained differently. The smaller qgroup of

epithelial cells with relatively smaller nuclei stained
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deeply while the larger group with relatively larger nuclei
was pale stained. These large cells had one or twe large
nucleoli which were found more often in the centre. The
epithelium blended into the tunica propria without distinct
boundary at many points of the gland. However, in some
zones, the basement membrane was distinct and clearly
demarcated the epithelium from the mesenchymal cells of the
tunica propria.

The lymphocytes that were seen amongst the epithelial
cells occurred at the lower layer zone. These lymphocytes
had deeply stained nuclei and a considerable amount of
chromatin clumps that made it difficult to specifically
identify the nucleoli.

At day 18 of incubation, the bursa was surrounded by
many layers of fibroblasts (Plate 15). The epithelial cells
appeared in twe or three layers of cuboidal cells at
different areas. These epithelial cells had larger nuclei.
Within the tunica propria were few scattered deeply
basophilic lymphocytes. Collection of red blood cells were
seen at certain parts in the tunica propria indicating future
areas of vascularization. Epithelial buds had formed at this
stage and some of these buds had been separated from the

epithelial lining and formed a circumscribed area filled with
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epithelial cells and very few lymphocytes. Some other buds
still maintained continuity with the epithelial lining. The
buds were much closer to the epithelial 1lining than they were
from the external covering. Lymphocytes were mostly
dispersed =singly within the tunica propria and very few
intermingled with the cells of the epithelial lining. A few
blood vessels with lumen containing few red blood cells had
emerged near the outer covering but were still outside the
tunica propria. |

At a higher power, one of the lymphocytes observed
showed a rounded external boundary punctuated at few places
with short cytoplasmic processes (Plate 16). Within the
cytoplasm were contained numerous large and small granules
that were membrane bound. Few vacucles were also seen within
the cytoplasm. A bilobed nucleus,with a well defined nuclear
membrane containing heavy segments of chromatin materials on
the inner surface was observed in the cytoplasm. Another
lymphocyte,smaller than the previous (Plate 17) at the same
magnification, showed a nucleus that occupied about five-
sixths of the total cell volume. This cell lacked any
spherical granule and had a cytoplasm that stained densely.
Few vacucles were observed within the thin-rimmed cytoplasm.

The third type of lymphocyte was so densely stained that the
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cytoplasmic contents were obscured (Plate 18). The nucleus
was not well observed either. It had fewer cytoplasmic
processes than the other two,

Surreounding these lymphocytes, could be seen the
mesenchymal cells with their extensive cytoplasmic processes
that wunited to form a meshwork. The nuclear membrane
conspicously displayed two apposing membranes,an inney and an
outer parts (Plate 18). The outer part was lighter stained
and wavy all round. The inner was unwavy and contained clumps
of the nuclear chromatins,

Within the mesenchymal nucleoplasm, the chromatins
were finely dispersed. A defined nucleolus was seen
eccentrically placed in the nucleus (Plate 18}, Few
mitochondria could also be observed.

A blood vessel near the capsule showed an unfenestrated
endothelium surrcounded by perivascular space (Plate 19}).
Numerous vacucles were within the cytoplasm and a red blood
cell was in the lumen.

At day 19, the folds or plicae were so extensive that
they wvirtually occluded the central lumen. Eight plicae were
seen in this section. The concentration of the mesenchymal
cells were more towards the epithelial lining than elsewhere

in the gland. Fewer buds, all of which were still connected
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to the epithelium, had two layers of cells but in some areas,
three layers of cells were seen. The intercellular spaces of
the tunica propria were much reduced as the number of cells
increased especially towards the epithelium. The lymphocytes
occurred both within the tunica propria and the epithelial
buds. The number of blood vessels were already increasing
and few amongst these were now deeper placed in the gland
than the previous stage. Their lumina had already been
filled with a lot of red blood cells. Apart from areas where
epithelial buds were forming, the epithelial cells of the
mucosa had a definite limiting zone £from the mesenchymal
cells of the propria. Mitotic figures, which were larger
than most of the normal epithelial cells were appearing in
the mucosa. Their nucleoll were no more compact buf slightly
diffused within a specified area. The network formed by the
mesenchymal cells of the tunica propria was more pronounced.

At day 20, there was further increase in height and
thickness of the plicae resulting in the complete filling up
of the lumen. The presence of lumen was only indicated by a
little space left at the point of convergence of the plicae.

The gland at this stage, showed increased intensity in its
stainlng capacity. This singular attribute gave better

indication as to the limit of most cells especially the
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mucosal cells. The mucosa accordingly exhibited distinctly
two cell layers in most places. However, these two layers of
cell stained slightly different. This difference made it
possible to identify positively a superficial (luminal) layer
and a lower layer. The superficial layer was lighter stained
and composed of cells that were broader than they were tall.

In order words, these cells were dorsoventrally flattened
including their nuclei. The lower layer was darker stained
and had cells that were taller. This layer displayed a very
defined basement membrane demarcating clearly the inner
epithelial cells and the outer mesenchymal cells in the
tunica propria. Few epithelial buds had severed their
connections with the mucosa Lhus giving rise to the early
follicles which were already accumulating a number of
lymphocytes. In some of the larger follicles, it was
possible to distinguish between the outer cortex and the
inner medulla (Plate 14). This demarcation was based on a
distinct basement lining limiting each zone.

Flattened mesenchymal cells and deep stained small
lymphocytes that formed the cortex were seen closely apposed
to this basement membrane. Vacuolation of epithelial cells
of the mucosa and follicles occurred at this stage and this

was limited only to the cytoplasm. Despite the formation of
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the blood vessels, few red blood cells were still within the
stroma of tunica propria, and occurred in groups of two or
more. No blood vessels were found within the follicles but
they appeared at the periphery next to the tunica muscularis.

A few of the epithelial cells of the mucosa were actively
undergoing mitosis. Macrophages had appeared, sgqueezed up,
inbetween the mucosal cells while some were fonnd amongst the
few small lymphocytes and other mesenchymal cells. One or
two of them had large and deeply stained granules within the
cytoplasm that displaced the nucleus to the periphery.

At day 21 of incubation, there was a lot of blood
vessels within the plicae and this stretched from the tunica
muscularis through the whole width of each plica. 14
primary plicae were counted and the number of follicles
within each plica had increased. In one of these plicae,
eight of the follicles were easily identified and most of the
follicles had not been separated from the mucosal epithelium.

The core of each plica had very few cells with the result
that large empty spaces occurred between the cells, All the
blood vessels penetrating the plica were primarily located in
this sparsely populated core and supported by few loosely

connective tissue. It was at this stage alsoc that blood
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vessels first occurred in the follicles proper. In two
follicles, capillaries were seen in the cortical zone.

The concentration of cells in the tunica propria had
increased remarkably especially towards the direction of the
lumen. Lymphocytes had also increased in the medulla but few
were seen in the cortex. Seen amcongst the superficial
{Luminal) layer cells, were few other cells whose cytoplasm
and nuclel were stained poorly. They were wider than they
appeared tall but had oval t¢ spherical nucleus. These cells
protruded more in to the lumen than the other cells of the
epithelium. They were most Likely the first generation of
goblet cells.

At day 22, the tunica muscularlis had bacome
significantly increased in thickness and the vasculature was
very pronounced. The largest of blood vessels were located
near the tunica muscularis while the smaller ones were deep
in the Lunica propria and the core of the foldz. Many of fhe
follicles had severed connections with the epithelium and had
continued to enlarqge. The cortex had acquired a number of
blood vessels but the medulla was completely devoid of such
vessgels, Noticeably, the mucosal lining had reduced to a
single layer of cells 1n certain areas and amongst these

epithelial cells were well outlined goblet cells., Majority
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of the epithelial cells displayed two mucleoli within them
and these cells showed greater size than those with single
nucleolus.

Plasma cell, with its eccentrically placed nucleus, had
appeared in the tunica propria at this stage. Mitotic figures
were commenly encountered amongst the epithelium especially
at the junction bpetween two plicae and alsoc amongst those
eplithelial cells in the medulla.

At day 23, the increase in the size of the gland was not
matched with that of the plicae. 1A total of 12 plicae were
counted bub they were not extensive in height and girth which
gave rise to a prominent cenlral lumen. However, each of
thase plicae was cccupled by a number of various sgized
follicles. The tunica muscularis was further increased in
thickness and clearly composed of only a circular layer.
Most of the blood vessels were positioned internal to this
muscular layer.

At day 24, the folds had not increased further in height
but the lumen was greatly increased. The follicles had large
number of smail and large lymphocytes accumulating in the
medalla. The surface epithelium showed, in few places,
peculiar large cuboidal cells that were very pale stained.

The nucleus of this cuboidal cell was round, large and more
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centrally placed. This type of cell was more frequently on
the upper layer than was found on the lower layer. The
columnar types were more numerous than the cuboidal cells.
Although lymphocytes were seen in both the cortex and
medulla, their population was more in the medulla.

By day 25, the number of medium and small-sized
lymphocytes was high. This had subsequently made the
follicles more intenszely stained and it had improved the
clarity of the basement membrane. At the same time, the
number of dead and dying cells was also high. Within the
interfollicular areas, nuclei with large clear areas
surrounding them were evident. In the follicles, numerocus
cells had lost their cellular architecture and dissolution of
the nucleus was also in progress. Macrophages, in and out of
the follicles, increased in number.

