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To induce chemical bursectomy, 30 ,ul colchicine dissolved in saline solution (1 mg/ml)
was applied on the anal lips of White Leghorn chickens once daily for four consecutive
days after hatching. Histologic characteristics of the bursa of Fabricius, spleen, thymus,
cecal tonsils, and rectal wall were studied 1-7 days after hatching. Total necrosis of the
lymphoid cells and the follicle-associated epithelium in the bursa was observed during the
four days of colchicine application. The bursal stroma remained unchanged, and only mi-
nor changes were found in the interfollicular surface epithelium. After colchicine appli-
cation ceased, some regeneration of the epithelium, as evidenced by small epithelial buds,
was found. At the end of the observation period the epithelial buds were often covered by
the follicle-associated epithelium, which was capable of phagocytizing carbon. However,
practically no lymphoid repopulation was seen in the buds. Since this method of colchicine
application had no direct effect on other lymphoid organs or on the survival or weight of
the chickens, this bursectomy model seems to be a new tool for use in studies of bursal
function. (Am J Pathol 1980, 100:193-208)

THE IMPORTANCE of the microenvironment of the bursa of
Fabricius for development of the B-cell line and humoral immunity in
chickens has been shown by the use of several experimental methods.
These include surgical bursectomy,"2 treatment with testosterone,36 cy-
clophosphamide,7-9 or antiserum against the ,u chain,'0" X-ray irradia-
tion,'2 and combinations of these.'2"13
The follicular epithelium seems to be an important microenvironment

for development of the B-cell line. Transplantation of bursal lymphocytes
from chick embryos or newly hatched chickens into chick embryos and
4-day-old chickens that were immunodeficient due to treatment with cy-
clophosphamide resulted in maturation of donor lymphocytes in the origi-
nally alymphoid epithelial buds of the recipients and restoration of immu-
nologic functions.'4-'6
The microenvironment of the follicular medulla seems to be modified

by the follicle-associated epithelium, which has the unique capacity of
very active phagocytosis and is important in transporting various materi-
als from the bursal lumen to the medulla of the bursal follicles.'7"8 Be-
cause environmental antigens can be transported to the bursal lumen by
anal sucking movements, the microenvironment of the medulla of bursal
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lymphoid follicles is in contact with environmental antigens via the fol-
licle-associated epithelium."9-2
With the experimental bursectomy methods described above there is an

extensive influence either on all bursal tissues (surgical bursectomy, X-ray
irradiation) 1,2,12 or also on other lymphoid tissues, such as thymus and
spleen (testosterone treatment in ovo, cyclophosphamide, antiserum
against ,u-chain).35'7- An experimental approach where bursal lymphoid
cells could be selectively destroyed without significant systemic effects
should be a welcome help in investigating the microenvironment of the
bursa. Neonatal testosterone treatment fulfills these requirements only
partially, because it causes some systemic effects on other organs, such as
the comb.6

In this paper we describe a new model for chemical bursectomy where,
by applying colchicine solution to the anal lips, the bursal lymphoid tis-
sues can be totally destroyed without any apparent direct effect on other
organs or lymphoid tissues.

Materials and Methods

Laboratory Animals

Newly hatched White Leghorn chickens were received from a local hatchery. They
were given commercial chicken food and water ad libitum.

Colchicine Application
Once daily for 4 consecutive days, beginning on the day of hatching, 30 yd colchicine (E.

Merck, Darmstadt, Germany) dissolved at a concentration of 1 mg/ml in saline solution
was applied to the anal lips of the chickens (Text-figure 1). With this dosage, the mortality
of these chickens was not significantly higher than that of the controls. In preliminary ex-
periments a concentration of 0.5 mg/ml was found to be ineffective for destroying the bur-
sal lymphoid tissues. Higher concentrations (2 mg/ml and higher) increased mortality sig-
nificantly.

