
THE UNIVERSITY OF OKLAHOMA 

GRADUATE COLLEGE

THE EFFECT OF P-32 IRRADIATION ON THE ECTODERMAL AND MESODERMAL 

COMPONENTS OF THE DOWN FEATHER IN THE CHICK

A DISSERTATION 

SUBMITTED TO THE GRADUATE FACULTY 

in  p a r t i a l  fu lf illm e n t of th e  requirem ents fo r  the

degree of 

DOCTOR OF PHILOSOPHY

BY

RUSSELL CONKLIN FAULKNER, JR. 

Norman, Oklahoma 

1958



THE EFFECT OF P-32 IRRADIATION ON THE ECTODERMAL AND MESODERMAL 

COMPONENTS OF THE DOWN FEATHER IN THE CHICK

APPROVED BY

DISSERTATION COMMITTEE



ACKNOWLEDGEMENTS

The author wishes to  express h is  indebtedness to  Dr. Richard A. 

Goff fo r  suggesting th is  problem. His d ire c tio n  and lead ersh ip  have 

been in sp ir in g . The experim ental procedures in  th i s  in v e s tig a tio n  are 

a t t r ib u te d  to  Dr. Goff since the m a te ria ls  used here were co llec ted  

from experiments p e rta in in g  to  a re la te d  problem under h is  d ire c tio n . 

The author i s  indeed g ra te fu l  to  him fo r the experience gained as h is 

research  a s s is ta n t .

Thanks are a lso  extended to  the  o ther members of the  s t a f f  of 

th e  Zoology Department of the U niversity  of Oklahoma fo r providing 

space and research apparatus used in  th is  study.

The author expresses h is  ap p rec ia tio n  to  a l l  members serving 

on h is  d o c to ra l committee fo r th e i r  h e lp fu l suggestions and guidance in  

completing h is  program.

F inancia l support fo r  th is  in v e s tig a tio n  was given by th e  

United S ta te s  Atomic Energy Commission under the terms o f co n trac t 

A T-(40-l)-1042, June 28, 1950.

Thanks are a lso  given to  Mr. E. N. Smith and Mr. B. D. S tinson , 

fellow  research  a s s i s ta n ts ,  fo r  th e i r  help  in  the experim ental pro­

cedures.

I l l



TABLE OF CONTENTS

Page

LIST OF TABLES...................................................................................................  v

LIST OF ILLUSTRATIONS....................................................................................  v i

Chapter

I .  INTRODUCTION........................................................................................ 1

I I .  SURVEY OF THE LITERATURE..............................................................  2

I I I .  MATERIALS AND îffiTHODS....................................................................  7

IV. I .  GENERAL OBSERVATIONS............................................................... 11
I I .  MICROSCOPIC OBSERVATIONS.......................................................  19

V. DISCUSSION............................................................................................  31

VI. SUMMARY AND CONCLUSIONS.................................................................  34

LITERATURE CITED...............................................................................................  45

I V



LIST OF TABLES

Table Page

1. Q u an tita tiv e  Data R eferring  to  S t a t i s t i c a l  T re a tm en t.... 18

2. Average Numbers of C ells  in  Barb-vanc Ridges fo r  Fk.bryos
of Comparable Feather Germ Lengths...........................................  30



LIST OF ILLUSTRATIONS

Figure Page

1. Comparisons between lengths of wings and lengths of
fea th e r  germs in  the  th ree  c lasses  o f embryos.................  15

2. Percentage re la tio n sh ip  of fea th e r germ leng th  to  wing
le n g th ..........................................     16

3 . R elationsh ip  of wing length  to  ch ronolog ical age in
co n tro l embryos................................................................................  17

4. Normal and i r r a d ia te d  sheath c e l l s ............................................ J>o

5. Cross section  of a p ic a l region of c o n tro l germ.................. 37

6. Cross section  of mid region  of c o n tro l germ........................  38

7. Cross sec tion  of b asa l region of co n tro l germ....................  39

8. Cross sec tion  of b asa l region of c o n tro l germ....................  40

9. Cross sec tio n  of a p ic a l region of i r r a d ia te d  germ  41

10. Cross sec tion  of mid region of i r r a d ia te d  germ.................. 42

11. Cross sec tion  of mid region of i r r a d ia te d  ge^m.................. 43

12. Cross sec tion  of b asa l region of i r r a d ia te d  germ ,  44

V I



THE EFFECT OF P-32 IRRADIATION ON THE ECTODERMAL AND MESODERMA.L 

COMPONENTS OF THE DOWN FEATHER IN THE CHICK

CHAPTER I 

INTRODUCTION

The down fea th e r  germ in  th e  chicken embryo i s  a rap id ly  de­

veloping organ, making i t s  appearance about th e  seventh day of incuba­

t io n  when most o f the  o ther organs have a lread y  become e s ta b lish e d , and 

a tta in in g  i t s  d e f in it iv e  form by th e  fo u rteen th  day of incubation 

(Davies, 1889). I t  has been rep o rted  th a t ra p id ly  d if f e re n t ia t in g  

s tru c tu re s  a re  e sp e c ia lly  s e n s it iv e  to  i r r a d ia t io n  (R ussell, 1950; 

S ch n elle r, 1951), but th e re  i s  nothing known about the response of 

chick embryos to  ir ra d ia t io n  in  th e  period when the various components 

of down fe a th e r  germs are  becoming organized. This study i s  an in ­

v e s tig a tio n  o f the  response o f th e  down fe a th e r  germ to  i r r a d ia t io n  by 

P-32 app lied  during the period of rap id  d i f f e r e n t ia t io n .  The down 

fe a th e r  germ i s  an ex ce llen t organ fo r experim ental research , in  th a t  

i t  i s  r e a d ily  access ib le  and i t s  development and organ ization  can be 

followed throughout i t s  l i f e  h is to ry .



CHAPTER I I  

SURVEY OF THE LITERATURE

The use of rad io ac tiv e  agents as to o ls  of research in  th e  f ie ld  

of experim ental embryology has been recorded in  th e  l i t e r a tu r e  fo r  many 

y ea rs . Two outstand ing  motives seem to  have guided in v e s tig a to rs  in  

th is  f ie ld :  the  d e s ire  to  study the n atu re  of a l te ra tio n s  produced in  

liv in g  c e l ls  by i r r a d ia t io n ,  and the d e s ire  to  produce the abnormal in  

an e f fo r t  to  b e t te r  understand th e  normal (B u tle r, 1936). The bulk of 

th e  inform ation published p r io r  to  1936 has been compiled in  two volumes 

ed ited  by Duggar (1936).