By day 26,the follicles had so increased in dimension
and number that the earlier wide intercellular spaces within
the tunica propria were drastically reduced. The medulla was
wider than the cortex and stained paler as a result of the
numercus large lymphocytes within., Macrophages had suddenly
increased in the thin Interfollicular spaces and were crowded
with various sizes of granules. A few were cbserved in the

cortex. The reticular epithelial cells bounding the cortex,
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and the fibroblasts occupying the interfellicular spaces
showed obklong nuclei with their drawn out cytoplasm. The
number of reticular epithelial cells within the cortex when
compared with that of the lymphocytes appeared to be reduced.

The superficlal (luminal) layer of the surface epithelium
showed tall columnar cells with numerous large wvacuoles at
their apical end. The lower layer of the surface epithelium
had columnar cells but these had homogencus pale stained
cytoplasm. Iymphocytes were not found amongst the surface
epithelium as previously but mitosis was observed in some
cells. Blood vessels within the interfollicular zone was

reduced.

4.4.2 Bursa (Post-hatch period)

By day one post hatch, each plica was completely filled
with follicles that were separated by thin strands of
connective tissue. The large blood vessels were alsc
displaced to the periphery between the muscular layer and the
follicles and were surrounded by large amount of loose
connective tissue. The small ones were found more within the
interfollicular septa and the thin cortex. Despite the
presence of a basement membrane, a distinct boundary between

the cortex and the medulla was not easily evident to the
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viewer. Macrophages were present even in the medulla
although the number was few. Small lymphocytes were not many
but the large and medium-sized predominated. The medulla had
mostly reticular epithelial cells in addition to the
macrophages but the cortex had more of the small and medium-
sized lymphocytes. The few reticular epithelial cells
present were compressed and flattened out. The surface
epithelium showed areas of pseudo-stratification with tall
cells. Goblet cells with very pale stained and elongated
dorsal end, were sparingly seen amongst the other surface
epithelial cella. Mitosis was also frequently encountered,
especially at the junction between two plicae.

At three days post hatch, the lumen was enormous, giving
an impression of reduced plicae. Actually, the size of the
gland was increased while the plicae had not decreased. The
tunica propria had fewer cells and the feollicles showed wider
interfollicular spaces with fewer strands of connective
tissue and blood vessels. The cortex had significantly
increased in thickness and contained many large and medium-
sized lymphocytes. Small lymphocytes were scanty. The three
categories of lymphocytes were seen in the medulla but at
varying degrees. The numerous intercellular spaces in the

mediulla revealed a lot of reticular fibpres. The medulla
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still lacked blood vessels. Stalning characteristic between
the cortex and medulla was not glaringly different despite
the fact that the cortex contained greater number of small
lymphocytes and the medulla had a lot of pale stained
reticular cells. The surface epithelium had different layers
in wvariocus 2zones of the gland. In most of the places, it
showed two layers of cells while in certain parts it showed
pseudostratified layer (Plate le). In other areas, there was
only a single layer of low cuboidal cells with large round to
oval nuclei. Apart from the palec stained goblet cells, a few
other large cells were found at different levels of the
surface epithelium. These cells had pale stained cytoplasm
and round, large, centrally placed nuclei. Macrophages were
also found squeezed up between the lower layer of epithelium
in some areas.

By five days post hatch, Lhe plicae were contorted due
to increase in height within a limited lumen. The tunica
propria looked empty with a few feollicles and a handful of
fibroblasts. These fibroblasts exhibited long spindle-
shaped, oblong or oval nuclei. Included within this tunica
propria, were few lymphocytes. Pseudostratification of the
surface epithelium was meore predominant than the two layered-

columnar epithelium. Mitosis occurred at the upper and lower
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layers of the surface epithelium but was less frequent at the
lower layer. Goblet cells had not increased further than
they were at day one. One or two cases of small lymphocytes
were interposed between the epithelium.

A typical large lymphocyte within the follicle was seen
to have an extensive nucleus that occupied about four-fifths
of the cell space (Plate 20). The cytoplasm did not show
endoplasmic reticulum but was covered by f{ree ribosomes.

The surface epithelium was pseudostratified with the
nuclei positioned at varlous levels (Plate 21). Cells lacked
any secretory granules. A basement membrane on which the
cells of the surface epithelium rested was distinct (Plate
21) and the blood vessel below displaved an unfenestrated
endothelium with a surrounding perivascular connective tissue
space (Plate 22}.

At one week post-hatch, the follicles had increased
further and the tunica propria had better cellular content.
The wvascularization of the gland had also 1increased,
especially within the interfollicular spaces. Some of the
blood vessels were positioned inbetween the muscle layer.
Until this stage, the cortex and medulla had not shown much
difference in staining ability but the basement membrane

between them was discernable. Both of them contained
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macrophages and all types of lymphocytes. The medulla was
thicker than the cortex and it was completely surrounded by
the cortex. The surface epithelium was made up mainly of
pseudostratified columnar cells.

At two weeks, secondary folds were well defined on the
primary folds but the propria was sparsely populated. Many of
the follicles were completely detached from the surface
epithelium and surrcunded by a thin, deeply stained
connective tissue. The number of small lymphocytes in
between the epithelial cells had increased. The lymphocytes
in the tunica propria proper, exhibited a stronger staining
capability than elsewhere.

By three weeks, each plica was completely occupied with
follicles, The tunica propria had only a thin mid region
nccupied by extensive network of blood vessels. Every
follicle was completely severed from the epithelium and each
was encircled by a thin layer of connective tissue and the
accompanying fibroblasts. At a lower magnification, the
difference in staining capacity was obviousg. The cortex was
darker than the medulls and the medulla showed wide spaces
between the cells. So far only the cortex was occupied by
various sizes of blocd vessels and the medulla lacked them.

The tall pseudostratified epithelium had nuclei that were
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elongated in a dorso-ventral direction. Goblet cells had
their nuclei located basally but maintained, more or less,
spherical outline.

The nmuscular layer showed no additional layer to the
circular layer and the only change was the increase in
thickness.

At four weeks, the propria was reduced to a thin rim of
connective tissue with the blood vessels compressed. At the
base of each plica were a large artery and a vein and few
strands of connective tissue extending upwards 1into the
plica. The difference in staining between the cortex and
medulla was distinct with medulla being pale stained. The
fewness cof the cells within the medulla resulted in wide and
prominent intercellular spaces. Reticular cells showed drawn
out cytoplasmic processes. The muscular layer consisted of
two distinct layers, an outer circular and an inner
longitudinal layer, that sent strands into each plica and
bounded the blood vessels at the base of the plica.

At five weeks, the medulla still showed many
intercellular spaces. The cortex got thinner but stained
darker due to the increased number of small lymphocytes. The

thickness of the cortex in certain areas was about 33.2u and
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in the thickest zone, it was 113.6u. The number of blood
vessels appeared to have decreased. Very few plasma cells
were seen. Reticular cells were few even in the medulla and
they varied greatly.

At six weeks, vascularization was intensified within the
mid zone of the fold and within the follicles. These
folliciea had further enlarqged, reducing the interfolliicular
spaces. They still showed medulla with wide spaces between
individual cells. The cytoplasmic boundaries of the
reticular cells and the lymphocytes were clearly displayed.
These wide spaces also provided a better view of the plasma
cells within the medulla. Their spherical but eccentrically
placed nuclei and the peripheral clumps of chromatin
materials were shown better, The muscular layer showed an
outer longitudinal layer and inner circular layer. In
certain zones, the circular layer was followed internally by
an inner longitudinal layer.

At seven weeks, some follicles were still connected to
the sarface epithelium., The medulla of these follicles were,
therefore, incompletely surrcunded by the cortex. The
epithelial Luft was cuboidal in shape and its basement
membrane was continuous with that between the cortex and

medulla. The interfoliieular spaces had widened but contained
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less cellular components.The medulla still showed substantial
intercellular spaces. Apart from the goblet cell and the
tall columnar cells, there was a third cell type with a
spherical outline and nucleus. Both the c¢ytoplasm and
nucleus were pale stained and occurred at various levels in
the surface epithelium.

At eight weeks, the intercellular spaces in the medulla
ware reduced and the small lymphocytes were increased.
Reticular cells formed a network with their cytoplasmic
processes. The musculature showed outer circular and inner
longitudinal layers and a few small blood vessels were
located between these two layers. The pseudostratified
surface epithelial cells were adorned with numerous small-
sized vacuocles all through their cytoplasm. The goblet cells
were not significantly increased and their cytoplasm were
uniformly pale stained.

At nine weeks, there ware many blood wvessels between the
cortex and surface epithelium, and between the cortex and
medulla. A 1ot of mitotic figures were seen 1in the
follicles. The goblet <cells increased in number but

contained no secretory granules.
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At 10 weeks, the only noticeable difference was the
longitudinal muscular layer on the outer side and the
circular layer on the inner side.

At 11 weeks, the cortex was deeper stained than the
medulla. Although the proportion of large lymphocytes was
increasing in both the cortex and medulla, the percentage was
more in the medulla resulting in its poor staining. The
location of blood vessels was more in the connhective tissue
between the surface epithelium and the follicles, and the
interfollicular septa than in the cortex. In the medulla,
there were some areas having only reticular epithelial cells
with Lhe total exclusion of Ilyiphocytes and macrophages.
However, these areas were surrounded peripherally by small-~
sized lymphocytes.

At 12 weeks, some follicles had diameteras as much as
0.79mm. The vascularizatien had not altered and ccllections
of reticular cells were not observed. The cortex was thicker
than the medulla but still darker stained.

