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EFFECTS OF DEVELOPMENTAL HORMONES ON AVIAN 

LYMPHOID TISSUE

CHAPTER I 

INTRODUCTION AND LITERATURE REVIEW

E arly  ana tom is ts ,  t ry in g  to  c h a ra c te r iz e  lymphoid 

s t r u c tu r e s  such as the  thymus in  mammals, and the bursa  of 

F ab ric iu s  in  b ird s ,  s tu d ie d  t h e i r  p o ss ib le  r o le  as endocrine 

glands. These s tu d ie s  led  to  a g re a t  volume of in fo rm ation  

about the e f f e c t s  of endocrine glands on the s iz e  and morph­

ology of the lymphoid organs. Much knowledge about lymphoid 

t i s s u e  s t r u c tu r e  and f^'unction has now accumulated. With 

th i s  new knowledge of the  fu n c t io n  of the lymphoid t i s s u e ,  

the  ro le  of the endocrine  glands in  in fluencing  th a t  fu n c t io n  

i s  now being s tu d ied .

The purpose of t h i s  in v e s t ig a t io n  was to study the 

i n te r r e l a t i o n s h ip s  of th e  developmental hormones, thyroxine  

and som atotropic hormone, w ith  the lymphoid t i s s u e s  of the 

chicken. These i n te r r e l a t i o n s h i p s  were in v e s t ig a te d  w ith  

re fe ren c e  to the ontogeny of the immune response and support 

o f immune fu n c t io n  i n  young and a d u l t  animals.



E ffec ts  of Sex S te ro ids  and Adrenal S teroids 
on Lymphatic Tissue

H is to r i c a l ly ,  the  e f f e c t s  of hormones on lymphoid 

t i s s u e  have been measured through s tu d ies  of in v o lu t io n  of 

lymphoid organs. Hammar (7^) c lassed  lymphoid in v o lu t io n  as 

a cc id en ta l  or age r e l a te d .  Age in v o lu tio n  i s  th a t  physio­

lo g ic a l  process which begins sh o r t ly  a f t e r  puberty as the 

thymus begins to  decrease i n  s iz e ,  weight, and lymphoid c e l ­

l u la r  i t y .  Accidental in v o lu t io n  may occur as a r e s u l t  of 

severe i l l n e s s ,  m a ln u tr i t io n  or a v a r ie ty  of o ther s t r e s s f u l  

s i t u a t i o n s .  Dougherty (3^) used the term acute in v o lu t io n  to 

denote the abrupt response of lymphatic t i s s u e  to  e i th e r  

p h ys io lo g ica l  o r p a th o lo g ic a l  s t im u la t io n .  Although no i n d i ­

v idual hormone may be im p lica ted  in  production of age in v o lu ­

t io n ,  experim ental evidence has demonstrated e f f e c ts  of 

sev e ra l  hormones i n  causing acu te  inv o lu tion  of lymphoid 

t i s s u e .

Gonadal hormones have been shown to a l t e r  the s t a t e  

of lymphoid t i s s u e .  T es to s te ro n e , methyl t e s to s te ro n e ,  and 

dehydro-iso-androsterone a l l  cause atrophy of the thymus in  

r a t s  (139)* T e s t ic u la r  e x t r a c ts  in je c te d  in to  c a s t r a te d  

r a t s  a lso  cause thymus in v o lu t io n  (90). Plagge (126) found 

te s to s te ro n e  prop ionate  to be fou r times as e f f e c t iv e  as 

te s to s te ro n e  in  producing thymus atrophy. Selye (c f .  139) 

concluded th a t  a l l  hormonally a c t iv e  s te ro id s  w i l l  produce 

thymic in v o lu t io n  when adm in istered  fo r  a s u f f i c i e n t  period  

of time. These compounds cause an acute type in v o lu t io n
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r a th e r  than in c re a s in g  th e  r a t e  of n a tu ra l  in v o lu t io n  (126).

Estrogenic  compounds have a lso  been s tu d ie d .  E s t ro ­

gens cause thymic atrophy in  r a t s  (67) , however, Money e t  a l .  

(104-) fo '̂ond te s to s te ro n e  to  be more e f f e c t iv e  in  causing 

thymic in v o lu t io n  than p ro g es te ro n e , estrone, e s t r i o l ,  or 

d i e t h y l s t i l b e s t r o l . E f fe c ts  were n o t as pronounced on lymph 

nodes as they were on the  thymus. Equine gonadotrophic h o r ­

mone (52) and la rg e  doses of p roges terone  (14-2) cause thymic 

a trophy . The e f f e c t s  of o e s tro n e , o e s t r a d io l  and te s to s ­

terone were found to be independent of the  adrenal gland 

s ince  they caused in v o lu t io n  of the thymus, sp leen , and 

lymph nodes when in je c te d  in to  adrenalectom ized  animals (136).

The ad rena l  gland a lso  has an in f lu en ce  on lymphoid 

t i s s u e .  Lymphoid t i s s u e  w i l l  undergo in v o lu t io n  in  response 

to  ad re n o co r t ico tro p ic  hormone (ACTE) in  many species  of 

anim als. The r a t  (l4-8), mouse (35)? dog (I30) , r a b b i t  and 

human (36) a l l  show a c h a r a c t e r i s t i c  response to ACTE. 

In je c t io n s  of ACTE w i l l  n o t ,  however, cause lymphoid t i s s u e  

in v o lu t io n  in  adrenalectom ized anim als. Various adreno­

c o r t i c a l  s te ro id s  p o te n t ia te  the  in v o lu t io n  of lymphoid t i s ­

sue when in je c te d  in to  i n t a c t  or adrenalectom ized anim als. 

Money e t  (104-) showed th a t  c o r t i s o n e ,  11-d ehyd ro co rti-  

co ste rone , desoxycorticosterone, and d ihydrocortisone  a l l  

cause thymic in v o lu t io n  in  the  r a t .  A ll experiments showed 

a h igh  c o r r e la t io n  between lymphatic t i s s u e  weights and the  

q u a n ti ty  of s t e r o id  hormone ad m in is te red . Cortisone and



11-dehy d rocorticoste rone  were the most e f f e c t iv e  i n  reducing 

the weights of both thymus and lymph nodes. Large doses of 

desoxycorticos te rone  a c e ta te  w i l l  induce thymus a trophy in  

adrenalectom ized r a t s  as w ell  as in  i n t a c t  animals (33 )-

Because of lymphoid t i s s u e  in v o lu t io n  in  response to 

adrenal c o r t i c a l  s t e r o id s ,  any agent which caused in c reased  

adrenal c o r t i c a l  s t e r o id  r e le a s e  could be i n d i r e c t l y  respon­

s ib le  fo r  re d u c t io n  of lymphoid t i s s u e  mass. Selye (Ik-1 ) 

l i s t s  op e ra tive  trauma, burns, hemorrhage, exposure to  ex­

cess ive  h ea t  and co ld , low atmospheric p re s su re ,  and o thers  

as agents which in c re a se  adrenal c o r t i c a l  s e c re t io n .  Other 

f a c to r s  such as pregnancy and l a c t a t i o n  have been found to 

c o n tr ib u te  to  thymus in v o lu t io n  (70). X - i r r a d ia t io n  and 

radiomimetic d rugs , e . g . , n i t ro g e n  m ustards, cause lymphoid 

t i s s u e  atrophy and adrenal c o r t i c a l  s t im u la t io n .  Thus, a t  

l e a s t  two mechanisms mediate lymphoid t i s s u e  atrophy in  a n i ­

mals exposed to  i r r a d i a t i o n  or n i tro g e n  m ustard (87 , 116).

In  such anim als, adrenalectomy blocks only one of these  

mechanisms.

As p rev io u s ly  d iscussed , the e f f e c t s  of hormones on 

lymphatic t i s s u e  have been s tu d ied  by in je c t i o n  of the h o r ­

mones in to  i n t a c t  animals w ith  observation  of lymphoid t i s ­

sue in v o lu t io n .  A dd itiona l methods of s tudy have involved 

e x t i rp a t io n  of one or more endocrine glands fo llow ed by ob­

se rv a t io n s  of the e f f e c t  on growth of lymphoid organs.

Thymus enlargement occurs a f t e r  gonadectomy of e i t h e r  sex in
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almost every sp ec ie s  of domestic and experim ental animal and 

man (c f .  3̂ -̂) • Grégoire (c f .  3̂ +) found th a t  the  r a t e  of r e ­

tu rn  of lymphocytes to normal le v e ls  a f t e r  i r r a d i a t i o n  was 

g re a te r  i n  gonadectomized than in  i n t a c t  anim als. The e f f e c t  

of adrenalectomy i s  s im ila r  to  th a t  of gonadectomy in  th a t  

both procedures r e s u l t  in  in c reased  lymphoid t i s s u e  weight 

over th a t  found in  i n t a c t  animals (98). Gonadectomy and 

adrenalectomy in  the  same animal produced g re a te r  in c reases  

In lymphoid t i s s u e  than did e i th e r  procedure along (98).

Data from sev e ra l  au thors (c f .  3^) in d ic a te  th a t  s e c re t io n s  

from the adrenal and the  gonads e x e r t  a s im ila r  moderating 

in f lu e n ce  on growth of lymphoid t i s s u e ,  w ith  the adrenal 

c o r t i c a l  s e c re t io n s  having the g re a te r  in f lu e n ce .

Another method of study of the e f f e c t  of hormones on 

lymphoid t i s s u e  invo lves the changes i n  p e r ip h e ra l  blood 

t o t a l  leucocyte  and lymphocyte counts fo llow ing a l t e r a t i o n  in  

normal hormone l e v e l s .  In g en era l ,  these  changes a re  s im ila r  

to those  described  for the thymus, sp leen , and lymph nodes. 

Adrenalectomy induces a general lymphocytosis (30, 162). In ­

j e c t i o n  of ACTH, on the o ther hand, causes lymphopenia in  

mice (86) and in  r a t s  and rab b i ts .  (162, 168). In  o ther  i n ­

s ta n c e s ,  in je c t io n s  of ACTH or chronic s t r e s s  may lead  to 

lymphocytosis (30). This may be due to  a p i t u i t a r y  r e f l e x  

which stops ACTH syn thesis  thus l im i t in g  the amount of s t e r ­

oid produced in  the  adrenal co rtex  (162). Cortisone a lso  

causes a prompt and prolonged f a l l  in  the  l e v e l  of
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c i r c u la t in g  lymphocytes (128). The e f f e c t  of p h y s io lo g ica l  

s t r e s s  c o n d it io n s ,  pregnancy, and l a c t a t i o n  on lymphoid t i s ­

sue i s  a lso  expressed as lymphopenia in  the p e r ip h e ra l  blood 

(4-2, 75, 124-). Some agen ts , such as X - i r r a d ia t io n  (116 ), 

and n i tro g e n  mustards (87) ,  may produce lymphopenia d i ­

r e c t ly  w ithou t m ediation by the adrenal g lands. Although 

in je c t io n  of sex hormones or gonadectomy have profound e f ­

f e c t s  on lymphoid organ w eights , l i t t l e  evidence i s  a v a i l ­

able about e f f e c t s  on p e r ip h e ra l  blood leucocyte  numbers 

(c f .  3^ ) .

In  summary, sex hormones and adrenal c o r t i c a l  h o r ­

mones have an a n ta g o n is t ic  in f lu en ce  on the growth and c e l -  

l u l a r i t y  of lymphoid organs. The nex t s e c t io n  w i l l  deal 

w ith  the endocrine  p o te n t ia to r s  of lymphoid t i s s u e  s t r u c tu r e  

and fu n c t io n .

E ffe c ts  of Developmental Hormones 
on Lymphoid Tissue

Thyroxine

Thyroidectomy causes atrophy of lymphoid t is su e  (98 , 

131)5 and exogenous thyroxine ad m in is tra t io n  causes lymphoid 

h y p e rp la s ia  (48). Since the  e f f e c t  of thyroxine occurs no t 

only in  i n t a c t  animals but a lso  in  adrenalectom ized, gon­

adectomized, adrenalgonadectomized, and hypophysectomized 

anim als, the  e f f e c t  i s  n o t  mediated by o ther endocrine 

glands (c f .  47, 96 , 97: 1 37)« Experimental evidence of 

thymic h y p e rp la s ia  induced by thyro id  hormone i s  found in
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young, w e ll-nourished  animals t r e a te d  with moderate doses of 

thyro id  hormone (58, 131, 1^6). Massive doses of thyroxine 

produce thymic atrophy (3 , ^ ) -

Other evidence of the h y p e rp la s t ic  e f f e c t  of thyro id  

hormone comes from experim ents invo lv ing  ra te s  of r e c o n s t i ­

tu tio n  of invo lu ted  lymphoid organs. Grégoire (cf. 3^) de­

termined the r a t e  of r e t u r n  to  normal weight of lymphoid 

tis su e  of r a t s  a f t e r  they were exposed to whole body X- 

j r r a d i a t i o n .  The r a t e  of r e c o n s t i tu t i o n  was g re a te r  in  

adrenalectomized r a t s  than  i n  i n t a c t  X -ir rad ia ted  r a t s .  The 

recovery r a te  was even g re a te r  in  adrenalectom ized and 

gonadectomized r a t s .  The g r e a te s t  r a t e  of r e c o n s t i tu t io n  of 

lymphoid t i s s u e  was in  adrenalectom ized and gonadectomized 

animals given th y ro tro p ic  hormone. S teroid in v o lu t io n  of 

lymphoid t i s s u e  was fo llow ed by increased  r a te  of reg en e ra ­

t io n  when animals were t r e a te d  w ith  thy ro trop ic  hormone (6 ). 

Gyllensten (73) found thyroxine  to  s tim ula te  reg e n e ra t io n  in  

the lymph node t i s s u e  of young guinea pigs follow ing lymph­

oid t is su e  in v o lu t io n  caused by ad m in is tra t ion  of a c o r t i ­

c o s te ro id .  He in d ic a te d  th a t  thyroxine s tim u la te s  d i f f e r e n ­

t i a t i o n  and p r o l i f e r a t i o n  in  the t i s s u e .  In invo lu ted  t i s ­

sue, thyroxine trea tm en t  s t im u la ted  growth or p r o l i f e r a t i o n  

more re a d i ly  than  m atu ra tio n . In  noninvoluted t i s s u e ,  s im ila r  

treatm ent s tim u la ted  m atu ra tion  more read ily  than i t  s tim u­

la te d  a growth response .

The c e l lu l a r  changes in  thyroxine-induced h y p e rp la s ia  

have been s tud ied  in  th e  thymus, lymph nodes, and spleen of
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guinea p igs  (*+3, 50, 51 )• A dm in is tra t ion  of a s in g le

dose of thy rox ine  produced h i s to lo g i c a l  changes in  the thymic 

c o rtex  in d ic a t in g  a p r o l i f e r a t i o n  of py ro n in o p h il ic  c e l l s  

(^3, 50). At th i s  time, an in c reased  output of small lympho­

cy tes  from the thymus was seen (51).  A s l i g h t  in c re a se  in

medullary lymphocytes was also  seen (V3 ). The m ito t ic  time

fo r  c e l l s  in  the thymic cortex  was decreased along w ith  the 

increased  venous output of small lymphocytes from the thymus 

(^3, 51)• This increased  output of c e l l s  from the thymus 

probably  exp la ins  why the in c re a se  i n  weight of the thymus 

i s  not as g re a t  as the weight in c re a se  of lymph nodes and 

sp leen  in  thyroxine  - t r e a te d  animals (W , >+5, if6, ^ 8 ) .  A 

s e n s i t iv e  balance e x is ts  between the p r o l i f e r a t i v e  capac ity  

of the thymus and i t s  output of lymphocytes (if3, 5l)«

In  lymph nodes, the f i r s t  thyrox ine-induced  change 

was an in c reased  number of plasma c e l l s  occurring  w i th in  24 

hours a f t e r  thyroxine in je c t io n  (43). At 3, 6, 9, and 16 

days a f t e r  repea ted  thyroxine i n j e c t i o n s ,  a g re a t ly  increased  

number of p y ro n ino ph il ic  c e l l s  was c o r r e la te d  w ith  the gain 

in  weight of the lymph nodes (48). This p r o l i f e r a t i o n  of 

c e l l s  was a ls o  demonstrated by Lundin (96) who rep o r te d  an

increased  in co rp o ra tio n  of in to  DM in  thyrox ine-

s t im u la ted  lymphoid t i s s u e .

Thyroxine in je c t io n s  a lso  caused increased  numbers of 

la rg e  p y ro n in o p h il ic  c e l l s  in  th e  red  pulp of the sp leen . 

These changes occurred l a t e r  than changes in  the thymus and
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lymph nodes (^3, ^8 ) .  The low m ito t ic  incidence  of these

c e l l s  in d ic a te d  th a t  they immigrated from the w hite  pu lp , 

blood, or thymus (50)* The c e l l s  probably did no t come d i ­

r e c t ly  from the thymus s ince  they appeared w ith  the  same re g ­

u l a r i t y  in  th y ro x in e - tre a te d  thymectomized animals 0+h) .

A fter e s ta b l is h in g  the c e l l u l a r  changes induced by 

thyroxine trea tm en t,  Ernstrom (^5? ^ 6 ) performed experiments 

using  thyro id -induced  h y p e rp la s ia  of lymphoid organs to  study 

the  ro le  o f  the thymus in  supporting  the lymphoid s t r u c tu r e  

and fu n c t io n  of p e r ip h e ra l  organs. Young guinea p ig s  were 

thymectomized and t r e a te d  w ith thyrox ine  e i th e r  th ree  or 30 

days a f t e r  thymectomy. In thymectomized and sham- 

thymectomized guinea p igs  no s ig n i f i c a n t  d if fe re n c e s  in  

weight were noted in  sp leen  or lymph nodes. Thyroxine t r e a t ­

ment beginning th ree  days a f t e r  sham-thymectomy r e s u l te d  in  

a r e l a t i v e  in c rease  in  weight of m esenteric  lymph nodes, 

t o t a l  lymph node mass, and to a l e s s e r  degree, sp leen . Thy­

rox ine  trea tm ent beginning th ree  days a f t e r  thymectomy a lso  

caused in creased  weights of lymphoid organs. I f ,  however, 

thyroxine in je c t io n s  were begun 30 days a f t e r  thymectomy, the 

thyroxine-induced h y p e rp la s ia  of lymphoid organs was no t 

seen. In f a c t ,  the weights of c e rv ic a l  and e x tre m ita l  lymph 

nodes were le s s  than in  n o n - t re a te d  normal anim als. The 

t o t a l  lymph node mass of sham-thymectomized guinea p igs 

t r e a te d  w ith  thyroxine was 13^ g re a te r  than th a t  of thymec­

tomized guinea p igs  t r e a te d  with thyrox ine . In  these
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experim ents, the  d if fe ren c e  between the re a c t io n  to thyroxine 

of thymectomized animals and sham-operated animals in c reased  

w ith the time in te r v a l  between the o p e ra t io n  and i n s t i t u t i o n  

of thyroxine trea tm en t. Removal of the thymus had s im ila r  

in f lu e n ce s  on the ra te  of th y ro x in e -s t im u la ted  reg en era t io n  

of lymphoid t i s s u e  a f t e r  s te ro id - in d u ce d  in v o lu t io n  (^9)*

From th ese  experiments, thyrox ine-induced  h y perp las ia  

of lymphoid t i s s u e  seems to be dependent on the presence of 

a sh o r t  l iv e d  thymic f a c to r .  This could be e i th e r  a humoral 

f a c to r  or a supply of thymus-dependent c e l l s  th a t  makes up 

the p opu la tion  of the p e r ip h e ra l  lymphoid t i s s u e .

Several general conclusions concerning the  e f f e c t s  

of thyroxine on lymphoid t i s s u e s  can be l i s t e d .  Increased  

numbers of plasma c e l ls  i n  the lymph nodes, inc reased  output 

of small thymic lymphocytes, and s h o r te r  m ito t ic  times i n d i ­

ca te  in c reased  r a t e s  of d i f f e r e n t i a t i o n  of these p a r t i c u l a r  

c e l l  l i n e s .  These e f f e c t s  a re  s im ila r  to  thyroxine-induced 

metamorphosis, reg en e ra t io n , and d i f f e r e n t i a t i o n  of d i f f e r e n t  

organs in  amphibians ( l0 9 ) .  The in c re a s e  in  numbers of 

py ro n ino ph il ic  c e l l s  with signs of in c re ased  p ro te in  synthe­

s i s  agrees with the e f f e c t  of thyroxine on p ro te in  syn thesis  

in  genera l (101). In  a d d it io n ,  changes i n  lymphoid t i s s u e  

mass may be mediated d i r e c t l y  by thyrox ine  or by changes in  

s t e r o id  metabolism a lso  induced by thy rox ine . Thyroxine 

causes inc reased  degradation  r a te s  of c o r t i c o s te r o id s  from 

plasma, probably due to s t im u la t io n  of h e p a t ic  enzyme
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a c t i v i t y  (13, l4 ,  55)* The red u c t io n  of c o r t ic o s te ro id s  

causes an in c re a sed  re le a s e  of p i t u i t a r y  ACTH through a feed 

back mechanism and s t im u la te s  the p roduction  and re le a se  of 

g lu c o c o r t ic o id s  from the adrenal g land.

A dd itiona l evidence fo r  a thymus-thyroid relation sh ip  

has been rep o r te d  (71, 72) .  Two weeks a f t e r  thymectomy, an 

in c re a se  in  th y ro id  w eight, a c in a r  c e l l  h e ig h t ,  and oxygen 

consumption was observed. Four weeks a f t e r  thymectomy, thy­

ro id  w eight, a c in a r  c e l l  h e ig h t ,  and oxygen consumption had 

re tu rn e d  to  near normal va lues  (71) .  This i s  s im ila r  to  the 

observation of increased thy ro id  w eight w ith  the beginning 

of reg e n e ra t io n  o f in v o lu ted  lymphoid t i s s u e  (72).

These o b se rv a t io n s ,  e x p e c ia l ly  those of Ernstrom and 

coworkers (^3- 51)? have provided the ground work fo r  under­

standing  changes i n  the morphology of lymphoid t i s s u e s  r e ­

la t e d  to thyrox ine  a c t i v i t y .  The in f lu e n ce  of hormones on 

the fu n c t io n  of lymphoid t i s s u e  has a lso  been s tud ied .

Nilzen has s tud ied  the in f lu e n ce  of the guinea pig 

thy ro id  on production  of p r e c ip i t a t i n g  antibody, Schultz- 

Dale r e a c t i v i t y ,  r e s p i r a to r y  an aphy lac tic  a c t iv i t y  (111), 

a l l e r g i c  e n c e p h a l i t i s  (110), sk in  homograft r e je c t io n  (113), 

a g g lu t in a t in g  antibody (112), and sk in  r e a c tiv ity  to 2 ,4 -  

d in itroch lo ro benzene  (DNCB) (1 l4 ) .  I n t a c t  or th y ro id ­

ectomized guinea p ig s  were in je c te d  w ith  egg albumen. Com­

pared to  c o n t r o l s ,  thyroidectom ized animals produced no p re ­

c i p i t a t i n g  antibody as d e tec ted  by a p r e c i p i t i n  r ing  t e s t .
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Skin t e s t s  of normal animals revea led  a re a c t io n  a f t e r  24 

hours c h a ra c te r iz e d  by i n f i l t r a t i o n  with lymphocytes and 

n e c ro s is  which was termed Arthus r e a c t i v i ty  by the au tho rs . 

This r e a c t io n  was not p re se n t  in  thyroidectom ized anim als.

A se c t io n  of i n t e s t i n e  was removed from thyroidectom ized 

and normal animals and challenged w ith  an tigen  in  v i t r o .

The Schultz-Dale r e a c t io n  was weaker in  the thyroid-ectom ized 

anim als. R esp ira to ry  challenge of the animals showed ty p i ­

ca l  anaphy lac tic  r e a c t io n  in  the i n t a c t  guinea p igs  but not 

in  the p rev ious ly  thyroidectom ized animals (111).  Thyroid­

ectomy in  guinea p igs had no e f f e c t  on the r a t e  or se v e r i ty  

of e n c e p h a l i t i s  produced by in je c t io n s  of homologous b ra in  

t i s s u e  in  adjuvant (110).  Thyroidectomized animals re je c te d  

sk in  g r a f t s  as r a p id ly  as did i n t a c t  animals (113). Thy­

roidectomy d id , however, have a s l i g h t  in f lu en ce  on antibody 

p roduction  a g a in s t  Salmonella typhi (112).  The r i s e  of a n t i ­

body le v e ls  in  the serum of thyroidectomized animals occurred 

a t  a slower r a t e ,  a lthough the maximum quan ti ty  of antibody 

a t t a in e d  was the same as th a t  observed in  i n t a c t  anim als.

Only a few p o in ts  on the antibody response curve of th y ro id ­

ectomized animals were s ig n i f i c a n t ly  d i f f e r e n t  from the r e ­

sponse of i n t a c t  animals (112).  Some r e la t io n s h ip s  of the 

th y ro id  to  sk in  s e n s i t i z a t i o n  with DNCB were a lso  s tu d ied  

(1l 4 ) . Large doses of thyroxine caused decreased r e a c t i v i t y  

to  sk in  s e n s i t i z a t i o n .  This was thought to be due to  i n ­

creased  hyperfunction  of the adrenals  in  these animals s ince
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the ad renal g lands had increased  c e l l u l a r i t y .  Smaller doses 

o f thyroxine caused increased  s e n s i t i v i t y  to DNCB in  t rea te d  

animals compared w ith  u n trea te d  c o n tro ls .  This increase  was 

expressed as a sh o r te r  lag  time in  the  development of s e n s i ­

t i v i t y  as w e ll  as more severe sk in  r e a c t io n s .  Thyroidectomy, 

however, did n o t  lower DNCB r e a c t i v i t y  when compared to i n ­

t a c t  animals (11*+). Yuri (l69) found thyroidectomy to de­

c rease  inflamm atory symptoms and c i r c u la t in g  antibody t i t e r s  

in  experim enta lly -induced  a l l e r g i c  c o n j u c t i v i t i s  in  r a b b i t s .  

