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SUMMARY 

The administration of a single dose of either testosterone propionate progesterone, estradrol, or cortisol 
i,r ciuo to developing chick embryos on the fifth day of incubation significantly alters the size of 
the bursa of Fabricms measured on day 19. Depending on dose, testosterone propionate or progesterone 
can have either stimulatory or inhibitory effects on bursal growth. When low doses were administered 
(0.02-2.O~g). comparable to what the chick embryo might be exposed to during development, both 
hormones were stimulatory; at higher levels (2~2~O~~g), both either partially or entirely inhibited 
bursal growth. In contrast, estradiol and cortisol were found to have no stimulatory effects at low 
levels, but markedly inhibited bursal growth at htgher concentrations (2%2OGO~g/egg). The results 
of this study suggest that the steroid hormones play an Important role in the growth of the bursa 
of Fabrlcms in developmg chick embryos. This phenomenon may have bearing on subsequent immuno- 
logical responsiveness. 

Numerous investigators have examined the role of 
steroids in the development of the bursa of Fabricius 
in chickens and observed inhibitory effects [l-4]. The 
most pronounced of these effects results from pre- 
treatment with androgens such as testosterone and 
l9 nor-testosterone. Ad~nistration of these steroids 
to eggs during the fifth day of incu~tion produces 
chicks that at hatch have bursae that are either mark- 
edly reduced in size or completely absent. The ster- 
oid-induced involution of this organ in turn alters 
normal humoral immune development by interfering 
with lymphocyte differentiation and the synthesis of 
both antibodies and i~unogiobulins [2-71. Devel- 
opment of this hindgut lymphoepi~elial organ is also 
inhibited by high levels of several estrogens, proges- 
tins and glucocorticoids [8.9]. 

Some studies, however, suggest that steroids may 
have stimulating effects on the bursa. Glucocorticoids, 
for example, mobilize bursal lymphocytes and 
enhance their differentiation into mature. antibody- 
secreting plasma cells [lo]. The data presented by 
Erickson and Pincus[8] are not statistically signifi- 
cant, but certain differences between groups of data 
suggest that progesterone at lower levels might be 
stimulatory. In view of the potential importance of 
steroid hormones in the humoral immune system and 
of the unclear status of information now available. 
we have undertaken a study to clarify the nature of 
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the action of the individual steroid hormones when 
administered at doses comparable to what the devel- 
oping chick might be exposed to during embryologi- 
cal development. 

Eggs containing viable 5 day embryos were injected 
with either testosterone propionate. progesterone. 
estradiol or cortisol. In the initial experiments. 
steroids were dissolved in sesame oil but when it was 
realized that this vehicle had inhibitory effects on 
both bursa. and embryo size, subsequent experiments 
were carried out with steroids dissolved in sterile 
saline. Data from experiments in which both vehicles 
were used are included in Fig. 1 and Table 1. 

As shown in Fig. 1 (a), the ?@200 ng dose of testo- 
sterone propionate increased bursal growth by about 
2%; relative to controls. This stimulatory effect 
occurred without a concomitant increase in embryo 
weight, as indicated in Table 1, suggesting that the 
effect of testosterone propionate was selective for bur- 
sal development. In contrast, the higher dose of testo- 
sterone propionate (200 gg) inhibited bursal weight by 
609;. At 0.&2.0mg, not shown in the figure, total 
inhibition of bursal development was observed. 

The molar concentration of steroid in each egg. cal- 
culated by assuming that the steroid is distributed 
evenly throughout the egg (approximate vol. 50 ml), 
is approximately 1.0 nM for a 20ng injection. This 
concentration of testosterone is very close to the 
physiological range reported in the plasma of both 
male and female chick embryos between 5 and 17.5 
days of incubation [ 111. 