Autopsies and Tissue Sampling
The schedule for autopsies and tissue sampling is presented in Text-figure 1. One to

seven days after hatching the chickens were killed with an overdose of ether. The chick-
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TEXT-FIGURE I-Schedule for colchicine application and tissue sampling. Co = time of colchicine ap-
plication to the anal lips of chickens. Large arrows = time of tissue sampling, b = bursa, s = spleen, th
= thymus, c = cecal tonsil, r = rectal wall, carbon = application of India ink to test the phagocytic
capacity of the follicle-associated epithelium.
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ens, their bursae, and their spleens were weighed. A histologic specimen from the trans-
verse midline of the bursa and the spleen was taken from each animal, fixed overnight in
4% neutral buffered formaldehyde, and embedded in paraffin. In addition, one cecal tonsil
and a piece of the rectal wall from chickens aged 2 (5 chickens), 4 (15 chickens), and 7 (15
chickens) days, as well as the thymus of chickens aged 1 (3 chickens), 4 (5 chickens), and 7
days old (5 chickens) were removed for morphologic studies. Tissue sections 6 tA thick were
cut and stained by the van Gieson-hematoxylin and hematoxylin-eosin methods. In addi-
tion, the spleens were stained with methyl-green-pyronin applied for formalin-fixed mate-
rial.22

Functional Tests

Interfollicular Epithelium and Mucin Secretion

Since the interfollicular epithelium is known to secrete mucin,2' all bursae were stained
with alcian blue, pH 2.5, and periodic acid-Schiff 3 for examination of the mucosub-
stances.

Follicle-Associated Epithelium and Endocytosis

In order to study the known phagocytizing capability of the follicle-associated epithe-
lium,7"8 50 ,ul India ink (Pelikan, 17 noir, Gunther Wagner, Germany) was applied to the
anal lips of 10 chickens aged 2, 4, and 7 days five times at 30-minute intervals before they
were killed. Histologic preparations were made as described above.

Results

Chicken, Spleen, Thymus, and Bursal Weights

In no age group was the mean body weight significantly smaller than
that of the control animals. On the contrary, by Day 5 the mean body
weight for the experimental animals was higher than that of the controls
(Table 1). The mean weight of the spleen (mg/100 g body weight) on Days
1-6 did not differ significantly from that of the controls, whereas on Day 7
the difference was significant (Table 1). Despite a slight decrease in the
mean weight of the thymus (mg/100 g body weight) after the application
of colchicine, the difference was not significant when compared with that
of the controls (Table 2). The mean weight of the bursa in the control
group increased from 59 mg to 139 mg during the experimental period
(Text-figure 2). In contrast, the bursae in the colchicine group decreased
in weight from 46 mg to 29 mg (Text-figure 2).

Histologic Features of the Bursa

After one colchicine application, signs of serious tissue injury were al-
ready evident. The histopathologic changes are summarized in Table 3. In
detail, the following changes were observed.
On Day 1, the follicle-associated epithelium, the center of the follicular

epithelium, and practically all lymphoid cells were necrotic (Figures 1
and 2). In the interfollicular surface epithelium some cytoplasmic vacu-
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Table 1-Body and Spleen Weights for Control Chickens and for Chickens Treated With
Colchicine

Treatment Spleen weight
Days after with Number of Body (mg/i 00 g
hatching colchicine chickens weight (g) SD body weight) SD

1 - 3 33.6 3.2 55.3 10.7
1 + 5 39.5 5.7 54.2 13.2
2 - 8 43.8 6.3 76.4 16.9
2 + 10 40.2 5.9 85.0 18.9
3 - 3 42.0 5.6 59.7 4.0
3 + 5 39.5 4.9 59.0 11.6
4 - 13 46.8 4.9 105.1 24.8
4 + 20 47.9 4.8 92.8* 36.6
5 - 3 39.7 3.1 99.0 8.5
5 + 5 51.2t 5.0 82.9 28.7
6 - 3 44.2 7.2 83.7 29.3
6 + 5 53.7 5.7 81.7 21.3
7 - 20 54.4 5.3 112.1 37.7
7 + 25 57.7* 5.7 89.0f 19.8

* No significant difference (when compared with control chickens; Student t test).
t Significant difference (P < 0.02).