Thyroidectomy decreased and thyroxine r e s to re d  the  poly- 

a r t h r i t i c  response  induced by Mycobacterium butyricum ad ju ­

van t in  r a t s  (150). Long and Miles (9^) s tu d ied  endocrine 

in f lu e n c e s  in  e s ta b l is h in g  " b a c te r ia l  a l l e r g y , "  now known as 

delayed h y p e r s e n s i t iv i ty .  B. C. G. in fe c te d  guinea pigs 

were t r e a te d  w ith  thyroxine, c o r t i so n e ,  or ACTH and ch a l­

lenged w ith  a tu b e rc u lin  sk in  t e s t .  Thyroxine increased  the 

sk in  r e a c t io n  w hile  co rt iso n e  and ACTH trea tm en t lessened 

the r e a c t io n .  Two other im portan t obse rva tions  were made.

I f  thyroxine  trea tm en t was stopped fo r  two weeks, the a n i­

mals became l e s s  h y p e rsen s it iv e  than animals th a t  were never 

t r e a te d  w ith  thy rox ine . On the o th e r  hand, animals became 

more h y p e rs e n s i t iv e  two weeks a f t e r  c o r t iso n e  or ACTH in ­

je c t io n s  had been stopped. This was considered to be a com­

pensatory e f f e c t  of the th y ro id  and ad rena l  g lands .

Long and Shewell (95) found immunity to d ip h th e r ia  

tox in  to be g r e a te r  in  guinea p igs  p rev io u s ly  in je c te d  with
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mals in je c te d  w ith  toxoid  alone. Thyroxine in je c t io n s  a lso  

increased  the amount of a n t i to x in  produced in  guinea p igs  

(1^+5). Lower a n t i t o x in  le v e ls  in  thyro idectom ized guinea 

pigs were noted  as compared w ith a n t i to x in  l e v e ls  observed 

in normal an im als. A spec ies  d if fe re n c e  seems to  e x i s t  with 

re sp e c t  to the in f lu e n c e  of the thy ro id  on a n t i to x in  produc­

t io n  a g a in s t  d ip h th e r ia  toxoid  (1^5)- In  c o n tr a s t  to  the 

thyroxine-induced in c re a se  i n  a n t i to x in  in  guinea p ig s ;  r a t s ,  

r a b b i t s ,  and mice produce lower than normal amounts of a n t i ­

toxin when t r e a te d  w ith  thyrox ine . Thyroidectomy, on the  

other hand, causes in c re ased  a n t i to x in  le v e ls  in  these  a n i ­

mals. The sp ec ie s  grouping of th is  response compares w ith  

the response of these  animals to c o r t iso n e  ( l4 4 ) .  R abb its , 

mice, and r a t s  a re  c o r t iso n e  s e n s i t iv e ,  and lo se  body weight 

and cap ac ity  to  form a n t i to x in  when in je c te d  w ith  c o r t i so n e .  

Guinea p ig s ,  humans, and monkeys can w ith s tan d  the  same doses 

of c o r t iso n e  w ithou t lo s in g  body weight or a n t i to x in  produc­

ing c ap ac i ty .

The sp ec ie s  d i f fe re n c e s  in  c i r c u la t in g  a n t i t o x in  

le v e ls  a f t e r  i n j e c t i o n  of thyroxine can be expla ined  by 

s tu d ies  on the catabo lism  of gamma g lo b u lin  in  th ese  spec ies  

($6 , 57)» The r a t e  of catabolism  of homologous gamma globu­

l i n  In je c te d  in to  r a t s  or guinea pigs can be a l t e r e d  by 

changes in  the th y ro id  a c t i v i t y .  In  r a t s ,  the b io lo g ic a l  

h a l f - l i f e  of homologous gamma g lo b u lin  was 4 .8  days in
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eu th y ro id , 5-8 days in  thyroidectom ized anim als, and 3*8 days 

in  th y ro x in e - t re a te d  animals (56). T o ta l  serum p ro te in  

le v e ls  were not a f fe c te d  by thy rox ins  in je c t io n s  but were in ­

creased a f t e r  thyroidectom y. This in c rease  was mainly due to  

inc reased  gamma g lo b u lin  l e v e l s .  Catabolism of gamma globu­

l i n  in  thyro idectom ized  r a t s  i s  decreased to a g re a te r  ex­

te n t  than i s  gamma g lo b u lin  sy n th e s is  and could lead to i n ­

creased lev e ls  of a n t i t o x in .  In  guinea p ig s ,  thyroidectomy 

does n o t  decrease the ca tabo lism  of i n j e c t e d  gamma g lo b u lin

(57). Thyroixine in je c t io n s  in c re a sed  catabolism , however, 

a l a r g e r  in c re a se  in  gamma g lo b u lin  p roduction  was no ted .

The response of the immune system to thyroidectomy 

or exogenous thyroxine a d m in i s t r a t io n  i s  dependent n o t  only 

on the d i r e c t  e f f e c t  of  thyroxine on lymphoid t i s su e s  but 

a lso  on changes in  o ther  endocrine glands and changes in  me­

tabolism th a t  could a l t e r  the normal degradation r a t e s  of 

gamma g lo b u l in s .  The a l t e r a t i o n  of the immune response by 

thyroxine i s  dependent on many endocr ino log ica l  changes. 

S im i la r ly ,  the e f f e c t s  of o th e r  hormones on the immune sys­

tem may be d i r e c t  or i n d i r e c t ,  and may or  may not  involve 

changes in  thyroid  a c t i v i t y .

Somatotropic Hormone

Experimental approaches s im ila r  to  those used to 

study the  ro le  of the thy ro id  in  a l t e r i n g  lymphoid t i s s u e  

morphology have been a p p lied  to  study the in fluence  of the 

hypophysis on lymphoid t i s s u e .  E a r t ly  and Leblond (4h)
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rep o r te d  a s ig n i f ic a n t  abso lu te  and a s l i g h t  r e l a t i v e  weight 

(organ weight/body weight) decrease  in  the  r a t  thymus a f t e r  

hypophysectomy. Feldman (58) showed th a t  the absolu te  weight 

of the thymus dropped a f t e r  hypophysectomy although the 

weight was s l i g h t ly  increased  in  p ro p o rtio n  to the body 

weight. The r a t e  of thymus re g e n e ra t io n  a f t e r  in vo lu tion  

w ith ACTH was g re a te r  in  i n t a c t  r a t s  than in  hypophysectom- 

Ized animals (19, 20). The recovery  of t o t a l  leucocyte 

count, hem agglutinating antibody form ation  to  sheep e ry th ro ­

cytes and sk in  a l l o g r a f t  r e j e c t io n  was d e fe c t iv e  a f t e r  sub- 

l e t h a l  i r r a d i a t i o n  in  a d u lt  hypophysectomized r a t s  (40). A 

marked red u c t io n  in  DM sy n th e s is  a lso  occurs in  the thymus 

of r a t s  a f t e r  hypophysectomy (115)*

Lymph nodes show l i t t l e  change in  weight a f t e r  hypo­

physectomy. Nagreda and Kaplan (107) found unchanged abso­

lu te  weights of lymph nodes a f t e r  hypophysectomy. Feldman

(58) noted in c reases  in  both a b so lu te  and r e l a t i v e  weights 

of lymph nodes of hypophysectomized r a t s .  In  c o n tra s t  to the 

inc reased  lymph node weights in  these  experim ents, hypophy­

sectomy r e s u l te d  in  decreased sp leen  weights (19, 58, 107).

Lymphoid h y perp las ia  of sp leen  and thymus which oc­

curs a f t e r  adrenalectomy was in h ib i t e d  by hypophysectomy 

(96). In  a d d it io n ,  sm aller amounts of c o r t iso n e  induced 

atrophy of the sp leen  and thymus i f  r a t s  were p rev ious ly  hy­

pophysectomized.

An e f f e c t  of in je c t io n s  of the hypophyseal hormone.
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somatotropic or growth hormone (STH), on the lymphoid t i s s u e  

of i n t a c t  animals i s  more d i f f i c u l t  to demonstrate.  Some of 

the STH p rep a ra t io n s  in e a r l i e r  s tud ies  may have been con­

taminated with  thy ro t rop ic  hormone and thus caused increased  

lymphoid t i s s u e  weights through increased  thyro id  a c t i v i t y .

Li and Evans (91) repor ted  the a b i l i t y  of STH to r e s t o r e  

lymphoid t i s s u e  weights a f t e r  hypophysectomy in  r a t s .  In i n ­

t a c t  animals,  STH w i l l  s t im u la te  spleen growth above normal 

weight  i f  the  in take  of food in  the animals i s  r e s t r i c t e d  to 

the amount taken v o l u n t a r i l y  by u n t rea te d  hypophysectomized 

animals (69). Lundin (96) a lso  repor ted  increased  sp leen  and 

thymus weights  i n  animals t r e a t e d  with STH. Lymph node 

weights were not  changed. The h i s t o l o g i c a l  appearance of 

lymphoid t i s s u e  was the same as in  u n t r e a te d  animals with 

the exception  of f o l l i c u l a r  s t im u la t io n  i n  the spleen char ­

a c te r i z e d  by broadened p e r i f o l l i c u l a r  zones and increased  

numbers of plasma c e l l s .  A f te r  hypophysectomy, these areas 

were decreased in  the  sp leen  and d i s t i n c t  c o r t i c a l  a trophy 

was observed in  the thymus.

Since both thyroxine and STH may sepa ra te ly  s t im u la te  

p r o l i f e r a t i o n  of lymphoid t i s s u e ,  t h e i r  combined e f f e c t s  have 

been s tud ied  (96, 138). Treatment of r a t s  with combinations 

of STH and thyroxine r e s u l t e d  i n  increased  body weight, but 

s t im u la t io n  of the spleen and lymph nodes was not  g re a te r  

than th a t  produced by thyroxine alone (138). STH did not  po­

t e n t i a t e  the  e f f e c t  of thyroxine on lymphoid t i s s u e  (96 ).
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Bois and Selye ( l 8 ) did, however, r e p o r t  t h a t  thyroxine 

exer ted  a strong a c t io n  on the adrenal  s t im u la t in g  e f f e c t  of 

STH. Furthermore, inc reased  c o r t i c a l  output by the  adrenals  

might antagonize any combined e f f e c t  of STH and thyroxine on 

the lymphoid t i s s u e .

The r e l a t i o n s h ip  of the hypophysis w ith  the thymus 

was f u r t h e r  s tud ied  through h i s t o l o g i c a l  observa t ions  of the 

p i t u i t a r y  gland a f t e r  thymectomy in  mice (1 1 8 , 119). Obser­

v a t io n  by both l i g h t  (1 1 9 ) and e le c t ro n  (1 1 8 ) microscopy, r e ­

vealed t h a t  a deg ranu la t ion  of the a c id o p h i l i c  growth 

hormone-producing c e l l s  occurs in  the  adenohypophysis of mice 

a f t e r  neona ta l  thymectomy. This change occurred a f t e r  thy­

mectomy of neonata l  mice and not  a f t e r  thymectomy of young 

a d u l t  mice or a f t e r  neona ta l  splenectomy. This i n d ic a t e s  

t h a t  the in f luence  of the hypophysis on the thymus may be 

s t ro n ge r  during the  p e r i n a t a l  per iod .

This r e l a t i o n s h i p  between the thymus and hypophysis 

was a lso  s tud ied  by i n j e c t i n g  anti -hypophysis  serum i n to  

young a d u l t  mice (120). A s ing le  i n t r a p e r i t o n e a l  i n j e c t i o n  

of an t i -hypophysis  serum in to  young ad u l t  mice r e s u l t e d  in 

thymic atrophy, lo s s  of body weight,  and severe  wast ing 

d isease  w ith  death in  some animals.  The wasting d isease  ap­

pears s im i la r  to t h a t  observed a f t e r  neonata l  thymectomy 

( i02 ,  103). I n j e c t i o n  o f  normal r a b b i t  serum or anti - thymus 

serum had no e f f e c t  on the  mice. Anti-mouse p i t u i t a r y  serum 

was demonstrated by f l u o r e s c e n t  antibody techniques to have
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a f f i n i t y  f o r  the a c id o p h i l i c  growth hormone-producing c e l l s  

of the a n t e r i o r  p i t u i t a r y  (123)* I t  a lso  had an t i -g rowth  

hormone a c t i v i t y  and produced changes i n  the thyro id  glands 

of young mice.

Because of the demonstrated a f f i n i t y  of a n t i -  

p i t u i t a r y  serum f o r  STH, experiments were performed to  study 

the e f f e c t  of he terologous an t i -g rowth  hormone (ASTH) serum 

on the thymus and p e r ip h e ra l  lymphatic t i s s u e  i n  mice (121, 

122). Repeated in je c t io n s  of r a b b i t  an t i -bov ine  somatotropic 

hormone (ASTH) globulins  in to  two- and three-week-old  mice 

produced i n h i b i t i o n  of body growth, thymic a trophy,  invo lu ­

t io n  of lymphoid t i s s u e  i n  the sp leen ,  and a wast ing syn­

drome. I n j e c t i o n  of  ASTH in to  a d u l t  mice produced s im i la r  

lymphoid t i s s u e  a l t e r a t i o n s ,  but  wast ing syndrome was not  ob­

served.  S imilar  t rea tment  with normal r a b b i t  serum g lobulins  

produced a normal, an t igen-induced,  sp len ic  c e l l u l a r  r e a c t io n  

with no wasting syndrome. Simultaneous i n j e c t i o n  of STH and 

anti-STH in to  mice completely reve rsed  the e f f e c t s  of the 

anti-STH g lo b u l in s .

Perhaps the most convincing evidence f o r  the r o le  of 

the p i t u i t a r y  in  support of normal lymphoid t i s s u e  s t r u c tu r e  

and fu n c t io n  i s  derived from s tu d ie s  of two s t r a i n s  of dwarf 

mice. These mice have h y p o p i tu i t a ry  fu n c t io n ,  w i th  low 

l e v e l s  of  somatotropic hormone and th y ro t ro p ic  hormone, and 

a re  immunodeficient by se v e ra l  c r i t e r i a .  Snell-Bagg dwarf 

mice e x h ib i t  p i t u i t a r y  dwarfism (genet ic  symbol dw) which i s
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a rec ess iv e  t r a i t  ch a rac te r ize d  by de fe c t iv e  development of 

the p i t u i t a r y  (7).  The thymus of these  mice shows normal 

abso lu te  and r e l a t i v e  weight (thymus/body weight) u n t i l  15 

days of  age. A f te r  15 days of age, normal animals increase  

in  absolu te  thymus weight, while dwarf mice show no gain in 

thymus weight (53)- The thymus of Snell-Bagg dwarf mice 

conta ins  c e l l s  of slower m i to t ic  a c t i v i t y  than c e l l s  from the 

thymus of normal animals (7),  and th e re  i s  reduced c e l l u l a r -  

i t y ,  e s p e c ia l ly  in  the cor tex  (8 ) .  Early in vo lu t io n  of the 

thymus was observed, and a lowered ou tpu t  of thymic c e l l s  was 

p o s tu la ted  (y).

Spleen and lymph nodes of dwarf mice show signs of 

underdevelopment as determined by s i z e  and h i s t o lo g i c a l  ap­

pearance (53). Size and number of lymphoid f o l l i c l e s  i s  de­

f i c i e n t  throughout l i f e .  The p a r a f o l l i c u l a r ,  thymus-depen­

dent areas  of ] ymph nodes and the p e r i a r t e r i o l a r  lymphoid 

sheaths  of the sp leen  are underpopulated.  The red pulp of 

the spleen a lso  shows reduced numbers of mature and immature 

plasma c e l l s .  Per iphera l  leucocyte  l e v e l s  a re  lower in dwarf 

mice than in  normal l i t t e r  mates throughout  l i f e  (8 ).

Antibody plaque forming capac i ty  was a lso  found to be 

d e f i c i e n t  in  dwarf mice i n j e c t e d  w i th  sheep e ry throcytes  (8 ) .  

The plaque forming response did not  mature with  age (9).

Even though the antibody response to sheep e ry throcy tes  was 

below normal, p i t u i t a r y  dwarf mice have normal serum immuno­

g lobu l in  l e v e l s  (164/. P i t u i t a r y  dwarf mice have a lowered



21

capac i ty  to r e j e c t  fo re ig n  skin g r a f t s  (118), but they have 

been shown to possess normal responsiveness  to p l c r y l  c h lo r -  

ide U 1 ) .

Since the Immunological capac i ty  of p i t u i t a r y  dwarf 

mice I s  Impaired, s tu d ie s  have been performed to te s t  the 

a b i l i t y  of STH and thyroxine to r e s t o r e  the morphology of 

lymphoid t i s s u e  and the Immune response  (10, 117).

Somatotropic hormone and thyroxine In je c t io n s  can prevent  

dwarfism, r e c o n s t i t u t e  c e n t r a l  and p e r ip h e ra l  lymphoid t i s s u e  

morphology, and produce recovery of humoral responsiveness  

(10) and a b i l i t y  to r e j e c t  sk in  g r a f t s  ($4). This recovery 

l a s t s  f o r  an extended p e r iod  of time (117, 9+)- Treatment of 

dwarf mice fo r  one month with  STH and thyroxine r e s to re d  

t h e i r  immune system w i th  antibody forming capac i ty  and the 

a b i l i t y  to r e j e c t  skin g r a f t s  f o r  more than one year .  Un­

t r e a te d  dwarf mice u s u a l ly  died between 40 and 150 days (1l 8 ), 

Normal sk in  g r a f t  r e j e c t i o n  times and antibody forming capac­

i t y  can be r e s to re d  to dwarf mice through I n j e c t i o n  of lymph 

node lymphocytes but n o t  thymocytes or thymocytes and bone 

marrow c e l l s  (5^).  STH and thyroxine  do not  r e s t o r e  Immune 

capaci ty  to dwarf mice t h a t  have been thymectomlzed.

Another means of r e c o n s t i t u t i n g  the Immune capaci ty  

of the dwarf mice has been explored by Duquesnoy (37, 39).  

Prolonged nursing of the  dwarf mice on f o s t e r  mothers p r e ­

vented the appearance of the Immune def ic iency  symptoms which 

usually  begin about the time of weaning. Since dwarf mice
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have no def ic iency  in  enzymes in  the i n t e s t i n e ,  the added 

n u t r i t i o n  of prolonged nursing probably played no ro le  in  

the e f f e c t  on the  lymphoid t i s s u e  of the dwarf mice. A spe­

c i f i c  f a c to r  in  mouse milk may a c t  in  some way d i r e c t l y  on 

the lymphoid system. However, there  a re  no r e p o r t s  in  the 

l i t e r a t u r e  to i n d ic a t e  the presence of p i t u i t a r y  hormone in  

mouse milk (37)« Thyroxine l e v e l s  are  increased  in  pregnant 

and l a c t a t i n g  animals (70) and thyroxine may in  some i n ­

stances cross  the p lac en ta  (84).

A second s t r a i n  of dwarf mice has been s tud ied  (38). 

The Ames dwarf mouse (gene t ic  symbol d f ) has an autosomal r e ­

cess ive  t r a i t  c h a ra c te r i z e d  by h y p o p i tu i ta ry  fu nc t io n .  I t  i s  

s im i la r  to  the Snell-Bagg dwarf mouse endocr ino log ica l ly  and 

immunologically. This s t r a i n  i s  d e f i c i e n t  with r e s p e c t  to  

p e r ip h e ra l  blood lymphocyte numbers, c e l l u l a r  makeup of the 

thymus and p e r ip h e ra l  lymphoid t i s s u e ,  antibody plaque- 

forming capac i ty  with sheep e ry th ro cy te s  as an t igen ,  and 

g r a f t  versus hos t  r e a c t i v i t y  of spleen c e l l s .  Normal colony 

forming capac i ty  of bone marrow c e l l s  in d ica ted  a normal stem 

c e l l  populat ion in  these  dwarf mice. Immunoglobulin l e v e ls  

were e levated  f o r  IgG, s l i g h t l y  low fo r  IgM and c l e a r l y  low 

fo r  IgA. In genera l ,  s tu d ie s  i n  both s t r a i n s  of dwarf mice 

in d ic a te  a d e f i n i t e  c o n t ro l  of the p i t u i t a r y  over normal 

growth and fun c t io n  of the immune system in  mice.

The r o le  of developmental hormones in  support  of 

lymphoid t i s su e  fu n c t io n  has been s tud ied  with re s p e c t  to
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the a b i l i t y  of STH and thyroxine to influence d i f f e r e n t i a t i o n  

and p r o l i f e r a t i o n  of thymus-dependent c e l l s .  P ie rp a o l i ,

Fabris  and Gorkin (1l8) studied the a b i l i t y  of STH and th y ­

roxine to inf luence  run t  d isease of newborn mice in  a g r a f t  

versus host  assay system. Spleen c e l l s  from a d u l t  Ĉ H mice 

were in je c te d  in travenously  in to  newborn Charles River r e ­

c ip ie n t s .  Some mice were t r e a te d  with STH and thyroxine 

while others were un t rea ted .  Mice in je c te d  with the hormones 

developed an acce le ra ted  run t  d isease  and died w ith in  7 to 

15 days of age. Untreated mice in je c t e d  with spleen c e l l s  

developed run t  d isease  a few days l a t e r ,  but some recovered.  

Thus, STH and thyroxine have the a b i l i t y  to increase  the s e ­

v e r i t y  of ru n t  d isease  induced by spleen c e l l s .

STH a lso  has the capaci ty  to induce immunocompetence 

i n  thymocytes of adu l t  or newborn mice (118). Thymocytes 

from newborn animals of one p a re n ta l  s t r a i n  of (Ĉ  H X CR)F^ 

hybrids were in je c te d  in to  newborn (CoH X CR)F-̂  hybrid r e ­

c ip ie n t s .  Thymocytes from newborn animals normally e l i c i t  

very l i t t l e  g r a f t  versus hos t  a c t iv i t y  in  these s t r a i n  com­

b ina t io ns .  I f  the r e c ip ie n t s  were in je c te d  with STH, thymo­

cytes behaved as immunocompetent c e l l s  and induced a g r a f t  

versus host  r e a c t io n .  Since these  r e s u l t s  could be repeated 

i n  thymectomlzed r e c i p i e n t s ,  the ac t ion  of STH on donor thymo­

cytes i s  probably not aided or mediated through the host  

thymus.

In summary, much experimental evidence in d ic a te s  t h a t
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developmental hormones, thyroxine and STH, have an inf luence  

on the development and func t ion  of  the immune system. Their 

r o le  has been s tud ied  using many b io lo g ic a l  measurements and 

t e s t  systems. Because of the varying s e n s i t i v i t i e s  of these 

de terminations,  the r o l e  of developmental hormones in  sup­

p o r t  of immune fu n c t io n  cannot be determined as absolute  or 

q u a n t i t a t iv e .  Further  problems a r i s e  when one t rys  to a s ­

s ign  the c o n tr ib u t ion  of  thyroxine or STH to each of the ob­

se rva t ions  made.

D i f f i c u l ty  i s  a lso  encountered when one t ry s  to de­

termine the popula t ion  of c e l l s  (thymus dependent or inde­

pendent) or the s i t e  of ac t ion  (cen t ra l  or pe r ip he ra l  lymph­

oid t i s su e )  on which the  hormones a c t  d i r e c t l y .  Because of 

these i n t e r p r e t i v e  problems a study system in  which the 

normal d i f f e r e n t i a t i o n ,  p r o l i f e r a t i o n  and func t ion  of d i f f e r ­

ent  c e l l  populations i s  well ch a rac te r ize d  would be use fu l .  

The use of the chicken as an experimental animal provides 

such a model.

E ffec ts  of Hormones on the Lymphoid 
System of the Chicken

The development and fu n c t io n  of the avian c e n t r a l  

lymphoid organs, bursa of Fabr ic ius  and thymus, are charac­

t e r i z e d  in  reviews by Cooper e t  a l .  (27), Warner (158), and 

Jankovic (79)* This d i scu ss ion  w i l l  concentra te  on d e sc r ip ­

t io n  of events in  development of these  systems which might 

be suscep t ib le  to endocrine r e g u la t io n  of immunological
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func t ion .  Of prime importance in  d iscussion  of c e n t r a l  

lymphoid organs i s  the concept of v e r t i c a l  and h o r izo n ta l  d i ­

v i s io n  of the lymphoid system (27). D e f in i t io n  of the thymus 

and bursa as c e n t r a l  lymphoid t i s s u e  as con tra s ted  to the 

pe r ip h e ra l  lymphoid t i s s u e ,  sp leen  and lymph nodes, i s  the 

concept of v e r t i c a l  d iv is io n  (68). Horizontal  d iv is io n  i s  

defined as a compartmentalization of two d i s t i n c t  lymphoid 

systems (27).  The func t ions  of the thymus-dependent lymphoid 

system are  homograft r e j e c t i o n ,  g r a f t  versus h o s t  r e a c t i v i t y ,  

delayed h y p e r s e n s i t i v i t y ,  and contac t  s e n s i t i v i t y  (28, 29) .  

Germinal c e n te r s ,  plasma c e l l s ,  immunoglobulin production,  

and s p e c i f i c  antibody formation are  dependent on the bursa  of 

Fabr ic ius  i n  chickens (28 , 29) and on a bursa equ iva len t  i n  

mammals (27).  Removal of the thymus or bursa immediately 

a f t e r  hatching or a f t e r  d e s t ru c t io n  of p e r ip h e ra l  lymphoid 

elements by various  means, r e s u l t s  in  de f ic iency  of the popu­

l a t i o n  of c e l l s  dependent on th a t  p a r t i c u l a r  c e n t r a l  lymphoid 

organ (28, 29 ).

The fu n c t io n  of the thymus and bursa as c e n t r a l  

lymphoid organs may be accomplished through s im i la r  mechan­

isms. The thymus may in f lu en ce  c e l l s  derived i n t e r n a l l y ,  or 

from other  areas  of the body (5). Cells  which have received 

such in f lu e n c e ( s )  seed to  p e r ip h e ra l  lymphoid t i s s u e .  Cen­

t r a l  lymphoid organs may a lso  support  d i f f e r e n t i a t i o n  of the 

c e l l s  in  the p e r ip h e ra l  t i s s u e  through humoral f a c t o r ( s )

(12+, 163).
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The lymphoid c e l l s  of the  bursa are derived from 

blood borne p rogen i to r  c e l l s  of mesenchymal o r ig in  (105,

106). These c e l l s ,  a f t e r  bursa l  in f luence ,  migrate to the 

p e r ip h e ra l  t i s s u e s  (167). Evidence a lso  e x i s t s  fo r  a bursal  

humoral f a c t o r  which may in f luence  d i f f e r e n t i a t i o n  of bursa- 

dependent c e l l s  i n  the p e r ip h e ra l  t i s s u e  (82, 8] ,  135).