With progesterone, (Fig. l(b)). a marked inhibition 
of bursal growth was observed at the 2uO~g level. 
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Fig I Intluence of stcrvlds on the growth of the bursa 
of Fabrlclus in dcvclopmg chick embryos. White Leghorn 
eggs purchased from SPAFAS. Inc.. Norwich. CT. with 
vlahlc 5 day cmbqos were pierced on the broad end with 
an egg punch and 0. I ml of a sterile sahnc (0.01-1.0 pgg/egg) 
or scsamc 011 20. 100 ~qegg) solution of either testosterone 
proplonatc (I (a)). progesterone (l(h). estradlol (l(c)). or cor- 
tisol (I(d)) has IilJectrd ulth a \tcrilc tubcrculm syrmge 
Holes here sealed blth two or three drops of liquid wax 
and eggs neerc placed u, an Incubator (100 F). Fourteen 
days later (day I9 embryo age) chicks were rrmovod from 
their eggs. decapitated. and hursal weights were deter- 
mined. Results arc expressed as I’(, of control & S E (I@- I5 
eggs/group) which rccelved only sterile salme or sesame 
011 (NS = no survlcors). E\tlmates of standard error were 
calculated as described m Meqcr. S. L. Dutu .lr~ul~~.\ for 
Sciruti.\ts urrd E~~qrrwcn W~lq. NCR York (1975) pp JO. 

This mhibihon was accompamed by a general mhibl- 
tory effect of progesterone on embryo development. 
As seen m Table I. progesterone at 100 /Lg reduced 
body wclght m surviving embryos to 6l”,, of the con- 
trol group. At levels of 20O~~g and higher embryo 
survival was markedly reduced. With lower levels, as 
shown m Fig. I(b). (X-O.02 pg) bursal weight in- 
creased 3@3tY’,,. As with testosterone, progesterone 
in low doses appears to affect the weight of the bursa 
and not of the embryo 

Estradlol and cortlsol also had marked Inhibitory 
effects at higher levels but did not stimulate bursal 

growth at 0.02~7.0 /lg (Fig. I(c) and (d)). Cortisol was 
the most embryotoxic of the steroids studied: at the 
200 /lg dose. no embryos survived. and upon examm- 
ation all appeared to have stopped developmg around 
the fifth day of incubation. Decreased survival rote 
of embryos, as well as a reduction m total body and 
bursal wclght, was noted with the 2 and 2O~cg range. 

As a part of the bur.sal \velght csperiments. the his- 
tology of representatlvc bursx \?a~ exammed. No m- 
crease in the number of eplthelial cell layers sur- 
roundmg the lymphold folhcles was observed when 
bursae taken from birds exposed to low dose testo- 
sterone propionatc or progesterone (0.7 -2.0 /Lg) were 
compared to controls. This finding Indicates that the 

mcrrasc 111 bursal wclght t’ollo\\ 111p stcrold cxposurc 
was due to an incrcasc 111 the numhc~- of I~mphoq tcs 
m the gland and not to an mcrcasc 111 clxthel~al XII\,. 

The stlmulatlon ol bursal groM th h! tcstoaronc 

proplonate and progesterone is 01 pxtlcular lntcrcst 
m light of reports that the gonads in chick cmbr\os 

from the 3rd to 18th da) of dc\clopment ~~nthcalrc 
testosterone. estrudlol and progcstcrone. Thcsc 
steroids were Idcntlfied 111 ether extracts of both the 
culture media and the homogcnlxd organs aftcl 
5 7-I hr incubation [I?. Ii]. In a separate study that 
substantiates these findmgs. tcstosteronr \vas Idcntl- 
tied m the circulatmn of both male and female 
embryos on day 5.5 of mcubatmn [_I I] Thcsc studies 

demonstrate that the dcvclopmp bursa IF exposed 11) 
UIII to steroid hormones at conccntratlons compxr- 
able to the low doses of cvogenous testostcronc pro- 
plonate and progesterone that we obser\:cd to stlmLI- 
late bursal growth. This would suggest that the cndo- 

genous steroids in the embryo play an Important 
physiologIca role m bursal growth While It is true 
that our findmgs do not conhtltutc ev~dencc that 
testosterone and progesterone modulate bursal devel- 
opment. they do nevertheless support such ;I \ICU. 

An mfluencc of se\ steroids on ~mmunoglobuhn 

production IS lmphrd hq ;I rcccnt \tudJ showing that 
chicks exposed to trstosteronc proplonate 111 OIO on 

the third day of incubation. have higher serum IgM 
and IgG levels than controls at the time of hatch. 
These levels continued to rise durmg the 13 v.ccks 
after hatching [?I]. The data suggest that earlq hor- 
mone exposure influcnccs antibody production. 
Whether these changes m immunoglobulm produc- 

tion are the result of changes in bursal suc that we 
have observed remams to be estahhshed. 