The exact n a tu re  of the changes produced by ir r a d ia t io n  in  c e l ls  

or t is su e s  is  s t i l l  not known. The v is ib le  e f f e c ts ,  however, a re  w ell 

known from the cy to lo g ica l and h is to lo g ic a l  standpoint (Bloom, 1948).

The changes brought about by i r r a d ia t io n  o f b io lo g ica l m a te ria l are 

various and th e re  are  c o n flic tin g  conclusions in  th e  l i t e r a tu r e  about 

ra d io s e n s i t iv i ty  of c e l l s ,  t i s s u e s ,  organs, organ systems, or th e  whole 

anim al. I t  appears th a t  no one change can be a t t r ib u te d  to  i r r a d ia t io n  

alone because of the  la rg e  number of v a riab le s  in  b io lo g ic a l m a te ria l.

With regard  to  th e  e ffe c t of i r r a d ia t io n  on embryonic develop­

ment, th e  law o f Bergonie and Tribondeau (1906) s ta te s  th a t  the sen si­

t i v i t y  of c e lls  v a r ie s  d ir e c t ly  w ith th e  reproductive capacity  and
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in v e rse ly  with th e i r  degree of d if f e r e n t ia t io n .  This assumption th a t 

the  s e n s i t iv i ty  o f an embryo should decrease with age was not borne out 

in  the  case o f the  ch ick . I t  was found by Strangeways and F e ll  (192?) 

th a t  the younger embryos were le s s  s e n s itiv e  to  x-rays than were the 

o lder ones. They concluded th a t  the i r ra d ia t io n  e f fe c t  was secondary, 

due to  c e r ta in  p h y s io lo g ica l changes in  older embryos which were not 

p resen t in  the younger embryos because of the lower le v e l of organiza­

t io n .  Except fo r  th e  ch ick , th e re  i s  a gradual increase  in  re s is ta n ce  

to  x -ray  and radium as development of an organism progresses (B u tler, 

1936).

Bloom (1948) s ta te d  th a t  x -ra y , beta ray , f a s t  or slow neutrons, 

and gamma rays produce the same b io lo g ic a l e ffec t when the  i r r a d ia t io n  

i s  app lied  in  comparable doses. One exception was noted, the  response 

o f bone marrow of th e  m etaphysis, in  which the g re a te r  e ffec tiv en ess  was 

from x -ray . This e f f e c t  was thought to  be from secondary ray s , r e s u l t ­

ing from th e  x-rays s tr ik in g  the bone sp icu les , ra th e r  than from the 

primary ra y s . He a lso  noted th a t  th e  e f fe c t of in te rn a l  i r r a d ia t io n  was 

not d is tin g u ish ab le  from e x te rn a l i r r a d ia t io n .  Damage to  an area se le c ­

t iv e ly  absorbing an iso to p e  was g re a te r  than to  any o ther p a rt o f the 

anim al, bu t i f  lo c a liz e d  ex te rn a l i r r a d ia t io n  from another source was 

adm inistered to  ano ther specimen, in  th e  same a rea , the  damage in  the 

two animals was not d is tin g u ish a b le .

According to  B u tle r (1936), th e  most commonly repo rted  e f fe c t of 

i r r a d ia t io n  i s  genera l re ta rd a tio n  of development. Warren and Dixon 

(1949) ,  in  th e i r  s tu d ie s  o f th e  e f fe c t  of P-32 on chick embryos and de-
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veloping chicks, s ta te d  th a t i r r a d ia t io n  caused an o v e ra ll growth r e ­

ta rd a t io n , re su ltin g  in  small but w ell-p roportioned  b ird s , Dixon (1952) 

repo rted  re ta rd a tio n  of growth to  be an o v e ra ll e f f e c t ,  w ith no one t i s ­

sue o r system more a ffec te d  than an o th e r, and th a t  th e re  were no de­

fo rm itie s  or malformations a t t r ib u ta b le  to  i r r a d ia t io n  by P-32.

S. L, Warren (1936) s ta te d  th a t  organs and organ systems ex­

h ib ite d  d i f f e r e n t ia l  s e n s i t iv i ty  to  i r r a d ia t io n .  B u tler (1930) found 

by n o n -le th a l x - ir r a d ia t io n  of 48 hour chick embryos th a t  the  c e l ls  of 

th e  n eu ra l tube showed a g rea te r  s e n s i t iv i ty  than  did o ther c e l l  ty p e s . 

The most obvious r e s u l t  of i r r a d ia t io n  was the  complete disappearance 

of m ito tic  figu res w ith in  a very few m inutes. He noted th a t  a l l  o f the  

m ito tic  d iv is io n s  in  ac tu a l progress a t  the time of i r r a d ia t io n  com­

p le ted  the process but th a t  the i r r a d ia t io n  prevented th e  i n i t i a t io n  of 

any fu r th e r  m ito s is . The c e l ls  l a t e r  regained to  a lim ited  ex tent t h e i r  

m ito tic  a b i l i t i e s .  The le th a l  i r r a d ia t io n  produced a complete ce ssa tio n  

of m ito s is , the n u c le i pycnosed, and f in a l ly  the  c e l ls  died and d is in ­

te g ra te d .

Bagg (1922) ,  in  h is  s tu d ies  on th e  developmental d istu rbances 

produced in  r a t  embryos by in je c tin g  th e  mothers with radium s a l t s ,  

found th a t developmental a r re s ts  of th e  nervous, gonadal, and v ascu lar 

systems were c h a ra c te r is t ic .  He a lso  repo rted  considerable hemorrhaging 

in to  the  subcutaneous connective t i s s u e  of th e  embryos. He suggested 

th a t  the  i r r a d ia t io n  in te rfe re d  w ith th e  form ation of v ascu lar endo­

thelium .

Brunst (1950) exposed th e  developing limbs of la rv ae  of Siredon
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mexicanum to  x-ray  and found a complete suppression of growth caused by 

complete a r r e s t  of c e l l  p ro lif e ra t io n . However, d if f e re n tia t io n  of the  

limb t is s u e s  took p lac e . Hugh (1949) reported  an in h ib itio n  of m ito tic  

a c t iv i ty  in  i r r a d ia te d  salamander la rv a e . He noted severe damage to  

the  ce n tra l nervous system, Tn other s tu d ie s  (1950) he found the same 

re s u l ts  in  i r r a d ia te d  frog embryos.

The degenerative changes in  c e l l s  caused by ir ra d ia t io n  are  

w ell known and have been reported  in  th e  l i t e r a tu r e  fo r  severa l decades. 