The mechanisms through which the thymus and bursa 

accomplish t h e i r  funct ions  as c e n t r a l  lymphoid organs p ro ­

v ide  many s tages  in  development which could be influenced or 

a l t e r e d  by a n ta g o n is t i c  or p o t e n t i a t in g  in f lu en ces .  The e f ­

f e c t s  of various hormones, s t e r o id s  as well  as developmental 

hormones, on lymphoid t i s s u e s  of the chicken have been 

s tud ied  in  much the same way as i n  mammals, although not  as 

e x ten s iv e ly .

The bursa  and thymus of chickens are sub jec t  to age 

and acute in vo lu t io n  in  much the  same way as are  lymphoid 

organs of mammals. The bursa and thymus undergo invo lu t ion  

about the time of sexual m a tu r i ty  in  b i rds  (132). The thymus 

remains as a small a t roph ic  organ, with very l i t t l e  cortex ,  

while the bursa  undergoes a more complete invo lu t ion  (77)* 

Glick found the normal growth of the bursa  to  be r e l a t e d  to 

the growth of the t e s t e s  (61). He suggested th a t  t e s t i c u l a r  

and adrenal  hormones are  f a c t o r s  in  r eg re ss io n  of the bursa . 

The r a t e  of inv o lu t io n  of the bursa  can be increased  with i n ­

j e c t i o n s  of t e s to s te ro n e  propionate  (88). Reduction of bursa 

and thymus weights in  response to sex hormones was also r e ­

por ted  by Selye (1^0) and Glick (62).
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In add i t ion  to the in f lu en ce  of sex hormones on 

lymphoid t i s su e  in  the chicken,  adrenal  s te ro id s  a f f e c t  

lymphoid t i s s u e .  In jec t ions  of co r t i sone  a ce ta te  (62, 6^) 

and co r t i sone ,  hydrocort isone and co r t icos te rone  in to  chick­

ens caused bursa involu t ion  (17O). The e f f e c t  of these 

s t e r o id s  i s  dose dependent (1^0, 17O). Adrenocort icotropic  

hormone ac ts  through the adrenal  gland in  reducing the s ize  

of the bursa  (78, 1^7)*

The ro le  of thyroxine and somatotropic hormone in  

r e g u la t in g  lymphoid t i s su e  has no t  been as well  documented 

as the e f f e c t s  of the previous ly  discussed agents.  Bovine 

somatotropic  hormone has been repor ted  to have no in f luence  

on body weight of chickens (93)* Glick (63 ), however, r e ­

ported t h a t  bovine growth hormone has a s t im u la t ing  in f luence  

on bursa weight and prevents in v o lu t io n  of the bursa in  r e ­

sponse to cor t i sone  i n j e c t i o n s .  Antagonis tic  e f f e c t s  of 

co r t i so ne  and growth hormone have also been repor ted  i n  the 

developing chick embryo (1^9).

Thyroxine in je c t io n s  did not  cause hyperp las ia  of the 

thymus, although aminothiazol-induced hypothyroidism caused 

atrophy of the thymus (78). Garren and Schaffner (60) r e ­

ported t h a t  t h io u ra c i l  t rea tm ent  induced hypothyroidism and 

atrophy of the spleen and bursa .  Thyroxine and growth ho r ­

mone, alone or in  combination, increased  bursa weight in 

hypophysectomized birds (12). In je c t io n s  of thyroxine have 

a lso  been used to a l t e r  the amount of c o r t i c a l  a rea  i n  the 

thymus of chickens (157)*
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Sex s te ro id - induced  a r r e s t  of bursa development in  

embryos has been one of the most u se fu l  procedures in  im­

munobiology. In j e c t io n  of androgens in to  the chick embryo 

before  lymphocytogenesis begins prevents  any lymphoid de­

velopment in  the bursa (100). I f  the hormone i s  in je c te d  on 

the 5th or 6th  day o f  incubat ion ,  the e n t i r e  bursal  s t r u c tu r e  

f a i l s  to develop, and i f  the hormone i s  in je c te d  on the 11 th 

to 13th embryonic day, lymphoid development in  the e p i t h e l i a l  

bursa i s  prevented ( 159)-

This procedure,  c a l le d  hormonal bursectomy, prevents 

the bursa  from carrying out i t s  func t ion ,  and thus r e s u l t s  

in  def ic iency  of bursa-dependent c e l l s  and funct ion .  Most 

hormonally bursectomized b i rd s  have normal thymus development. 

In some b i rd s ,  however, atrophy of  the thymic cortex and im­

p a ired  development of  the thymus-dependent system occurs 

(160).  Hormonal bursectomy occurs a t  the c e n t r a l  lymphoid 

t i s s u e  l e v e l  and r e s u l t s  i n  lack  of development of bursa -de­

pendent p e r ip h e ra l  t i s s u e .  This destruction  of the bursa , 

i f  complete, r e s u l t s  in  permanent impairment of antibody and 

immunoglobulin syn thesis  ( I 6I ) .

; Hormonal bursectomy before  hatching is  d i s t i n c t l y  

d i f f e r e n t  from invo lu t io n  of the bursa , thymus, and p e r ip he ra l  

t i s s u e  a f t e r  ha tch ing .  Glick (65, 66) found th a t  i n j e c t i o n  

of co r t i sone  a ce ta te  or t e s to s te ro n e  propionate in to  chicks 

fo r  the f i r s t  four days a f t e r  hatching produced bursa r e ­

g ress ion .  Thymus reg re ss io n  occurred with  cor t isone  a ce ta te
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but not  t e s to s te ro n e  propionate .  Regeneration of  the thymus, 

tiursa, and pe r iph e ra l  t i s s u e  was complete two weeks a f t e r  

slopping cort isone  a ce ta te  treatment  and 3 to 5 weeks a f t e r  

te s to s te ro n e  propionate  t rea tment.  Thus, in vo lu t ion  by sex 

s t e ro id s  can be divided in to :  1) c e n t r a l  t i s su e  d e s t ru c t io n

which prevents  development i f  accomplished e a r ly  enough i n  

embryonic l i f e ,  and 2) c en t ra l  and pe r ip h e ra l  t i s s u e  in v o lu ­

t io n  which may regenera te .

Even though the study of the in f luence  of hormones on 

lymphoid t i s su e  has not  been as ex tensive  in chickens as in 

mammals, the chicken provides an id ea l  experimental animal 

because of i t s  c le a r  v e r t i c a l  and ho r izo n ta l  d iv i s io n  of the 

immune system. The ontogeny of these systems can now be 

studied with r e s p e c t  to the in f luence  of the developmental 

hormones, thyroxine and somatotropic hormone.

The purpose of th i s  i n v e s t i g a t i o n  was to study the 

i n t e r r e l a t i o n s h i p s  of the developmental hormones, thyroxine 

and somatotropic hormone, with the lymphoid t i s s u e s  of the 

chicken. These i n t e r r e l a t i o n s h i p s  were in v e s t ig a te d  with  

re fe rence  to the ontogeny of the immune response and support  

on immune func t ion  in  young and a d u l t  animals. More spe­

c i f i c a l l y ,  l e v e l s  of endocrine sec re t io n s  were a l t e r e d  by 

i n j e c t i o n  of s p e c i f i c  hormones or an t ibodies  a g a in s t  endo­

c r ine  gland t i s s u e ,  su rg ic a l  e x t i r p a t i o n  of an endocrine 

gland, or  pharmacologic i n h i b i t i o n  of an endocrine gland.

The d i r e c t  or i n d i r e c t  e f f e c t s  of these procedures on
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development or maintenance of sp e c i f ic  components of immuno­

lo g ic a l  competence were evaluated.  Findings from these ex­

periments were compared with f ind ings  of o ther  in v e stig a to rs .



CHAPTER I I  

MATERIALS AND METHODS

Experimental Animals 

Chickens

F e r t i l e  White Leghorn eggs were obtained from Hyline 

Poul t ry  Farms, Johnston,  Iowa, and from Capitol  H i l l  Hatchery, 

Oklalioma C i ty ,  Oklahoma. Choice of sources was d ic ta t e d  by 

budgetary c o n s id e ra t io n s .  The more des i rab le  eggs (those 

from Hyline Poul t ry  Farms) a re  designated as Line 96. Line 

96 i s  an F-j or hybrid  l i n e  prepared  by crossing two r e l a ­

t iv e l y  inbred l i n e s .  Each of the p a ren ta l  l i n e s  has the 

major h i s to c o m p a ta b i l i ty  genotype, While other h i s t o -

com patab i l i ty  l o c i  are  no t  wel l  defined in  t h i s  l in e ,  there  

i s  minimal h i s to in c o m p a ta b i l i ty  among ind iv idua ls  w i th in  the  

l i n e  (22, 23) . Eggs from Capito l  H i l l  Hatchery were no t  wel l  

defined  fo r  re sea rch  purposes.  I t  was assumed th a t  these  

eggs were heterozygous f o r  h i s tocom p a tab i l i ty  lo c i  sin ce no 

s e l e c t i o n  or monitoring of t r a n s p la n ta t io n  c h a r a c t e r i s t i c s  

had been used .

All  eggs were incuba ted  a t  39 C in  a rotary incubator 

(Humidaire Incubator Co .) .  Chicks were fed Purina S ta r tena

31
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chick feed u n t i l  4- weeks of age and were then fed Purina 

Growena M  l i b i t u m . Birds were housed i n  a brooder u n t i l  5 

weeks of age and then caged in  r a b b i t  cages.

Rabbits

New Zealand White, male r ab b i t s  were obtained from a 

lo ca l  source and were r a i s e d  in  ind iv idua l  cages u n t i l  10 

weeks of age. They were fed Purina Rabbit Chow and water  ad 

l ib i tu m .

In jec tab les

Testosterone

Three p rep a ra t io n s  of t e s to s te ro n e  were used.  T-wo- 

tenths m i l l i l i t e r  aqueous te s to s te ro n e ,  10 mg/ml (Towne, 

Paulsen and Co., I n c . )  was in je c te d  in to  the a l l a n t o i c  cav i ty  

of eggs on the 1 3 th  day of incubation .  Testos terone  p ro ­

pionate ,  100 mg/ml (Wollins Pharmacal Corp.) was d i lu te d  to 

2 5  mg/ml i n  sesame o i l  (Fisher  S c i e n t i f i c  Co.) and 0.1 ml was 

in je c te d  in to  the a l l a n t o i c  cav i ty  of embryonated eggs on the 

12th day of incu ba t io n .  Testosterone prop ionate  (Calbiochem) 

was suspended i n  sesame o i l  (25 mg/ml) and 0.1 ml was i n ­

jec ted  in to  the a l l a n t o i c  cavity  of embryonated eggs on the 

1 2 th day of incuba t ion .

Thyroxine

L-thyroxine (sodium) pentahydrate  (N u t r i t io n a l  Bio­

chemical Corporation) was disso lved  in  pH 11 i so to n ic  s a l in e  

and in je c te d  i n  0 . 1  ml volume in to  the a l l a n t o i c  cav i ty  of
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chick feed u n t i l  4- weeks of age and were then fed Purina 

Growena ^  l i b i t u m . Birds were housed in  a brooder u n t i l  5 

weeks of age and then caged i n  ra b b i t  cages.

Rabbits

New Zealand White, male ra b b i t s  were obtained from a 

loca l  source and were r a i s e d  i n  ind iv idua l  cages u n t i l  10 

weeks of age. They were fed Purina Rabbit Chow and water ad 

l i b i t u m .

In je c ta b le s

Testosterone

Three p repa ra t io n s  of te s to s te ro n e  were used. Two- 

tenths ml aqueous t e s to s te r o n e ,  10 mg/ml (Towne, Paulsen and 

Co., I n c . ) ,  was i n j e c t e d  in to  the a l l a n to i c  cavi ty  of eggs 

on the 1 3 th  day of incubat ion .  Testosterone propionate,

100 mg/ml (Wollins Pharmacal Corp.) ,  was d i lu ted  to  25 mg/ml 

in  sesame o i l  (Fisher  S c i e n t i f i c  Co.) and 0.1 ml was i n ­

jec ted  in to  the a l l a n t o i c  cav i ty  of embryonated eggs on the 

12th day of incuba t ion .  Testosterone propionate  (Calbiochem) 

was suspended in  sesame o i l  ( 2 5  mg/ml) and 0.1 ml was i n ­

jec ted  in to  the a l l a n t o i c  cav ity  of embryonated eggs on the 

12th day of incubat ion .

Thyroxine

Varying amounts of L-thyroxine (sodium) pentahydrate  

(N u t r i t io n a l  Biochemical Corporation) were dissolved i n  pH 11 

i so to n ic  s a l in e  and in j e c t e d  i n  0.1 ml volume in to  the
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a l l a n to i c  cavi ty  of embryos or in t ram uscu la r ly  in to  birds  

a f t e r  ha tching .

T hiourac i l

One-tenth ml of 2 - t h i o u r a c i l  (^-oxy-2-thiopyrimidine) 

B grade (Calbiochem) suspended in  sesame o i l  in  concentra­

t ions of 1 mg/ml to 4-0 mg/ml was i n je c te d  in to  the a l l a n t o i c  

cavi ty  of 5- or 12-day-old embryos. Amounts of 1 mg/day to 

10 mg/day were i n j e c t e d  in t ram uscu la r ly  i n to  5-week-old 

b i rds .  Thiouraci l  was a lso  mixed 0 .1^  (w/w) in  the feed and 

fed ad l ib i tum  from the time of ha tching .

Somatotropic Hormone 

Raben-type bovine somatotropic hormone (N u tr i t iona l  

Biochemicals Corporation) was suspended in  i so to n ic  sa l in e ,  

pH 11, and in je c t e d  in  1 to 4 mg amounts in t ram uscu la r ly  in to  

chicks ranging i n  age from 1 day to 5 weeks. The hormone was 

not  completely d isso lved  a t  t h i s  pH, however d a i ly  in je c t i o n s  

of more a lk a l in e  so lu t ions  caused nec ros is  of muscle t i s s u e .

P repara t ion  of Antigens 

Sheep Erythrocytes  

Sheep e ry th rocy tes  suspended in  A lsev e r ' s  so lu t ion  

(Colorado Serum Co. Labora tor ies)  were washed three  times in  

i so to n ic  sa l ine  by c e n t r i f u g a t io n  of 3000 rpm (1000 X G) in  

a model HN-S I n t e rn a t io n a l  c e n t r i fu g e  equipped with a number 

215 h o r izon ta l  head ( I n te r n a t io n a l  Equipment Co.) .  Cells 

were resuspended to 10^ (v/v) i n  i so to n ic  s a l in e .  All b i rds
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were in je c te d  in t ram u scu la r ly  with  a 0*5 ml 10^ sheep ery­

throcyte  suspension un less  otherwise  s t a te d .

Salmonella "0" Antigen 

Salmonella "0" an t igen  was prepared according co the 

procedure ou t l ined  by Campbell e t  a l  • (2^). The f i n a l  sus­

pension of organisms was ad ju s te d  to conta in  ^ X 10^^ 

c e l l s / m l .

I n j e c t i o n  and Bleeding of Animals 

Embryonated eggs were i n j e c t e d  in to  the a l l a n t o i c  

cav i ty  with a 26 gauge need le .  After  hatching,  b i rds  were 

in je c te d  subcutaneously or in t ram uscu la r ly  in  the l e g ,  using 

a 26 gauge need le .  Chicks l e s s  than one week of age were 

bled by cardiac  puncture .  Older b i rds  were bled from the 

wing ve in  with a 23 or 26 gauge need le .  All blood was c o l ­

le c te d  through needles  r in s e d  p rev ious ly  i n  sodium heparin ,  

1000 un i ts /m l  (Organon I n c . ) .  The plasma was separa ted  by 

c e n t r i fu g a t io n  and s to red  a t  -20 C. On thawing, the f i b r i n  

c lo t  was removed and the remaining serum was used.

Rabbits were i n j e c t e d  i n t r a c u ta n e o u s ly , subcutane­

ously,  and in tram uscu la r ly  with  a 22 gauge needle. They were 

bled through the c e n t r a l  ear  a r t e r y  with a 20 gauge needle. 

The blood was allowed to c l o t  a t  room temperature and the 

serum was separa ted  and s to re d  a t  -20 C.



35

Prepara t ion  of A n t i se ra  

Anti-Somatotropic Hormone 

Two r a b b i t s  were each in j e c t e d  in t racu taneous ly  with 

10 mg bovine somatotropic hormone (STH) d i s t r i b u t e d  i n  1 5 to 

10 s i t e s .  Each animal received a mixture made with 3 STH 

1n d i s t i l l e d  water ,  pH 11, emuls i f ied  w i th  3 ml complete 

Freund's  adjuvant (Difco L abora to r ies ) .  The same amount of 

an t igen  was given one week l a t e r  in  incomplete Freund's ad­

juvant .  The t h i r d  and fo u r th  weeks, each r a b b i t  received an 

in tramuscular  i n j e c t i o n  of  1 mg STH in  a lk a l i n e  (pH 11) i s o ­

tonic s a l in e .  Each r a b b i t  was bled weekly from the ^ th  to 

the 8th week a f t e r  the f i r s t  an t igen  i n j e c t i o n .

Anti-Chicken P i t u i t a r y  E x trac t  

E igh ty - f ive  p i t u i t a r y  glands were co l lec ted  by the 

method of Garren (59) from b irds  ranging i n  age from 3 to 6 

weeks. They were pooled and f rozen  a t  -20 C in  6 ml i so ton ic  

s a l in e .  The p i t u i t a r i e s  were then homogenized in  a glass  

t i s su e  homogenizer, and the p rep a ra t io n  was centr ifuged a t  

2000 rpm (^50 X G) fo r  5 minutes. The superna tan t  phase was 

divided i n t o  two f r a c t i o n s  a f t e r  a second centrifugation  

(2000 rpm fo r  5 minutes) and these f r a c t i o n s  were labe l led  

stock and sediment. The stock (superna tan t )  so lu t ion  con­

ta ined  1^.5 mg pro te in /m l  as determined by a 260-280 

nanometer reading on a Gilford 2^00 spectrophotometer (85)- 

One and th ree  ten th s  m i l l i l i t e r s  of s tock so lu t io n  were mixed 

with the sediment from the second c e n t r i f u g a t io n  and
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emuls i f ied  in  an equal volume of complete Freund's  adjuvant 

and in j e c t e d  in t raderm al ly  i n to  15 s i t e s  in  each of two, 

three  kilogram r a b b i t s .  A second i n j e c t i o n  of l8 mg p ro te in  

was given subcutaneously to each r a b b i t  20 days l a t e r .  Both 

r a b b i t s  were bled by h e a r t  puncture 15 days a f t e r  the second 

i n j e c t i o n  of antigen.  All  se ra  were pooled and gamma g lobu l in  

was p r e c ip i t a t e d  by the sodium s u l f a t e  method described by 

Deutsch (32). The f i n a l  g lo b u l in  p repa ra t ion  obtained from 

the immune se ra  contained ^0 mg p ro te in /m l .  The f i n a l  g lob­

u l i n  p rep a ra t io n  obtained from non-immune pre-b leeding  se ra  

of these same r a b b i t s  conta ined 26 mg p ro te in /m l .

Assays of the  Immune Response 

Humoral Immunity 

D irec t  hem agglu t ina t ion . S e r i a l ,  two-fold d i lu t io n s  

of se ra  were made in  m i c r o t i t e r  "U" p la t e s  (Linbro Chemical 

Co.) us ing  sodium phosphate bu f fe r ,  pH 7.0 (165) containing 

5^ human serum which had been hea t  in a c t iv a te d  a t  56 C fo r  

30 minutes.  Serum and d i lu e n t  volumes were 0.025 ml/wel l .  

Sheep ery throcytes  were washed three  times in  phys io log ica l  

s a l in e  as described p rev io u s ly ,  resuspended to 0.5^ in  micro­

t i t e r  b u f fe r ,  and 0.025 ml were added to each w e l l .  P la tes  

were allowed to incubate  a t  room temperature and the r e a c ­

t ions  were read a f t e r  2 hours .  Serum samples were t i t r a t e d  

in  du p l ica te  and the t i t e r s  were recorded as the average of 

the two determinations i f  the  t i t e r s  did not d i f f e r  by more 

than two w el ls .  When l a r g e r  d iscrepancies  were observed.
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samples were r e t i t r a t e d .  The t i t e r  of a serum sample was 

designated as the log2 u n i t  of the h igh es t  d i lu t io n  of  serum 

th a t  would agg lu t in a te  the sheep e ry th ro cy te s .  For compari­

son, a row of wells  containing only c e l l s  and buffer was i n ­

cluded on each p l a t e .

I n d i r e c t  hemagglut ina t ion . After  d i r e c t  hemaggluti­

n a t io n  t i t e r s  were recorded, sheep e ry th rocy tes  were re su s ­

pended by gen tle  v ib ra t io n  on a Genie vortex mixer (Scien­

t i f i c  I n d u s t r i e s  I n c . ) .  To each well  was added 0.025 ml of 

a 1:20 d i l u t i o n  of r a b b i t  antiserum to  chicken gamma globu­

l i n s  according to  the method of Cain e t  a l .  (21). The p la tes  

wore again incubated a t  room temperature  fo r  2 hours and the 

i n d i r e c t  t i t e r  was recorded. The antiserum aga ins t  chicken 

gamma globulins  was prepared according to the methods of 

Benedict  (1 5).

B a c te r ia l  a g g lu t i n a t io n . B a c te r i a l  agg lu t in a t io n  was 

performed using the methods descr ibed  fo r  d i r e c t  hemagglu­

t i n a t i o n  except t h a t  a 1:60 d i l u t i o n  of the s tock Salmonella 

"0" ant igen  was used as the an t igen .  This contained 3-6 X 10® 

organisms per m i l l i l i t e r  of s a l i n e .  B a c te r ia l  agg lu t ina t ion  

was performed in  sa l in e  r a t h e r  than i n  micro ti  t e r  buffer .

Passive cutaneous a nap h y lax is . Passive cutaneous 

anaphylaxis (PCA) was performed by m odif ica t ion  of techniques 

presen ted  by Campbell e t  a l .  (26). Two-fold d i lu t i o n s  of 

an t i - som ato t rop ic  hormone se ra  were made in  sa l in e  and
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In je c te d  In t rade rm a lly  in to  individual  s i t e s  on the shaved 

back of a guinea p ig .  Three hours l a t e r ,  k  mg STH, d isso lved  

in  0 .5  ml of a lk a l in e  sa l in e  and mixed with 0 .5  ml of 0.5% 

Evans blue dye (Warner-Lambert Co.) were in je c te d  i n to  the 

guinea pig v ia  h e a r t  puncture .  After  one hour, the r e a c ­

t ions  a t  each sk in  t e s t  s i t e  were recorded as 0, +, ++, or 

+++ according to the diameter of the r e a c t io n .  The PCA 

t i t e r  of the serum was recorded as the h ig h e s t  d i l u t i o n  of 

serum th a t  showed a + (0.3 - O.7 cm) r e a c t io n .

PCA i n h i b i t i o n  was performed by incubating a serum 

sample having a PCA t i t e r  of 320 with s a l in e ,  STE ( in  a lk a ­

l i n e  s a l i n e ) ,  a lk a l in e  s a l i n e ,  youuig chicken (3 weeks old) 

serum, a d u l t  chicken (6 months old) serum, chicken p i t u i t a r y  

e x t r a c t ,  or mouse serum before  PCA t i t r a t i o n  as p rev ious ly  

descr ibed .  One-tenth ml of antiserum was added to 0 .9  ml of 

each of the above m a te r i a l s .  After incuba t ion  a t  room tem­

p e ra tu re  fo r  one hour ,  and then a t  A C fo r  20 hours,  the 

mixtures were cen t r i fu g ed  a t  10,000 rpm in  a Sorvall  RC2-B 

c e n t r i fu g e  (Ivan Sorva l l  In c . )  equipped with a type SS 3^ 

head. The superna tan t  f l u i d  was then removed and each 

sample was d i lu t e d  in  sa l in e  and in je c t e d  i n to  sk in  t e s t  

s i t e s .  The PCA t i t r a t i o n  was performed as described p r e v i ­

ously.

Double d i f f u s i o n  u r e c i n i t a t i o n . Double d i f f u s io n  was 

performed according to  the methods of Campbell e t  a l .  (25). 

Two and f i v e - t e n t h s  ml of 1.5^ (w/v) Noble spec ia l  agar  in
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sodium phosphate bu ffe r ,  pH 7.0 (165), was poured onto micro­

scope s l id e s  and allowed to harden.  A p a t t e r n  conta in ing one 

c e n t r a l  and 6 p e r ip h e ra l  wel ls  was used. Serum or antigen  

d i lu t io n s  were placed i n  the p e r ip h e ra l  w e l ls  with the  cor ­

responding ant igen  or antibody in  the  c e n t r a l  wel l .  Pre­

c i p i t i n  l in e s  were observed a f t e r  2k  to  A8 hours incubation 

a t  room temperature in  a mois t  chamber.

C e l lu la r  Immunity 

Skin g r a f t i n g . Skin g ra f t in g  was accomplished by 

modif ica t ion  of the techniques used by Polley e t  a l .  (127). 

Six-week-old b irds  were an es th e t iz ed  with 0 .3  ml D ibu to l ,

60 mg/ml (Sodium P en tab a rb i to l ,  Diamond L ab o ra to r ie s ) ,  i n ­

je c te d  in t ram uscu la r ly .  Feathers  were removed from t h e i r  

backs and the skin was cleaned with  70fo e th an o l .  The skin 

was then coated w i th  f l e x i b l e  co l lod ion  (Fisher  S c ie n t i f i c  

Co.) and overlayed with two th icknesses  of co t ton  gauze.

The gauze was sa tu ra ted  with more co l lod ion  and allowed to 

dry. One cent imeter  squares were marked on the gauze. The 

squares were removed by c u t t in g  through the gauze and the 

f i r s t  layer of sk in .  Autograf ts  were turned l80 degrees and 

replaced .  A l lo g ra f t s  were u su a l ly  taken from a s ing le  donor. 