There IS evidence that bursal size IS rclatcd to 

humoral Immumty. Geneologlcal hnes of chickens 
with either large or small bursae at hatch exhibit dlt- 
ferent patterns of antibody productlon after antigen 
exposure [ 131 When small-bursa chicks. bursecto- 
mired at the time of hatchmg. arc exposed to red 
blood ceils of sheep they fad to produce antlbod) 
for at least 5 weeks. In contrast. bursectomq of large- 
bursa chicks had only a hmlted and short-term etfect 
on their immune response to sheep cqthrocytcs In 
other studies bursal szc has been related to Immune- 
globulm levels [5, IS] The findings m this stud! sug- 
gest that sex hormone stimulation 0r hursal growth 
might be the mechamsm aherebl steroids enhance 
Immunoglobulm and productmn. 

There are several posslblc csplanatlons for the stcr- 
old-stlmulated increase m bursal weight. One 1s that 
both testosterone proplonate and progesterone have 
direct effects on the rpithehal cells of the burst. as 
has been preblously proposed m the case of testoster- 
one [ 161. Since these arc the only cells present prior 
to lymphocyte InfiltratIon at about da) Ii of mcutx- 
tlon. they might be stlmulatcd to prepare a micro- 
environment more conduclvc to lymphocyte grou th 
and differentlatlon. An altcrnatnc e\planat~nn 01’ III- 



Hormone effects on the bursa of Fabricius 

Table 1. The effect of different steroid treatments on embryo weight 

Dose @g) Progestesterone Estradiol 
Testosterone 
propionate Cortisol 

0.20 
(saline) 

x 
S E. 
Dbc 

P 

2.00 
(saline) 

26.227(13/15) 
IO.568 
101.226 

N.D. 

26.733(8/15) 
kO.215 
103.14 

N.D. 

26.55(11;15) 
*OS16 
102.478 

N.D. 

X.756(10/15) 
20.614 
97.454 

N.D. 

26.724(9/15) 
kO.972 
97.340 

N.D. 

27.748~14/15) 
* 0.609 
101.072 

N.D. 

ND 

28.259( 14,115) 
kO.590 
99.483 

N.D. 

37.026(12/1.5) 
*0.701 
95.143 

N.D. 

N.D. 

28.410(11/15) 
& 0.909 
97.498 

N.D. 

27.576(4/l 5) 
f I.384 
94,634 

N.D. 

20.0 
(oil1 

x 
S.E. 

200 x 
(oil) SE. 

?,,C 
P 

10.478(2/l 0) 
* 1.553 
61.070 

24.158(6/10) 
f 0.896 
90.969 

N.D. 

23.620(5/10) 
* 1.517 
88 940 

N.D. 

22.798(7,110) 
* 1.749 
110.247 

N.D. 

21.432(2/10) 
* 3.029 
103.639 

17 03X(7/10) 
* 2.433 
79.9 12 

After in viw exposure to testosterone propionate, progesterone. estradiol, and cortisol dissolved in either saline or 
sesame oil (see Fig. 1 for doses, injection route, etc.) and removal of yolk sacs. 19 day embryos were weighed {l&-15 
embryosigroup). Results are presented as follows: the value of the day 19 mean embryo weights & the standard error 
(2 & S.E.), the ratio of the number of surviving embryos in each group to the number present at the start of incubation 
(1). the ratio of the mean embryo weight of the hormone treated group to the mean embryo weight of the vehicle-injected 
control group expressed as percent control (%C), and the significance of the difference (P) between the mean embryo 
weights of the hormone-treated and control groups as based on the Student t-test analysis (N.D. = no significant 
difference). 

creased bursal size is that testosterone and progester- 6. Click B.. Chang T. and Jaao R.: ~~~~~~~ Sei. 35 t 1956) 

one directly affect lymphoid cells. This possibility is 
suggested by studies indicating that lymphoid cells 
in mammalian systems remain under hormone in- 
fluence after these cells leave the bursa and proliferate 
actively in the germinal centers of peripheral lym- 
phoid organs [lo, 17). Enhanced immune responsive- 
ness due to steroid treatment has been reported in 
some studies [l&19] while in others chronically ad- 
ministered hormones appear to be deleterious [ZO]. 
Further studies must be undertaken to determine 
which of these possibilities is responsible for steroid 

hormone stimulation of bursal growth. 

7. 

8. 
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Glick B. and Sadler C. R.: Poultry Sci. 40 (1961) 
185-189. 
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