These e ffe c ts  were summed up by Bloom (1948). They include nuclear and 

cytoplasmic v acu o la tio n , d is so lu tio n  o f  c e l l  n u c le i, clumping of nu­

c le a r  chromatin, s tic k in e s s  of chromosomes in  m ito tic  a c t iv i ty ,  pycnosis 

of n u c le i, edema of t i s s u e s ,  and hemorrhagic response in  t is s u e s .

There is  an abundance of l i t e r a tu r e  concerned w ith  rad io sen s i­

t i v i t y  and ra d io re s is ta n c e  of organs and organ systems of anim als. S.

L. Warren (1936) has ranked the t is s u e s  and organs of animals according 

to  th e i r  s e n s i t iv i ty  to  t o t a l  body i r r a d ia t io n .  Heading h is  l i s t  of 

s e n s itiv e  t is s u e s  a re  bone marrow c e l l s ,  in te s t in a l  crypt epithelium , 

lymphocytes, and lymphoid s tru c tu re s . The most r e s is ta n t  c e l ls  l i s t e d  

are  ad u lt th y ro id , a d u lt p i tu i ta r y ,  and b ra in  and nerve c e l ls .

Stinson (1953) found th a t  the femora of 12 and 13 day old chick 

embryos, i r r a d ia te d  on the 10th day o f incubation  by P-32, were d i f f e r ­

e n t ia l ly  re ta rd ed , th e  lengths being normal but the  diam eters sm aller.

The development and morphogenesis o f th e  down fea th e r  germ in  

the  chicken have been described by Davies (1889), W atterson (1942), and 

Goff (1949). Holmes (1935) described th e  fe a th e r  t r a c t s  in  the  chicken.



6

p o in ting  out th a t  the  con ical prim ordia a r is e  in  a d e f in ite  sequence and 

in  d e f in i te  t r a c t s ,  each con ta in ing  a d e f in ite  number of feather-form ing 

lo c i .



CHAPTER I I I  

MATERIALS AND METHODS

The P-32 used in  th is  study was procured from Oak Ridge Na­

t io n a l  Laboratory as H^PO  ̂ in  weak HCl. The isotope was standardized 

by the N ational Bureau of Standards method, using a radium D and E beta 

ray  standard . The stock  so lu tio n  was n eu tra liz ed  by th e  ad d itio n  of 

NaOH. For th e  purpose of a v isu a l check on the  placement of the iso tope 

in  the am niotic c a v ity  the  so lu tio n  was colored with a ph y sio lo g ica lly  

in e r t  dye, 0.1% Evans b lue. This use o f co lor was a lso  h e lp fu l in  de­

te c t in g  possib le  contam ination of la b o ra to ry  equipment.

White Leghorn eggs from a commercial source were used. A to ta l  

o f 470 eggs was incubated  a t 37 .5°^ *3° C. a t  a r e la t iv e  hum idity of 

approximately 62.8%. The eggs were ro ta te d  th re e  tim es d a ily  u n t i l  the 

time of o p era tio n , a f t e r  which no eggs were tu rned . Three hundred and 

forty-tw o embryos survived u n t i l  s a c r i f ic e .  Of th ese , 225 were un­

tre a te d  co n tro ls ; 99 were sham -injected c o n tro ls ; and 18 were experi­

mental embryos. There was a 92% su rv iv a l o f un treated  co n tro ls , 54% of 

sham -injected c o n tro ls , and 45^ of expérim entais.

The follow ing i s  the opera tive  procedure fo r th e  experim ental 

and sham -injected co n tro l embr^'-os. The p o s itio n  of the  embryo in  each 

egg was determ ined by candling and marked by pencil on th e  s h e l l .  This
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area  was s te r i l i z e d  by swabbing with 10% a lco h o l. A window approxi­

m ately an inch in  diam eter was cut in  the  s h e l l  by means of an ab rasive  

wheel mounted on a f le x ib le  d riv e  s h a f t .  The sm all piece of s h e ll  was 

gen tly  l i f t e d  out w ithout in ju ry  to  the c h o rio -a lla n to ic  and s h e l l  mem­

branes. The s h e ll  membrane was peeled away, exposing the c h o rio -a lla n ­

to ic  membrane. The in je c tio n  needle was positioned  in to  an opening to rn  

in  the c h o r io -a l la n to is ; the amnion was grasped with forceps and pu lled  

over the  needle and an a liq u o t o f 0 .1  ml. of th e  iso tope was in je c te d  

in to  the  am niotic c a v ity . This procedure, p lu s the v isu a l check by 

means of th e  colored so lu tio n , made ce rta in  th a t  i r r a d ia t io n  was app lied  

uniform ly to  a l l  embryos. The window was then  sealed  w ith  a g lass  cover 

s l ip  and m elted p a ra f f in , and th e  egg was allowed to  continue incubation .

In je c tio n s  were made on th e  ten th  day of incu b a tio n , and i r r a d i ­

a tio n  was allowed fo r  four days and two hours. The i n i t i a l  dose was 519 

m icrocuries. With adjustm ent made fo r  h a l f - l i f e  of th e  iso to p e , the 

dose averaged 485 m icrocuries fo r  th e  period . The approximate t o t a l  

a c t iv i ty  was 6.3 x 10^^ d is in te g ra tio n s  per embryo. The so lu tio n  used 

fo r the  sham -injected con tro ls was handled in  ex ac tly  the  same manner 

as th a t  of th e  expérim entais except th a t  ord inary  phosphorus was used.

Two c lasses  of con tro l embryos were employed. One which was 

l e f t  untouched was designated as u n trea ted  co n tro l embryos; th e  o ther 

was in je c te d  w ith  o rd inary  phosphorus and was designated  as sham-in­

jec ted  co n tro l embryos. S a c r if ic e  of experim ental embryos was made a t  

14 days and 2 hours incubation . S ac rific e  o f co n tro l embryos was begun 

a t  10 days incubation  and continued a t  h a lf-d ay  in te rv a ls  throughout th e
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period of i r r a d ia t io n  o f the experim ental embryos. This wide range of 

ages in  the co n tro l embryos was needed fo r  comparison with experim ental 

embryos which might show varying degrees of re ta rd a tio n .

At s a c r if ic e  of a l l  embryos th e  cover g lass  was removed and 

gross examination of th e  embryo was made through the window. The liv in g  

embryos were then removed from th e i r  sh e lls  and severed from th e i r  e x tra -  

embryonic membranes. F urther observations were made and f ix a tio n  was 

accomplished w ith O rth’ s f lu id  fo r tw enty-four hour periods. Qnbryos 

were in jec ted  in tra p e r i to n e a l ly  with th e  f ix a tiv e  to  assure complete 

f ix a tio n . A fter chromation th e  embryos were washed in  running ta p  w ater 

and then  s to red  in  10^ fo rm alin . The f ix a tio n  technique was taken  from 

R. D. L i l l i e  (1948). At the time of f ix a tio n  the  wings were removed 

and f la tte n e d .