The a l l o g r a f t s  were from a b i rd  of s im i la r  B h is tocom pat i ­

b i l i t y  genotype, in  l i n e ,  or were from an out  of l in e  donor. 

The g r a f t  adhered to the g r a f t  bed wdthout su tu res  and i t  

was covered with a p l a s t i c  bandage (Curad, Kendall Co.).

The e n t i r e  back was then covered with gauze and secured with



40

adhevise tape .  Bandages and the co l lod ion  gauze were removed 

a f t e r  6 or 8 days. Graf ts  were observed d a i ly  fo r  signs of 

r e j e c t i o n  and a g r a f t  was determined r e j e c t e d  when i t  was a 

brownish black color and shrunken, according to the c r i t e r i a  

of Polley e t  a l .  (127). This type of g r a f t  i s  soon sloughed 

completely. Most a l l o g r a f t s  were near  t h i s  r e j e c t i o n  stage 

a t  the time of  removal of the bandages.

H is to lo g ic a l  Studies 

Organs were f ixed  in  10^ (v/v) n e u t r a l  buffered 

formalin  and processed in  an automatic  t i s s u e  processor  

(Auto-Technicon). Sections were cut  from p a r a f f i n  blocks a t  

a thickness of 7 microns and were s ta in e d  with  hematoxylin 

and eosin.

Hematological Studies 

Total pe r ip h e ra l  blood leucocyte  l e v e l s  were de­

termined using the methods of Natt  and Herrick (108). Leuco­

cytes were c lassed  as h e t e r o p h i l s ,  e o s in op h i l s ,  basophils ,  

and lymphocytes according to d e sc r ip t io n s  p resen ted  by 

S turk ie  (15D-

U l t r a c e n t r i f u g a t io n  

F ra c t io n a t io n  of serum was c a r r i e d  out according to 

methods of Trautman and Cowan (155)* Ind iv idua l  serum 

samples were f r a c t io n a te d  on continuous l i n e a r  10^ to 40^ 

(weight/volume) sucrose d e n s i ty  g rad ien ts  by c e n t r i fu g a t io n  

a t  100,000 X G (35)000 rpm) f o r  18 hours a t  10 0 in  a
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Beckman model L2-65B u l t r a c e n t r i f u g e  with an SW 39^ r o t o r .  

Serum (0.2 ml) was d i lu te d  with an equal volume of 10^ su­

crose and layered  over the g rad ien t .  After  c e n t r i fu g a t io n ,  

f r a c t io n s  were c o l le c te d  by puncturing the bottom of the 

cen t r i fuge  tube and allowing the contents  to  d r ip  out . Each 

f r a c t i o n  conta ined seven drops co l lec ted  s e r i a l l y .  P ro te in  

concen tra t ion  p r o f i l e s  were recorded using a 280 mil l imicron 

Uvicord absorbancy p l o t t e r  (LKB Instruments In c . )  and a 

Sargent recorder ,  model SRG (E. H. Sargent and Co.).

S t a t i s t i c a l  Analyses 

S t a t i s t i c a l  analyses were made using a o n e - t a i l e d  

Student T t e s t  according to Li (92). D ifferences  between 

means were considered to be s ig n i f i c a n t  i f  p <  O.05.

Experimental Design

E ffec t  of Thyroxine on Testosterone 
Treated Embryos

The e f f e c t  of thyroxine on embryos i n je c t e d  p r e v i ­

ously with t e s to s te ro n e  was s tud ied .  Two-tenths ml of a 

10 mg/ml so lu t io n  of aqueous t e s to s te ro n e  (Towne, Paulsen and 

Co., In c . )  was i n je c t e d  in to  the a l l a n to i c  cav i ty  of eggs on 

the 13th  day of incuba t ion .  A second group of embryos r e ­

ceived t e s to s te ro n e  on the 13th embryonic day followed by two 

micrograms thyroxine in  0.1 ml a lka l ine  sa l in e  on the 15th 

embryonic day. Control groups included embryos in je c te d  with 

thyroxine on the 15th  embryonic day or 0.1 ml i s o to n ic  s a ­

l i n e ,  pH 11, on both the 13th and l5 th  embryonic days.
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H is to lo g ic a l  examination was performed on the bursa 

of two embryos from each experimental  group on the l8 th  em­

bryonic day. The remaining animals were allowed to hatch
Q

and were in je c te d  with 1 X 10 sheep ery throcytes  in  an equal 

volume of complete Freund 's  adjuvant when they were f ive  

weeks of age. D irec t  hemagglutination t i t e r s  were d e te r ­

mined on se ra  taken 6 and 12 days a f t e r  an t igen  i n j e c t i o n .

A second in j e c t i o n  of the same amount of an t igen  without ad­

juvant  was given on day 12, and antibody t i t e r s  were de­

termined on sera taken 3? 6, and 2k  days l a t e r .

This experiment was repeated  with a few modifica­

t io n s .  In  the second experiment, 2 .5  mg te s to s te ron e  

propionate  i n  0.1 ml sesame o i l  (Wollins Pharmacal Corp.) 

was in je c te d  in to  the a l l a n t o i c  cav i ty  of eggs on the 12th 

day of incubation .  On the l4 th  and l6 th  embryonic days,

0 .5  ug thyroxine in  0.1 ml a lk a l in e  sa l ine  was in je c te d  in to  

p rev ious ly  u n t rea te d  eggs and i n to  h a l f  of the t e s to s te ro n e -  

t r e a te d  eggs. A fo u r th  group was in je c te d  with sesame o i l  

on the 12th embryonic day. H is to lo g ica l  examination was p e r ­

formed on bursas taken from each group on the l8 th  embryonic 

day. All remaining animals were allowed to hatch and were 

in je c te d  with sheep e ry th rocy tes  a t  5 weeks of age. A second 

i n j e c t i o n  of an t igen  was given 9 days l a t e r .  All  animals 

were bled fo r  d i r e c t  hemagglutinin t i t e r  determinations on 

day 5) 7, 12, 15, and 2^ a f t e r  the f i r s t  i n j e c t i o n  of antigen.

Addit ional  experiments were performed by varying the
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dosages and embryonic day of i n j e c t i o n  of thyroxine a f t e r  

t e s to s te ro n e  treatment  of the embryos on day 12. Antibody 

response was again determined by an t igen  in j e c t i o n  when the 

b i r d s  were f iv e  weeks of age.

A s im ila r  experimental design was used with another 

group of t e s to s t e r o n e - t r e a t e d  embryos to t e s t  the e f f e c t  of 

somatotropic  hormone. Eggs were i n je c t e d  with 3*7 mg aqueous 

t e s to s te ro n e  on the 11th embryonic day. The eggs were a l ­

lowed to hatch and h a l f  of the b irds  were in je c te d  with  1 mg 

STH d a i ly ,  throughout the experiment. These b i rd s ,  along 

with un t rea ted  normal b i r d s ,  were challenged with sheep ery­

th rocy tes  when they were ^  weeks of age. Sera were taken 

f o r  antibody de te rmina t ion  on days 5? 7, and 12 a f t e r  an t igen  

i n j e c t i o n .

E ffec t  of Thyroxine and Somatotropic 
Hormone on the Immune Response

Hormone l e v e l s  inc reased  by in je c t io n s  of STH and 

th y ro x in e . The e f f e c t s  of inc reas ing  the  lev e ls  of somato­

t r o p i c  hormone and thyroxine i n  normal chickens were s tud ied .  

Six-week-old, a d u l t  b i rds  were divided in to  four groups and 

t r e a te d  in  the following manner: 1) da i ly  in je c t io n s  of

thyroxine and STH throughout  the experiment, 2) d a i ly  i n j e c ­

t io n s  of thyroxine and STH fo r  the f i r s t  16 days only, 3) 

d a i ly  in je c t io n s  of thyroxine throughout the experiment, and 

'+) un t rea ted  con tro l  animals.  Eighteen micrograms of thy­

rox ine  in  0.1 ml a lk a l in e  s a l in e  were in je c te d ,
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increased  to 30 ug da i ly  throughout the remainder of the ex­

periment. Four mil l igrams of STH in  0.1 ml a lk a l in e  s a l in e  

were i n je c t e d ,  in t ram u scu la r ly ,  da i ly  throughout the e x p e r i ­

ment.

On the l 6 th day a f t e r  beginning hormone adm in is t ra ­

t io n ,  b i rds  were in j e c t e d  w i th  sheep e ry th rocy tes  and g ra f ted  

with skin from a s ing le  l i n e  96 b i rd .  Sera were obtained for  

antibody t i t r a t i o n  on day 5 and 7 a f t e r  i n j e c t i o n  of  an t igen .  

Skin g r a f t s  were observed f o r  24 days.

A s im i la r  experiment was performed using newly 

hatched chicks.  Newly hatched chicks were in je c te d  da i ly  

with 1 mg STH and were chal lenged with  sheep e ry th rocy tes  

when three  weeks of age. Sera were obtained f o r  antibody 

t i t r a t i o n  on day 5? 7 , and 12 a f t e r  i n j e c t i o n  of an t igen .

The antibody t i t e r s  were compared with  t i t e r s  of a group of 

u n t rea ted  con tro l  chicks.

Thyroxine l e v e l s  decreased by t h io u r a c i l  t r e a tm e n t .

In  order  to  study the e f f e c t s  of lowering the l e v e l s  of  thy­

roxine on the immune response, the e f f e c t s  of t h io u r a c i l  i n ­

j e c t i o n s  and feeding were s tu d ied .  In  the f i r s t  of these 

experiments, 0.1 ml t h i o u r a c i l  suspended in  sesame o i l  was 

i n j e c t e d  in to  the a l l a n t o i c  c av i ty  of embryonated eggs a f t e r  

12 days of incuba t ion .  One, two, or four mg doses were i n ­

jec te d  in to  eggs in  the f i r s t  th ree  groups. Three other  

groups of eggs received 2 ug thyroxine  in  addit ion  to the
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t h i o u r a c i l .  The number of l i v i n g  embryos was recorded da i ly  

a f t e r  the i n j e c t i o n s  and two embryos were s a c r i f i c e d  from 

each group on the  l 8 th  embryonic day f o r  h i s t o l o g i c a l  exam­

i n a t i o n  of the bursa  and thyro id  gland. All b i rds  were i n ­

je c te d  with sheep e ry th rocy tes  when 5 weeks of age and sera 

were obtained f o r  antibody de te rm ina t ions  5 &nd 7 days l a t e r .  

A second i n j e c t i o n  of sheep e ry th ro cy te s  was given on day 9 

and se ra  were again  obtained 3 and 6 days l a t e r .

A second experiment involving embryonic i n j e c t i o n s  

of t h i o u r a c i l  was performed. Groups of eggs were i n je c t e d  

w i th  l+, 2 , 1, 0.5;  or 0.1 mg t h i o u r a c i l  suspended i n  0.1 ml 

sesame o i l  on the  5th day of incu ba t io n .  A group of un­

t r e a t e d  embryos was a lso  inc luded  i n  the  experiment. H is to ­

l o g i c a l  examination of the bursa  and th y ro id  of two embryos 

from each group was performed. When the  b i rds  were 5 weeks 

of  age, they were i n j e c t e d  with  sheep e ry th ro cy te s  and hemag­

g l u t i n i n  t i t e r  de te rmina tions  were made on se ra  c o l l e c te d  5 

and 7 days l a t e r .  A second an t igen  i n j e c t i o n  was given on 

day 9 and antibody t i t e r s  were determined 3 and 6 days l a t e r .

The e f f e c t  of t h io u r a c i l  on the  immune response was 

a lso  s tud ied  in  newly hatched ch icks .  This experiment i n ­

volved t r e a t i n g  groups of b i rd s  from the  day of ha tching in  

the  following manner: 1) b i rd s  t r e a te d  from ha tching with 

t h i o u r a c i l ,  2 ) b i rd s  t r e a te d  with t h i o u r a c i l  fo r  20 days and 

then thyroxine f o r  the remainder of the experiment, 3 ) birds  

treated  with t h i o u r a c i l  fo r  20 days and then thyroxine and
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GTIÎ fo r  the  remainder of the experiment and, 4) un t rea ted  

c o n tro l  b i r d s .  Th iourac i l  suspended in  0.1 ml sesame o i l  was ■ 

in j e c t e d  i n  1 mg doses fo r  11 days and then in  5 mg doses fo r  

the remainder of the i n j e c t i o n  schedule in  each group. Nine 

micrograms thyroxine  suspended i n  0.1 ml a lk a l in e  sa l in e  were 

i n j e c t e d  d a i l y .  One mg STH suspended i n  0.1 ml a lk a l in e  

sa lin e  was i n j e c t e d  d a i ly .  On the 20th day a f t e r  ha tch ing ,  

b i rds  were i n j e c t e d  wûth sheep e ry th ro cy te s  and g ra f te d  with 

sk in  from a s in g le  donor. The skin donor was from a group 

of animals known to have B ant igens  fo re ig n  to the r e c i p i e n t s .  

Sera were c o l l e c t e d  f o r  antibody determinations  on day ) ,  7, 

and 12 a f t e r  i n j e c t i o n  of a n t igen .  Skin g r a f t s  were observed 

f o r  20 days.

A comparable experiment was performed with ^-week-old 

b i r d s .  The experimental  groups included:  1) t h io u r a c i l

t rea tm ent  throughout the experiment , 2) t h i o u r a c i l  t reatment  

f o r  20 days and then d a i ly  i n j e c t i o n s  of thyroxine and STH 

and 3) u n t r e a te d  con tro l  animals.  Two mg t h i o u r a c i l  suspended 

in  0.1 ml sesame o i l  were i n j e c t e d  each day fo r  11 days and 

then 10 mg/day was i n je c t e d  i n t o  each b i r d .  Eighteen ug 

thyroxine i n  0.1 ml a lk a l in e  s a l in e  were i n j e c t e d  d a i ly  f o r  

20 days and then the dosage was increased  to 30 ug/day . Four 

mg STH in  0.1 ml a lk a l in e  s a l in e  were i n j e c t e d  d a i ly .  All 

animals were chal lenged with  sheep e ry th rocy te s  and g ra f ted  

with  B mismatched sk in  20 days a f t e r  beginning experimental  

t r e a tm e n t .
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Another experiment was performed by feeding th io u r a c i l  

to  newly hatched chicks i n s t e a d  of  i n j e c t i n g  i t .  Chicks were 

fed  ad l ib i tum  with  feed conta in ing  0 . 1̂  (w/w) t h i o u r a c i l .

At 37 days of age, h a l f  o f  the  b i rds  in  the t h io u r a c i l  fed  

group and h a l f  of the b i rds  in  the  u n t rea te d  co n tro l  group 

were s a c r i f i c e d  f o r  bursa ,  sp leen ,  and body weight determi­

n a t io n s .  The remainder of  the b irds  were g r a f t e d  with sk in  

from an out  of l i n e  donor. The g r a f t s  were observed fo r  10 

days fo r  s igns of r e j e c t i o n .  These b i rd s  were s a c r i f i c e d  

fo r  bursa ,  sp leen ,  and body weight dete rmina tions  when they 

were 80 days of age.

Thyroxine l e v e l s  decreased by s u r g i c a l  thyroidectomy. 

Surgical  thyroidectomy was performed on newly hatched chicks 

a n e s th e t i z e d  with 0.03 ml D ibuto l ,  30 mg/ml (Sodium Penta­

b a r b i t o l ,  Diamond L ab o ra to r ie s ) ,  i n j e c t e d  in t ram u scu la r ly .

The thy ro id  was teased  away from the c a r o t id  a r t e r y  with 

opthalmic s c i s s o r s  and fo rce p s .  The procedure was repeated  

fo r  the thyro id  on both s ides  of the neck and the i n c i s i o n  

was c losed  with  su tu re  c l i p s .  Control animals were subjected  

to the same procedure without  removal of  the thyroid.

Body weights of a l l  b i rd s  were determined a t  i n t e r ­

v a ls  throughout the  experiment.  At 26 days of age, a l l  b i rds  

were i n j e c t e d  with  0 .5  ml 10^ sheep erythrocyte suspension.

A second i n j e c t i o n  of the  same amount of sheep erythrocytes 

was given 20 days l a t e r .  Sera f o r  hemagglut inin t i t e r s  were 

c o l l e c te d  on days 3? 6, 9,  20 , 2 3 , and 26 a f t e r  the f i r s t
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i n j e c t i o n  of an t igen .  When the  b i rds  were 85 days of age, 

they were i n j e c t e d  with  4- X 10^ k i l l e d  Salmonella organisms 

per  kilogram body weight and bled 8 days l a t e r  f o r  b a c t e r i a l  

a g g lu t in in  t i t e r  de te rm ina t ion s .  On day 95; a l l  b i rds  were 

s a c r i f i c e d  fo r  bursa , sp leen ,  and body weight de termina tions .

A second thyroidectomy experiment was a l so  performed. 

Thyroidectomy was accomplished in  newly hatched chicks in  

the manner descr ibed  p re v io u s ly .  When the b i rd s  were 20 days 

of age, they were i n j e c t e d  w ith  0 .05 ml 10^ sheep e ry throcyte  

suspension per 10 gm body weight.  Serum samples were c o l ­

lec ted  fo r  hemagglutinin  t i t e r  de terminations 5, 7 ; 9 , l 8 , 

and 22 days l a t e r .  A second i n j e c t i o n  of 0 .5  ml 10^ sheep 

e ry th rocy te  suspension was given 22 days a f t e r  the  f i r s t  a n t i ­

gen i n j e c t i o n .  Serum samples were c o l lec ted  f o r  antibody de­

terminat ions  3; 6 ; and 10 days l a t e r .  Tota l  and d i f f e r e n t i a l  

leucocyte counts were determined when the b i rd s  were 38 days 

old. When the b irds  were 8 weeks old, they were g ra f te d  with 

skin from one of the  c o n t ro l  b i r d s .  Skin g r a f t s  were ob­

served fo r  20 days.

STH l e v e l s  decreased by antiserum to STH. The a b i l i t y  

of an t i - som ato t rop ic  hormone serum to  cause h i s t o l o g i c a l  

changes i n  embryos or to  decrease  the immune response was 

s tud ied .  This experiment inc luded  th ree  groups of b i rds :

1) b irds  i n je c te d  w ith  normal r a b b i t  serum (HRS), 2) b i rds  

in je c te d  with  r a b b i t  an t i - so m a to t ro p ic  hormone (ASTH), and 

3) s a l i n e - in j e c t e d  co n t ro l  b i r d s . Each egg was in j e c t e d
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.in the a l l a n t o i c  c a v i ty  with 0.1 ml NRS, ASTH, or sa l in e  on 

the 9 th ,  11th, 13th ,  15th,  and l 8t h  day of incu ba t ion .  Two 

embryos from each group were s a c r i f i c e d  on the 18th  embry­

onic day fo r  h i s t o l o g i c a l  examination of the bursa ,  thymus 

and spleen.  Two-tenths ml ASTH, MS, or s a l in e  were in je c te d  

in t ravenous ly ,  d a i ly ,  beginning on the 13th  day a f t e r  hatch­

ing and continuing throughout the experiment. Sheep ery thro­

cytes  were i n j e c t e d  in t ram uscu la r ly  in to  each b i r d  on the 

16th day a f t e r  ha tch ing .  Serum samples were c o l l e c te d  fo r  

d i r e c t  hemagglut inin t i t e r  de termination  35 6 , and 9 days 

l a t e r .

STH l e v e l s  decreased by antiserum to chicken p i t u i ­

ta ry  e x t r a c t . The e f f e c t  of r a b b i t  antiserum a g a in s t  

chicken p i t u i t a r y  e x t r a c t  on the immune response was s tu d ­

ied .  Groups of b i rds  were i n je c t e d  with r a b b i t  gamma glob­

u l i n  d i rec te d  a g a in s t  chicken p i t u i t a r y  e x t r a c t  (ACPE), 

normal r a b b i t  g lo b u l in  (NRG), or s a l in e .  I n j e c t i o n s  of 0.2 

ml ACPE conta in ing  ^0 mg p r o t e in  per m i l l i l i t e r  and i n j e c ­

t io n s  of  0.3  ml NRG conta ining 26 mg p r o t e i n  per m i l l i l i t e r  

were given on days 0 , 3 , 6 , 9 , 13, and 17 a f t e r  ha tch ing .

All i n j e c t i o n s  were in tramuscular  except f o r  the f i n a l  two 

in je c t i o n s  on day 13 and 17 which were in t ravenous .

All b i r d s  were i n j e c t e d  in tram uscu la r ly  with  sheep 

e ry th rocy tes  on day 13 a f t e r  ha tch ing .  Serum samples fo r  

hemagglutinin t i t r a t i o n  were c o l l e c te d  k ,  7 , 13, and 20 days 

l a t e r .  Total  leucocyte  counts were performed on the blood
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of a l l  b i rd s  a t  l 8 days of age.

E f fe c t  of Thyroxine and Somatotropic Hormone 
on Ontogeny of  the  Immune Response

The e f f e c t  of thyroxine  and STH on the development 

of the capac i ty  to produce an t ibod ies  aga ins t  sheep e ry th r o ­

cytes was s tu d ied .  To determine the ontogeny of antibody 

formation a g a in s t  sheep e ry th rocy tes  in  normal ch icks ,  

groups of Hyline l i n e  96 b i r d s  were i n je c t e d  with  0 .25  ml of 

a 10^ sheep e ry th rocy te  suspension div ided  equal ly  i n to  each 

leg on day 3, 4-, 5; 6 , 9, 12, or 15 a f t e r  ha tching.  A n t i ­

body t i t e r s  f o r  each group were determined 7 days a f t e r  the 

an t igen  i n j e c t i o n .  Groups of outbred White Leghorn chicks 

were i n je c te d  on day 5? 8, 12, or 15 post-ha tching  w i th  a 

10^ sheep e ry th ro c y te  suspension in  doses of e i th e r  0 .05  ml/ 

10 g body weight or 0 .5  ml per b i rd .  Antibody t i t e r s  were 

determined on serum samples c o l l e c t e d  7 hays a f t e r  an t igen  

in j e c t i o n .

Two experiments were performed to study the e f f e c t  

of hormones on ontogeny of the immune response. The f i r s t  

of these  experiments conta ined  the following groups of l i n e  

96 b i rd s ;  1) chicks i n j e c t e d  d a i ly  with 3 ug thyroxine ,  2 ) 

chicks i n j e c t e d  d a i ly  with  1 mg STH, and 3) u n t re a te d  contro l  

chicks.  I n j e c t i o n s  began on the  day of hatching and con­

t inued throughout the experiment . On the th i rd  day a f t e r  

ha tch ing ,  0 .25  ml of a 10^  sheep e ry th rocy te  suspension were 

i n je c te d  in to  each chick.  Birds were bled fo r  antibody



5 1

de te rm ina t ions  on day 3,  6, and 9 a f t e r  the f i r s t  i n j e c t i o n  

of a n t ig en .  A second in je c t i o n  of 0 .25  ml ^0fo sheep e ry th ro ­

cytes  was given 10 days a f te r  the f i r s t  i n j e c t i o n  of an t igen .  

Serum samples were taken 3 and 6 days l a t e r  f o r  antibody de­

te rm ina t ions .

In another  experiment, the  fo l lowing ^ groups of 

outbred White Leghorn chicks were s tu d ie d :  1) chicks i n ­

j e c te d  d a i ly  w i th  5 ug thyroxine ,  2 ) chicks i n j e c t e d  da i ly  

with  1 mg STH, 3) chicks in je c te d  d a i ly  with  5 ug thyroxine 

and 1 mg STH and, if) s a l i n e - in j e c t e d  c o n t ro l  ch ick s. I n j e c ­

t io n s  were begun on the day o f  ha tch ing  and continued 

throughout the experiment . On day 10 a f t e r  ha tch ing ,  0 .5  ml 

of a 10^ sheep e ry th ro cy te  suspension were i n j e c t e d  in to  

each b i rd .  Serum samples were taken f o r  hemagglut in in  t i t e r  

de te rminat ions  on day if, 7 , 9 , and 15 a f t e r  the f i r s t  i n j e c ­

t ion  of a n t igen .  A second i n j e c t i o n  of sheep e ry th rocy tes  

was given 15 days a f t e r  the f i r s t  i n j e c t i o n  of an t igen .

Chicks were b led  3, 7 , and 11 days a f t e r  the  s e c o n d  i n j e c t i o n  

of an t igen  f o r  antibody de te rmina t ions .



CHAPTER I I I  

RESULTS

E f fe c t  of Thyroxine on Tes tos te rone  
Treated Embryos

To t e s t  the opposing in f luences  of t e s to s te ro n e  and 

thyroxine on the  embryonic immune system, e f f e c t s  of the 

fo l lowing experimental  t rea tments  were s tud ied :  1) aqueous

te s to s t e r o n e  (0 .2  ml, 10 mg/ml) i n j e c t e d  on the 13th embry­

onic day, 2) t e s to s t e r o n e  (as i n  t rea tment  group 1), and 

thyroxine (2 ug i n  0.1 ml a lk a l in e  s a l in e )  i n j e c t e d  on the 

15th  embryonic day, 3) thyroxine (as in  t rea tm ent  group 2) 

a lone ,  and 4-) a lk a l i n e  s a l in e  (0.1 ml) i n j e c t e d  on the 13th 

and 15th  embryonic days.

H is to lo g ic a l  examination was performed on hematoxylin 

and eosin  s t a in e d  p a r a f f i n  sec t io n s  of bursas and thyroids 

taken on the l 8th  day of incuba t ion  from 2 or 3 randomly 

chosen embryos i n  each experimental  group. Bursas from birds 

in j e c t e d  with s a l i n e  had normal lymphoid f o l l i c l e  development 

(Fig. 1 ). Tes tos te rone  trea tment  caused absence of a l l  lymph­

oid d i f f e r e n t i a t i o n  (Fig. 2) .  Bursas from embryos t r e a te d  

with testo stero n e , followed by th y ro x in e ,  contained a few 

poorly developed lymphoid f o l l i c l e s  (Fig. 3 ).

52
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F ig .  1 .--Hematoxylin and eos in  s ta ined  s e c t io n  oi 
bursa  t i s s u e  from an 18-d ay -o ld  embryo in je c te d  with  s a l in e  
on the 13th  and 15th days of in cu b a t io n  (̂ +30 X).