Significant difference (P < 0.025).

olization and an increased number of mitoses were found. In the inter-
follicular connective tissue no microscopic changes were observed. On
Day 2, the follicle-associated epithelium was completely absent. The ne-

crotic center of the follicular epithelium was demarcated (Figures 3 and
4). Of the lymphoid cells only necrotic remains were seen as "nuclear
dust." In the interfollicular surface epithelium a pseudostratification was

often observed. Due to the depletion of lymphoid tissue, the relative
amount of interfollicular connective tissue seemed to have increased (Fig-
ure 3).
On Day 3, the changes in the follicle-associated epithelium, the inter-

follicular surface epithelium, and the interfollicular connective tissue
were the same as on Day 2. The necrotic material in the center of the fol-

Table 2-Thymus Weight for Control Chickens and for Chickens Treated With Colchicine

Thymus weight
Days after Treatment with Number of (mg/100 g body
hatching colchicine chickens weight) SD

1 - 3 289.5 30.7
1 + 3 337.8 56.9
4 - 5 351.6 58.0
4 + 5 318.9 * 63.6
7 - 5 348.1 42.0
7 + 5 302.4 * 18.9

* No significant difference when compared with the untreated control chickens.
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TEXT-FIGURE 2-Mean weight of the bursa (mg) in untreated control chickens (@-*) and in chick-
ens treated with colchicine (X X). The bars represent SD values.

licles began to discharge into the bursal lumen. Almost no lymphoid cells
were seen.
One to three days after the last application of colchicine (Days 4-6),

some small primitive epithelial buds without follicle-associated epithe-
lium were found (Figure 5). On Day 4 the number of these primitive buds
in a transverse midline section of the bursa was, in most cases, less than 21
(Table 4). This was a striking morphologic difference, compared with the
control bursae (Figure 6), which on Day 4 contained a mean of 444 lym-
phoid follicles (determined from 4 bursae) in corresponding cross-sections.
In 17 of 20 chickens in the colchicine group no lymphoid cells were found
in the developing buds. Only in 3 cases were 1, 4, and 101 follicles popu-
lated with lymphoid cells found in cross-sections of the bursa.
On Days 4-6 the morphologic character of the interfollicular surface

epithelium was unchanged. Occasionally some lymphoid cells were seen
in the stroma, near the buds.
At the end of the observation period (Day 7), discharge of necrotic ma-

terials into the bursal lumen was almost completed. In the area of a pre-
viously necrotic follicle there was either a crypt lined by tall columnar
epithelium, similar to the interfollicular surface epithelium, or a regenera-
ting bud, on which follicle-associated epithelium often was seen (Figure

I a I I I I a ---I



US m
00

c4 y . %=
CM 0 0 0 00 =

E--E EE E E E 0.j

_ co-o m 0 co 10 co'CQ E

4)

C;.0 .0. ; 0 0 >0

o -r- o co

oC

0 C

0 0 0 0 0 0

coco0 00 co 0 0 0oc
00 000 00 0 0

0
0

co
00.

E~~
0E coE ~ E

c
o. Co

0~ ~ ~ 0
0.2 2 0.20 0 0

, - 4

*C:

~~0) 0

.20

0~~~~~~~
co

Oco~~no
~ ~ ~ c C 0 CO

n.~~~~~~~~~~~~~~~~~~~~~~cE c -o

(0~ ~ ~
IC

0

C

E

oEo

0

Q CL

E

co

0._

=

o4)

A
0

5 ._

~

-0E

c
0

Q

4)

C

4)

cm

.)
L-
4)

CO
0.

0
o

4)

n

0)
C-



Vol. 100, No. 1 CHEMICAL BURSECTOMY OF CHICKENS 199
July 1980

* Table 4 Number of Buds in Cross Midline Section of Bursae in Chickens Treated With
Colchicine

Number of buds Number of cases
in cross midline
section of bursa 4 days after hatching 7 days after hatching

0 5 11
1-20 10 10
21-40 4 2
Over 41 1 2

7). The number of buds in a transverse midline section (Table 4) was the
same as 3 days previously, and only in 2 cases were more than 40 (78 and
122) buds seen. In only 3 of 25 cases were some of the buds populated
with lymphoid cells. The appearance of these lymphoid follicles did not
differ from that of those of the untreated control chickens. In the inter-
follicular surface epithelium were seen cysts of various sizes. In the stroma
were observed a few lymphoid cells around the buds and the epithelial
crypts.

Functional Tests

Interfollicular Epithelium and Mucin Secretion

In control chickens, most cells of the interfollicular surface epithelium
contained acid mucosubstances as small apical intracytoplasmic vacuoles
(Figure 8). Among cells that stained positive with alcian blue (pH 2.5),
few were observed to contain only neutral mucin. On the surface of the
whole interfollicular surface epithelium was seen a thin layer of acid mu-
cin (Figure 8). In the follicle-associated epithelium and the follicular epi-
thelium practically no mucin was found, so the secretion of mucin in the
bursal epithelial tissues seems to be exclusively a function of the inter-
follicular surface epithelium.