The second down fea th e r  germ, numbering from the proximal end 

o f th e  primary reg ion  on the l e f t  wing of the  embryo, was used fo r  the  

sake of consistency in  comparing the th re e  c la sses  of embryos. These 

fea th e r  germs were removed from the  fixed  wings, placed in  a w ater 

mount, and th e i r  len g th s  measured from the  base of the  f o l l i c l e  to  the 

t i p ,  using a c a lib ra te d  ocu lar micrometer.

The fe a th e r  germs were then dehydrated and embedded in  p a ra f f in . 

I n f i l t r a t i o n  was accomplished by the use of a  vacuum oven (Faulkner,

1953)• S e r ia l cross sec tio n s  were cut a t  seven m iera, and th e  t is s u e s  

were sta ined  by hem atoxylin and eo sin . M icroscopic observations of the  

fe a th e r  germ components were then  made.

For making c e l l  counts, the number of sec tio n s  obtained from
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the fea th e r germ was counted. C e ll counts were made from a rep resen ta ­

tiv e  number of these se c tio n s . In  sh o rte r  germs the  c e l ls  in  every 

second se c tio n  were counted, w hile in  th e  longer germs counts were made 

le ss  freq u en tly , fo r example, every f i f t h  or every ten th  sec tio n , de­

pending on th e  number o f sec tio n s  obtained from the  germ. The nucle i 

of the c e l ls  of th e  various components were counted and these numbers 

were used as the t o t a l  number of c e l ls  fo r  a given sec tio n . The to ta l  

number of c e l ls  fo r  a given component of the e n tire  germ was obtained 

a r ith m e tic a lly .



CHAPTER IV

I .  GENERAL OBSERVATIONS

The ir ra d ia te d  germs appeared as cu rled , f la tte n e d , and 

wrinkled s tru c tu re s . Upon in sp ec tio n  i t  was found th a t some germs had 

hemorrhaged in te rn a lly ,  although th i s  cond ition  was not found consis­

te n t ly ,  I t  was calcu la ted  th a t  21% of th e  expérim entais showed hemor­

rhaging, as opposed to  3^ of the u n trea ted  co n tro ls  and 1% of th e  sham- 

in jec te d  c o n tro ls . Yet with resp ec t to  a l l  th e se  c h a ra c te r is t ic s ,  no 

two experim ental germs appeared to  be a ffe c te d  in  the  same manner.

In o rder to  determ ine the  ex istence of sp e c if ic  s e n s i t iv i ty ,  i t  

was necessary to  e s ta b lis h  th e  developmental p rogress of each embryo. 

The c r i t e r i a  o f Hamburger and Hamilton (1951) were employed. However, 

i t  was not po ssib le  to  assess  the  developmental achievements of the ex­

perim ental embryos by th e i r  method because w ith in  a given embryo the 

charac ters  used in  stag ing  were not a l l  in  the  same stage of develop­

ment, even though the experim ental embryos were a l l  14 days and 2 hours 

o ld . I t  was necessary to  f in d  some o ther b as is  fo r  comparison and a 

lo g ic a l choice seenied to  be th e  leng th  of th e  wing. Not only i s  wing 

length  a character c lo se ly  a sso c ia ted  w ith th e  primary fea th e r germs, 

but the  wing was a w ell e s ta b lish e d  s tru c tu re  a t  th e  time of the  ex­

perim ental period of th i s  in v e s tig a tio n  and th e re fo re  was le ss  l ik e ly

11
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to  be s p e c if ic a l ly  a ffec te d  by i r r a d ia t io n . In  order to  v a lid a te  th is  

choice of wing length  as the  basis  fo r  comparison, the  leng ths of th e  

wings of the con tro l embryos were compared to  th e i r  chronological ages. 

Using a wide f ie ld  m icroscope, wing lengths were measured from the 

crotch of the a lu la  to  the  d i s t a l  t i p  of the wing, and these  measure­

ments versus the chronological ages were p lo tted  on a graph (F ig. 3)*

I t  was found th a t  developmental progress was d i r e c t ly  co rre la ted  w ith 

chronological age. For example, un treated  co n tro ls  which were 14*30 

days old had a range in  wing lengths from 7.3 to  8 .0 mm. and sham-in­

jected  con tro ls  14.30 days old had a range from 7*0 to  7*9 mm. in  

leng th . In most cases wing lengths w ith in  a given age group v aried  

le ss  than one m illim e te r .

On the  o ther hand, the  experim ental m a te r ia l, w ith a wing 

length  range from $.7 to  7.5 mm., showed no p re d ic tab le  re la t io n s h ip  be­

tween age and leng th  of wing. For example, an experim ental embryo 14.00 

days old had a wing length  of 5*7 mm. and another 14.08 days old had a 

wing leng th  of 7*5 mm., a d iffe ren ce  of 1.8 mm. In c o n tro ls , the group 

of embryos w ith th is  range in  wing leng ths would include embryos from

11.50 to  14.50 days of incubation .

To make comparisons between experim ental and co n tro l groups, 

con tro l embryos w ith wing leng ths comparable to  the  expérim entais were 

grouped (Table l ) .  This includes an age range fo r th e  sham -injected 

con tro l group of 11.92 to  14*38 days, and 11*46 to  14*55 days fo r th e  

un trea ted  co n tro l group, as compared with the 13*97 to  14*13 days of 

the experim ental group*
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In order to  determine whether an observed d iffe ren ce  between 

th e  chronological ages o f embryos with comparable wing lengths i s  of 

such a magnitude th a t  i t  cannot be a t tr ib u te d  to  chance, a s t a t i s t i c a l  

an a ly sis  of the data  was made. The " t ” t e s t  o f  s ig n if ic a n c e  was used. 

The re s u l ts  showed a s ig n if ic a n t d iffe ren ce  a t  the 5% le v e l  fo r the 

comparison between the experim ental and u n trea ted  co n tro l and 1% between 

experim ental and sham -injected co n tro l groups. C ontrols with wing 

leng ths comparable to  expérim entais were, on th e  average, about a day 

younger (Table l ) .  This in d ica te s  th a t the len g th s  o f th e  wings of the 

experim ental embryos have been re ta rd ed  in  r e la t io n  to  th e i r  age.