F ig .  2 . —Hematoxylin and eos in  s ta ined  s e c t io n  of 
bursa t i s s u e  from an 18-d ay -o ld  embryo in je c t e d  w ith  t e s t o s ­
terone on the 13th day of incuba t ion  (k-30 X).
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In Fig. 3, the bes t  lymphoid development of the sec t ions  ex­

amined from t h i s  t rea tm en t  group can be seen. At the l e v e l  

of s e n s i t i v i t y  of t h i s  study,  thyroxine alone did not  a l t e r  

normal bursa  development. These observat ions  confirmed the 

notion th a t  t e s to s te ro n e  and thyroxine have opposing i n f l u ­

ences on c e n t r a l  lymphoid development, and th a t  these  i n ­

f luences  a re  demonstrable h i s t o l o g i c a l l y .  They do not i n d i ­

c a te ,  however, whether one or m u l t ip le  mechanisms are  func- 

Llonal, and they do no t  show t h a t  these  in f luences  are p h y s i ­

o lo g ic a l .

H is to lo g ic a l  examination of the thyroid  glands of 

t e s t e s t e r o n e - t r e a t e d  embryos revea led  d i f f e ren c e s  as compared 

to those of normal 18 -day-o ld  embryos. The thyro ids  from 

t e s to s t e r o n e - t r e a t e d  embryos appeared h y p e rp la s t i c  and hy­

p e r t ro p h ic .  In  a d d i t io n ,  mean f o l l i c l e  diameters were 

smaller  and an apparent  change in  c o l l o i d  cons is tency  occur­

red .  Thyroid sec t ions  from both groups a re  shown in  F ig .

The mean diameters of 100 f o l l i c l e s  fo r  normal and 

t e s to s t e r o n e - t r e a t e d  embryos are  p resen ted  in  Table 1. The 

e f f e c t  of t h io u r a c i l  t rea tm ent  i s  inc luded  fo r  re fe rence  

s ince  i t  i s  known th a t  t h i o u r a c i l  i n h i b i t s  thyroxine syn­

th e s i s  (13'+)-

The birds  which were allowed to ha tch  were in je c te d
0

with  10 sheep e ry th rocy tes  i n  complete Freund 's  adjuvant 

when they reached 5 weeks of age. A second dose of 10® sheep 

e ry th ro c y te s ,  given w ithout  ad juvan t ,  was in je c t e d  12 days
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Fig.  3• "H em atoxy l in  and eosin  s ta ined  s e c t io n  of 
bursa  t i s s u e  from an 18-day-o ld  embryo in je c t e d  with t e s t o s ­
terone on the 13 th day of in cu b a t io n  followed by thyroxine  
i n j e c t i o n  on the 1 5th day of incuba t ion  (300 X).

F ig .  k . —Hematoxylin and eosin  s ta ined  s e c t io n  of 
thyro id  t i s s u e  from an 18-day-o ld  embryo in je c t e d  with A) 
s a l in e  or B) testo steron e  (4-30 X).
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TABLE 1

EFFECT OF TESTOSTERONE TREATMENT ON EMBRYONIC 
THYROID FOLLICLE DIAMETER

Experimental
Treatment

Mean F o l l i c l e  
Diameter &

Saline 17. 7- 5.1

T es tos te rone l^.9-5.zT^

T h iou rac i l 14.5^6.2^3

^Mean f o l l i c l e  diameter in  microns -  1 s tandard 
d e v ia t io n  from the  mean.

'p=.02 as compared to  the s a l in e  group.
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l a t e r .  The mean log2 antibody t i t e r s  of these experimental  

groups i s  shown in  Table 2. The t e s to s t e r o n e - t r e a t e d  group 

could be d iv ided  i n to  subgroups on the bas is  of antibody form­

ing c a p a b i l i t y .  Four of s ix  b i rd s  had maximum antibody t i t e r s  

of l e s s  than 3 and a r e  shown sep a ra te ly  in  Fig. 5* Their 

t i t e r s  are  included i n  the mean fo r  the e n t i r e  t e s to s t e r o n e  

group.

Because some of the t i t e r s  from animals i n  the  t e s ­

to s te rone  and the t e s to s t e r o n e  and thyroxine t r e a t e d  groups 

were in o r d in a te ly  h ig h ,  serum samples were f r a c t i o n a t e d  by 

u l t r a c e n t r i f u g a t i o n .  Antibody t i r e r s  were determined on the 

f r a c t i o n s  to  see i f  th e se  animals had r e l a t i v e l y  l a r g e r  

amounts of antibody i n  the heavy p o r t io n  of the g r a d ie n t .

The d i r e c t  and i n d i r e c t  t i t e r s  of these  f r a c t i o n s  a re  shown 

i n  Fig.  6 .

The experiment  was repea ted  with seve ra l  m od if ica ­

t io n s .  The experimental  groups were as fol lows : 1) t e s ­

tos te rone  prop iona te  (TP) (2 .5  mg in  0.1 ml sesame o i l ) ,  i n ­

je c te d  on the 12th embryonic day, 2) TP (as in  t rea tm ent  

group 1 ) and thyroxine  (0 .5  ug in  0.1 ml a lk a l in e  s a l in e )  on 

the l4 th  and I 6 th embryonic days, 3 ) thyroxine (as in  t r e a t ­

ment group 2 ) alone, and ^) sesame o i l  (0.1 ml) i n j e c t e d  on 

the 12th embryonic day f o r  the  contro l  group.

On h i s t o l o g i c a l  examination, the bursas of each group 

appeared s im i la r  to the  bursas  from corresponding groups in  

the previous experiment . However, thyroxine t rea tm ent  a f t e r



TABLE 2
ANTIBODY FORMING CAPACITY OF BIRDS TREATED WITH TESTOSTERONE ON THE 13'TH

EMBRYONIC DAY FOLLOWED WITH THYROXINE ON THE 15TH EMBRYONIC DAY

ExperimentalTreatment No. of Animals
Days After Antigen Injection^

6 12 15 18 36

Testosterone 6 0 0 .1±0 .>+ 7 .5 :̂:9 .8 ® 8 .1±9 . 1

Nonresponders^ L- 0 0 1 .3 -0 .5® 2.0±0.5® 2.2±0.5
Testosterone and Thyroxine 0 0.8±1.3 8.2±1.3 ^ 1 8 .8^3 .8^ 2 2 . 3 -h.O^

Thyroxine 5 1 .2±1 .1 8.0^3.1 9.2±3.5 9-6^2. 3 10.2±1.8
Saline 2 0 10.0±2.0 1 0 . 5±4.9 11.5^3 . 5 12.1±2.8

A second injection of antigen was given on day 12.
^Mean Logg antibody titer - 1 standard deviation from the mean.
^p=0 .0 5 j compared with saline.
'^Testesterone-treated birds whose peak antibody titer was less than 3.0. 
®p=0 .0 0 5 j compared with saline.
^p=.01, compared with testosterone nonresponders.
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TP t rea tment  did n o t  i n c r e a s e  the lymphoid c e l l u l a r i t y  in  

the embryonic bursa .  Thyroid glands were not  a v a i l a b l e  fo r  

eva lua t ion .

When the b i r d s  were 5 weeks of age, 0-5 ml 10^ sheep 

e ry th rocy tes  were i n j e c t e d  w ithout  adjuvant.  A second dose 

of an t igen  was i n j e c t e d  9 days l a t e r .  The antibody response 

of these experimental  groups i s  p resen ted  i n  F ig .  7- The TP 

t r e a te d  b i r d s  did n o t  respond well  to e i t h e r  a f i r s t  or sec ­

ond i n j e c t i o n  of a n t ig e n .  Antibody t i t e r s  of s e r a  from the 

TP group were s i g n i f i c a n t l y  d i f f e r e n t  from those of the con­

t r o l  b i rd s  (p=.01).  The TP and thyroxine-  t r e a t e d  group had 

h igher  t i t e r s  than did the  group t r e a t e d  with TP a lone ,  but  

t h i s  group was not  s i g n i f i c a n t l y  d i f f e r e n t  when compared with 

e i t h e r  normal con t ro l s  or the  TP group. The in d iv id u a l  

t i t e r s  w i th in  these  groups a re  p resen ted  in  Table 3- Bimodal 

d i s t r i b u t i o n  of t i t e r s  i s  ev ident  i n  both the TP and thyrox­

ine  group. The mean t i t e r  of the responders ( log2 t i t e r  

g re a te r  than 2) i n  the  TP and thyroxine group i s  s i g n i f i ­

can t ly  d i f f e r e n t  from the  t e s to s te r o n e  group (p=.01).

Another experiment was designed along s im i l a r  l i n e s  

to t e s t  the  e f f e c t s  of l a r g e r  doses of thyroxine during the 

embryonic per iod .  Sheep e ry th ro c y te s  were i n j e c t e d  i n to  a l l  

animals when they were 5 weeks of age. A second i n j e c t i o n  of 

an t igen  was given 9 days l a t e r .  In  t h i s  experiment, t e s t o s ­

terone propionate  f a i l e d  to  produce a c lea r  hormonal bursec-  

tomy in  most of the animals .  Antibody t i t e r s  o f  the TP group
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u n t r e a t e d  
"" 0 — t h y r o x i n e  
— X -  t es t .
- A -  t e s t . , t h y r .

2 4 6 8 10 12 14 16 18  2 0  22  24

days  a f t e r  I n j e c t i o n

F ig .  7 . —Anti-sheep e ry th ro c y te  response of f i v e -  
week-old b i r d s  t r e a t e d  w i th  t e s to s te r o n e  on the  12th embry-^ 
onic day followed by thyroxine  on the l ^ th  and 16th  embryonic 
days. Arrow in d ic a t e s  a second i n j e c t i o n  of a n t ig en .
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TABLE 3

INDIVIDUAL TITERS OF SERA TAKEN SIX DAYS AFTER 
A SECOND INJECTION OF ANTIGEN

Experimental
Treatment

I n d iv id u a l  
Log2 T i t e r s

Control 3 -5 ,  3 .5 ,  ' i ,  6

Thyroxine 9, 5 .5 ,  4 . 5 ,  3

Testosterone Propionate  
and Thyroxine 10, 4 ,  3 . 5 , 2, 0 , 0

Testosterone Propionate 4. 1 . 0 . 0
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were lower than those found i n  con tro l  animals during the 

peak primary immune response .  The experimental t reatments  

and the antibody t i t e r s  a re  presen ted  in  Table 4. The lower 

t i t e r s  in  some of the groups t r e a te d  with thyroxine may show 

t h a t  thyroxine has a d e t r im en ta l  e f f e c t  on antibody formation 

i f  doses are  given a t  h igher than optimum l e v e l s  or are  given 

a t  very ear ly  embryonic age.

A s im i la r  experimental  design was used to t e s t  the 

a b i l i t y  of STH to in f lu en ce  antibody production a f t e r  h o r ­

monal bursectomy w i th  t e s to s te r o n e .  Hormonal bursectomy was 

accomplished by i n j e c t i n g  3*7 mg aqueous te s to s te ro n e  in to  

eggs on the 11th day of incu b a t io n .  The chicks were allowed 

to hatch and some of them were t r e a te d  with da i ly  i n j e c t i o n s  

of STH. A t h i r d  group (u n t rea te d  as embryos) was included 

f o r  comparison. At 5 weeks of  age, a l l  b i rds  were i n j e c t e d  

with sheep e ry th ro cy te s .  The antibody t i t e r s  a re  p resen ted  

i n  Table 5- Hormonally bursectomized b irds  t r e a te d  with STH 

did no t  show g r e a t e r  antibody forming capaci ty  than hormon­

a l l y  bursectomized b i rds  n o t  rece iv ing  STH. A s l i g h t  d i f f e r ­

ence, however, in  su rv iv a l  p o t e n t i a l  was noted.  Four of 7 

t e s to s t e r o n e - t r e a t e d  b i rd s  were a l iv e  a t  5 weeks of age 

while a l l  of 5 t e s t o s t e r o n e - t r e a t e d  b i rd s  given d a i ly  i n j e c ­

t ion s  of STH were a l i v e  a t  t h a t  time.



TABLE 4
ANTIBODY FORMING CAPACITY OF BIRDS TREATED EMBRYONICALLY WITH TESTOSTERONE AND VARYING AMOUNTS OF THYROXINE

No. of Animals
Days After Antigen Injection^

Treatment 5 7 12 1 5

1. TP(12)^ 9 5 .3 -1 .4 c 5.9±2.5
4= 4̂ ̂
9 .2^2 . 3 9 .8 ± 1 . 5

2. TP(12) Tr(l2, 2 3.0±4.2 3. 5^2.1 4.0^4.2 5 .3 -5 .3
3. Tr(12, 15) - 5 4.0-2.2 5.4±3.2 5 .7 -3 . 8 7.6±1.2
h . TP(12) Tr(12, 15)® 5 * *

2 .6^1 . 3 1 .7 -1 . 1 ^.8 -3 . 7 6.0±3.7
5 . Controls 7 ^.9 -0 . 7 8 .1io.6 6.Qtl.6 7 .3 - 1 . 8

ON

p= . 0 0 5  as compared to controls.
**p=.001 as compared to controls.

***p= . 0 2 5  as compared to controls.
^A second Injection of sheep erythrocytes was given on day 9*
t"Testosterone propionate was injected in 2.5 mg amounts on embryonic day 12.
°The numbers are presented as mean log2 titers - 1 standard deviation from the mean.
^Thyroxine was injected into group 2 and 3 in amounts of 0.5 ug on embryonic day 12 and 2 ug on day 15•
^Group U- received thyroxine on embryonic day 12 and 15 in amounts of 0.5 ug and 1.0 ug.
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TABLE 5

EFFECT OF DAILY STH INJECTIONS ON ANTIBODY PRODUCTION 
IN HORMONALLY BURSECTOMIZED BIRDS

Day a f t e r Antigen I n j e c t i o n

No. of
Treatment Animals 5 7 12

Testos terone V 1.0^ 0 .8 3-5

Testos terone + STH^ 5 1 .2 2 .0 3.8

Control 5 8.1+ 7 .2 8.9

^Mean lo g 2 a n t i - sh e e p  e ry th ro c y te  t i t e r s .

^Somatotropic hormone.
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E ffe c t s  of Thyroxine and Somatotropic 
Hormone on the Immune Response

Increased Levels of Hormones 

Groups of adu l t  l i n e  %  b i r d s  were i n j e c t e d  d a i l y  

w ith :  1) thyroxine  (l8 ug i n  0.1 ml f o r  16 days, then 30 ug

in  0.1 ml) and STH (4 mg in  0.1 ml) throughout the  experiment,

2) thyroxine  (l8 ug in  0.1 ml) and STH mg in  0.1 ml) for  

the f i r s t  16 days only, 3) thyroxine  (as in  t rea tm ent  group 

1) throughout  the  experiment, or 4-) s a l i n e  (0.1 ml).

The antibody t i t e r s  i n  the  experimental  groups did 

n o t  d i f f e r  s i g n i f i c a n t l y  from the  t i t e r s  in  the contro l  group 

(Table 6 ) .  Skin g r a f t  r e j e c t i o n  time was not  a l t e r e d  by any 

of the hormonal trea tments  (Table 7 ) .  Skin g r a f t s  used in  

t h i s  experiment were an t ig en ic  f o r  the  r e c i p i e n t s  only by 

minor h i s to c o m p a t i b i l i t y  an t igens  i n  o rder  to d e te c t  any 

shortened su rv iv a l  times due to in c re a s e d  hormone l e v e l s .

Data a re  p resen ted  as the cumulat ive number of g r a f t s  r e ­

j e c te d  in  each group a t  d i f f e r e n t  times a f t e r  g r a f t i n g .

The in f lu en ce  of STH on the antibody forming capaci ty  

of newly ha tched chicks was s tu d i e d .  STH (1 mg i n  0.1 ml) 

was i n j e c t e d  d a i ly  in to  chicks and a t  3 weeks of age the 

chicks were chal lenged with sheep eryth rocytes. No s i g n i f i ­

can t  a l t e r a t i o n  in  antibody p rod uc t ion  was noted (Table 8) .

Decreased Levels of Hormones 

T h io u r a c i l . The e f f e c t  of i n j e c t i o n  of t h io u r a c i l  

(TU) in to  embryos on the 12th day of in cu b a t io n  was s tud ied .
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CABLE 6

EFFECT OF STH AM) THYROXINE 
PRODUCTION IN ADULT

ON ANTIBODY 
BIRDS

Treatment
No. of 
Animals

Day After  
Antigen I n j e c t i o n

5 7

Tr & STĤ 3 3.2® 6.7

Tr & STH/Stopped^ 3 ^.3 V.O

Thyroxine® 2 1.5 ^ .3

Control 5 2.7 ^ .5

Sheep ery throcytes  i n j e c t e d  16 days a f t e r  beginning 
hormone t rea tm e n ts .

^Daily thyroxine and somatotropic hormone i n j e c t i o n s  
throughout the experiment.

^Mean log2 anti -sheep  e ry th ro cy te  t i t e r .

^Daily thyroxine and STH i n j e c t i o n s  f o r  the f i r s t  16 
days of the experiment.

ment.
'Dai ly  thyroxine i n j e c t i o n s  throughout  the e x p e r i -
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TABLE 7

EFFECT OF STH AM) THYROXINE ON GRAFT 
REJECTION TIMES IN ADULT BIRDS

Day After  G ra f t ing^

Treatment
No. of 
Animals 10 12 2k-

Tr & STH^ 3 l ' 1 1

Tr & STH/Stopped^ 3 0 1 1

Thyroxine® 2 0 0 0

Controls 5 0 1 1

®-Skin was g ra f te d  t o ' a l l  b i rds  16 days a f t e r  beg in ­
ning hormone t rea tm en ts .

^Daily thyroxine and somatotropic hormone i n j e c t i o n s  
throughout the  experiment.

^Cumulative number of g r a f t s  r e j e c t e d .

^Daily thyroxine and STH i n je c t i o n s  f o r  the f i r s t  16 
days of the  experiment.

ment.
'D ai ly  thyroxine i n j e c t i o n s  throughout the e x p e r i -
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TABLE 8

EFFECT OF DAILY STH INJECTIONS ON ANTIBODY PRODUCING 
CAPACITY IN THREE-WEEK-OLD CHICKENS

Day After  
Antigen I n j e c t i o n

Treatment
No. of 
Animals ^ 7 12

STH 10 6.2^  6.3  8.1

Control 10 8.^- 7 .2  8 .9

Mean log2 a n t i - s h e e p  e ry th ro c y te  t i t e r .
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Groups of eggs were i n j e c t e d  i n t o  the  a l l a n t o i c  c av i ty  with 

0.1 ml of  varying concen tra t io n s  (see Table 9) of TU suspended 

in  sesame o i l .  The chicks were allowed to hatch, and t h e i r  

antibody response to sheep e ry th ro c y te s  was evaluated when 

they were 5 weeks old. A second i n j e c t i o n  of antigen was 

given 9 days a f t e r  primary immunization. The su rv iva l  of the 

chicks and t h e i r  antibody responses  a re  shown in Table 9* No 

s i g n i f i c a n t  e f f e c t  of t h i o u r a c i l  i n j e c t e d  on embryonic day 12 

was no ted .

In  order  to produce an e a r l i e r  blockage of thyroxine  

p ro d uc t io n  i n  embryonic l i f e ,  a s i m i l a r  experiment was p e r ­

formed i n j e c t i n g  t h i o u r a c i l  on the 5th day of incubat ion .

The b i rd s  were allowed to ha tch  and sheep e ry th rocy tes  were 

i n j e c t e d  when they were 5 weeks old.  A second dose o f  a n t i ­

gen was i n j e c t e d  9 days a f t e r  primary immunization. Antibody 

t i t e r s  of b i rd s  t r e a t e d  on the 5th embryonic day w i th  varying 

c o n ce n t ra t io n s  of TU are  p resen ted  i n  Table 10. No s i g n i f i ­

cant  e f f e c t  of t h i s  t rea tm ent  on antibody production was 

no ted .

H i s to lo g ic a l  examination on embryonic day l8 r evea led  

h y p e r p l a s t i c  and .hypertrophic t h y ro id s ,  in d ica t in g  probable  

hypofunct ion  of the thyro id  gland due to t h io u r a c i l  t r e a t ­

ments. Bursa morphology on embryonic day 18 in  both e x p e r i ­

ments was in d i s t i n g u i s h a b le  from c o n t ro l s  (Fig. 8) .

The e f f e c t  of t h i o u r a c i l  was nex t  studied i n  newly 

hatched ch icks .  Antibody format ion  and sk in  g ra f t  r e j e c t i o n



TABLE 9

EFFECT OF THIOURACIL INJECTIONS ON EMBRYONIC DAY 12 ON THE VIABILITY AND ANTIBODY FORMING CAPACITY OF FIVE-WEEK-OLD CHICKENS

Day after Antigen Injection^

Treatment
No. Animals 
Injected No. Animals 

at 5 Weeks 5 7 12 1 5

TU (Img) 10 6 6.5±2.6^ 7 .9 -2 .$ $.8±3.1 6.0^2 . 3

TU (2mg) 10 8 6.9-2.2 8.$i2.0 8.M-±3.3 7 .7-2.3
TU (l+mg ) 10 If 5.9±3.6 $.2±lf.1 6.$±0 . 7 7.5^1 .1
Control - 5 7 .7 -1 . 9 8.1±1 .2 7.8^1. 0 8.8^2.0

^A second injection of antigen was given on day 9 after primary immunization. 
^Mean logg anti-sheep erythrocyte titers - 1 standard deviation from themean.

rv)
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TABLE 10

SELECT OF THIOUMCIL INJECTIONS ON EMBRYONIC DAY 5 
ON THE VIABILITY AND ANTIBODY FORMING CAPACITY 

OF FIVE-WEEK-OLD CHICKENS

Day After Antigen Injection^

Treatment
No.
In j.

No. a t 
5 vks. 5 7 12 15

TU (4-mg) 8 2 6.0^ 7.3 6.0 5.0

TU (2mg) 8 5 5.9 7.3 6.6 7.6

TU (1mg) 8 2 6.8 7.5 6.8 5.5

TU (.^mg) 8 8 6.1+ 7.5 8.3 8.1

TU (.img) 8 8 5.^ 5.3 5.9 8.7

Control - 7 5.9 8.1 6.0 7.3

^A second in je c tio n  of antigen vas given on day 9 
a f te r  primary immunization.

^Mean logp anti-sheep erythrocyte t i t e r s .
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Fig. 8 .—Hematoxylin and eosin stained  section of 
bursa tis su e  from an 18-day-old embryo trea ted  v ith  
th io u ra c il on the 5th embryonic day (4-30 X).
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were s tu d ied  in  the fo llow ing  experim ental groups of newly 

hatched chicks : 1) d a i ly  0.1 ml th io u r a c i l  in je c t io n s  (1 mg

daily  fo r  the f i r s t  11 days, then 5 mg d a i ly  fo r  the  r e ­

mainder of the ex p er im en t) ,2) d a i ly  th io u r a c i l  i n je c t io n s  

(1 mg increased  to  5 mg as in  trea tm en t group 1) fo r  20 days 

and then thyroxine (9 ug in  0.1 ml a lk a l in e  s a l in e )  d a ily  

fo r  the remainder of the  experiment, 3) t h io u r a c i l  (as in  

treatm ent group 2) fo r  20 days followed by thyroxine (as in  

trea tm ent group 2) and STH (1 mg d a i ly )  fo r  the remainder of 

the experiment and k )  u n t re a te d  c o n tro l  b ird s .

Sheep e ry th ro c y te s  were in je c te d  and sk in  was g ra f te d  

20 days a f t e r  beginning t rea tm e n t.  Again, th io u r a c i l  d id  not 

a l t e r  antibody p roduction  (Table 11). Mean g r a f t  r e j e c t i o n  

times were no t d i f f e r e n t  in  the normal and experimental 

groups (Table 12). A s l i g h t l y  slower r a t e  of r e j e c t io n  might 

be suggested in  b ird s  t r e a te d  w ith  th io u r a c i l  throughout the 

experiment. However, autopsy of b i rd s  in  th is  experiment 

revealed  no o ve rt  a l t e r a t i o n  of th y ro id  morphology by the 

th io u ra c i l  t rea tm en t.

A s im ila r  experiment was performed using a d u lt  b i rd s .  

Birds 5 weeks of age were t r e a te d  as follow s : 1) daily

th io u r a c i l  in je c t io n s  (2 mg/day fo r  11 days, then 10 mg/day), 

2) d a ily  in je c t io n s  of TU (as in  trea tm en t group 1) fo r  20 

days and then d a i ly  in j e c t i o n s  of thyroxine (18 ug/day fo r  

20 days, then 30 ug/day) and STH (^ mg/day) fo r  the remainder 

of the experiment, and 3) u n tre a te d  co n tro l  b i rd s .  The
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TABLE 11

EFFECT OF DAILY THIOURACIL INJECTIONS ON ANTIBODY
PRODUCTION IN 20-DAY-OLD CHICKENS

Day A fte r  Antigen In jec tio n

Treatment
No. o f 
Animals 5 7 12

Tua 6 6.6" 8.2 8.0

TU/Tr° 6 6.7 7.3 8.0

TU/Tr STH^ 6 5.0 5.8 8.6

Control 10 6 .0 6.9 8.4

^D aily  t h io u r a c i l  i n je c t io n s  from the  day of 
h a tch in g .

^Mean lo §2 a n ti - sh e ep  e ry th ro c y te  t i t e r .

‘̂ Daily t h io u r a c i l  i n j e c t io n s  u n t i l  day 20, then 
d a i ly  thyrox ine  in je c t io n s .

'^Daily th io u r a c i l  i n j e c t i o n s  u n t i l  day 20, then 
d a i ly  thyroxine  and som atotropic  hormone in je c t i o n s .
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TABLE 12

EFFECT OF DAILY THIOUMCIL INJECTIONS ON GRAFT 
REJECTION TIME OF 20-DAY-OLD CHICKENS

Treatment
No. of 
Birds

% R e jec tion  
on Day 11

Mean R e je c t io n  
Time i n  Days

Tja 6 0 15.0

TU/Tr^ 6 33 12.0

TU/Tr STĤ 6 66 11 .5

Control 10 30 12.4

^Daily t h io u r a c i l  i n je c t io n s  from the day o f  
h a tc h in g .