At 13 weeks, gcblet cells had fine granules positioned
dorsal te the spherical nuclei, These granules were not
limited only to the goblet cells but also to those third type

of cuboidal surface epithelial cells.
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At 14 weeks, one conspicuocus feature in both the cortex
and the medulla was the appearance of very large empty spaces
with clear outline. The surface epithelial cells contained
large eosinophilic granules that were located at one end of
their nuclel or completely surrounding the nuclei, The
surface epithelium during this stage, measured 56.8u 1in some
areas while the large lymphocytes measured about 6.8u. The
tunica muscularis had three layers; an outer longitudinal, a
middle circular and another inner longitudinal before a thin
connective tissue, 1In certaln areas. The average thickness
of the two layers was about 30.0u while that of the three
layers was about 38.0u.

At 15 weeks, the folds were elongated and tightly packed
with follicles allowing only thin bands of interfollicular
septa but the cortex and medulla had less lymphocyte
population. Most of the individual c¢ells had spherical to
round cutline with mich distance between adjacent nuclei.
The large, medium and smalli-sized lymphocytes were about the
same proportion. The blood vessels were few in number. The

height of the epithelial cells was also reduced. The lowest
was about 20.0p while the highest was abhout 47.0n.

Degenerating cells and the number of macrophages had
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increased. The goblet cells were as deeply stained as the
other columnar epithelial cells.

Subsequent observations of the gland showed this
irregular ©pattern of either increase or decrease of

lymphocytes, macrophages, staining ability and varying degree

of wvascularization. Towards the latter part of 1life, all
folds showed great reduction in height. The cortex was
extremely reduced in thickness and the medulla

correspendingly increased but contained few lymphocytes.

However, reticular cells became more evident as a result of
this reduction. The interfollicular septa had a progressive
increase in thickness and revealed high connective tissue

content.

4.5.1Harderian gland (Incubatory period)

The Harderian gland at day 10 of incubation was seen as
a circumscribed structure demarcated by low epithelial cells
(Plate 23), The lumen formed therein contained colleoidal
materials and a few mesenchymal cells. These epithelial
cells were only different from the mesenchymal cells in their
size and the paler staining nuclear materials. The nucleolus
was only seen with difficulty within the intensely stained

cytoplasm. A would-be secondary lumen was beginning to form
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without complete boundary. The surrounding mesenchymal cells
were very scanty and these showed circular to oveoid nuclei.
Some were becoming much longer than they were pbroad and the
cytoplasmic processes extended outwards especially in one
direction. These processes united with those from other
cells to form a loose network surrounding the Harderian
gland.

At day 11 of incubation, the gland had only increased
slightly in size. The lumen at this stage lacked the
colloidal materials and the mesenchymal c¢ells that were
observed on the first day of identification. The epithelial
cells, by comparison, stained much deeper than the
mesenchymal cells., A secondary lumen had a complete boundary
around 1t but the cellular population had not c¢hanged
significantly.

At day 12 of incubation, the gland had appeared in the
form of lohules and each lobule had the collection of deeply
stalned epithelial c¢ells whose cytoplasmic boundaries were
difficult to ascertain. Few mesenchymal cells were seen to
contain twe nucleoli per cell but majority contained only one
nucleoclus. Red hklood cells showed up in the spaces between
the lobules and some were already bound by endothelium

forming the early blood vessels.
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At day 13 of incubation, the gland had appeared as an
elongated structure with a spaced out collection of
epithelial cells. Within each epithelial collection were
small spaces and a few have coalesced giving larger spaces.
The surrounding mesenchymal c¢ells exhibited wvarious shapes
like spindle-shape, oval or round.

Intermingled with the mesenchymal cells were also scanty
red blood cells that either existed singly or in groups of
three or four. Few blood vessels had occurred in the gland
and these were remotely placed from the epithelial
collections.Few lymphocytes were observed. Each shawed a
large cell volume with thin rimmed cytoplasm.

At day 14, the Harderian gland had developed intc many
lcbules that were close together within the gland. Some of
these lobules had lumina while others still showed compact
collection of epithelial cells. The lobules were surrounded
by sparsely populated mesenchymal c¢ells. The lumen of a
lobule was divided into numercus smaller lumina by
protoplasmic extenasions of these epithelial cells. Few
lymphocytes, with  their deeply stained nuclei, were
encountered. The whole gland was heavily enclosed by

extensive layer of connective tissue with its fibroblasts.
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Close to the lobules were the small blood vessels that had
one or two blood cells within their lumen.

At day 15 of incubation, the gland appeared almost as on
day 14. The lumina formed had not increased in number and
the lymphocytes appeared to be the same.

At day 16 of incubation, the connective tissue deposit
and the accompanying fibroblasts had remained as single layer
surrounding the gland. Some nuclei of the fibroblasts had
become spindle shaped but many were still ovoid. The nuclei
and the cytoplasm stained almost alike and the nuclear
membrane was not distinctly stained.

Beneath  thisg single layer of fikroblasts, the
mesenchymal cells were distantly separated from one another
but there was contact amongst their cytoplasmic processes.
Their nuclei showed better stained nuclear nembrane than the
fibroblasts. The nucleolus,though not intensely stained,was
still discernable from the other nuclear contents. It was
more often placed at the centre of the cell than not. The
blood vessels that occurred were located in the mesenchyma
and their small lumina contained only one or two red blood
cells at a time. Some of these lymphocytes had small sized

granules which were faintly observed within the cytoplasm.
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Each of the lobules exhibited its own extensive lumen
which was bounded by epithelial cells that stained alwost
like the =surrounding mesenchymal cells. Amongst these
epithelial cells were many mesenchymal cells that have
intermingled. BSome of the epithelial cells bulged into the
Jumen thus presenting an irregular eplithelial surface. The
boundary between the epithelium  and the underlying
mesenchymal cells was not distinct in some areas since both
tended to blend into one ancther.

At day 17 of incubation, the gland was an elongated
structure with numerous lobules, each containing a large
lumen bounded by two layers of epithelial cells. The
external boundary was still made up of a layer of fibroblasts
ant the connective tissue.

The main duct of the gland was seen leading off at one
end, The duct showed a layer of low epithelial cells whose
nuclei were much wider than they were tall. Cne or two
tubules were =een to be leading out of the lumen from some
lobules and having cluster of epithelial cells at the base.
There was a distinct basement membrane demarcating the
epithelial cells from the surrounding mesenchymal cells.
Majority of the =epithelial cells had single nucleolus

although few others contained two.
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Few lymphocytes were observed and some were seen at the
junction between the fibreoblasts and the mesenchymal cells.
Others were seen amongst the mesenchymal cells within the
connective tissue layer.Some blood vessels of various
calibres existed within the mesenchyma. Red blood cells were
observed in some.

At day 18 of incubation, the Jlumen was much contorted.
The epithelial cells lining the 1lumen had thin rim of
cytoplasm that contained numerous tiny vacuoles., At this
stage, tubules and their narrow necks that coonected them to
the large lumina were conspicuous {Plate 24). The base of
these tubules had cellection of large number of epithelial
cells depicting an acinar gland. Some of the tubules opened
inte small lumina which were probably the opening of ducts.
At the end of the gland were three large bundles of nerve
fibres (Plate 24). Interspaced within the mesenchyma were
few lymphocytes.

Electron-micrographs revealed a relatively thick capsule
at this stage (Plate 25). The spindle-shaped nuclei of the
outermcst fibroblasts were well exhibited. The mesenchymal
cells showed nucleli of wvarying shapes, Plate 26 is a
mesenchymal cell with a typlcal spindle-shaped nucleus. A

relatively large nucleolus is concentrically positicned.
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The lymphocyte observed at this stage was not heavily
stained (Plate 27). The cytoplasm contained numerous granules
of different shapes and sizes. Cytoplasmic processes were not
many and the cytoplasmic membrane was seen to be double
walled. Its nucleus occupied about a quarter of the cell
volume and had extensive deposit of chromatins. A moderately
sized nucleolus was eccentrically positioned.

Close to the base of the surface epithelial cells was a
blood vessel of small calibre (Plate 28) with its
infenestrated endcthelium. The surface epithelium was made up
of tall pseudostratified columnar epithelium at this stage
{(Plate 29)., Cells had nuclei of different shapes and some
nuclei contained two prominent nucleoli. A goblet cell with
its dorsal half occupied with secretory materials and its
nucleus basally located was observed amongst the surface
epithelial cells (Plate 30).

At day 19 of incubation, the capsule of the gland was
reduced to a single layer of connective tissue and
fibroblasts. Formation of lobules continued within the gland
and each lobule exhibited its own lumen. Some of these
lumina were separated from the others by only a thin layer of
flattened epithelial cells. The epithelium of the tubule

was stratified squamous at scme places while at others, it
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was pseudostratified. The inner layer o¢f these parts with
two layers of cells was made up of squamous cells with
intense basophilic cytcplasm. Immediately below this, were
cells with large nuclei and thin cytoplasm. The number of
lymphocytes was still high, and their diameter was between
4.3 and 5.7u. Those cells that increased appreciably were
the mesenchymal cells, One of the lobules had epithelial
cells protruding deep into the mesenchyma and comprised of
cluster of epithelial cells without a lumen. These again
showed acinl formation,

At day 20, the lobules had expanded appreciably with the
subsequent reduction of the mesenchyma. Acini formation was
clearly shown (Plate 31). Most of these acini had reduced
lumen but only large collection of epithelial cells, although
this depended on the angle at which the gland was sectioned.

The lymphocytes had increased in number in the mesenchyma
and the epithelial cells contained numerous vacuocles. Very
close to the gland was a large bhundle of nerve and a section
of the gland duct lined with a single layer of squamous
cells. A sectlion of the gland showed tubuloacinar type of
branching and the extensions of the tubulocacinar divisions
deep into the mesenchyma brought some of the blood vessels

much closer to the luminal end.
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At day 21, the major lobulations had been completed and
cach lobule had an extensive lumen. The epithelium and the
tunica propria had formed folds which projected into the
large lumen and these folds contained numerous blood vessels.