When comparing th e  wing lengths and fe a th e r  germ le n g th s , an 

almost d ire c t  re la tio n s h ip  was found between th e  leng th  of the wing and 

th e  length  of the  fe a th e r  germ in  both of the co n tro l groups (F ig. l ) .  

C o rre la tio n  in  the experim ental group, however, appeared e r r a t i c .  For 

in s ta n c e , a wing 7 .1  mm. long had a second primary 9.84 mm. long, while 

one 7.5 mm. long had a fea th e r  germ length of 4.8$ mm. The experim ental 

embryos were segregated in to  groups d if fe r in g  in  t h e i r  response to  i r ­

ra d ia tio n . Segregation was made on the basis  of wing len g th , even 

though i t  was dem onstrated th a t i t  was re ta rd e d . T h eo re tica lly  th a t 

ch arac ter i s  le s s  l ik e ly  to  be s p e c if ic a l ly  a f fe c te d  by i r r a d ia t io n .

Wing leng th  groups in  th e  co n tro l embryos tend  to  rep re sen t age groups 

as shown by comparisons to  o th er stag ing  c r i t e r i a .

The data  were analyzed, as above, using  wing leng ths and fea th e r 

germ leng ths from th e  th re e  c la sse s  of embryos. The d iffe ren ces  were 

s ig n if ic a n t between the  experim ental and sham -injected co n tro l groups 

and the  experim ental and u n trea ted  con tro l groups a t  the $% le v e l .  The
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r e s u l ts  o f comparison between sham -injected co n tro l and un trea ted  con­

t r o l  groups were ne t s ig n if ic a n t (Table l ) .

To give a graphic rep resen ta tio n  of the  re la tio n sh ip  of the  

fe a th e r  germ leng th  to  the length of the wing, the percentage of wing 

length  (leng th  of germ divided by length  of wing m u ltip lied  by 100) was 

p lo tted  in  each wing length (age) group (F ig. 2 ). I t  can be seen th a t  

in  a l l  but one case the  fea th er germ lengths were much sh o rte r  in  the 

expérim entais than  in  the con tro ls with id e n t ic a l  wing len g th s .

On th e  b as is  of the observations presented here i t  i s  in fe rre d  

th a t  the down fe a th e r  germ is  s p e c if ic a lly  s e n s itiv e  to  i r r a d ia t io n  in  

th a t  the fe a th e r  germ, as a re s u l t  of i r r a d ia t io n ,  i s  d i f f e r e n t ia l ly  

re ta rd ed  in  growth as compared to  the length  of the wing.

The g en era l observations revealed th a t  the germs had not de­

veloped norm ally but shed l i t t l e  l ig h t  on the  ac tu a l process involved 

in  re ta rd a t io n . T herefore , the problem was fu r th e r  pursued from th e  

m icroscopic le v e l .
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Fig. 1 .—Comparisons between lengths of wings and lengths of 
fea th e r germs in  th e  th re e  c la sses  of embryos.

CC U ntreated Controls 
C Sham -injected Controls 
E Experimental
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F ig . 2 .—Percentage re la tio n s h ip  of fe a th e r  germ length to  wing
leng th .

•  U ntreated C ontrols 
□ Sham -injected Controls 
O Expérim entais
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Fig . 3*—R ela tionsh ip  of wing length  to  chronological age in  
con tro l embryos.
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TABLE 1

QUANTITATIVE DATA REFERRING TO STATISTICAL TREATMENT

Emb.
Glass

No.
Used

Ghron. Age 
Range in  Days

Mean Age

E
G

GG

17
46
62

13.97 -  
11.92 -  
11.46 -

14.13
14.38
14.55

14.04
13.15
12.99

Emb.
Glass

Wing Length 
Range in  mm.

F. Germ Lgth. 
Range in  mm.

F. Germ 
Mean Lgth.

E
C

GG

5.7 -
5.7 -
5.7 -

7.5
7.5
7.5

0.75
1.60
1.32

— 9.84
-  10.08 
-  9.46

4.37
5.58
5.64

Emb.
Glass

Ghron. Age 
" t"  Value

Value
5%

of "t« Sign.
Level

Std. Dev. 
Mean Age

E & GG 
E & G 
G & GG

3.35
4.68
0.46

2.36
2.36
2.36

3.49
3.49
3.49

5^
1%

None

.305

.190

.320

Emb.
Class

Lgth. F. G. 
" t"  Value

Value
5%

of "t*'
1^

Sign.
Level

std . Dev. 
Mean F. G. L.

E & GG 
E & G
G & GG

2.54
3.39
1.38

2.36
2.36
2.36

3.49
3.49
3.49

5$
5^

None

.500

.360

.150

E = Experim ental group 
0 = Sham -injected co n tro l group 

GO = U ntreated con tro l group



CHAPTER IV

I I .  MICROSCOPIC OBSERVATIONS

The down fe a th e r  germs were examined m icroscopically  to  study 

the response of c e l ls  and the  form ation of th e  s tru c tu re s  w ith in  the 

germs.

In  h is  account of the  o rig in  of the down fea th e r germ, Davies 

(1889) s ta te d  th a t  the germ a r is e s  as a small h illo c k  from two germ 

la y e rs , an outer lay e r  of ectoderm and an inner core of mesoderm.

S hortly  a f te r  the germ bud emerges, and as i t  continues to  e longate , th e  

ad jacen t sk in  surrounds the  germ to  form the f o l l i c l e .  The germ is  

completely formed a t about th e  fou rteen th  day of incubation , a t  which

time the  elements begin to  co rn ify .

The fe a th e r  germs used in  th is  study were viewed in  po larized  

l ig h t  and in  no case was k e ra tin iz a tio n  encountered.

Mesodermal Component

The mesodermal component, or pulp , was found to  co n sis t of

loose mesenchymal t i s s u e  w ith c a p i l la r ie s ,  th e  main channels of which

extend through i t  b a so -ap ic a lly . According to  Davies (1889), no ev i­

dences of c e l l  d iv is io n  are  found in  the  pulp of the p ro jec tin g  germ 

i t s e l f .  C e llu la r  rich n ess i s  g re a te s t near th e  base and rap id ly  d i-

19
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iiiinishes in  an a p ic a l d ire c tio n , with a corresponding increase of i n t e r ­

c e llu la r  substances, and then reiiiains p ra c t ic a l ly  uniform from ju s t  

above the d is ta l  t ip s  of th e  harb-vane ridges to  the  apex. Pulp c e l ls  

are  added a t the base. As the germ becomes o ld er and more completely 

developed, the pulp begins to reg ress from the apex toward the  base.