^Daily  t h io u r a c i l  in je c t io n s  u n t i l  day 20, th en  
d a i ly  thy rox ine  i n je c t io n s .

‘̂ Daily t h io u r a c i l  i n je c t io n s  u n t i l  day 20, then  
d a i ly  thy rox ine  and STH in je c t io n s .
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i n a b i l i t y  of t h io u r a c i l  to a l t e r  the  response to sheep e ry th ­

rocy tes  and sk in  g r a f t s  was s im ila r  to  th a t  found in  newly 

hatched ch icks . These r e s u l t s  are p resen ted  in  Tables 13 and 

l'+. Again, no evidence was found fo r  a l t e r a t i o n  of thyro id  

fu n c tio n  by th io u r a c i l  in je c t io n s .  From these  same d a ta ,  i t  

i s  ev iden t th a t  i n je c t io n  of STH and thyroxine did n o t  a f f e c t  

the responses s tu d ied .

In  a th i r d  experiment, t h io u r a c i l  was fed to  chicks 

from the time of ha tch ing . Some of these  b ird s  were s a c r i ­

f ic e d  w ith c o n tro ls  on 37) 68, and 80 days of age f o r  de­

te rm ina tion  of bursa , spleen and body weights. Ten th io u ra c i l  

fed  and 10 co n tro l  b ird s  were in je c te d  with sheep e ry th ro ­

cytes on day 37* Five b ird s  from each group were g ra f te d  

with sk in  on day 68.

The a b so lu te  and r e l a t i v e  (organ weight/bOdy weight) 

organ weights of the th io u r a c i l  fed b ird s  are  p resen ted  as a 

percentage of comparable normal co n tro l  values in  F ig . 9* At 

37 days of age, a l l  r e l a t i v e  and a b so lu te  organ weights of 

the th io u r a c i l  fed b ird s  were s ig n i f ic a n t ly  lower (p=.Ol) 

than the co n tro l  w eights . The t h io u r a c i l  fed  group included 

3 males and 9 fem ales. The co n tro l  group included 2 males 

and 7 fem ales. The number of animals in  each group and the 

more even sex d i s t r ib u t io n  allows a more v a l id  comparison a t  

37 days of age than  a t  the two o ther  tim es. At 68 days, each 

group had 5 b i rd s ,  but the t h io u r a c i l  fed group had 5 males 

compared to  2 males in  the normal group. At 80 days of age
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TABLE 13

EFFECT OF DAILY THIOURACIL INJECTIONS ON ANTIBODY 
PRODUCTION OF ADULT CHICKENS

Day After 
Antigen In jec tio n

Treatment
No. of 
Animals 5 7

TU& 6 4.1

TU/STH Tr° 6 3.3 5.5

Control 6 3.6 3.7

^Daily t h io u r a c i l  in je c t io n s  throughout the e x p e r i­
ment.

Mean lo g 2 a n ti-sh e ep  e ry th ro cy te  t i t e r ,

*^Daily th io u r a c i l  in je c t io n s  f o r  20 days, then d a ily  
STH and thyroxine in je c t io n s  f o r  the remainder of the ex p eri­
ment.
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TABLE 14

EFFECT OF DAILY THIOURACIL INJECTIONS ON GRAFT 
REJECTION TIME OF ADULT CHICKENS

Treatment
No. of 
Animals

$ R e je c t io n  
on Day 13

Mean R e jec tio n  
Time in  Days

TU& 6 25 1V.0

TU/STH Tr^ 6 0 14.4-

Control 6 4o 13.4

^Daily t h io u r a c i l  in je c t io n s  throughout the e x p e r i ­
ment.

^Daily  t h io u r a c i l  in je c t io n s  f o r  20 days, then 
d a i ly  STH and thyroxine in je c t io n s  f o r  the  remainder of the 
experiment.
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Fig. 9*— Spleen, bursa, and body weights of birds fed thiouracil from the time of hatching. Body (B), spleen (S), bursa (Bu) weights.
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5 b ird s  i n  each group were a lso  s tu d ied .  All were m ales.

The antibody response of the b ird s  i s  shown i n  F ig . 

10. Antibody t i t e r s  were no t s ig n i f i c a n t ly  d i f f e r e n t  a t  any 

time. The r a te s  of d e c l in e  of the  t i t e r s  between days 9 and 

23 seem d i f f e r e n t  in  the t h io u r a c i l  fed  b irds  as compared to 

normal b i rd s ,  however, t h i s  could  not be confirmed s t a t i s ­

t i c a l l y .

In  th i s  experim ent, B mismatched skin g r a f t s  were 

used in  o rder to  more e a s i ly  observe a prolonged su rv iv a l  

time due to t h io u r a c i l  t rea tm e n t.  Skin g ra f ts  were r e j e c te d  

in  both groups by day 8 when the bandages were removed.

F i f ty  pe r  cent of the a u to g ra f ts  were healthy  a t  the same 

t im e.

In  t h i s  experim ent, the mean thyro id  weight of the 

t h io u r a c i l  fed  b i rd s  was 16.5 times l a r g e r  than th a t  of the 

normal co n tro l  group a t  37 days of age. At 68 and 80 days, 

the th y ro id  weights were 13*8 and 13*2 times l a r g e r ,  r e ­

s p e c t iv e ly ,  than those  of the co n tro l  group. This in d ic a te d  

a hypothyroid c o n d it io n ,  the  degree of which became l e s s  s e ­

vere as the  b ird s  aged.

Thyroidectomy. In  o rder to  in su re  a more n ea r ly  

hypothyroid  c o n d it io n ,  s u rg ic a l  thyroidectomy was performed 

in  newly hatched ch ick s .  The body weights of th y ro id e c to -  

mized and co n tro l  b ird s  throughout the experiment are p r e ­

sen ted  in  F ig . 11. The weights o f the s ix  most v i s ib ly  a f ­

fe c te d  b i rd s  are inc luded  as a sep ara te  group. The mean



<N

O

9

8 — c ont r o l  
- - 0 — t h i o u r a c i l

7

6

5

4

3

2

1

2 4 6 a  10 12

oo
U J

DAYS AFTER I N J E C T I O N
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Fig. 11 .—Growth r a t e  of thyroidectom ized and normal 
b i r d s .  The nimber of animals i n  each group i s  in d ic a te d  by 
the  number in  ( ). The 6 sm a lle s t  thyroidectom ized b ird s  
a re  included in  the"thyro idectom ized  group containing 13 
b i r d s .
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weight of the e n t i r e  experim ental group was n o t  s ig n i f i c a n t ly  

d i f f e r e n t  from th a t  of the c o n tro l  group. The th y ro id e c to ­

mized group d id ,  however, co n ta in  r e l a t i v e ly  more males than 

did the con tro l group : 9 of 13, compared to 3 of 5 fo r  the

c o n t r o l s . This b ias  could e a s i l y  mask the e f f e c t  of th y ro id ­

ectomy on the growth r a t e  s ince  males are normally l a r g e r  

than fem ales.

The range in  s iz e  and weight fo r  a l l  the  b i rd s  a t  95 

days of age i s  in d ic a te d  in  F ig . 12. Some of the most s e ­

ve re ly  a f fe c te d  thyroidectom ized b ird s  are shown w ith  a n o r ­

mal b i rd  of the same age in  F ig . 13-

The most v i s ib ly  a f f e c te d  b ird s  in  the th y ro id e c to ­

mized group showed an abnorm ality  in  fe a th e r  growth, w ith  the 

long, f r in g e d ,  lacy  f e a th e r s  c h a r a c t e r i s t i c  of hypothyroid 

b ird s  (16). They a ls o  had reduced comb size  which a lso  i s  

c h a r a c t e r i s t i c  of hypothyroidism  (17). These observations  

in d ic a te d  th a t  a t  l e a s t  h a l f  of the s u rg ic a l ly  th y ro id e c to ­

mized animals were hypothyroid .

Absolute and r e l a t i v e  orgsn weights a re  p resen ted  in  

F ig . 1^ as percen tag es  of the  normal con tro l v a lu es .  Again, 

because of the la rg e  range in  s iz e  of the thyroidectom ized 

b i rd s ,  body and organ weights of the group as a whole were

not s i g n i f i c a n t ly  d i f f e r e n t  from the weights of normal b i r d s .

Sheep erythrocytes were in je c te d  in to  a l l  b ird s  when 

they reached 26 days of age. The mean antibody responses are 

shown in  F ig . 15- The d if fe re n c e  between the experim ental
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Fig . 13 . —Thyroidectomized b ird s  compared to a 
normal b ird  a t  ^5 days of age.
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body spleen spleen burso
body

F ig . 1^+.—Organ and body weights of 
thyro idectom ized b ird s  as a percentage of co n tro l  
animal w eights a t  95 days of age.
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Fig. 1 5 .— Anti-sheep erythrocyte response of 26-day-old. control and 

thyroidectomized birds. Arrow indicates a second injection of antigen. The number of animals in each group is indicated by the number in ( ).
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and con tro l  groups i s  s ig n i f i c a n t  (p=.01) on day 6. Also, 

the slower r a t e  of dec line  i n  antibody t i t e r  seen i n  th y ro id ­

ectomized b irds  between days 6 and 20 i s  s t a t i s t i c a l l y  s i g ­

n i f i c a n t  as compared to the r a t e  of d e c l in e  in  normal con­

t r o l  b i rd s .  When these  b ird s  were 85 days of age, hea t 

k i l l e d  Salmonella organisms were in je c te d  and the antibody 

response was determined on day 8. The antibody t i t e r  of the 

thyroidectom ized group was aga in  s i g n i f i c a n t l y  lower (p=.05) 

than the t i t e r  of the normal anim als. The in d iv id u a l  and 

mean t i t e r s  fo r  both sheep e ry th ro c y te s  and Salmonella o r ­

ganisms are  shown in  Fig. 16.

Since the  degree of hypothyroidism might be c o r re ­

l a te d  w ith  the appearance of v i s ib le  symptoms, the sm alles t  

and most severe ly  a ffe c te d  b i rd s  might be expected to have 

lowered antibody responses. As shown i n  F ig . 17, no c o r re ­

l a t i o n  can be made between body s iz e  and antibody production . 

The weights were determined a t  32 days of age, which c o r re ­

sponded to  the day of peak antibody t i t e r  (day 6 a f t e r  sheep 

e ry th ro cy te  i n j e c t i o n ) .

H is to lo g ic a l  examination of the lymphoid organs a t  

95 days of age revea led  no d i f fe re n c e s  i n  b u rsa  morphology 

in  the two groups of b ird s .  The sp leens o f the th y ro id ­

ectomized b ird s  contained fewer lymphocytes in  the thymus - 

dependent areas than did the spleens of c o n tro l  b i rd s .  The 

c o r t i c a l  areas of the  thymus of thyro idectom ized  b ird s  con­

ta in ed  markedly fewer lymphocytes than d id  the corresponding
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to in d iv id u a l  body weights in  normal and thyroidectom ized 
b i r d s .
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a reas of thymus from co n tro l b ird s  (F igs. 18 and 19).

A second thyroidectomy experiment was performed in  

order to  study sk in  g r a f t  r e j e c t i o n  times. Ten newly hatched 

chicks were thyro idectom ized. Nine chicks were sham- 

thyroidectom ized and included  as a co n tro l  group. The growth 

and appearance of the thyroidectom ized b ird s  was comparable 

to th a t  seen i n  the previous experiment. At 20 days of age, 

thyroidectom ized b ird s  ranged in  weight from 68 g to 12k g 

compared to  co n tro l  weights of 93 g to  169 g • The mean body 

weight of thyroidectom ized b ird s  was of th a t  of the  n o r­

mal co n tro l  b i rd s  a t  20 days of age and 90^ a t  42 days of 

age. Again, a s  i n  the f i r s t  thyroidectomy experiment, ap­

proxim ately  h a l f  of the thyroidectom ized b ird s  were sm aller 

than co n tro l  b i r d s ,  had le s s  f e a th e r s ,  and had the p r e v i ­

ously d iscu ssed , c h a r a c t e r i s t i c  f e a th e r s .  Body, bursa , and 

spleen weights were determined a t  70 days of age. These 

weights a re  n o t  rep o r te d  because of severe  weight lo s s  and 

lymphoid organ atrophy r e la te d  to i n a n i t io n  due to the  ac ­

c id e n ta l  use o f  improper fe e d e rs .  The la rg e r  b i rd s ,  both 

normal co n tro l  and thyro idectom ized , could no t e a t  u n less  

the feeders  were completely f i l l e d .  Because of the sm aller 

s iz e  of h a l f  of the thyroidectom ized b i rd s ,  they were able to 

e a t  ah l ib i tu m  and continued to ga in  weight. This occurred 

a f t e r  the antibody response and sk in  g ra f t in g  experiments 

were completed.

When the b ird s  were 20 days of age, sheep
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F ig .  18 . “ Hematoxylin and e o s in  s ta in e d  se c t io n  of 
thymus t i s s u e  from a normal b i rd  a t  95 days of age (^30 X)

F ig .  19 •—Hematoxylin and e o s in  s ta in e d  se c t io n  of 
thymus t i s s u e  from a thyroidectom ized b ird  a t  95 days of age 
(430 X).
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ery th rocy tes  (0 .05  ml of a 10^ suspension per 10 g body 

weight) were in je c te d  in tra m u scu la r ly .  A second dose of 0 .5  

ml 10^ sheep e ry th ro c y te s  was in je c te d  22 days a f t e r  the 

f i r s t  an tigen  in j e c t i o n .  Antibody t i t e r s  are  shown in  Table 

1 5* No s ig n i f i c a n t  d i f fe re n c e s  were observed between the  

means of the  two groups. In d iv id u a l  t i t e r s  are  shown in  

F ig . 20 f o r  days 5 and 7 a f t e r  an tig en  in je c t io n .  The two 

h ig h es t  in d iv id u a l  t i t e r s  in  the  thyroidectom ized group were 

produced by the two most sev e re ly  a f fe c te d  b ird s  in  the 

group.

Total leu co cy te  and d i f f e r e n t i a l  counts were p e r ­

formed on p e r ip h e ra l  blood from b ird s  a t  38  days of age. 

Total leucocyte  and lymphocyte le v e ls  were reduced in  thy ­

roidectom ized b ird s  (Table 16).

At 56 days of age, sk in  from one of the normal con­

t r o l  b ird s  was g ra f te d  to  each of the b i r d s ,  both e x p e r i ­

mental and c o n tro l .  A u tografts  were a lso  performed on each 

b i rd .  The mean i n j e c t i o n  times of the a l l o g r a f t s  in  the 

thyroidectomized and co n tro l  group were not s ig n i f i c a n t ly  

d i f f e r e n t  (Table 1 7 ) .  Three of the most severe ly  a f fe c te d  

thyroidectom ized b i rd s  r e je c te d  the a l l o g r a f t s  l e s s  v ig o r ­

ously than did o th e r  b i r d s .  The g r a f t s  on these  b ird s  ap­

peared smoother and did n o t  become c ru s ty  as in  ty p ic a l  n o r­

mal g r a f t  r e j e c t i o n s .  However, they were no t v iab le  fo r  any 

longer period  of time than were the o ther g r a f t s .  In  th is  

experiment, 80^ of the a u to g ra f ts  survived.



TABLE 15
ANTIBODY RESPONSE TO SHEEP ERYTHROCYTES OF CONTROL AND THYROIDECTOMIZED BIRDS

No. of Animals
Day after Antigen Injection^

Treatment 5 7 9 18 22 25 2 8 32 50

Thyroidectomy 10 6 . 0% 8.0 7.2 3.2 2.7 7.6 11 .8 7.2 6.6
Control 9 8 . 3 9.2 6 . 8 2 . 8 2.8 7.1 8 . 5 6.1 6.1

^Second Injection of sheep erythrocytes given on day 22. 
^Mean log2 anti-sheep erythrocyte titer.
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Fig . 2 0 .—In d iv id u a l  an tibody  t i t e r s  of con tro l 
(c) and thyroidectom ized  (x) b i rd s  5 aJid 7 days a f t e r  
sheep e ry th ro c y te  i n j e c t i o n .  The h o r iz o n ta l  l in e  in  each 
group i s  the mean.



TABLE 16
MEAN TOTAL BLOOD LEUCOCYTE AND LYMPHOCYTE LEVELS OF 3 8 -DAY-OLD CONTROL AND THYROIDECTOMIZED BIRDS

No. of Birds
Total Leucocytes 

per mm3^
% of Total Leucocytes ̂ Total Lymphocytes 

per mm3 ̂Treatment Lymph Hetero Mono Baso Eos

Thyroidectomy 10 1̂ -, 600^5,^-60^ 67 2>+ 6 2 1 10,200±4,500°
Control 9 2 1 ,200±4,900 7 8 1 5 5 2 0 16,400±3,800

vD
00

± 1 standard deviation.
^Lymphocytes, heterophils, monocytes, basophils, eosinophils. 
*^p=.02 as compared to control vaines.
^p= . 0 1 as compared to control values.
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TABLE 17

SKIN GRAFT REJECTION TIME OF 56-DAY-OLD 
CONTROL AND THYROIDECTOMIZED BIRDS

Range of Mean
No. of R e jec tion R ejection

Treatment B irds Time& Time&

Thyroidectomy 8 6-9 7 .5

Control 5 7-8 7.2

’•Time in  days.
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A n ti-sornato tro p ic  hormone. Rabbit an ti-b o v in e  

• somatotropic hormone (ASTH) was in je c te d  in to  embryos to  de­

termine i t s  e f f e c t  on h a tc h a b i l i t y ,  body weight, and the im­

mune response . Groups of embryos in je c te d  w ith normal r a b b i t  

serum (MS) or s a l in e  were included as c o n tro ls .

No d if fe re n c e  was found in  the  h a tc h a b i l i ty  of em­

bryos in  these  groups. Mean body weights of the th ree  groups 

were no t s ig n i f i c a n t ly  d i f f e r e n t  throughout the experiment 

(Table l8 ) .  One b i rd ,  however, in je c te d  w ith  ASTH had a body 

weight of about h a l f  of the mean weight of the o ther  b ird s  a t

a l l  times during the  experiment.

All b ird s  were in je c te d  with sheep e ry th ro cy te s  when

they were 16 days old . Antibody responses of the  ASTH

tre a te d  b ird s  were no t s i g n i f i c a n t ly  d i f f e r e n t  from e i th e r  of 

the o ther  groups (Table 19). H is to lo g ic a l  examination of 

bursa, thymus, and sp leen  revealed  no s ig n i f i c a n t  d i f fe re n c e s  

between ASTH and NRS t r e a te d  b i rd s .

A p ass iv e  cutaneous anaphylaxis in h ib i t io n  re a c t io n  

was used to determine any r e a c t i v i t y  th a t  the a n t i -  

somatotropic hormone s e ra  might have a g a in s t  an tigens  in  

chicken serum, chicken p i t u i t a r y  e x t r a c t ,  or mouse serum, a l l  

presumably con ta in ing  STH. Mouse serum was inc luded  as a 

p o s i t iv e  co n tro l  since  i t  has been rep o r te d  th a t  i t  w i l l  i n ­

h i b i t  a p a ss iv e  hem agglu tination  assay (121). S l ig h t  i n h i b i ­

t io n  of the r e a c t io n  was accomplished w ith  mouse serum and 

po ss ib ly  chicken serum (Table 20 ) .  The serum did  n o t  form
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TABLE 18

MEAN BODY WEIGHTS OF BIRDS INJECTED WITH ANTI- 
SOMATOTROPIC HORMONE (ASTH) OR 

NORMAL RABBIT SERUM (NRS)

Age in  Days

Treatment
No. of 
Animals 6 13

ASTH 6 31^ 79 437

NRS 6 34 86 395

Saline 8 33 85 442

aMean body weight in  grams.
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TABLE 19

ANTIBODY RESPONSE OF BIRDS INJECTED WITH ANTI- 
SOMATOTROPIC HORMONE (ASTH) OR 

NORMAL RABBIT SERUM (NRS)

Treatment
No. of 
Animals

Day a f te r

3

Antigen

6

Injec tion

9

ASTH 6 4.1 2.5

NRS 6 1.9 3.6 3.0

Saline 8 3.^ 6.0 4.3

®-Mean lo§2 anti-sheep erythrocyte t i t e r .



TABLE 20

INHIBITION OF PASSIVE CUTANEOUS ANAPHYLAXIS REACTIVITY OF ANTI-BOVINE SOMATOTROPIC HORMONE WITH CHICKEN SERUM, CHICKEN PITUITARY EXTRACT, OR MOUSE SERUM

ASTH^ Incubated with:
PCA Titer

10^ 20 ^0 80 160 320

Saline +++ +++ +++ +++ ++ +
Alkaline Saline 0 0 0 0 0 0
STH in Alkaline Saline 0 0 0 0 0 0
Young Chicken Serum +++ +++ +++ +++ + 0
Adult Chicken Serum +++ +++ +++ + - t - 0
Chicken Pituitary Extract +++ + - t -  +- +++ +++ + 0
Mouse Serum +++ 0 0 0 0

o

^Anti-bovine somatotropic hormone with a PCA titer of 320.
^Reciprocal of highest antiserum dilution causing reaction at skin test site. 
^Relative degree of reaction at skin test site.
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p r e c i p i t i n  l in e s  when te s te d  by ge l d i f fu s io n  w ith chicken 

p i t u i t a r y  e x t r a c t .

A n ti-ch icken  p i tu i t a r y  e x t r a c t . The f a i l u r e  of a n t i -  

bovine som atotropic hormone to a l t e r  the immune response 

could have been due to a n t ig e n ic  d if fe ren c e s  between chicken 

and bovine growth hormones. To circumvent th is  problem, rab ­

b i t  antiserum to  chicken p i t u i t a r y  e x t r a c t  was prepared . A 

g lo b u lin  f r a c t io n  of th is  serum was shown by double d if fu s io n  

p r e c i p i t a t i o n  to  con ta in  a t i t e r  of k  when assayed with un­

d i lu te d  chicken p i t u i t a r y  e x t r a c t .  Three p r e c i p i t i n  l in e s  

formed. Two of these  l in e s  formed bands of i d e n t i ty  with 

chicken serum, b u t  no t  w ith  r a b b i t  serum. Groups of b irds  

were in je c te d  w ith  the gamma g lo bu lin  f r a c t io n  (ACPE), normal 

r a b b i t  g lo b u lin  (MG), or s a l in e .  In je c t io n s  of 0 .2  ml ACPE 

con ta in ing  4o mg p ro te in  pe r  m i l l i l i t e r  and in je c t io n s  of 

0 .3  ml MG co n ta in in g  26 mg p ro te in  per m i l l i l i t e r  were given 

on days 0 , 3, 6 , 9, 13, and 17 a f t e r  ha tch ing . In je c t io n s  

were in tram uscu la r  except f o r  the l a s t  two, which were i n t r a ­

venous .

A ll b i rd s  were in je c te d  w ith  0 .5  ml 10^ sheep e ry th ­

ro cy tes  on day 13 a f t e r  h a tch ing . A second in je c t io n  of 0.2 

ml 10^ sheep e ry th ro c y te s  was given on day 20 a f t e r  primary 

immunization. The antibody t i t e r  of b ird s  in je c te d  with 

ACPE was s ig n i f i c a n t ly  lower (p=.05) than  th a t  of the MG 

in je c te d  b ird s  on day 7 a f t e r  primary an tigen  in je c t io n  

(Table 21). This d id  not r e p re s e n t  a d if fe ren c e  in  peak



TABLE 21

ANTIBODY RESPONSE OF CHICKS INJECTED WITH ANTI-CHICKEN PITUITARY EXTRACT (ACPE) OR NORMAL RABBIT GLOBULIN (NRG)

Treatment No. of Animals
Days after Antigen Injection^

4 7 13 20 23 2 5 2 9

ACPE 10 4^2^ 3 . 5 ° 2.6 3.6 7 . 3 11 . 9 6 .8

NRG 9 3 .8 5 . ‘i- 3.2 3.1 5 . 8 9 . 6 5 . 7

Saline 5 3.5 4.2 2 .9 2.4 8.2 12.8 7 . 0

o
VJ1

^A second injection of antigen was given 20 days after the first antigen injection.
Mean log2 anti-sheep erythrocyte titer. 
’p=.05 when compared with NRS injected birds,
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t i t e r s ,  however, s in c e  the mean peak t i t e r  of ACPE t r e a te d  

b irds  occurred on day which was 3 days e a r l i e r  than i n  the  

MG group. The i n j e c t i o n  of MG did  not a l t e r  the antibody

response as compared to s a l in e  in je c te d  b i rd s .

Absolute or r e l a t i v e  bursa  and sp leen  weights were 

not s i g n i f i c a n t ly  d i f f e r e n t  i n  ACPE or MG t r e a te d  b ird s  a t  

38 days of age (Table 22). The mean t o t a l  blood leucocyte  

count fo r ACPE t r e a te d  b ird s  was 15? 500-1,800 (S.D.) per 

cubic m il l im e te r  on the iS th  day of age. MG in je c te d  b i rd s  

had mean leu co cy te  count of 19,500-3,200 (S.D.) per cubic 

m il l im e te r .  These va lues were s i g n i f i c a n t l y  d i f f e r e n t  (p=.01) 

from each o th e r .

E f fe c t  of Thyroxine and Somatotropic Hormone 
on Ontogeny of the Immune Response

Before studying  the  e f f e c t  of hormones on immunologi­

cal m atu ra tion , the  time of normal appearance of the a b i l i t y  

to produce antibody  a g a in s t  sheep e ry th ro c y te s  was s tu d ied .  