By day 23, epithelial lining of the folds was made up of
one single layer of cella. Blood vessela had extended deep
into the folds and the reticular cells within the propria
were reduced in number.

By day 24, a drastic change in composition of the gland
had resulted, The outline of the gland was like a dented
spatula and the external connecLive tigssuae covering was
reduced to barely one single layer of fibroblasts. The
tunica propria had completely disappeared and the acini had
filled every available space. Fach fold was occupied by
acini few of which were still circular. The inter-acinar
septum was 5o thin that only few strands of connective tissue
with fibroblasts existed. Some acinar cells had their upper
two-thirds filled with secretory materials. Few lymphocytes
ana blood vessels were jdentified within the inter-acinar
spaces. The surface epithelium lining the central lumen was
made up of tall columnar cells with basally placed nuclei.

These cells also had apical portions with secretory contents.
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At day 25, the main collecting lumen was extensive and

had several secondary collecting tubules leading from it.
Most. of the acini were peripherally positioned and had
polyhedral epithelial cells except in those cases with
lumina. Acini with lumina had columnar cells most of which
contained mucous secretions occupying their greater portions.
In few cases, the nucleus of the cell was pushed to an angle

and the secretion occupied the whole length of the cell.

At day 26, the secretion had greatly increased in all
the epithelial cells. The number of all the cellular

componenls were also on the increase.

4.85.2 Harderian gland (post-hatch period)

At day one post hatch, a total of five complete lobules,
with the central collecting tubules, were seen. The capsule
had become thicker than what it was at the embryonic staqge.
Every single epithelial cell showed secretory accumulations
and a basally displaced nucleus. The cells of the acini at
this time were 17.0p or even 24.0p tall, while those cells
of surface epithelium were 21.3u tall. Lymphocytes were
sparingly seen within the interacinar spaces. Most of the

lumina of the acini were no longer circular but compressed
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from side to side with some taking the shape of the letter
"L". No plasma cells had been identified within this period.

At day three post hatch, the blcod vessels had greatly
increased within the interacinar space, and belween the acini
and surface epithelium. Few plasma cells were seen for the
first time within the blood vesmsels and in the connective
tissue septa. The nuclei of most epithelial cells were
flattened out and positioned next to the basal lamina of the
cell.

Electron-micrograph showed the thick capsule comprising
of dense collagen fibres and f{ibroblasts. Thelr nuclei were
spindle-shaped (Plate 32).

The inter-acinar gspaces had many lymphocytes and few
plasma cells {Plate 33}). The plasma cell showed eccentrically
placed cart-wheeled nucleus and a cytoplasm endowed with a
prominent network of endoplasmic reticulum., Many lymphocytes
were also seen. A macrophage with lyteolytic granules and
some debris was observed at the upper part of the plate. A
reqgularly oceurring  lymphocyte had a nucleus located
centrally and a nucleolus thal occupied one-sixth of the
total nuclear space (Plate 34). The cytoplasm had a network
of endeoplasmic reticulum with attached with ribosomes. Every

single surface epithelial cell {(Plate 35) was occupied from
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the luminal to the basal end with spherical secretory
granules. All nuclei were basally displaced.

At day five, the Jlumen in most acini was reduced
tremendously in size. The tall columnar cells bounding the
central lumen were as tali as 38.3u. Apart from reticular
cells and fibroblasts, few lymphocytes and plasma cells were
alsc seen in the thin inter-acinar spaces.

At one week post hatch, the lumina of the acini were
increased once more. Within the capsular covering, some
reticular cells present contained large pink granules filling
their cytoplasm.

Bt two weeks, most nuclei of the epithelial cells had
become large and spherical. The intensity of secretion had
further reduced as indicated by the amount of vacuoles within
the cytoplasm.

At three weeks, the bhlcod vessels Were again pronounced,
and the tunica propria and the interacinar septa were
reduced. The thickness of the capsule was also reduced. The
nucliei of the epithelial cells were spherical, enlarged and
positioned mid way in the cell. The nucleclus was equally

prominent and eccentrically placed.
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At four weeks, the number of plasma cells had increased
and most of them were found between the surface epithelium
and the acini. The lymphocytes had equally increased.

At five weeks, plasma «cells and lymphocytes had
increased further and the interacinar septa had widened to
accommodate the increased lymphoid cells. Most acinar cells
were wider than they were tall with their nuclei occupying
basal position. Large and small vacuoles were present within
each cell. The number of reticular cells and blood vessels
had alsco increased. The lumina of most acini had reduced in
diameter.

At six weeks, the number of lobules had increased to ten
but only few showed any appreciable wide central lumen. At
a glance, the lymphoid cell population had not increased more
than the previous week,

At seven weeks, the tubulo-acinar aspect of the gland
became conspicuous. The external connective tissue covering
was thin but the connective tissue between the surface
epithelium and the acini had increased more to accommodate
the increased number of cells and blood vessels.

At eight weeks, squamosis of epithelial <cells had

occurred and these cells were found in the primary cellecting
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tubule, There was disorganisation of some tubulo-acinar
glands. The interlobular septa stained better than the
capsule.

At nine weeks, the capsule and Interlcbular septa
stained slightly different, The crowding of the acini within
the gland had obliterated some of their lumina completely
while some =showed oniy lengthy slits, and still others
displayed small circular lumina. Secretory materials in the
acini had reduced greatly as depicted by few vacuoles left
within the cells. Some reticular cells beneath the capsule
and near biood vessels, had large pinkish granules that
almost obliterated their nuclei. The height of most
opithelial cells was reduced.

At 10 weeks, the picture was similar to that of the
previous week. There were further increases in lymphoid
cells population especially near the blood vessels and
surface epithelium. Few were seen at the periphery of the
gland.

At 11 weecks, the lymphocytes were more than the plasma
cells especially around blood vessels. Some lymphoid cells
progressing toward the lumen were observed for the first time

amongst the surface eplithelial cells. Staining intensity of

Aacaann
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the section was not uniform but varied amongst the acini.
The crowding of the lymphoid cells gave polygonal shapes to
the nuclei,

The subsequent weeks showed slight increases in the
number of lymphoid cells and the epithelial cells continued
the production of secretory materials. However, there was no
regular pattern o this secretion. The lymphocytes
outnumbered the plasma cells with age and the bklood vessels
showed increased dimensions., The accumulation of the
lymphoid cells within the connective tissue contributed to
the reduced sizes of the acini and their cells.

After 20 weeks, Lhe secretory materials decreased but

secretion did not cease completely.

4.6.18pleen (Incubatory period)

The spleen was first seen on day seven as a pear-shaped
structure that was in close contact with the kidney at this
stage. One end was attached to the kidney above and the
liver below. There was no sinusoid present but few lengthy
spaces running almost across the entire spleen were seen.
These contained no cells. Between these spaces were

collections of cells which included a lot of reticular cells
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and very few lymphocytic cells. Cells undergoing mitosis
were observed, with the nuclear content in disorganised
manner. The reticular cells stained 1lighter than the
lymphocytic cells (Plate 36). The nuclear content was
scantier than that of lymphocytic cells. The nucleclus was
much more prominent in the reticular cells while it was
glightly obscured in the lymphocytic cells. The lymphocytic
cells tended to be slightly larger in size and the cytoplasm
was also deeper stained. There was absence of red blood
cells within the spleen at this stage.

At day eight, the spleen appeared as a round structure

that was enclosed by connective tissue from the ventriculus.
The external limit of the spleen was not distinct but
blended with the enclosing ventriculus. Within the spleen,
the cells occurred as straight cords. These cells were so
pale stained that their outlines became hazy. These were
mainly the reticular cells. The other group of cells were
the red blood cells that had appeared at this stage and the
few lymphocytic cells, The red blood cells were the most
intensely stained cells and they were the largest cells

within the spleen.
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At day nine, the spleen was partly united with the liver
and partly free. This free end was lined by the reticular
cells whose cytoplasmic processes formed the limiting
boundary of the spleen. There was evidence of sinusoids that
separated small patches of cell collections. The reticular
cells were the majority of cells. Few of these cells were
undergoing mitosis. The number of red blood cells observed
were obviously less than the previous day. The lymphocytic
cells had increased slightly in number.

At day 10 of incubation, the spleen was pear shaped and
well defined. Externally, the spleen was encircled by a
thick layer of connective tissue with its accompanying
fibroblasts that still exhibited many nuclei that were not
spindle shaped. Sinusoids were much more obvious although
not very many.

Splenic cords were not specifically seen but the organ
was crowded with cells of various types. The lymphocytic
cells had increased in number while their nuclei stained more
intensely than the reticular cells. Their nucleoli were not
easily distinguished from the chromatin materials.

Red blood cells were sparsely distributed within the

spleen and most of these were seen occurring individually
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within the splenic mass and within the sinusoids. Only at
tew points did they occur in large numbers. Intact blood
vessels were not seen at this stage.

At day 11 of incubation,the capsule was still a delicate
one formed by connective tissue and its fibroblasts with
spindle shaped nuclei. Sinusoids were better observed in the
gland. The splenic cords that bound these sinusoids were
masses of cells comprising of reticular cells, large and
small lymphocytes and some macrophages. Blood vessels were
seen for the first time on this day and these had small
lumina bound by endothelial cells. These endothelial cells
had elongated and pale stained nuclei. Very close to the
endothelial cells were the reticular cells surrounding them.

Within the sinusoids were numerous red blood cells and a few
lymphocytic cells. The white and red pulps could not be
distinguished.