This allows a f la tte n in g  of the apex and a reduction  in  diam eter o f th e  

germ. Pulp reg ression  begins a t  the time when p ro lif e ra t io n  of Larb- 

vanes approaches completion (Goff, 1949).

The pulp c a v itie s  of the experim ental germs c o n s is ten tly  had 

fewer and sm aller c e l ls  than  did con tro ls  of comparable leng th , the  re ­

duction being almost h a lf .  For example:

Length Pulp Cell

Untreated Controls 1.37 mm. 18,981
4.90 ram. 74,864

Sham-injected Controls 1.43 mm. 21,246
4.98 ram. 82,780

Expérimentais l . $ l  ram. 9,535
4 .62  mm. 40,092

While many of the c e l ls  of the pulp appeared to  be normal, 

o thers showed the cy topatho log ica l e f fe c ts  of i r r a d ia t io n  (Fig. 11).

Some appeared to  have vacuolated cytoplasm; o th ers  had clumped chroma­

t i n ,  and s t i l l  o thers had both . There were a lso  nuclear d is to r t io n s  

such as pycnosis and crenation . The blood c a p i l la r ie s  in  the sh o rte r  

experim ental germs appeared to  be distended w ith th e  endothelium s t i l l  

i n ta c t .  This was probably due to  a lo ss  of support from the pulp t is s u e .  

In  the  longer germs, where the pulp of th e  d i s t a l  h a l f  of the germ was
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reduced, only two or th ree  pulp c e l ls  per sec tio n  were present along 

with a small amount of d e b r is , and the c a p i l la r ie s ,  s t i l l  i n ta c t ,  had 

only a few blood ce lls  in  them.

Although hemorrhaging was noted in  sev era l of the  germs, in  no 

in stan ce  was th e re  an embryo which showed hemorrhaging of a l l  i t s  germs, 

and th e re  was no reason to  suspect th a t the  embryos did not have good 

c irc u la tio n  a t  the time o f s a c r i f ic e .  In  the b a sa l po rtion  of th ese  

hemorrhaged germs, no endothelium could be recognized, and the blood 

appeared to  have tunneled through the  pulp , w ith blood c e l ls  being con­

fined  to  p o s itio n  by the surrounding pulp c e l l s .  D is ta lly , where the 

pulp c e lls  were fewer, the blood c e l ls  spread o u t, pushing the pulp 

c e l ls  in to  a th in  lay er around th e  periphery  of the pulp ca v ity . S t i l l  

fu r th e r  d i s ta l ly ,  the number of blood c e l ls  decreased, as did th e  num­

ber of pulp c e l l s ,  u n t i l  the pulp cav ity  was completely devoid o f c e l ls  

a t  the ap ica l end. There was considerable c e l lu la r  debris d ispersed  

among the  blood ce lls  in  experim ental germs. The same general p ic tu re  

o f hemorrhaging was found in  the co n tro l germs.

Ectodermal Component

The ectoderm gives r i s e  to  th ree  d is t in c t  lay e rs : a cy linder 

c e l l  lay er which borders the  pulp and marks the  dermoepidermal boundary; 

an in term ed ia te  portion  from which the  barb-vanes and barbules a r i s e ;  

and the  sheath , which covers the ou tside  of the  germ. The c e l ls  of the 

cy lin d er lay e r  are c le a r ly  d is tin g u ish a b le  from the in term ediate c e l ls ,  

being c y lin d r ic a l  in  shape a s  opposed to  th e  rounded shape of th e  in t e r ­

mediate c e lls  (W atterson, 1942). A fter th e  barb-vanes are  completed.
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th e  cy linder lay e r becomes s t r a t i f i e d  in  the d i s t a l  p o rtio n  of th e  germ 

but remains as a s in g le  la y e r  in  the  b asa l p o rtio n . These la y e rs  of 

c e l ls  even tually  s p l i t  to  form two lay e rs  in  embryos much o lder than 

those of th is  study.

C ytopathological e f fe c ts  of i r r a d ia t io n  were found in  th e  cy lin ­

der c e l l  lay e r of the experim ental germs. The la y e r  was very th in  and 

compact and the c e l ls  were much reduced in  s iz e . This lay e r was found 

to  be in ta c t  from the apex to  the  base of the  germs. No germ had 

reached the developmental s tag e  of s t r a t i f i c a t io n .

In normal down fe a th e r  germs, according to  Davies (1889), lo n g i­

tu d in a l  rid g e s , which l a t e r  become th e  barb-vanes and th e i r  a sso c ia ted  

b a rb u le s , begin to  appear on the  in n er surface of th e  in te rm ed ia te  lay e r  

a t  about the eleventh day of incubation . These barb-vane ridges organize 

in  an ap icobasal d ire c t io n . There a re  u su a lly  ten  to  f i f t e e n  rid g es  in  

a completed germ, ten  o r eleven of which are formed d ir e c t ly ,  while 

o thers  a re  formed by s p l i t t i n g  of one or more of the  o r ig in a l  r id g e s . 

E longation of the germ as a whole i s  by the ad d itio n  of c e l ls  to  th e  

b a sa l reg ion , whereas development o f th e  barb-vanes and barbu les i s  by 

rearrangem ent and in c rease  in  size  of the c e lls  a lready  p re sen t. This 

i s  not to  be construed to  mean th a t  sp e c ia liz a tio n  i s  not occurring  a t 

th e  same tim e.

In  co n tro l germs, th e  barb-vane rid g e s , which are  made up of th e  

barbule p la te  c e l ls  and the  barb-vane c e l ls ,  were w ell formed and 

c le a r ly  demarcated (F ig . 5)» These germs were se lec ted  by leng th  to  

compare with the experim ental germs. C ell counts o f e n t ire  barb-vane
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rid g es in  con tro l germs showed a p ro p o rtio n al increase in  r e la tio n  to  

th e  length of the germ. The barbule p la te  c e l ls  were lined  up in  

o rd erly  columns extending ob liquely  from the barb-vane (F ig. 6 ), and 

c e l l  count re s u l ts  were of the same proportions as an e n tire  barb-vane 

rid g e . This sajue tren d  was observed in  the sham -injected con tro ls 

(Table 2 ).

In  no case was th e re  an experim ental germ which did not e x h ib it 

some degree of o rg an iza tio n . M ultip le e f fe c ts  of i r r a d ia t io n  were noted 

although a l l  germs were not a ffe c te d  in  the same manner. The in te r ­

mediate lay ers  of the  sh o rte r  experim ental germs were not as completely 

organized as were those of somewhat g re a te r  len g th . For example, a c e l l  

count of a barb-vane ridge in  a 0.75 mm. germ was 356, and no d if fe re n ­

t i a t io n  between barb-vane c e lls  and barbule c e l ls  could be seen. An­

o ther experim ental germ I .36 mm. long had a barb-vane ridge c e l l  count 

average of 1110 per r id g e , w ith a barbule c e l l  count of 915 (Table 2 ). 