In chickens treated with colchicine the staining pattern of the inter-
follicular surface epithelium was essentially the same as in the controls
(Figure 9). The contents of vacuoles and cysts in the interfollicular surface
epithelium seemed to take up alcian blue. In cases where no bud regener-
ation had occurred, the tall columnar epithelium of the crypts had the
same staining pattern as the interfollicular surface epithelium, indicating
that regeneration apparently had taken place from interfollicular surface
epithelium. Regenerated buds did not contain any mucosubstances.

Follicle-Associated Epithelium and Endocytosis

The anal sucking movements following the application of India ink to
the anal lips were similar to those of the colchicine-treated and the con-
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trol chickens, and in both groups carbon was taken up from the anal lips
into the bursal lumen.
On Days 2 and 4, no carbon was taken up by bursal epithelium in the

colchicine-treated group, whereas an intensive accumulation of carbon
particles was seen in the follicle-associated epithelium of the control
group. Seven days after hatching, however, the follicle-associated epithe-
lium in 7 out of 10 cases in the colchicine-treated group took up carbon,
but to a lesser extent than did the control group (Figure 7).

Histologic Features of Other Organs

No major differences between the control chickens and the colchicine-
treated chickens were observed in the microscopic appearance of the
spleen, thymus, and cecal tonsils. The same qualitative pattern of lym-
phoid cells was seen in both groups. In no case were germinal centers ob-
served. No pathologic alterations occurred in the rectal mucosa.

Discussion

When applied to the anal lips, the mitosis-arresting agent colchicine
caused necrosis of all lymphoid cells, follicle-associated epithelium, and
the center of the follicular epithelium in the chicken bursa. No significant
signs of injury were seen in peripheral parts of the follicular epithelium,
where so-called secretory cells had been demonstrated recently. '4 The
bursal stroma and the interfollicular surface epithelium also resisted the
effects of colchicine well. The layer of acid mucins on the surface of the
interfollicular surface epithelium may have a protective function, which
prevents significant injuries by chemical agents. Apparently, transport of
colchicine by the bursa is similar to that described for various other for-
eign materials 1: uptake by the follicle-associated epithelium and trans-
port further into the follicular medulla. Foreign material presumably
reaches the follicular cortex and the stroma later and in smaller amounts.
However, enough colchicine is transported to the cortical areas of lym-
phoid follicles to cause necrosis of lymphoid cells, which seemed to be far
more susceptible to colchicine than the cells of connective tissue type in
the follicular cortex and the stroma.

Corresponding changes have been observed in tissue culture of bursae
by Eerola.' In a culture medium the bursal follicles lost their lympho-
cytes; the follicle-associated epithelium and medullary contents were dis-
charged at the surface of the mucosa.

Schaffner et al applied colloidal particles of radioactive plutonium
("9Pu) via the cloaca to newly hatched chickens.27 Initially they found
damage to the lymphoid cells and the follicle-associated epithelium. Some
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weeks later reparative processes were evident, and the bursal follicles
were separated from the bursal surface epithelium by connective tissue.
No regeneration of the follicle-associated epithelium was evident, and no
uptake of carbon by the bursal tissue was observed, findings that are dif-
ferent from those of the present study.

Colchicine, when applied to the anal lips in the concentrations used in
this study, seems to have no apparent systemic effects if body weight and
survival are used as indicators. The greater body weight for chickens of
the colchicine group on Day 5, compared with that of the control chick-
ens, can be explained by the small number of chickens examined at this
time. Nor were there any apparent direct effects on other lymphoid or-
gans, such as the spleen, the thymus, or the cecal tonsils, or on the rectal
wall. The difference in the spleen weight on Day 7 can be interpreted as a
secondary effect due to depletion of lymphoid cells of bursal origin, which
could home in the spleen. The thymic weight in the colchicine group was
a little smaller than in the control group. This difference was not signifi-
cant. Also, histologically, the thymus glands in both groups were similar.