At day 12, the spleen was a compact gland with dense
collection of many types of cells. It was ovoid in shape and
was surrounded by reticular cells, whose nuclei were mostly
circular in shape. Lymphocytes,with appreciable sized
cytoplasm, were abundant . Macrophages had increased

appreciably. Small lymphocytes with their characteristic
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deeply stained and small nuclei were alse increasing in
number.,

At day 13, a capsule surrounding the oveoid spleen was
better seen than the previous day. The spindle shaped
fibroblasts were well observed and directly below them were
the other cells like the reticular cells, the lymphocytes and
the macrophages. Apart from the better seen capsule, the
spleen appeared much like that seen on day 12.

At days 14 and 15 of incubation, the lymphocytic cells
had increased in number, The outline of the spleen was
circular. The macrophages had not increased more than they
were few days earlier.

At days 16 and 17, the spleen was shaped like a pear
with one end more pointed than the other. The capsule was a
thin one covered by about one or two layers of fibroblasts
whose nuclei were dorsoventrally flattened. However, some
showed nuclei that bulged outwards.Lymphocytes, granulocytes,
few macrophages and red blood cells were seen immediately
below the capsule. The reticular cells with their processes
formed the splenic cords in which other cellular components
were fcund. In between these cords was a network of sinusoids

that traversed the length of the spleen from the capsule to
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the centre. The granulocytes showed a lot of granules within
their cytoplasm. The blood vessels were still few in number
and the sinusoids showed some lymphocytes and few blood
cells. The red and white pulps were not distinguishable at
this stage.

At day 18 of incubation, it had a clear thin capsule
beneath which was a whole network of sinusoids filled with
various sizes of lymphocytes and granulocytes. The
granulocytes were large cells with moderate cytoplasm and
peripherally positioned nuclei. Its cytoplasm was darker
stained than that of large lymphocyte, and contained numerous
basophilic granules. Reticular cells were seen everywhere
outside the sinuscide but macrophages were present only at
the periphery. Red Pblcod cells were still seen amongst the
other cells within the spleen,

Electron-micrograph showed two granulocytic cells with
small sized nuclei, both of which were peripherally located.
Large granules of various shapes occupied a qgreater portion
of each cell (Plate 37). The lymphocytes were of variable
sizes. The nucleus displayed condensed chromatin materials
located on the nuclear membrane and a nucleolus eccentrically

placed. The reticular cell had much less stained nucleoplasm.
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The red blood cell showed a centrally placed nucleus and a
cytoplasm that was agranular (Plate 38),

At day 19, irregular light and dark staining zones were
seen. The darker =zones were areas with erythrocytes and
these collectively formed the red pulp of the spleen. The
amall patches of light zones contained lymphocytes, reticular
cells and many granulocytes. These light 2zones collectively
formed the while pulp. The capsule had become thick and
showed a 1lot of collagen fibres, few elastic fibres and
fibroblasts. Neither the white nor the red pulp showed any
cord formation.

At day 20, the spleen had elongated coutline. The
granulocytes had become the biggest cells within the spleen.

Their pale stained nuclei took on different shapes and were
eccentrically placed. Large granules were scattered
throughout their cytoplasm. The granulocytes were more
distanced from areas of erythrocyte concentrations. Within
the white pulp =zones, were areas of reticular cell
collections that were devoid of either lymphocytes or
granulocytes. But at the periphery of these collections,

erythrocytes and granulocytes were circularly arranged.
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At day 21, the mesothelial cells of the capsule and
their spherical to ovoid nuclei showed clearly. Below these
cells, was a layer of fibroblasts, collagen fibres and few
elastic materials. After the reticular cells,came the
granulocytes and lymphocytes although this was not the case
all over the spleen, Close to these layers were sinusoids
that surrounded collections of cell mass, 1In addition to the
erythrocytes, granulocytes were cbserved within the
sinusoids. Arteries and velns were noticed for the first
time in the spleen. The prominent 1large nucleus of the
endothelial cell=s were readily seen. Some of these arteries
were surrounded by many lymphocytes, few granulocytes and
reticular cells. The larger ones were immediately surrounded
by reticular c¢ells and then the lymphocytes. There were also
those arteries that had reduced connective tissue framework
and were encircled only by lymphocytes. Few terminal
arterioles that were nol surrounded by either reticular cells
or lymphocytes were observed.
The red pulp with its numerous sinusolds was now
distinct and the boundaries of its cellular contents were
clearly defined. Tt could hardly be described as having

splenic cords but rather a lcose framewcrk that was spongy-
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like and contained other cellular components. Few arteries,
incompletely surrounded by reticular cells, were seen in the
loose tissue of the red pulp. Mitotic cells were seen.

AL day 22, the red pulp was more extensive than the
white pulp. Granulocytes and lymphocytes within the red pulp
had increased. The venous sinuses were irregular and
branched. The cells lining these sinuses had spindle-shaped
nuclei and thin drawn-out cytoplasmic processes.

At day 23, the veins had increased in thickness. The
granulocytes had decreased but still maintained their large
sizes and contained granules. Lymphocytes had differentiated
into large, medium and small-sized, and the large and medium-
sized predominated. The arteries in the white pulp had
endothelial cells with bulging nuclei and these protruded
into the lumen of Lhe artery resulting in decreased lumen.
The veins were large and had irreqular lumen. Their
endothelial cells were well spacei out, Majority of the
cells lining the sinusoids were flat cells and there were few
Japs between some of ihem, A qgilant cell containing three
nuclei was seen within the red pulp.

At day 24, the capsule was well thickened. Some of the

macrophaqges had lots of debris in them. The three types of
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lymphocytes were well represented. The granulocytes had,
however, reduced in their number.

At day 25, the thickness of the capsule was slightly
reduced. The rﬁacropbages had a population outburst and there
was increased presence of dead and dying cells within the
spleen, These dying cells at first showed degeneration of
cytoplasm with loss of staining characteristic. This was
follewed by the disscolution of the nuclear material. But
many of them retained intact but shrunken nuclei.
Granulocytes had not altered much in their number.

At day 26, sheathed capillaries with their encircling
reticular cells were seen in the white pulp. The splenic

content. was similar to that of the previous day.

4.6.2 Spleen (post-hatch period)

At day one post hatch, the capsule was at its greatest
thickness so far (Plate 39). Muscle cells occurred at the
inner most part of the capsule. The fibroblasts had also
increased in size. One peculiarity was the bulging of the
cell nuclei lining the sinuses intc the lumen. The
granulocytes that had been a constant feature since day 16 of

incubation were not seen. The erythrocytes had greatly
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decreased and many were now located within the blood vessels
and sinuses. The few that were outside the sinuses had
distorted appearance.

The medium and large-sized lymphocytes still
predominated. Macrophages were increasing and many had
numerous vacuocles that occluded their nuclei. Blood vessels
with large 1lumen were surrounded by lymphocytes and thin
layer of connective tissue. Some were surrounded only by
reticunlar cells and thin connective tissue. Others had thick
connective tissue, few reticular cells and small lymphocytes
surrounding them. This last type of blood vessels had wide
lumina. Sinuses were scarce around this type of artery.

At day three post hatch, sinuses were reduced while the
lymphocytes and reticular cells increased. The erythrocytes
had further decreased outside the sinuses and bloocd vegsels.

At day five, the small lymphocytes had dominated the
large and medium-sized. Macrephages were many but mitotic
figures were rare to find. Spienic cords were better
defined.

At one week post hatch, the tunica muscularis of the
central arteries had developed wvery well and the blood

vessels attained greater dimensions.
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At two weeks, the white and red pulps were virtually

equal in distribution and the sinusoids were conspicuously

reduced. The erythrocytes were exclusively found within the

sinuscids and blood vessels of the red pulp. Lymphocytes and

reticular cells were cverywhere except the few spaces
occupied by the hlood vessels and sinusoids.

At three weeks, 1t was easy to lidentify the splenic

cords. Reticular cells and their cytoplasmic processes
formed the anchoring meshwork. A few of these reticular
cells were star-shaped. The area now occuplied by the red

pulp was convincingly greater than that of the white pulp.
The small and medium-sized lymphocytes still dominated the
cellular population.

At four weeks, the capsule still increased in thickness
and Lhe muscle cell layer had also increased. Strands of
trabeculae had extended from the capsule into the substance
of the spleen.

By seven weeks, the white and red pulps were better
shown at low magnificatiocn. Plasma cells had appeared in the
peripheral splenic cords. Few erythrocytes were still found
amongst the lymphocytes in the cord. Monocytes were observed

in the sinusocids. Large lymphocytes had decreased
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considerably. The white pulp was reduced in dimension with
the resultant increase in the red pulp. At certain points,
sinusoids were in direct contact with the capsule while at
other points, there were lymphocytes and reticular cells
interposed between the capsule and the sinusoids

At nine weeks, the monocyte number had significantly
increased especially in the red pulp. The plasma cells
occurred mostly within the sinusoids rather than the red
pulp. Macrophages containing the remains of erythrocytes
were occasionally seen,

Until week 13, there was no difference in the
development except the increase in size of organ and in
number of cellular components. Two germinal centres were
identified for the first time throughout the period of study
(Plate 40). These germinal centres were spherical and
contained large, medium and small-sized lymphocytes. One or
two macrophages were observed within. The germinal centre
was walled off by a dense layer of reticular fibres and
spindle-ghaped reticular cells. These germinal centres were
closely surrounded by diffuse lymphoid tissue of the white
pulp and sinusoids of the red pulp. The presence of germinal

centre was a constant feature during the next few weeks.
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Erythrocytes, macrophages and  lymphocytes continuously
increased within the red pulp substance,

At 16 weeks, every blood wvessel in the white pulp had
the same arrangement. The endothelium had large and bulging
nuclei. The connective tissue on which these endothelial
cells were attached, was thickened, There was a colony of
lymphocytes, erythrocytes and few macrophages surrounding
these arteries. These cells were demarcated from the
surrounding diffuse lymphold tissues by well stained
reticular tibres.