The c e l ls  were c le a r ly  v is ib le ,  but the barbule c e lls  were not lin e d  up 

in  columns. When th ese  germs were compared with germs of co n tro l em­

bryos of th e  same wing len g th , i t  was obvious th a t re ta rd a tio n  had oc­

curred in  th e  expérim entais. The co n tro l germs used fo r comparison with 

th ese  experim ental germs were 2.5 days younger chronologically . When 

th ese  germs were compared with con tro l germs of sim ilar len g th , i t  was 

again  obvious th a t  developm ental re ta rd a tio n  had occurred in  the ex­

périm en ta is . The c e l ls  of th ese  experim ental germs, as compared with 

th e  c e l ls  o f co n tro l germs of comparable len g th , appeared shrunken and 

th e re  was a considerable reduction  in  c e l l  number (F igs. 5, 10, and 12).
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In studying the barbule-barb-vane re la tio n sh ip  i t  was noted th a t the 

barbule c e l ls  w ith in  the experim ental down fea th e rs  were more a ffec ted  

than were the barb-vane c e lls  when experim ental germs were compared with 

co n tro ls  of s im ila r  len g th . In  con tro l germs, th e re  were approximately 

e igh t times as many barbule c e l ls  as th ere  were barb-vane c e l l s ,  where­

as in  comparable experim ental germs th ere  were approxim ately four and 

one-half tim es as many barbule c e lls  as barb-vane c e l l s .  For example:

Length Ave. No. Ave. No. Barb- Ratio
Barbule C ells Vane C ells

Control 1.38 mm. 2928 396 7 .5 :1
Experimental 1.36 mm. 915 195 4 .7 :1

Control 3.59  mm. 8800 1070 8 .0 :1
Experimental 3.62  mm. 2388 520 4 .6 :1

This i s  an in d ic a tio n  of d i f f e r e n t ia l  e f fe c t  w ith in  th e  experim ental 

down fe a th e r  germs. The usu a l cy topatho log ical e f fe c ts  of i r r a d ia t io n  

were ev id en t. There was l i t t l e  or no c e l lu la r  d eb ris  p resen t and no 

m ito tic  f ig u re s  were observed.

Experim ental germs somewhat longer than those described  above 

appeared to  be more h igh ly  organized in  th a t  the  barb-vane rid g es  ex­

tended fu r th e r  d i s ta l ly .  C ell counts were considerab ly  reduced as com­

pared w ith con tro ls  of s im ila r  germ leng ths (Table 2 ) . The con tro l 

germs used here fo r comparison came from embryos ch rono log ically  2 days 

younger than  the expérim entais. C ytopathological e f fe c ts  of i r r a d ia t io n  

were noted and m ito tic  f ig u re s  were found in  th e  b asa l reg ion , or th a t 

p o rtio n  of the  germ extending beneath the surface  of the  sk in .

In  some of th e  experim ental germs i t  was found th a t  th e  develop-
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ment and o rg an iza tio n  of the  barb-vane ridges were more extensive than 

in  o th ers . In  general appearance, some of the germs were as w ell o r­

ganized as were longer co n tro ls  (F ig . 11). For example, an experim ental 

germ 4.62 mm, long appeared to  be as w ell organized as a co n tro l germ 

6.78 ram. long. The barb-vane ridges were w ell shaped and extended as 

f a r  d i s t a l ly ,  in  p roportion  to  len g th , as did those of the  co n tro l. The 

cy linder c e l l  la y e r  was d i s t in c t ;  the barb-vane c e l ls  were in  p o s itio n , 

and the barbule c e l ls  were lin ed  up in  columns. Since the experim ental 

germ showed what appears to  be normal o rg an iza tio n , but a marked reduc­

tio n  in  the  numbers of c e l ls  p resen t (Table 2 ) , i t  i s  c le a r ly  evident 

th a t  h is to g en esis  has proceeded out of p roportion  to  e longation  of th e  

germ.

An experiniental germ s t i l l  longer (9.84 mm.) than  those men­

tioned  above appeared to  be somewhat le s s  a ffe c ted  as regards h is to ­

genesis and elongation  but showed the g re a te s t c e l lu la r  e f fe c t .  The 

diam eter of the  germ was considerably  reduced and reg ressio n  of the pulp 

had taken place fo r  a sh o rt d istance  in  th e  d i s t a l  reg ion; the barb-vane 

ridges were very compact and reduced in  d iam eter, and th ere  was con­

s id e rab le  c e l lu la r  d e b r is . C ell counts could not be made because of 

these  co n d itio n s. Proxim ally from th is  region th e  barbule c e l ls  were 

found lin ed  up in  columns. The usual cy topatho log ical e ffe c ts  of i r ­

ra d ia tio n  were found in  the various regions of th e  germ.

As compared w ith con tro l germs th e re  were fewer c e lls  w ith in  

th e  in term ediate  la y e rs  of experim ental germs as a r e s u l t  o f reduced 

m ito sis ; th e re  were fewer c e lls  due to  c e l l  d ea th s , and e x is tin g  c e l ls
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were sm alle r. I t  would seem th a t  a l l  o f th ese  fa c to rs  were e ffe c tiv e  

in  causing th e  re ta rd ed  condition  of th e  barb-vane ridges and subse­

quently  the  germ as a whole. The process of o rgan ization  w ith in  the 

in term ed ia te  lay er was re ta rd ed  but not a r re s te d .