Groups of Hyline l i n e  96 chicks were in je c te d  w ith  0 .25  ml of 

a 10^ sheep e ry th ro c y te  suspension d iv ided  equally  in to  each 

leg  on day 3, 4 , 5, 6 , 9, 12, and 15 a f t e r  ha tch ing . A nti­

body t i t e r s  f o r  each group were determined 7 days a f t e r  the 

an tigen  in j e c t i o n .  The f i r s t  s u b s ta n t ia l  antibody response 

in  terms of both t i t e r  and the number of animals responding 

(log2 t i t e r  g r e a te r  than 2 ) occurred on the 12th  day a f t e r  

hatching (Table 2 3 ) .  Since th i s  response appeared r a th e r  

l a t e  in  p o s t-h a tc h in g  development, the  experiment was



TABLE 22

ORGAN WEIGHTS OF BIRDS INJECTED WITH ANTI-CHICKEN PITUITARY EXTRACT (ACPE) OR NORMAL RABBIT GLOBULIN (NRG)

Bursa^ Spleen®
Treatment Body^ Bursa^ Body Spleen^ Body
ACPE 364±28 2 .1 1 ± .3 8 i+.80i.7»+ 0 .8 5 ± .2 0 2 .^ 3 - 1 .5
NRG 370-17 2 .0 7 - .5 0 5 .6 4 ± 1 .5 0 .8 2 ± .2 8 2 .3 0 ± 1 .5

o

^Weight in grains - 1 standard deviation, 
height in milligrams i 1 standard deviation.
°Organ weight in milligrams divided by body weight in grams.



108

TABLE 23

ONTOGENY OF ANTIBODY FORKING CAPACITY 
IN HYLINE LINE 96 CHICKENS

Day Post-Hatching of Antigen Injection^

3 4- 5 6 9 12 15

Mean logg t i t e r ^ 0.7 1.3 1.1 1.8 2.1 1+.1 ^.5

Number of r e ­
sponders*^ 0/10 2/10 1/10 2/10 3/9 6/8 10/10

^0.25 ml 10/2 sheep erythrocytes (0.125 ml in to  each
le g ) .

^All t i t e r s  determined 7 days a f te r  antigen in je c ­
tion .

^Log2 t i t e r  g rea ter  than 2.0.
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repeated  using outbred White Leghorn chicks and two d i f f e r e n t  

an tigen  doses.

A 10^ sheep e ry th ro c y te  suspension was in je c te d  in  

doses of e i th e r  0 .05  ml/10 g body weight or 0 .5  ml per b ird  

to groups of b i rd s  on day % 8, 12, or 15 p o s t-h a tch in g . 

Antibody t i t e r s  of each group were determined 7 days a f t e r  

an tigen  i n je c t io n .  The f i r s t  s u b s ta n t ia l  antibody response 

in  b ird s  rec e iv in g  an tig en  amounts graded to body weight oc­

curred on day 8 (Table 24 ). The mean amount of an tigen  in ­

jec te d  on day 8 was 0 .3  ml. B irds rece iv ing  0 .5  ml sheep 

e ry th ro cy te s  responded by day 5 (Table 24 ).

Using these  e s t im a te s  f o r  the time of appearance of 

antibody forming c a p a c i ty ,  two experiments were performed to 

t e s t  the a b i l i t y  o f  thyroxine  or STH to in c re a se  the m atu ra­

t io n  r a t e  of the immune system. In the f i r s t  o f these  exper­

iments, chicks were in je c te d  d a i ly  from the day of hatch ing  

w ith  1) thyroxine  (3 ug i n  0.1 ml) 2) STH (1 mg in  0.1 m l), 

or 3) s a l in e  (0.1 m l). On the t h i r d  day p o s t-h a tc h in g ,  a l l  

b ird s  were i n je c te d  w ith  0 .25  ml 10^ sheep e ry th ro cy tes  

(0.125 ml per l e g ) .  A second in je c t io n  of 0 .25  ml 10^ sheep 

e ry th ro cy te s  was g iven  10 days a f t e r  the f i r s t  i n j e c t i o n  of 

an tigen .

Chicks i n je c te d  w ith  s a l in e  produced e s s e n t i a l l y  no 

antibody response to  a f i r s t  in je c t io n  of an tigen  (Table 25). 

Thyroxine t r e a te d  chicks produced a s ig n i f ic a n t  (p=.05) amount 

of antibody 6 days a f t e r  the f i r s t  in je c t io n  of an tigen . The



TABLE 24
ONTOGENY OF ANTIBODY FORMING CAPACITY IN OUTBRED WHITE LEGHORN CHICKENS

Day Post- Antigen -hatching of Injection
Dosage of Antigen^ 5 8 12 1 5

Mean logp titer 
0 .0 5 ml/ 10 g body wt. ,No. responders*^/total

0 . 2

0/5
3 . 9

5/5
6.6
5/5

not done 
not done

Mean logp titer
0 . 5 ml/bird No. responders/total

3 . 5

4/5
2 . 8

4/5
7 . 0

4/4
8 . 7

4/4

®10  ̂ sheep erythrocyte suspension injected intranr into right ieg .

^Logg titer greater than 2.0.



TABLE 25

EFFECT OF THYROXINE AND SOMATOTROPIC HORMONE ON ANTIBODY FORMING CAPACITY AFTER INJECTION OF SHEEP ERYTHROCYTES ON DAY 3 POST-HATCHING

Treatment
No. of Animals

Day after Antigen Injection^
3 6 9 13 16 29

Thyroxine M- 1 2.5^ 1.5 8.C)d 8.8 d 2.52C 2 1 4- If
STH 5 1 .0 1.5 2.1 6.6 8.6 d

0 1 2 5 5 5
Saline If 0.8 0.3 0.5 6.3 6.9 2.60 o 0 L- 4- 5-

®-A second injection of antigen was! given on day 10.
^Mean log2 anti-sheep erythrocyte titer.
‘̂Number of responders (log2 titer greater than 2).
^p=.05 as compared to control values.
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group in je c te d  w ith  STH produced a s l i g h t  response on day 9*

A g re a te r  e f f e c t  o f the in f luence  of thyroxine and STH on the 

immune response i s  seen in  the  response to  the second i n j e c ­

t io n  of a n t ig e n .  Both STH and th y ro x in e - t r e a te d  chicks p ro ­

duced more an tibody  than d id  co n tro l  b i rd s .  A s i g n i f i c a n t  

d i f fe re n c e  was a ls o  seen in  t i t e r s  on day 29. This was 20 

days a f t e r  the  second in j e c t io n  of a n tig en .  The STH-treated 

group had a h igher  t i t e r  remaining than  d id  the thyroxine  or 

s a l in e - t r e a t e d  groups. The la rg e r  drop in  t i t e r  from day 16 

to day 29 in  the  th y ro x in e - t r e a te d  b ird s  than in  the  normal 

c o n tro l  animals again  suggests the in c reased  c a ta b o l ic  r a t e s  

p re s e n t  i n  thyrox ine  in je c te d  b i rd s .

Another experiment was performed by t r e a t in g  outbred  

White Leghorn chicks from th e  day of ha tch ing  w ith: 1) d a i ly

0.1 ml in je c t io n s  of thyrox ine  (5 u g ) ,  2) d a i ly  0.1 ml i n ­

je c t io n s  of STH (1 mg), 3) da ily  0.1 ml in je c t io n s  o f thy­

rox ine  (5 ug) and STH (1 mg), or 4-) d a i ly  0.1 ml i n je c t io n s  

of s a l in e .  On the 10th day p o s t-h a tc h in g ,  0 .5  ml 10^ sheep 

e ry th ro c y te s  were in je c te d  in to  the  r i g h t  leg  of each b ird .

A second i n j e c t i o n  of an tigen  was given 15 days l a t e r .  Note 

t h a t  in  the p rev ious experiment, a n tig en  was in je c te d  a t  3 

days of age.

S a line  in je c te d  animals produced low le v e ls  of a n t i ­

body a f t e r  the  f i r s t  i n j e c t i o n  of an tig en  (Table 26).

S l ig h t ly  h igher  t i t e r s  were seen in  the hormone t r e a te d  

groups, bu t the only mean t i t e r  s i g n i f i c a n t l y  d i f f e r e n t



TABLE 26

EFFECT OF THYROXINE AND SOMATOTROPIC HORMONE ON ANTIBODY FORMING CAPACITY AFTER INJECTION OF SHEEP ERYTHROCYTES ON DAY 10 POST-HATCHING

No. of Animals
Day after Antigen Injection^

Treatment 7 9 15 18 22 26

Thyroxine 7 4.1% 3.3 2.2 4.6 7.4 8 .7 6.7
STH 9 5.4 5.2 3.1 5.9 8 . 2 8.1 6.3
Thyroxine and STH 8 5 . 8 ° 5.1 3.1 5.3 7.2 6.7 6.0
Saline 9 3 . 9 3.6 2.0 5.1 6.7 8 .0 5.4

LiO

^A second Injection of sheep erythrocytes was Injected on day 15* 
^Mean logg anti-sheep erythrocyte titer.
*^p=.05 as compared to saline treated group.
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(p=.05) from the normal c o n tro ls  was on day k  a f t e r  the f i r s t  

i n je c t io n  of an tigen  in  the  group t r e a te d  w ith  both thyroxine 

and STH. A p o in t  of i n t e r e s t  in  th i s  experiment was the su r ­

p r is in g  in c re a se  in  antibody t i t e r  which occurred between 

days 9 and 15» This in c re a se  was observed in  a l l  fou r  

groups. A normal secondary response occurred in  a l l  four 

g roups.



CHAPTER IV 

DISCUSSION

This re se a rc h  was d i re c te d  toward d e fin ing  the i n f l u ­

ence of developmental hormones in  the  ontogeny and mainten­

ance of fu n c t io n  of the av ian  lymphoid system. Of prime im­

portance toward s o lu t io n  of t h i s  problem is the u l t im a te  

determ ination  of the p re c is e  morphological and biochemical 

s i t e s  of ac t io n  of the  hormones. Toward th is  end, sev e ra l  

areas of in f lu ence  of th y ro x in e ,  STH, or both were in d ic a te d .

Developmental hormones may p lay  a ro le  in  the  normal 

development of the e p i t h e l i a l  an lage of c e n tra l  lymphoid 

organs which forms a s p e c ia l iz e d  microenvironment th a t  can 

in f luence  d i f f e r e n t i a t i o n  of stem c e l l s  in to  immunocompetent 

c e l l s .  Another p o ss ib le  r o le  f o r  developmental hormones 

could be the  p re p a ra t io n  or d i f f e r e n t i a t i o n  of stem c e l l s  to 

a stage th a t  would be su sc e p t ib le  to  in fluence by the c e n t ra l  

lymphoid organ microenvironment. Developmental hormones 

could a lso  ac t  on d i f f e r e n t i a t i n g  p o s t -c e n t ra l  lymphoid 

organ c e l l s  by p rep a rin g  f o r ,  or a id ing  in  the  in f luences  of 

c e n t ra l  lymphoid organ humoral f a c t o r s .  These h y p o th e t ica l  

s i t e s  of ac t io n  suggest a ro le  of hormones i n  d i f f e r e n t i a t i o n

115
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and m aturation  of precompetent lymphoid c e l l s .  I t  is  a lso  

p o ss ib le  th a t  the  hormones cause expansion or p r o l i f e r a t i o n  

of immunocompetent c e l l s  w ithou t e f f e c t in g  d i f f e r e n t i a t i o n  

s p e c i f i c a l l y .

Hormones may a lso  in f lu e n ce  the immune response 

through such o ther  n o n -sp e c if ic  mechanisms as s t im u la t io n  of 

phagocytosis or inflammatory p rocesses .  They may a l t e r  n o r ­

mal m etabolic  processes which r e g u la te  p ro te in  catabolism  or 

sy n th es is  e s s e n t ia l  to immune t i s s u e  fu n c t io n .

The p re se n t  experiments c h a ra c te r iz in g  the e f f e c t s  

of developmental hormones on the  immune system provide a 

b a s is  fo r  p o s tu la t in g  s i t e s  and mechanisms of a c t io n  of the 

hormones. The f i r s t  group of experiments involved  study of 

the e f f e c t  of thyroxine on t e s to s te r o n e - t r e a t e d  embryos.

Groups of animals t r e a te d  as embryos w ith  thyrox ine , a f t e r  

te s to s te ro n e  trea tm en t,  produced more antibody upon challenge  

w ith  sheep c e l l s  a t  5 weeks of age than did b ird s  t r e a te d  as 

embryos w ith  te s to s te ro n e  alone (Figs. 5 and 7)* S im i la r i t i e s  

of antibody response in  the  va rio us  groups were noted i n  the 

f i r s t  two experiments. T e s to s te ro n e - t r e a te d  b i rd s  produced 

very  l i t t l e  antibody a f t e r  the f i r s t  i n j e c t i o n  of an tigen . 

A fte r  a second an tigen  i n j e c t i o n  some b ird s  responded, w hile  

o th e rs  d id  n o t .  In both experim ents, groups t r e a te d  w ith  

both te s to s te ro n e  and thyroxine contained more b ird s  producing 

la rg e r  amounts of antibody a f t e r  the second in je c t io n  of a n t i ­

gen than groups of b ird s  t r e a te d  w ith te s to s te ro n e  alone.
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A nalysis  of the  seriun of normal, t e s to s te r o n e ,  and 

te s to s te ro n e  and th y ro x in e - tre a te d  animals using  density  

g rad ie n t  u l t r a c e n t r i f u g a t i o n  revea led  r e l a t i v e l y  le s s  low 

molecular w e igh t,  nonagg lu tina ting  antibody  in  the  serum of 

responders i n  both  horm one-treated groups. Those animals 

t r e a te d  w ith  te s to s te ro n e  and thyroxine which responded to 

sheep e ry th ro c y te s  made antibody q u a l i t a t i v e l y  s im i la r  to 

th a t  produced by responders t r e a te d  w ith  te s to s te ro n e  a lone. 

I t  would appear, then, t h a t  thyrox ine  rev e rse d  the  e f f e c t  of 

te s to s te ro n e  which r e s u l t s  in  nonresponsiveness . On the 

other hand, thyrox ine  d id  not r e s to r e  the  anim als to a n o r­

mal s t a te  and, p a ra d o x ic a l ly ,  the e le v a ted  antibody t i t e r s  in  

these animals were r e l a t e d  to immune d e f ic ie n cy  r a th e r  than 

hypercompetence.

The d i f f e re n c e s  i n  q u a n ti ty  of an tibody  produced in  

the two experiments may be r e l a t e d  to  d i f f e r e n c e s  in  q u a n ti ty  

and method of a n tig en  in je c t io n ,  i . e . ,  i n  one experiment com­

p le te  F reund 's  ad juvant was used. D iffe rences  may a ls o  be 

r e l a te d  to the  dosage and timing of t e s to s te ro n e  and th y ­

roxine trea tm e n t.

Jankovic (80, 8l ) described  adequate antibody r e ­

sponses a f t e r  m u lt ip le  in je c t io n s  of a n tig en  in  b ird s  t r e a te d  

as embryos w ith  t e s to s te ro n e .  More complete bursectomy, ac­

complished e i t h e r  by surgery and X - i r r a d ia t io n  (29), or by 

using la rg e r  amounts of te s to s te ro n e  ( l6 l ) ,  reduced the 

chance fo r  a few c e l l s  to be in fluenced  by the bursa
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environment and reach the  p e r ip h e ra l  t i s s u e s .  The f a c t  t h a t  

normal amounts of antibody could va produced by animals w ith  

severe ly  l im ite d  c e n t r a l  lymphoid organ fu n c tio n  i l l u s t r a t e s  

a r e l a t i v e  degree of p e r ip h e ra l  lymphoid system autonomy.

In  experiments using  te s to s te ro n e - t r e a te d  ch icks , a 

few bursa-dependent c e l l s  escape hormonal bursectomy and 

reach  p e r ip h e ra l  lymphoid t i s s u e .  They p r o l i f e r a t e  upon 

an tig en  exposure and produce antibody. I t  must be assumed 

th a t  when a l a rg e r  number of c e l l s  escape, a g re a te r  amount 

of antibody w i l l  be produced a t  a given time a f t e r  an tigen  

i n je c t io n .  Embryonic thyrox ine  in je c t io n s  a f t e r  t e s t o s t e r ­

one trea tm ent produce a l a r g e r  number of animals th a t  can 

respond by antibody fo rm ation  a f t e r  a second an tigen  expos­

u re .  The mechanism of t h i s  e f f e c t  i s  not c le a r .  Thyroxine 

may antagonize the d e tr im e n ta l  e f f e c t  of te s to s te ro n e  in  one 

or more ways. In  any case , a  la rg e r  number of bursa- 

dependent c e l l s  would be expected to reach p e r ip h e ra l  lymph­

oid t is su e s  and subsequently  produce more antibody.

In order to sp e c u la te  on the mechanism of th i s  thy­

rox ine  e f f e c t ,  the p o s tu la te d  mechanisms of te s to s te ro n e  

bursectomy must be considered . T estosterone has been sug­

gested  to  e f f e c t  hormonal bursectomy by severa l mechanisms. 

I t  may prevent the en try  or binding of stem c e l l s  in  the 

bursa  (106). T es to s te ron e  may a lso  have a d i r e c t  a n t i ­

m i to t ic  a c t i v i t y  on bursa  c e l l s  (129). Ackerman and Knouff 

(1 ) have shown th a t  t e s to s te ro n e  preven ts  a lk a l in e
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phosphatase a c t i v i t i e s  which may be necessary  fo r development 

and fu nc tion  of the e p i t h e l i a l  anlage of the bursa. Thyrox­

ine  inc reases  m ito t ic  a c t i v i t i e s  in  lymphoid organs (V3 ) and 

a ls o  in c reases  t i s s u e  and serum le v e l s  of a lk a lin e  phospha­

ta s e  (89, 153)*

In mice, r e la t io n s h ip s  between the thymus and p i t u i ­

ta ry  have been found (119). Neonatal thymectomy causes 

changes in  the a c id o p h il ic  STH producing granules in  the hy­

pophysis. Removal of the thymus a lso  causes changes in  the 

thy ro id  gland (71, 72) .  Two weeks a f t e r  thymectomy, thyro id  

w eight, a c in a r  c e l l  h e ig h t ,  and oxygen consumption were i n ­

creased . These parameters had re tu rn e d  to normal values a t  

^ weeks a f t e r  thymectomy. O bservations s im ila r  to  these 

have been made in  the chicken by P in tea  and Pethes (125)- 

One month a f t e r  su rg ic a l  bursectomy, th y ro id  f o l l i c l e s  were 

in c reased  in  s ize  and uptake was decreased, in d ic a t in g  

a decreased th y ro id  fu n c t io n .  At 7^ days of age, f o l l i c l e  

s iz e  was s ig n i f i c a n t ly  sm aller than  in  normal b ird s .

In the p re se n t  s tu d ie s ,  a change in  thyro id  morphol­

ogy was observed a f t e r  t e s to s te ro n e  trea tm ent on the I 2th  

embryonic day. F o l l i c l e  d iam eter was decreased as compared 

to  the diam eter of thyro id  f o l l i c l e s  in  normal 18 day em­

bryos (Table l ) .  This may re p re s e n t  a compensatory increase  

i n  thy ro id  hormone output r e l a t e d  to  bursa d e s tru c t io n .  On 

the o ther hand, the change in  th y ro id  morphology might be a 

r e s u l t  of d i r e c t  te s to s te ro n e  a c t io n  on the thyro id . These
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observations a re  o ffe re d  only as an in d ic a t io n  of the i n t e r ­

r e la t io n s h ip  between lymphoid organs and the thy ro id  gland.

Thyroxine may a lso  in f lu en ce  p r o l i f e r a t i o n  of bursa- 

dependent c e l l s  in  p e r ip h e ra l  lymphoid t i s s u e .  This does not 

seem l ik e ly  i n  th i s  experim ental design  s ince  thyroxine  was 

in je c te d  i n  sm all q u a n t i t ie s  in to  embryos. The e f f e c t  of 

exogenously adm in is te red  thyroxine i s  s h o r t - l iv e d  (152), and 

in je c te d  thyroxine  would no t have been d e te c ta b le  f i v e  weeks 

l a t e r  a t  the  time of an tigen  in je c t io n .  A sh o r t  pe riod  of 

exposure o f bursa-dependent c e l l s  to  thyrox ine , however, may 

be adequate to  expand the p opu la tion  to  a c r u c ia l  l e v e l .

These c e l l s  could  be expected to  continue normal expansion 

and produce d e te c ta b le  amounts of antibody f iv e  weeks l a t e r .

The h i s t o lo g i c a l  appearance of the bursa  of t e s t o s t e r ­

one and th y ro x in e - t r e a te d  embryos was not s t r i k in g l y  d i f f e r e n t  

from th a t  of embryos t r e a te d  with te s to s te ro n e  only. Lymphoid 

development was sev ere ly  reduced i n  both groups. This e v i ­

dence in d ic a te s  th a t  the  probable s i t e  of a c t io n  of thyroxine 

was ou ts ide  th e  bursa . I t  i s  p o s s ib le ,  however, th a t  thy­

roxine caused im portan t changes in  the  developing b u rsa l  en­

vironment which were n o t d e tec ted  by h i s to lo g i c a l  methods on 

the 18th  embryonic day.

High le v e ls  of thyroxine cause lymphoid t i s s u e  a t ­

rophy, as compared to  s t im u la tin g  in f luences  of lower amounts 

of the hormone (3, . These observations were confirmed a t

a fu n c t io n a l  l e v e l  (Table k ) . I n je c t io n  of 0 .5  ug thyroxine
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on embryonic day 12 and 2 ug on embryonic day 15 r e s u l te d  in  

reduced antibody forming cap ac ity  of b ird s  challenged w ith  

sheep e ry th ro cy te s  a t  5 weeks of age. This e f f e c t  was p r e s ­

en t  during the  primary response but was no t seen a f t e r  a 

second in je c t i o n  of a n tig en .  This in d ic a te s  th a t  the number 

of competent bursa -dependent c e l l s  was lowered by excessive 

embryonic thyroxine trea tm en t.  The c e l l s  th a t  escaped the 

e f f e c t  were able  to  expand t h e i r  popu la tion  and produce i n ­

creased  amounts of antibody on second exposure to a n tig en .

This dose of thyroxine may a c t  d i r e c t l y  on the bu rsa l  en­

vironment or may in c rease  ad rena l c o r t i c a l  s t e ro id  p rodu c tion  

which has been shown to  produce b u rsa l  atrophy (62).

The e f f e c t  of STH on te s to s te r o n e - t r e a te d  b i rd s  was 

a ls o  s tu d ied .  Daily STH i n je c t i o n  of b ird s  t r e a te d  as em­

bryos w ith  te s to s te ro n e  d id  n o t  in c re a se  antibody p roduction  

above va lues fo r  b irds  t r e a te d  w ith  te s to s te ro n e  alone 

(Table 5)* The dose of t e s to s te ro n e  in  th i s  experiment was 

l a r g e r  than th a t  used i n  o th e r  experim ents. This may have 

l im i te d  the  small popu la t ion  of c e l l s  in  the p e r ip h e ra l  t i s ­

sues th a t  would be a v a i la b le  fo r  popu la t ion  expansion by STH. 

Since STH was in je c te d  a f t e r  h a tc h in g ,  a l t e r a t io n  of the  

bursa  microenvironment during development was not l i k e l y .

Although some a l t e r a t i o n  in  lymphoid organ w eights 

can be produced by in je c t io n s  of STH and thyroxine in  chickens 

(12, 63, 157) l i t t l e  study has cen te red  around the  e f f e c t  of 

these  hormones on the fu n c t io n a l  immune response. In
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experiments w ith  chicks and a d u l t  b i r d s ,  l i t t l e  in f lu e n ce  of 

thyroxine or STH in je c t io n s  was seen on antibody form ation 

or sk in  g r a f t  r e je c t io n  (Tables 6 -8 ) .

These r e s u l t s  must be considered  w ith re fe ren c e  to 

the dosages of the  hormones u se d .  Adult b i rd s ,  6 weeks old, 

were in je c te d  w ith  l8 ug thyrox ine  per day. This dosage was 

in c re ased  a f t e r  16 days to 30 ug per day. The 30 ug dosage 

was approximately 10 times the  d a i ly  s e c re t io n  r a t e  of thy­

rox ine  in  normal 7-week-old b i rd s  (76, 166). Four m i l l i ­

grams of STH were in je c te d  d a i ly .  This dose was equ iva len t  

to  th a t  used by Click (63) to  in c re a se  the weight of the 

bursa  of F a b r ic iu s .  The dosages, th e r e f o re ,  should have been 

la rg e  enough to  cause in c re a sed  le v e ls  of hormones i n  the 

b i r d s .  Normal body compensatory mechanisms, however, must 

be considered . In  guinea p ig s ,  a compensatory e f f e c t  of the 

th y ro id  and adrenal g lands has been rep o r te d  (9^). In 

chicks ; m etabolic  ra te s  which were in c re ased  by feed ing  thy- 

r o p ro te in  f e l l  below normal va lues  se v e ra l  hours a f t e r  feed­

ing was discontinued (99 )« The b ird s  were a c tu a l ly  hypothy­

r o id  a t  the time of the  m etabolic  r a t e  de te rm inations since  

continuous thy ro p ro te in  feeding  had depressed th y ro id  s ize  

and fu n c t io n  and a f te r  stopping  trea tm e n t,  b ird s  rece ived  no 

exogenous th y ro p ro te in .

E sse n t ia l ly  no d i f f e re n c e  was seen between groups 

t h a t  rece iv ed  hormones throughout the  experiment and groups 

i n  which trea tm en t had been d isc o n tin u ed . Therefore , a
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hypothyroid cond ition  a f t e r  stopping thyroxine trea tm en t 

could not be shown to a l t e r  an tibody form ation .

The e f f e c t  of decreased  thyroxine le v e ls  produced by 

th io u r a c i l  t rea tm en t was s tu d ied  in  b ird s  of various ages. 

Since thyroxine in je c t io n s  were ab le  to in f lu en ce  antibody 

response of b ird s  in je c te d  p rev io u s ly  w ith  t e s to s te ro n e ,  

thyroxine  might be e s s e n t ia l  to  normal development o f  the 

b u rsa l  environment. T h io u rac il  was in je c te d  in to  embryos on 

the 5 th  or 12th embryonic day in  an a ttem pt to  reduce t h e i r  

thyroxine l e v e l s .  Thyroxine i s  f i r s t  produced in  the  em­

bryonic thyro id  around the  10th day of in cu b a tio n  ( l 4 j ,  156). 

Enlarged thyro ids and delayed ha tch ing  and yolk sac r e t r a c ­

t io n  time have been described  as symptoms of an embryonic 

hypothyroid  cond ition  (2, 134-). Because th io u ra c i l  was i n ­

je c te d  as e a r ly  as the 5th embryonic day and these  symptoms 

were observed, a hypothyroid s t a t e  was probably a t t a in e d .