The general trend of development thereafter, was a
fluctuation in number of erythrocytes, Jlymphocytes and

macrophages.



116
CHAPTER 5
DISCUSSION

The size of the lymphoid organ is anh indication of its
functional activity. It follows that the thymus, bursa and
spleen must be at the peak of their functional activity in
the quinea fowls during 16 and 24 weeks post hatching while
Harderian gland had its peak at 32 weeks.

The Harderian gland was having a steady lncrease in mean
weight at the time the thymus and bursa were already
involuting. The spleen also continued to increase until the
end of the investigation at 32 weeks. The increase in these
secondary lymphoid organs {spleen and Harderian gland} when
the primary lymphold organs (bursa and thymus) had started
involuting, is expected since the secondary lymphoid organs
keep on with the production and proliferation of lymphoid
cells needed at maintaining the required degree of immune
activities. Of the two primary lymphoid organs in the guinea
fowl, the bursa regressed earlier and faster than the thymus.

The thymus, the bursa and the spleen contributed to the

rapid development of the immune system between 2 and 6 weeks
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with relative weights peaking at 4 weeks of age (Table 4.6;
Fig.2). The Harderian gland had 1ts peak development at 10
weeks. The inference here 13 that the lymphoid organs
generally develop greatest at the early weeks of life in the
guineca fowls before they are sexually mature.

There are similarities between the ages of maximum size
of the thymus and commencement of regression in the Nigerian
cockerels and our indigencus fowl as shown by Aire (1973) and
this study. However, the absolute maximum size of the thymus
in the cockerels varied much from that ¢f the guinea fowl.
This may be attributed to the 1lighter weight of the
indigenous guinea fowl when compared to the indigenous
domestic fowl.

The bursa was found to be fully developed in this local
breed of guinea fowl at 18 weeks. When compared with the 14
weeks of maximum size in the Nigerian cockerels (Aire, 1874)
or 10 weeks of maximum size in the White Leghorn (Yamada,
1966), the bursa of Fabricius in the local guinea fowl showed
a slower maximum size attainment as seen in this study.

The spleen in the guinea fowl attained maximum size at
24 weeks in this study while it reached maximum size at 12 to

16 weeks of age in the White Leghorn- Barred Rock cross



118

{Norton and Wolf, 19%49). In the White Rock chicks, the
maximum size occurred at 20 weeks of age (Wolfe et al, 1962).
The ages at which the maximum size of the thymus and the
bursa were attained in the White Pekin ducks were 11 and 9

weeks, respectively (Hashimoto and Sugimura, 1976).

5.1 Thymus

The thymus of the guinea fowl is different from that of
the chicken grossly by the number of lobes it contains. The
guinea fowl has 13 lobes while the chicken has 14 (Payne,
1971, The duck and the goose have about 10 lobes each
{Hohn, 1956). From what has been described of the position
in the chicken, the lobes are located a little lower in
position from the head in the guinea fowl., The upper one-
third of the neck is devoid of thymic lobes in the guinea
fowl while the lobes occur from the upper one-fifth downwards
in the chicken.

Most studies on the anatomy of the thymus in chicken
have not emphasized the various sizes of the 1lobes. 1In the
domestic duck and goose, the most caudal lobes were the
largest and in the passerines and hawks, the lobes close to

the angle of the jaw were largest. In the guinea fowl, the
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third and the sixth lobes on the right side of the neck were
the largest.

The observation that the thymus never completely ceases
to exist in the ducks (Pilipenko, 196%5) also applies to the
guinea fowl. Up to the end of 32 weeks, the cellular content
gives credence to this statement and suggests that the thymus
might still be active for some more Lime,

The histology of the thymus 1s similar to the
description of those made 1in other birds. Basic c¢ellular
components like lymphocytes, reticular epithelial cells and
macrophages were presgent. However, the initial minor
difference that was noticed was Lthe poor lobulation pattern
of the lcbes in the thymus cf the guinea fowl. Lobulation is
pronounced in the chicken but extremely poor in the guinea
fowl thymus. It was even completely lacking in some of the
thymus lobes. The cortex decreased with age and became
absent by 32 weeks Iin some chicken thymus Iinvestigated
(Hoffman-Fezer,1973). It certainly did not disappear by 32
weeks in the guinee fowl. As a matter of fact, the medulla
was only slightly greater than the cortex in thickness.

OCf all the cellular elements, only the plasma cell

occurred after hatching in the thymus and this was three
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weeks post hatch. The fewness of these cells creates doubt
in the mind as to their functional purpose within the thymic
qland. Other notable points wounld be the differentiation of
the thymus into ceorlical and medullary zones on day 20 of
incubation and by day 21, the distinction between the two
zones was clear. In the chicken, this differentiation began
on day 13 of incubation (Venzke, 1957). Considering the time
lag before the aay of hatching in the chicken and the guinea
fowl, this differentiation started at the same time in both
species of bird despite the fact that they are of different

species.,

5.2 The Bursa

The clcoacal bursa exhibits slightly different structural
outline in most avian species. It is round to oval in the
chicken but elongated in the Pekin duck (Glick, 1963);
globular in the turkey and cylindrical in the goose (Jolly,
1915). It either appeared as an oval blind sac or it had a
pointed cranial blind end with a bulging mid section in the
guinea fowls but in both cases, there existed a pronounced
broad basal stalk. The bursa, therefore, relates

structurally much closer to the chicken than it does to the
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other species described above. The similarity is further
shown in the number of primary folds observed in the guinea
fowl and the chicken, Eleven to thirteen of such primary
folds were observed internally in the chicken (Ackerman and
Knonuff, 1959) while twelve to fourteen folds existed in the
bursa of rhe guinea fowl.

One interesting disparity between the bursa of the two
species 1s that the bursa did not completely involute in the
guinea fowl at 32 weeks of age when this investigation was
terminated. Histologically, it was shown to be still
functional by the relatively large number of lymphocytes it
contained at the end of 32 weeks. On the contrary, the bursa
was found to have completely disappeared in some White
Leghorn pullets at 28 weeks of life (Beach et al.,1934).
Hashimoto and Sugimura (1976) similarly observed that the
bursae had lost their lympheoid follicles and remained as
fibrous sacs by the end of 22 weeks in the White Pekin ducks.

However, the histology of the bursa of the guinea fowl
appears much similar to that described for the chicken. The
four basic layers of the wall of the bursa are the same. The
primary folds, which vary in number and height, exist in both

species. The architecture of the follicles are the same and
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within the follicles, is & central medulla enclosed by a
peripheral cortex as has been described for most other
birds(Jolly, 1915: Dominic, 1962).

The minor differences may lie more on the time of
appearance ¢f the formed elements. In the guinea fowl with
an incubation period of 28 days, lymphocytopoiesis had begun
by day 12 of incubation. This phenomenon in the guinea fowl
therefore proceeds earllier than that reported in the chicken.

Lymphocytopoiesis begins at day 14 or 15 in the chicken with
an incubation period of 21 days (Ackerman, 196Z2: Ackerman and
Knouff, 1959}. This may give an impression of an earlier
functional activity in the embryonic bursa of the guinea fowl
than that of the chicken.

Blood capillaries occurred in the cortex and only rarely
in the medulla of the chicken (Ackerman and Knouff, 1859},
There was a bLotal lack of blood vessels from the medulla of
the bursa in the gquinea fowl throughout the period of
investigation.

Although evidence of blood vessels were found in the
bursal substance of the guinea fowl by day 12 of incubation,

it was interesting to note that the first group of these
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blood vessels did not reach the cortex of the feollicles until

day 21 of incubation.

5.3 The Harderian Gland

The gross structure of the Harderian gland of the guinea
fowl is very close to that of the domestic fowl as described
by Wight et al. (1971) and the duck by Fourman and Ballantyne
{1967). However, the slight modification from the duck is
that the guinea fowl has a single large duct opening onto the
nictitating membrane while two ducts are present in that of
the domestic duck {Fourman and Ballantyne, 1967).

The description that the Harderian gland is a large
orbital gland in the domestic fowl (Burns, 1977) and that it
lubricates the surface of the eyeball, holds true for the
guinea fowl as well. The zsecretion of the epithelial cells
which was conspiously observed as early as day 20 of
incubation in the guinea fowl, intensified by day one post-
hatch and continued until 32 weeks of age, suggests its
primary function as a lubricating organ in this species of
bird alsc. The vacuocles signify the presence of secretory

materials in the fresh specimen before tissue processing.
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It can bke inferred that this functional activity
presumably had been initiated few days before hatching but
the immunological function only started after hatching as
plasma cells were observed three days post hatch. The time
of emergence of plasma cells is one histological difference
between the Harderian gland of the guinea fowl and that of
the domestic fowl. Plasma cells had first been seen in the
Harderian gland of domestic fowl one day after hatching but
increased during the next six weeks of life (Wight et al.,
1971) . It was also clear that the large accumulation of
lymphocytes observed beneath the surface epithelium in the
domestic fowl (Wight et al., 1971) did not occur in the
guinea fowl. But within the gland proper, except at the
epithelium, the lymphocytes were more in number than plasma
cells.