After the application of colchicine to the anal lips, only the bursal mi-
croenvironment is drastically changed. The only components that resist
this chemical agent are the bursal stroma and the interfollicular surface
epithelium. A few epithelial cells, however, proliferate to form epithelial
buds in the bursal stroma. The surface epithelium associated with these
buds often is capable of phagocytizing and thus resembles normal follicle-
associated epithelium functionally. This process can be interpreted as par-
tial regeneration.

This method differs in many respects from those which have been used
previously. Bursectomy caused by cyclophosphamide, given systemically
in ovo or after hatching,7-9 14 causes severe depletion of the lymphoid cells
of the B-cell line in the whole chicken, together with severe hypogamma-
globulinemia. The same result occurs with another method, where chick-
ens that have undergone surgical bursectomy are exposed to whole body
X-ray irradiation,'2 or with the use of antiserum against the Iu-chain,
which destroys lymphoid cells of the B-cell line of the chickens.'0"'1 Surgi-
cal bursectomy alone eliminates the bursal microenvironment in toto but
saves other lymphatic organs."2 On the other hand, in ovo hormonal bur-
sectomy caused with testosterone between the 5th and 12th days of in-
cubation totally prevents development of the bursa or results in a rudi-
mentary sack lined by pseudostratified epithelium.?5 With this method
the change in the bursal microenvironment may be due to a lack of alka-
line phosphatase in cells of the bursal stroma,28' 2 which may render the
bursal stroma "hostile" to B cells and prevent transplanted B cells from
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homing in the bursa.29 When testosterone is given later, either embryo-
nally or during the neonatal period, it causes bursal changes resembling
the results presented in this study.3 The effects of testosterone on other
lymphatic organs, such as the thymus and the spleen, seem to be slight,
whereas some systemic effects occur in other organs, such as the comb.
Other steroids, like cortisone, given during the newly hatched period to
the chickens also modify the bursal development, but concomitant effects
occur in other lymphatic organs, such as the thymus'
We conclude that lymphoid cells in the chicken bursa can be destroyed

selectively by applying colchicine solution to the anal lips as reported in
this paper. This bursectomy method differs in many respects from surgical
and chemical bursectomy methods used previously and provides a new
tool for studying the bursal microenvironment during development of the
B-cell line.
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Figure 1-Day 1, bursa after the first colchicine application. The lymphoid follicles are necrotic
(arrows). (H&E, x 100)

Figure 2-Detail from Figure 1. The follicle-associated epithelium (arrow) and the center of the
follicle are necrotic. The periphery of the follicle medulla is preserved. (H&E, x400)

Figure 3-Day 2, bursa after the second colchicine application. The necrotic centers of the fol-
licles are demarcated and are seen as dark masses. (H&E, x 100)

Figure 4-Detail from Figure 3. No follicle-associated epithelium is seen. P = preserved pe-
ripheral regions of the follicular epithelium, IFE = pseudostratified interfollicular surface epi-
thelium. (H&E, x400)
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Figure 5-Day 4, bursa 1 day after the last colchicine application. Discharge of the necrotic
materials into the lumen is completed. Small primitive buds are seen (arrows), often containing
a cyst. (H&E, x 1O00)

Figure 6-Day 4, bursa of an untreated control chicken. Numerous lymphoid follicles in the
bursal plica are seen. The follicle-associated epithelium is seen as pale-staining tufts (closed
arrows) covering the lymphoid follicles. Open arrows indicate the interfollicular surface epithe-
lium. (H&E, x100)

Figure 7-Day 7, bursa of a chicken treated with colchicine and India ink, applied before tissue
preparation. No lymphoid follicles are seen. In place of the previous follicles a crypt covered by
tall columnar epithelium is often visible (asterisk). A small regenerated bud can be observed
(B). On its luminal border the follicle-associated epithelium is indicated by carbon particles.
Few lymphoid cells are visible in the bursal stroma. (H&E, x250)

Figure 8-Day 7, bursa of an untreated control chicken. The apical part of the interfollicular
surface epithelium stains positive for alcian blue. The follicle-associated epithelium in the
middle does not contain mucosubstances and is pale. (Alcian blue and PAS, x500)

Figure 9-Day 7, bursa of a colchicine-treated chicken. The staining pattern of the inter-
follicular surface epithelium, as well as the follicle-associated epithelium is similar to that of the
controls (see Figure 8). (Alcian blue and PAS, x 500)
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