This cond it io n  d id  n o t  a l t e r  the lymphoid n a tu re  of 

the bu rsa  on the  l8 th  embryonic day. Antibody form ation  and 

sk in  g r a f t  r e j e c t i o n  time were n o t  suppressed when animals 

were te s te d  a t  5 weeks of age (Tables 9 and 10). These ex­

perim ents in d ic a te  th a t  thyroxine  i s  n o t so le ly  re sp o n s ib le  

fo r  supporting a c r i t i c a l  s tage  in  the development o f  the 

bursa microenvironment. I f  so, then  th io u r a c i l  d id  n o t  su f ­

f i c i e n t l y  block thyroxine p rod uc tion . Another com plication  

would be the presence of m aterna l thyroxine in  the  eggs.

To t e s t  the ro le  of thyroxine  in  supporting normal
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lymphoid t i s s u e  fu n c t io n s  t h io u r a c i l  was in je c te d  in to  newly 

hatched chicks and a d u l t  b i r d s .  Although the amount of 

t h io u r a c i l  in je c te d  d a i ly  (1 to 10 mg) was comparable to th a t  

(0.1^ in  feed) shown by se v e ra l  in v e s t ig a to r s  to have a max­

imum a n t i - th y r o id  e f f e c t  (99), normal morphology of the 

thyro id  glands a t  the end of the experiment in d ic a te d  th a t  a 

hypothyroid cond it ion  was n o t  a t t a in e d .  Some inform ation , 

however, can be gained from the an tibody  response and sk in  

g r a f t  r e j e c t i o n  d a ta  in  these  experiments (Tables 11-lk-). I f  

a hypothyroid co n d it io n  was n o t  a t t a in e d ,  then the e f f e c t  of 

a d d i t io n a l  hormone in j e c t io n s  can be s tu d ied  in  some groups 

of b ird s  i n  these  experim ents. B ird s ,  both chicks and 

a d u l t s ,  t r e a te d  w ith  thyroxine  and STH a f t e r  d iscon tinu ing  

t h io u r a c i l  t rea tm en t f a i l e d  to demonstrate any in crease  in  

antibody t i t e r  above th a t  found i n  s a l in e - t r e a t e d  co n tro l

b ird s  (Tables 11 and 12). This confirms the r e s u l t s  seen in

previous experiments w ith  d i f f e r e n t  hormone dosages (Tables 

6 and 8 ) .

Because a ttem pts  a t  producing a hypothyroid cond ition  

by in je c t in g  t h io u r a c i l  were u n su c ce ss fu l ,  b ird s  were t r e a te d  

w ith  t h io u r a c i l  i n  the  feed  (0.1^). At 37 days of age, r e l a ­

t iv e  (organ weight/body weight) sp leen ,  and bursa weights of 

b ird s  fed  th io u r a c i l  were only 80^ of those of normal b i rd s .

At 80 days of age, r e l a t i v e  sp leen  and bursa weights were 93

and 95^ j r e s p e c t iv e ly ,  of co n tro l  v a lu e s .  This increase  in  

r e l a t i v e  organ weight of t h io u r a c i l  t r e a te d  b ird s  from 37 to
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80 days of age could be a r e f l e c t i o n  of a le s s  severe  hypo­

thyro id  con d it io n  a t  80 days of age, as seen by sm aller 

go itro gen ic  thy ro ids  a t  80 days than a t  37 days. These r e ­

s u l t s  confirm the  decrease  in  r e l a t i v e  spleen and bursa  

weights observed by Garren and Shaffner (60) with t h io u r a c i l  

trea tm ent in  young b i r d s .

The e f f e c t  of th io u ra c i l - in d u c e d  hypothyroidism on 

lymphoid organ weights i s  more e a s i ly  shown than an  e f f e c t  on 

the immune response . Antibody form ation and sk in  g r a f t  r e ­

j e c t io n  times of t h io u r a c i l - t r e a t e d  b ird s  did n o t  d i f f e r  from 

normal b ird s  (Fig. 9).

In  c o n tr a s t  to  e a r l i e r  experiments in  which th io u r a c i l  

was in je c te d ,  t h io u r a c i l  feed ings produced an enlargem ent of 

the th y ro id  g lands . This g o i tro g e n ic  e f f e c t  is  in d ic a t iv e  

of some le v e l  of hypothyro id  cond ition  (133).

In  order to  a t t a i n  a more complete hypothyroid s t a t e ,  

su rg ic a l  thyroidectomy was performed. At 95 days of age, the 

r e l a t i v e  sp leen  weight of thyroidectom ized b irds  was only 

78^ of th a t  of normal b i r d s .  The f in d in g  of normal bursa 

weights in  thyro idectom ized  b ird s  might be explained by the 

observations of Glick ( 6 l ) on the time of re g re s s io n  of 

bursas of normal b i rd s .  In  White Leghorn chickens the bursa  

becomes sm aller  i n  r e l a t i o n  to body weight between 4 and 7 

weeks of age. At 95 days of age in  th i s  experiment, bursas 

of normal b ird s  could have begun re g re ss io n .  This normal r e ­

g ress io n  of the bursa  i s  dependent on function  of the gonads
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(6l ). Because thyroidectomy lowered not only p r o te in  ca tab ­

olism and lymphoid t i s s u e  c e l l u l a r i t y ,  bu t a lso  normal de­

velopment of the  t e s t i s  (17), bursas in  thyroidectom ized 

b ird s  would n o t  be su b je c t  to  normally occurring age in v o lu ­

t io n .  This could allow bursa  weights to appear as la rg e  in  

thyroidectom ized b i rd s  as in  normal b ird s  a t  95 days of age. 

I t  was shown p rev io u s ly  t h a t  th io u r a c i l  t r e a te d  b ird s  had 

s ig n i f i c a n t ly  lower r e l a t i v e  bursa weights than did con tro l 

b ird s .

Peak antibody t i t e r s  to sheep e ry th ro cy te s  and 

Salmonella organisms were lower in  thyroidectom ized b ird s  

than in  normal b ird s  (Fig. 16). This agrees w ith  the r e s u l t s  

seen in  thyro idectom ized  guinea p igs  in je c te d  w ith  Salmonella 

organisms (112) or egg albumen (111). Lower a g g lu t in a t in g  

and p r e c ip i t a t i n g  antibody responses were observed in  thy­

roidectom ized guinea p igs  as compared to c o n tro ls .  The 

slower r a t e  o f  d e c l in e  i n  antibody t i t e r  n o t ic e d  in  th y ro id ­

ectomized ch ickens , compared to normal b i rd s ,  agrees w ith  

observa tion  th a t  thyroidectomy of r a t s  leads  to decreased 

catabolism  of serum p r o te in s  (56). This may a lso  exp la in  why 

no c o r r e l a t io n  e x i s t s  between v i s ib le  symptoms of th y ro id e c ­

tomy (s iz e  of b ird  and appearance of f e a th e r s )  and le v e ls  of 

antibody (F ig . 17) .  In  these  most severe ly  hypothyroid 

b i rd s ,  the r a t e  of catabolism  of serum p ro te in s  may be r e ­

duced to such an e x te n t  t h a t  a small r a t e  of antibody produc­

t io n  would appear as a h igh t i t e r  of antibody.
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H is to lo g ic a l  exam ination of the thymus a t  95 days of  

age revea led  fewer lymphocytes i n  the c o r t i c a l  a reas  of thy ­

roidectom ized b ird s  than in  normal b ird s  (Figs. l8 and 19). 

This i s  in  agreement w ith  the e f f e c t s  of thyroidectomy on 

lymphoid organs in  sev e ra l  spec ie s  of animals (of. 3^)«

A second experiment was performed in  order to study 

the e f f e c t  of thyroidectomy on sk in  g r a f t  r e j e c t io n .  The 

growth r a t e  and appearance of thyroidectom ized b ird s  i n  the 

second experiment were comparable to  those in  the f i r s t  ex­

perim ent. Sheep e ry th ro c y te s  were in je c te d  in to  b i rd s  a t  

20 days of age. In  c o n t r a s t  to the f i r s t  experiment, in  

which 0 .5  ml of a 10^ sheep e ry th ro c y te  suspension was i n ­

je c te d  in to  each b i r d ,  sheep e ry th ro c y te s  were in je c te d  on a 

body weight b a s is .  The mean amount in je c te d  in to  con tro ls  

was 0.74 ml compared to  0 .57 ml fo r  the  thyroidectom ized 

b i rd s .

Mean antibody t i t e r s  in  th i s  experiment were n o t  s i g ­

n i f i c a n t l y  d i f f e r e n t  f o r  normal and thyroidectomized b ird s  

(Table 15). The in d iv id u a l  t i t e r s  revea led  th a t  two th y ­

ro idectom ized  b ird s  had very  high t i t e r s  (Fig. 20). As in  

the prev ious experiment, some of the sm a lle s t  b i rd s  produced 

the h ig h e s t  t i t e r s .  I f  thyroidectom y, as a whole, was more 

complete in  th i s  experim ent, then the catabolism  of serum 

p ro te in s  could have been s u f f i c i e n t l y  reduced to mask any d i f ­

fe ren ces  in  antibody t i t e r s  in  the two groups of b i r d s .  This, 

however, i s  n o t  l i k e l y  because an increased  amount of
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antibody was no t  seen i n  the thyroidectomized birds  near  the 

end of the bleeding schedule.  A more l i k e l y  explanat ion 

would be t h a t  the  s l i g h t l y  l a r g e r  amount of in je c te d  antigen 

s t im ula ted  more c e l l s  i n  the thyroidectomized b irds  to r e ­

spond, and by the day o f  the peak antibody t i t e r  any d i f f e r ­

ences i n  normal and thyroidectomized b i rds  would not  be seen.

At 38 days of age,  t o t a l  leucocyte  and lymphocyte 

le v e l s  were reduced in  thyroidectomized b i rds  (Table I 6 ). 

Although re p o r t s  in  the l i t e r a t u r e  concerning changes in  

lymphoid organ weights a f t e r  thyroidectomy or thyroxine i n ­

j e c t i o n  are  abundant, p e r i p h e r a l  blood changes have been l e s s  

well  documented (3̂ +) • The reduced lymphocyte l e v e ls  may i n ­

d ic a te  a thymus-dependent c e l l  de f ic ie n cy .  This , however, 

was no t  demonstrable by sk in  g r a f t  r e j e c t i o n  times (Table 17) 

In guinea p ig s ,  sk in  g r a f t  r e j e c t i o n  times were not  a l t e r e d  

a f t e r  thyroidectomy even though d e f i c ie n c ie s  in  response to 

DNCB were found (113 and 11^).

The s tu d ie s  in  which hypothyroid condit ions  were p ro ­

duced by th io u r a c i l  or thyroidectomy in d ic a t e  t h a t  thyroxine 

has a r o l e  i n  main ta in ing  c e n t r a l  and p e r ip h e ra l  organ 

weight,  antibody product ion ,  and p e r ip h e ra l  leucocyte  l e v e l s .  

Low l e v e l s  of thyroxine  during embryonic development do not  

have a permanent e f f e c t  on the  bursa  environment t h a t  i s  

demonstrable by a re d u c t io n  i n  an tibody production.  Skin 

g r a f t  r e j e c t i o n  did not  appear to  be as s e n s i t i v e  to thy­

roidectomy as p e r ip h e r a l  blood lymphocyte l e v e l s .
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In order  to  study the e f f e c t  of reduced somatotropic 

hormone l e v e l s ,  r a b b i t  an t i -b o v in e  somatotropic hormone 

(ASTH) was i n j e c t e d  i n to  embryos. The h a t c h a b i l i t y  of  these 

b irds  was not  a f f e c t e d ,  as compared to c o n t ro l  b irds  in je c te d  

with normal r a b b i t  serum (1RS). Repeated i n j e c t i o n s  of birds  

with ASTH or HRS did  no t  a l t e r  body weight or antibody f o r ­

mation (Tables l8 and 19).

The p a ss iv e  cutaneous anaphylaxis i n h i b i t i o n  t e s t  

revealed  th a t  ASTH had l i t t l e  r e a c t i v i t y  a g a in s t  chicken 

serum or chicken p i t u i t a r y  e x t r a c t  (Table 20 ) .  ASTH did not 

form p r e c i p i t i n  l i n e s  when t e s t e d  by gel d i f f u s i o n  w i th  

chicken p i t u i t a r y  e x t r a c t .  These r e s u l t s  would expla in  the 

lack of a b i l i t y  of STH to in c re a se  body weight in  chickens 

(93) ' Glick (63), however, repo r ted  some in f luence  of  STH 

on bursa  weight.

In  order  to  p repare  an antiserum t h a t  might e f f e c ­

t iv e ly  lower the l e v e l  of STH in  chickens, chicken p i t u i t a r y  

e x t r a c t  was i n j e c t e d  i n to  r a b b i t s .  A g lo b u l in  f r a c t i o n  of 

the r a b b i t  serum was then prepared.  This a n t i - c h i c k e n  p i ­

t u i t a r y  e x t r a c t  (ACPE) was in je c t e d  i n to  newly hatched b i rd s .  

Such b i rd s  demonstrated a s i g n i f i c a n t l y  lower antibody leve l  

to sheep e ry th r o c y te s ,  as compared with c o n t ro l  animals,  a t  

only one time i n t e r v a l  during the immune response (Table 21). 

This did no t  r e p r e s e n t  a d i f f e ren c e  i n  peak antibody t i t e r s  

s ince the peak t i t e r  fo r  ACPE t r e a te d  b i rd s  occurred 3 days 

e a r l i e r  than i n  b i r d s  t r e a t e d  with  HRG. Since determinations
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were not made between days ^ and 75 the exact time of occur­

rence  of peak antibody t i t e r  could no t  be determined for  each 

group. However, a d i f f e r e n c e  in  the time of appearance of 

antibody i s  suggested.

The e f f e c t  of ACPE on the immune response in  chickens 

was not as severe as t h a t  re p o r te d  following in je c t io n  of 

anti-mouse p i t u i t a r y  serum in to  mice (120 and 123). Anti-  

p i t u i t a r y  serum caused severe  lymphocyte d ep le t ion  in  thymus 

and spleen,  as we l l  as a wast ing syndrome in  some mice.

On day 18 a f t e r  ha tch in g ,  a reduced number of t o t a l  

leucocytes  was seen in  b i rd s  t r e a te d  w i th  ACPE. However, no 

organ weight d i f f e ren c e s  between groups of b i rd s  were observed 

when the b i rd s  were 38 days old (Table 22).

Only s l i g h t  evidence of  an e f f e c t  of ACPE on the im­

mune system in chickens was seen. One reason f o r  th is  might 

have been the low t i t e r  of antibody p resen t  in  the ACPE 

serum. Several i n j e c t i o n s  of the antiserum were given in  an 

attempt to overcome th i s  problem. In  c o n t r a s t ,  mice given 

only one i n j e c t i o n  of anti-mouse p i t u i t a r y  serum showed signs 

of  wasting (106).

In  mice, t rea tm en t  of neona ta l  thymocytes with STH 

w i l l  cause a m atura t ion  which allows these c e l l s  to func t ion  

i n  a g r a f t  versus h o s t  assay system ( I I 8 ). Experiments were 

performed to t e s t  the p o s s i b i l i t y  t h a t  i n j e c t i o n s  of STH or 

thyroxine might in c rease  the  r a t e  of m atura t ion  of the ca­

p a c i ty  of newly hatched chicks to produce antibody. The time
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of appearance of  antibody forming capaci ty  was dependent on 

the  amount of a 10^ sheep e ry th rocy te  suspension used as the 

chal lenging an t igen .  The f i r s t  s u b s ta n t i a l  antibody r e ­

sponse to  an i n j e c t i o n  of 0 .25  ml of the suspension appeared 

on day 12 a f t e r  hatching (Table 23) .  An antigen dose of

0 .0 5  ml/10 g body weight (approximately 0.3 ml on day 8) 

caused a response in  8-day-old  b i rd s  (Table 24). I n j e c t i o n  

of 0 .5  ml of an t ig en  caused an antibody response i n  4 out of 

5 b i rd s  when i n j e c t e d  on the  5th day a f t e r  ha tch ing .

Genetic d i f f e r e n c e s  in  some of the  experimental animals may 

a l s o  be re sp o n s ib le  fo r  the  t iming d i f fe ren ces .  Birds in ­

j e c t e d  with  0 .25  ml an t ig en  were l in e  96, while the  other 

groups were outbred White Leghorn chicks.  Antibody responses 

of these b i rds  were determined on day 7 a f t e r  an t ig en  i n j e c ­

t i o n .  Later experiments (Table 26) ind ica ted  t h a t  in  these 

young chicks the. peak t i t e r  occurred before  day 7* Thus, 

the  a b i l i t y  of normal chicks to respond to sheep e ry th rocy te s  

probably i s  p re s e n t  to some degree before the s t a t e d  times.

In  l ine  96 chicks i n j e c t e d  with 0.25 ml 10^ sheep 

e ry th ro c y te  suspension on the  3rd day p os t -h a tch in g ,  antibody 

response was g r e a t e r  in  chicks i n j e c t e d  with thyroxine  than 

in  normal b i rd s  (Table 2 5 ) .  A second i n je c t io n  of  an t igen  

(0 .25  ml) was given on embryonic day 13- Normal chicks p ro ­

duced antibody a f t e r  t h i s  cha l lenge .  Chicks i n j e c t e d  with 

thyroxine  or STH, however, produced s i g n i f i c a n t l y  l a r g e r  

amounts of antibody than d id  normal chicks.  On day 29 a f t e r
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the f i r s t  i n j e c t i o n  of antigen,  b i r d s  i n je c te d  w ith  STH r e ­

ta in ed  a h igher  amount of ant ibody compared to th y ro x in e - 

t r e a te d  and normal b i rds .  The g r e a t e r  lo ss  of t i t e r  i n  b i rds  

i n j e c t e d  with  thyroxine r e f l e c t s ,  as in  previous experiments,  

the r o l e  of thyroxine in  a l t e r i n g  r a t e s  of ca tabol ism of 

serum p r o t e i n s .

In  another  s imilar  experiment,  outbred White Leghorn 

chicks were i n j e c t e d  with sheep e ry th rocy te s  (0 .5  ml) on the 

10th day po s th a tc h in g .  In t h i s  experiment,  a l l  groups of 

b i rd s  produced antibody a f t e r  the  f i r s t  i n j e c t i o n  of an t ig en .  

On day 4 a f t e r  an t ig en  i n j e c t i o n ,  chicks i n j e c t e d  w ith  thy­

roxine  and STH had s i g n i f i c a n t l y  h igher  antibody t i t e r s  than 

did the  o ther  groups. All b i rd s  showed in c re ase s  i n  a n t i ­

body t i t e r  from the 9th  to 15th  days a f t e r  the f i r s t  i n j e c ­

t i o n  of a n t ig en .  These r e s u l t s  a re  unexplained,  but  s ince 

ant ibody a lso  in c reased  in normal b i r d s ,  they were no t  due to 

hormone t rea tm e n ts .

On the b a s i s  of these  experiments,  i t  can be con­

cluded t h a t  STH and thyroxine in c r e a s e  the immune response  

in  b i r d s  around the time they  a re  developing the c ap a c i ty  to 

respond. This i s  n o t  n e c e s s a r i l y  proof  of an i n c re a s e  in  the 

m a tu ra t io n  r a t e  of antibody fo rm at ion ,  s ince the l a r g e s t  i n ­

crease  i n  antibody formation was seen in  secondary responses .

A thymus-produced hormone has been wel l  e s t a b l i s h e d  

as a f a c t o r  which supports m a tu ra t io n  of thymus-dependent 

lymphocytes in  p e r ip he ra l  t i s s u e s  (1 54 and 16]) .  Proof of
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the ex is tence  of a hormone produced by the bursa i s  l e s s  

r e a d i ly  a v a i l a b l e .  Supporting evidence has been presented 

(82, 83, 135) '  However, the e f f e c t s  have a l so  been a t t r i b ­

uted to the endotoxin t h e o r e t i c a l l y  p resen t  in  any conven­

t io n a l  bursa  p r e p a r a t io n  (31).

The developmental  hormones exer t  many of the ac t io ns  

a t t r i b u t e d  to hormones produced by c en t ra l  lymphoid o rgans . 

Developmental hormones may a id ,  or be necessary  fo r  the a c t io n  

of c e n t r a l  lymphoid organ hormones.

Since removal of  c e n t r a l  lymphoid organs may a l t e r  

thyroid  or p i t u i t a r y  fu n c t io n  (71, 72, I I 8 , 119)5 the c e n t r a l  

lymphoid organ hormone may be p o s tu la t e d  to  r e g u la te ,  to some 

ex ten t ,  the  r o l e  of developmental hormones in  maintaining 

the popu la t ion  of immunologically competent c e l l s  i n  the 

p e r ip h e ra l  t i s s u e .

In  the p r e s e n t  i n v e s t i g a t i o n s ,  the in f luence  of de­

velopmental hormones on immune lymphoid t i s s u e  fu n c t io n  was 

s tud ied  with  r e f e re n c e  to  th ree  sp e c i f i c  aspec ts  of the im­

mune system. These were: 1) e s s e n t i a l  events  occurring i n

the c e n t r a l  lymphoid organ microenvironment, 2) d i f f e r e n t i a ­

t io n  of the immune system to competency in  the newly hatched 

per iod ,  and 3) suppor t  of lymphoid t i s s u e  responses around 

the time of exposure to an t igen .

In  the chicken,  developmental hormones e x e r t  i n f l u ­

ence to some e x te n t  in  a l l  of these  s tages .  Analysis of a l l  

data  p resen ted  suggests  t h a t  the dependence of lymphoid
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t i s s u e s  on developmental hormones i n  the chicken i s  no t  qua l ­

i t a t i v e l y  d i f f e r e n t  from t h a t  found in  mammals. The c le a r  

demonstration of cause and e f f e c t  r e l a t i o n s h i p s  a t  every 

l e v e l  has not  ye t  been p o s s ib le .  I t  i s  f e l t  t h a t  t h i s  was 

due to  the following complica t ions:  1) d i f f i c u l t y  in  ob­

ta in in g  and mainta in ing  s u f f i c i e n t l y  inbred chickens to r e ­

duce normal var iance  to  a d e s i r a b l e  l e v e l ,  2) lack  of a v a i l ­

a b i l i t y  of s p e c i f i c  av ian  hormones such as somatotropic h o r ­

mone, th y ro t rop ic  hormone, and o th e r s ,  3) i n a b i l i t y  to provide 

i d e a l l y  c o n t ro l le d  environments f o r  the  suppor t  of immuno­

l o g i c a l l y  d e f i c i e n t  experimental  an imals ,  and k)  d i f f i c u l t y  

i n  maintaining cons tan t  environmental cond i t ions  to minimize 

the e f f e c t s  of endogenous hormonal v a r i a t i o n .  More s t r i c t  

c o n tro l  of these v a r i a b le s  may lead  to g r e a t e r  evidence of 

the i n t e r a c t i o n s  of developmental hormones w i th  lymphoid 

t i s s u e .



CHAPTER V 

SUMMARY

The in f lu e n ce  of somatotropic hormone and thyroxine  

on the immune system of chickens was s tud ied  with r e fe ren c e  

to three  periods  i n  immunological development. Centra l  

lyinpho.id organ development, m atu ra t ion  of antibody forming 

capac i ty ,  and suppor t  of the immune response a t  the time of 

an t ig en ic  exposure were s tud ied .

I n j e c t i o n s  of thyroxine in to  embryos can allow bursa -  

dependent c e l l s  to  become competent a f t e r  t e s to s te ro n e  t r e a t ­

ment which normally blocks c e n t r a l  lymphoid organ fu n c t io n  of 

the bursa  and leads  to d e f i c ie n c ie s  i n  the bursa-dependent 

populat ion of c e l l s .  Evidence fo r  a r e l a t i o n s h i p  between the 

bursa and thy ro id  was observed. Changes in  thyro id  morphol­

ogy were seen a f t e r  i n j e c t i o n  of t e s to s t e r o n e .

Hypothyroid condit ions  induced by th io u r a c i l  or s u r ­

g ica l  thyroidectomy r e s u l t e d  i n  lower body, sp leen ,  and bursa 

weights .  Antibody responses to  sheep e ry th rocy tes  and 

Salmonella organisms were lower than normal in  th y ro id ­

ectomized b i r d s .  Tota l  p e r ip h e r a l  blood leucocyte  and lymph­

ocyte l e v e l s  were lowered by thyroidectomy, however, sk in
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g r a f t  r e j e c t i o n  time was n o t  a l t e r e d .

I n j e c t io n  of a n t i - c h i c k e n  p i t u i t a r y  e x t r a c t  i n to  

b i rds  had s l i g h t  in f lu e n ce  on antibody product ion  but did 

reduce p e r ip h e ra l  blood leu c o cy te  l e v e l s .  Body, sp leen ,  and 

bursa weights were not  a l t e r e d .  Anti-bovine somatotropic 

hormone caused no a l t e r a t i o n  of body weight  or antibody 

form ation .  L i t t l e  r e a c t i v i t y  was seen between an t i -bov ine  

somatotropic hormone serum and chicken p i t u i t a r y  e x t r a c t  or 

chicken serum, using  gel  d i f f u s i o n  and pass ive  cutaneous 

anaphylaxis  r e a c t io n s .

Somatotropic hormone and thyroxine caused a s l i g h t  

in c re a se  in  the r a t e  of m a tu ra t io n  of antibody forming ca ­

p a c i ty .  Chicks i n je c t e d  d a i ly  with  both hormones developed 

c apac i ty  to produce antibody a t  an e a r l i e r  age than did n o r ­

mal b i r d s .

These r e s u l t s  suggest  t h a t  developmental hormones may 

not  be the most c r i t i c a l  f a c t o r  i n  development of immune ca­

p a c i ty ,  however, i t  i s  s t ro n g ly  in d ic a te d  th a t  hormones do 

in f lu en ce  the express ion  of t h a t  capac i ty .  The dependence of 

lymphoid t i s su e s  on developmental  hormones in  chickens does 

not  appear q u a l i t a t i v e l y  d i f f e r e n t  from t h a t  found i n  mammals.
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