One interesting observation was the changing pattern in
the epithelial lining. At day 10 of incubation, the gland
had cuboidal epithelium of =ingle cell layer. At day 14 of
incubation, the epithelial lining had shown two layers of
cells with both layers appearing cuboidal in height but by
day 19, certain zones of the surface had become

pseudostratified.
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At day 23 of incubation, the epithelium had assumed only

a single layer of cells which were certainly tall columnar
cells. Areas of pseudostratification were only noticed at

the junctioen of the folds.

5.4 The leen
The positioning of the spleen is similar in all the
avian species but slight structural differences occur (Grau,
1943). In this study, the spleen of the guinea fowl is best
described as being kidney-shaped without the indented hilus.
The shape in the chicken and turkey is oval or round while
it is triangular with curved ventral and flat dorsal surface
in the duck and goose (Grau, 1943}. Different authors
(Danchakoff, 1916; Lucas and Jamrcz, 1961: Del.anney and
Ebert, 1962) were of the opinion that the avian spleen has a
granulocytopoietic function which changes drastically just
after hatching. This function is greatly reduced and by
about 48 hours, the spleen 1s predominantly a lymphocyte-
producing ¢rgan. Tucas and Jamroz (1961) further explained
that. in 24 hours after hatching, there is out-pouring of
heterophils followed by massive development of lymphocytes

and monocytes. 1In the gulnea fowl, the granulocytopoiesis
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was not only reduced but completely absent by day one after
hatching. No granulecyte was seen in the spleen but large
number of macrophages had occurred. It could be that the
assumption of a new function in massive lymphocyte production
and the growing number of macrophages that take over the
activities of the granulocytes brought about this sudden
ceasation of granulocyte production.

Germinal centres were seen in the spleen of the chicken
at two weeks of age (Thorbecke et al., 1957). The presence
of germinal centres was noted in the guinea fowl spleen alsc
except that they were first observed at 13 weeks of age.

One more area of disparity is the pulp. The white and
red pulps were described as being about equally distributed
in the chicken spleen (Lucas et al, 1954) but Mjassojedoff
(1926} believed that the white pulp was greater than the red
pulp. The observation in the spleen of the guinea fowl is
that the red pulp is greater than the white pulp since the
two zones were better distinguished from one another,

At day 25 of incubation, the spleen of the guinea fowl
experienced an Iincreased number of dead and dying lymphoid
cells (Lymphocytes) and at the same time, there was an

outburst of macrophages. The explanation to this outburst
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could be to enable the spleen produce enough macrophages that
will clear the spleen of the increased dead cells. However,
it is not clear the reascon for the increased cell death on
this day of incubation.

Although the lymphoid organs of birds are based on the
same structural patterns as have been mentioned by several
authors, it has been conclusively shown that at least there
are minor but important differences that exist within these
individual glands amongst the different species of birds.

The study has shown that both the thymus and bursa
undergo involution at different times in different avian
species and that in the guinea fowl they do not invariably
disappear altcogether. The spleen and the Harderian gland did
not even begin to regress as late as 32 weeks of life but
continued to grow. This however provides an opening for
further investigation beyond 32 weeks of life to observe the
final outcome of these lymphoid organs in the guinea fowl.
There would be also the need for thymectomy or splenectomy to
observe its effect on the sizes and cell contents of the
other lymphoid tissues so as to give a better picture of the

interaction between primary and secondary lymphoid organs.
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CHAPTER SIX

SUMMARY AND CONCLUSION

Guinea fowl eggs purchased from Zaria environs were
incubated (incubation period of the guinea fowl egg is 28
days) and the lymphoid organs, which included the thymus, the
cloacal bursa, the Harderian gland and the spleen, were
dissected out for histological studies.

For the embryonic studies, whole embryces were harvested
from day three of incubation(the samples from days 1 and 2
were only lumpy accumulation of blood), and fixed in 10%
formalin. Embryos from day three to day 17 were wax-embedded
and serially secticned at 5.0p and stained with Hematoxylin
and Eosin stains. It was possible to identify and dissect
out the lymphoid organs frem day 18 of incubation tiil day of
hatchery. The tissues cbtained were fizxed in 2.5% buffered
gluteraldehyde and later post fixed in osmium tetracxide and
finally epon-embedded. Semi-thin sections of 0.5 and 1.0u
were cut with a microtome and stained with methylene blue.

For the post-hatch studies, the tissues were also
dissected out and treated as those from day 18 of incubation

till hatching. Furthermore for the morphometric studies, a
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group of five birds were collectively euthanized and
dissected on days 1, 5, 7 and thereafter, on two-weekly basis
until 32 weeks pest-hatch. Gross features of the organs were
cbserved in five birds at 20 weeks of life and noted. The
weights of the life birds were also recorded and the means
for the absolute weights of the body and organ were found.

Graphs for the mean weights for the organs were plotted
against the ages of the guinea fowls and the relative organ
to body weights were also plotted against ages. Photographs

were made of relevant sections.

Thymus

Results showed that the maximum number of thymic lobes
at 20 weeks of age was 13. The third and sixth lobes on the
right =side of the neck were the largest lobes. The thymus
had a maximum mean weight of 1.84gm at 20 weeks and
involution commenced at 22 weeks. The relative organ to body
weight was highest at four weeks of age and this was 0,213%.

At 32 weeks, it was only 0.011%.

Histolegically, the thymus was first noticed on day

seven of incubation as a collection of comprising of

reticular cells and few lymphoid cells. On day 10, the organ
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had some singly dispersed red blood cells in addition to the
thymic c¢ells and reticular cells. By day 12, the red blood
cells had appeared in groups and on day 14, small lymphocytes
were observed. By day 16, blood vessels were observed in the
interlobular spaces. Until day 18 of incubation, blood
vessels were situated out side the thymus stroma but by day
21, some were seen in the cortical zone.

At day 20 of incubation, the differentiation between the
cortex and the medulla was evident. The cellular components
at this stage included  reticular  epithelial cells,
lymphocytes and macrophages which was first seen on this day.

Plasma celis appeared for the first time at three weeks
post hatch. Vacuolation of most lymphocytes and reticular

cells was also observed at the later part of life.

Bursa

The bursa was an oval blind sac with a short stalk and
it originated from the proctodeal wall of the clcaca. It had
12 to 14 primary folds. The length was about 18.0mm while
the width was about 15.0mm at the broadest part between 17
and 18 weeks. The maximum mean weight of 0.84gm was at 18

weeks. Regression commenced at 20 weeks and was rapid



131
thereafter, The highest relative organ to body weight was at
four weeks.

Histologically, the bursa was recognised from the embryo
at day eight of incubation as a tubular structure in which
the lumen was bounded by a layer of reticular epithelial
cells. By day 11, the organ had appeared as a long sac with
a blind end and the epithelium appeared as two or three
layers of cells at some points. Secondary lumina were
beginning to form within the central lumen at day 12 and

h‘plood capillaries had also cccurred within the mesenchyma.

By day 15, a considerable long stalk had emerged and few
lymphocytic cells were found amongst the epithelial and
mesenchymal cells. Tiny vacuoles existed in the cytoplasm of
some of these epithelial cells. At day 18, the epithelium of
the organ was s3till composed of two to three layers of cells
but by day 22, it had dropped to a single layer of cells. By
day seven post hatch, it had become pseudostratified.
Epithelial buds had alsoc formed by day 18 and by day 20, the
first set cof follicles had appeared. By day 23, these
follicles bhad completely filled up the plicae. Lymphocytes

had occurred by day 18 and they stained deeply basophilic.
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By day 20, small lymphocytes were present in the cortex of
the fellicles.,

Blood vessels were present by day 12 but they were few
and until day 18, they were positioned in the mesenchyma. By
day 21, they were in the follicles proper. The cortex and
medulla of the follicles were clearly demarcated by a thin
basgement membrane at day 20. Vacuolation of epithelial cells
of the mucosa and follicles also occurred on this day 20.
Plasma cells were seen at day 22 of incubation. Macrophages
were first seen at day 20.

The Harderian gland wasg s=ituated at the ventromedial
aspect of the eye orbit and was attached loosely by
periorbital fascia. It had an irreqular outline and the duct
left the gland at the cranial end on the medial surface. The
average length was about 15.0mm while the average width, at
its broadest area, was about 6.0mm at 20 weeks of life. It
had a maximum mean weight of 0.423gm at 32 weeks. The gland
showed a progressive growth throughout the period of study
except at 16, 20 and 24 weeks when there were slight drops.
The highest relative weight was 0.135% at 10 weeks.

The gland was seen as a circumscribed structure

demarcated by low epithelial cells at day 10 of incubation
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and the lumen formed therein,contained colloidal materials
and a few mesenchymal cells. The gland had formed lobules
with each lobule having a collection of deeply stained
epithelial cells by day 12 and red blood cells showed up in
the spaces between the lobules while some were already bound
by endothelium forming the early blood wvessels. By day 18 of
incubation,the lumen was bound by epithelial lining made up
of pseudostratified cells in most places. Acini formatiocn
was secn at day 19. By day 24,the acini had completely
tilled every available space in the tunica propria. Plasma
cells were observed three days after hatching but a
significant increase occurred only at four weeks of age.

The spleen of the guinea fowl was bean-shaped but
without a dented hilus, It is supplied by three short
gsplenic arteries which came from the wventral surface,two on
the cranial end and one at the caudal end of the oxgan. The
maximum mean weight of 1.163gm was recorded at 24 weeks while
the highest relative corgan to bkody welght was 0.197% at four
weeks,

It was first observed on day seven of incubation as a
pear-shaped structure from serilal sectioning and was in close

contact with the kidney. Sinusoids were absent but few
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lengthy spaces running almost across the entire spleen were
seen. Between these spaces were collection of cells which
included a lot of reticular cells and very few lymphocytic
cells. By day eight, the c¢ells occurred in straight line
cords and these were the reticular cells, the Ilymphocytic
cells and a few red blood cells. By day 11, intact blood
vessels were seen for the first time and the endothelium of
these vessels were closely surrounded by reticular cells.
Macrophages were also observed during this stage but were few
in number. By days 16 and 17, granulocytes were observed
immediately below the capsule. By day 20, the granulocytes
with a lot of granules within their cytoplasm, had become the
biggest sized cells in the spleen. At day 21, arteries and
veins were noticed clearly in the spleen and these were
surrounded by many  lymphocytes, few granulocytes and
reticular cells. Red pulp, with 1its sinuscids, was now
distinct. A giant cell containing three nuclei was seen
within the red pulp.

At day cone post hatch, the capsule was at its greatest
thickness so far and muscle cells were seen at the inner-most
part of the capsule, Granulocytes that had been a constant

feature suddenly disappeared. At day five,the small
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lymphocytes had dominated the large and medium-sized ones.
By two weeks, the red and white pulps were virtually equal in
distribution but by three weeks, the red pulp was
convincingly greater. By week seven, plasma cells had
appeared in the peripheral splenic cords. Monocytes were
observed in the =sinusoids. Two germinal centres were
identified for the tirst time in week 13 post hatch.

Although the lymphatic organs of the birds are based on
same structural similarities, as have been cited by many
anthors, it has been conclusively shown that minor but
important diiferences exislt within these individual glands
amongst the different species of birds.

The study has shown Lhat both the thymus and bursa do not
invariably disappear even though they involute during the
aduit jife. Spleen and Harderian gland do not even begin to
regress as late as 32 weeks of life but continued to have

more growth.
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Table 4.1 BODY WEIGHTS AND THE MEAN AND RELATIVE WEIGHTS OF
THYMUS GLAND CF 100 THE GUINEA FOWLS FROM DAY 1
POST-HATCHING UPTO 32 WEEKS OF AGE

Age Body Thymus Mean Relative
Weight (gm) Weight (gm) Weight (%)

bay 1 17.28%1.32  0.015£0.01 0.110£0.03
Day 7 26.47x1.68 0.032+0.02 0.12110,01
Week 2 45.3913.11 0.065x0.01 0.143x0.01
" 4 55.45+7.27 0.131810.02 0.213+0.04
" 6 110.851x5.07 0.124+0.09 0.112+0,02
" 8 169.33#2.18 0.15940.10 0.094+0.02
" 10 199.33+3.5¢ 0.172+0.12 0.086+0.02
" 12 242.80+6.22 0.125+0.08 0.05220.05
" 14 319.66+15.08 0.268%0,15 0.084z0.03
" 16 482.93+149.31 0.335%0.16 0.089+0.02
" 18 868.66124.26 0.850+0.27 0.098+0.01
" 20 1057.88+18.08 1.840x0.72 0.079+0.04
" 22 1239.211+29.21 1.1631£0.42 0.094+0.08
" 24 1318.07418.12 0.631+0.51 0.04610.03
" 26 1231.25%15.05 0.260£0.41 0.02140.02
" 28 1312.00+25.72 0.175x0,08 0.01320.03
" 30 1316.50£13.60 0.170+£0.10 0.01340.02
n 3z 1350.00x29.67 0.153+0.07 0.011+0.07

t Standard Deviation
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Table 4.2 BODY WEIGHTS AND THE MEAN AND RELATIVE WEIGHTS OF
BURSA OF 100 GUINEA FOWLS FROM DAY ONE POST-
HATCHING UIP TO 32 WEEKS OF AGE

‘Age  Body  Bursa Mean  Relative
Weight (gm) Weight (gm) Weight (%)

Day 1 17.28 #1.32  0.012+0.01  0.060%0.02

Day 7 26.47 +1.68 0.021+0.01 0.076+0.03

Week 2 45.39 13,11 0.047+0.03 0.10410.05

® 4 55.45 £7.27 0.061+0.01 0.110+0.02

v 6 110.85 +5,07 0.106+0,02 0.096+0.02

" 8 169,33 +2.18 0.14040.05 0.083+0.05

" 10 199.33 13.56 0.153+0.09 0.0774£0.01

" 12 242.80 +6.22 0.213+0.07 0,086+0.05

" 14 319.66+15.08 0.260+0,08 0.081+0.07

- 1e 482.93+19,31 0.445+0.02 0.092+0.02

" 18 868.66t14.26 0.840+0.19 0.097+0.03

> 20 1057.88118,08 0.34510.11 0.033+0.01

" 22 1239.21+429.21 0.229+0.09 0.019£0.01

N 24 1318.07 +8.172 0.203+0.12 0.015+0.01

" 26 1231.25%15.05 0.204%20.05 0.01710.01

N 28 1312.00%£25.72 0.166x0.01 0.013+0.02

G 30 1316.50+13.60 0.108+0.07 0.008+0.01

i 32 1350.00+29.67 0.075+0. 01 0.006+0.01

+ Standard Deviation
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Table 4.3 BODY WEIGHTS AND THE MEAN AND RELATIVE WEIGHTS OF
HARDERIAN GLAND OF 100 GUINEA FOWLS FROM DAY ONE
POST-HATCHING UP TO 32 WEEKS OF AGE

——— . ————— i ——— i —— T ——— T —— —— — . — — T —— — — T —

Age Body Harderian Mean  Relative
Weight (gm) Weight (gm) Weight (%)
Day 1 17.28 +1.32  0.024+0.01  0.129¢0.02
Day 7 2¢.477 t1.08 0,034+0.01 0.128+0.03
Week 2 45.39 +3:11 0.034£0.01 0.075+0.01
v 4 55.45 17.27 0.041+0.02 0.07440.05
" 6 110.85 +5.07 0.127+0.09 0.115+0.10
" 8 169.33 +2.18 0.17840.02 0.105+0,02
v 10 199.33 1£3.56 0.268+0.01 0.135£0.01
" 12 242.80 $6.22 0,27540.02 0,113£0.07
" 14 219.66 +15.08 0.290+0.05 0.091+0,05
" 16 452.93 $19,31 0.273+0.12 0.057+0.01
" 18 868.66 t14.26 0.323+0.18 0.037+0.02
" 20 1057.88 %18.08 0.2631x0.16 0.02540,02
" 22 1239.21 #29.21 0.320+0.20 0.026+0.01
" 24 1318.07 8,12 0.30540.12 0.023+0.01
i 26 1231.25 115.05 0.360+0.04 0.02910.02
* 28 1312.00 $25.72 0.39540,.13 0.030+0.01
” 30 1316.50 +13.60 0.420+0.21 0.032+0.M
" 32 350.00 +29.67 0.423+£0.09 0.03110.03

+

Standard Deviaticon
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Table 4.4 BODY WEIGHTS AND THE MEAN AND RELATIVE WEIGHTS OF

SPLEEN OF 100 GUINEA FOWLS FROM DAY ONE POST-
HATCHING UP TO 32 WEEKS OF AGE

———— o o ot o o i i ot ot o e

Age Body Spleen Mean Relative
Weight (gm) Weight (gm) Weight (%)
Day 1  17.2881.32  0.010£0.01 0.0580.04
Day 7 26.47+1.68 0.02240.01 0.083+0.02
Week 2 45.39+3,11 0.050+0.02 0.11040.01
" 4 55.45%7.27 0.109+0.01 0.197+0.01
" 6 110.85%5.07 0.110+£0.06 0.099+0.07
. 8 169.33+2.18 0.113£0.01 0.069+0.02
" 10 199.33+3.56 0.199+0.01 0.100+0.05
" 12 242 .80+6.22 0.313+0.02 0.129+0.06
" 14 319.66+15.08 0.31810.12 0.100£0.07
" 16 482,93%19.31 0.380+0.16 0.079+0.02
* 18 868.66114.26 0.850+0.41 0.100+0,02
® 20 1057.88+18.08 0.97040.01 0.092+0.06
23 1239.21+29.21 0.91540.07 0.07440.02
¥ 24 1318.07+8,12 1.163£0.52 0.088+0.04
" 26 1231.25+15.05 0.640+0.18 0.05240.01
" 28 1312.00+25.72 0.735+0.12 0.056+0.01
" 30 1316.50%13.60 0.863+0.45 0.066+0.04
" 32 1350.00£29.67 0.926840.11 0.069+0.04

+ Standard Deviation



Table 4.5 THE MEAN LENGTH OF THYMUS OF FIVE ADULT GUINEA
FOWLS AT 20 WEEKS OF AGE

————————— i — i ——  ———  —— —— t  — — —————

———

Number Left lobes Right lobes
Lenght (mm) Lenght (mm)
1 sasnz 1s.as0.1
2 1.3 £0.95 13.2 %£1.45
3 13.4 #1.02 12.5 #0.28
4 5.4 $0.21 10.4 11.02
5 8.3 $1.96 15.3 +0.01
6 13.3 +0.68 13,3 £2.0%
1 n.d +0.82 -

+ Standard Deviation

Table 4.6 SUMMARY OF MINIMAL AND MAXIMAL ABSOLUTE AND

RELAT1VE WEIGHT CHANGES OF THE LYMPHOID OKGANS IN

THE GUINEA FOWL

T —— T T —— —————— —— i — _——— " ———

— -

Gland Mean weight (gm) Relative weight (%)
MIN MAX MIN MAX
THYMUS 0.019 1.840 0.011 0.213
BURSA 0.012 0,840 0.006 0.110
HARDERIAN GLAND 0.024 0.423 0.023 0.136
SPLEEN 0.010 0.970 0.052 0.197
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