The sheath o f the fe a th e r  germ is  a somewhat r ig id  band of f l a t ­

tened c e l ls  (F ig. 6 ) .  By examining the sheaths of a l l  th re e  c lasses  of 

embryos o f th i s  study , and tak in g  measurements in  the a p ic a l reg ion , in  

the  mid reg io n , and in  the b asa l reg ion , i t  was found in  a l l  th re e  

c la sses  th a t  sh o r te r , le s s  organized germs had r e la t iv e ly  th ick  sheaths 

a t  the  a p ic a l  end which became p ro g ressiv e ly  th in n e r toward the basa l 

reg ion . The longer, more organized germs had r e la t iv e ly  th in  sheaths a t  

th e  a p ic a l end which became p ro g ress iv e ly  th ic k e r  toward th e  basa l 

reg ion . When germs of comparable leng ths from the th ree  groups were 

compared, i t  was found th a t  th e  co n tro ls  were more h ighly  organized and 

had a la rg e r  diam eter. In  th e  expérim entais and sham -injected co n tro ls  

a la rg e r  percentage of the t o t a l  diam eter of th ese  regions was made up 

of sheath than  in  th e  case of th e  un trea ted  c o n tro ls . When comparing 

germs of comparable lengths i t  was found th a t  the  sheath toward the 

a p ic a l end of an experim ental germ I .36 mm. long made up 2J'r% o f the 

t o t a l  d iam eter, and of a sham -injected co n tro l 1.43 mm. long, 1?% of th e  

t o t a l ,  w hile in  an u n trea ted  co n tro l I .38 mm. long, the sheath was 11^ 

of th e  t o t a l .  In  th e  mid reg io n  of th ese  same germs the sheath made up 

8% in  th e  experim ental, 6% in  th e  sham -injected c o n tro l, and k% in  the  

u n tre a ted  c o n tro l. In  the b a sa l reg io n , the  f ig u re s  are  6% in  the ex­

perim en ta l, k% in  th e  sham -injected c o n tro l, and 2% in  the u n trea ted
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co n tro l.

There was, however, no s ig n if ic a n t reduction in  the number of 

c e l ls  in  th e  th in n e r sh ea th s . For examole:

Length Sheath C ell Count

U ntreated Controls 1.38 mm. 1506
4.90 mm. 5651

Sham -injected Controls 1.55 mm. 1558
4.98 mm. 5793

Expérimentais 1.36  ram. 1071
5.42 mm. 4108

This find ing  of no reduction  in  the mimber of c e lls  i s  not consisten t 

with the find ings in  the o ther epiderm al lay e rs  of experim ental germs.

I t  i s  suggested th a t  th ese  c e l ls  are  more r e s is ta n t  to  i r r a d ia t io n .

The question  a r is e s  whether th e  g rea te r  th icken ing  of the sheath 

of the  experim ental embryos could be due to  possib le lo ss  of f lu id  from 

th e  operative  procedure. I f  th e re  i s  a generalized  lo s s  of f lu id  from 

th e  body of the embryo, i t  i s  conceivable th a t  a p roportionate  amount 

would be lo s t  from the  fe a th e r  germs. With a lo ss  of f lu id  from the  

fea th e r  germs, th e  tu rg o r w ith in  the pulp cav ity  would be lessened , a l ­

lowing the sheath to  co n trac t and become th ic k e r .

By checking the  w eights of embryos of the same chronological 

age, i t  was found th a t  th e  expérim entais weighed approxim ately 45^ le ss  

than  the u n trea ted  co n tro ls  and approxim ately 33^ le s s  than  sham-injec­

te d  c o n tro ls , whereas th e  sham -injected con tro ls  weighed approximately 

12^ le s s  than  the  u n trea ted  c o n tro ls . Also by checking th e  weights of 

embryos from the same wing length  group, fo r  example th e  7*5 mm. group,
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i t  was found th a t the expérim entais weighed approxim ately 17^ le ss  than 

the un trea ted  con tro ls and approximately 9% le s s  than the  sham -injected 

co n tro ls . The sham -injected co n tro ls  weighed approxim ately "]% le s s  than 

the un treated  c o n tro ls .

These f ig u re s , which show th a t  the d iffe ren ce  in  weight between 

the ir ra d ia te d  embryos and each of th e  two co n tro l groups i s  so much 

g rea te r  than the d iffe ren ce  between th e  sham -injected and the  u n trea ted  

con tro l groups, in d ic a te  th a t the operation  was not com pletely respon­

s ib le  fo r th is  lo ss  of w eight. Therefore, the  th icken ing  of the sheath 

must be another m an ifesta tion  of i r r a d ia t io n  e f f e c t .  This may be ac­

counted fo r  by the  e f fe c t of the i r r a d ia t io n  on the  pulp which caused a 

decrease in  i t s  volume, thus allow ing the sheath to  co n trac t and become 

th ic k e r .

Although m itoses in  the sheath of the  con tro l groups were r a re ,  

m ito tic  f ig u re s  were found in  the b asa l reg ion . No m ito tic  f ig u res  were 

found in  th e  sheaths of th e  experim ental germs and the e f fe c t  of i r r a d i ­

a tio n  on th e  c e l ls  of the  b asa l area was conspicuous. There were, in  

the basal p o rtio n , some c e lls  which appeared to  have been in  the process 

of m itosis but did not complete i t ,  o r  e lse  re s t in g  c e l ls  had become 

r e s is ta n t  enough to  i n i t i a t e  the  p rocess (F ig . k ) • The c e l ls  of the  

sheath exh ib ited  th e  u su al cy topatho log ical e f fe c ts  of i r r a d ia t io n .

Many of the  c e l ls  appeared to  be normal and th e re  were no evidences of 

c e llu la r  d e b r is .  There were evidences of c e l l  shrinkage and many of the  

c e lls  were edematous. In  severa l cases edematous c e lls  lo ca ted  on the 

surface gave the  appearance of small b l i s te r s  (F igs. 10 and 12).
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Germs which ex h ib ited  the g re a te s t e f fe c t  of i r r a d ia t io n  in  the 

pulp likew ise showed th e  g re a te s t e f fe c t in  the  ectodermal component. 

This may in d ica te  th a t  i r r a d ia t io n  has a ffec ted  the vascu lar system in  

such a way th a t  the blood which was to  serve the c e lls  did not reach i t s  

d e s tin a tio n , and fo r th is  reason the pulp d id  not develop, the  barb-vane 

ridges did not organize p roperly , and the c e l ls  became g re a tly  reduced 

in  s iz e .  M itoses were found near the basal po rtio n  of the pulp but with 

no g rea te r  frequency than in  the ectodermal component. C ell deaths, as 

in d ica ted  by c e l lu la r  d e b r is ,  contributed  to  the  o v e ra ll condition  of 

th e  components and the  germ as a whole.
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TABLE 2

AVERAGE NUMBERS OF CELLS IN BARB-VANE RIDGES FOR EMBRYOS 
OF COMPARABLE FEATHER GERM LENGTHS

Feather Germ 
Length in  mm.

Barbule 
P la te  C ells

Barb- 
Vane Cells

Barb-Vane
Ridges

CC 1.38 2,928 396 3 ,324
3.55 10,556 1,300 11,856
5.28 15,174 2,484 17,658
6.78 19,600 3,425 23,025

C 1.43 2,968 360 3 ,328
3 .59 8,800 1,070 9,870
5.08 12,806 2,052 14,858
6 .91 20,200 3,575 23,775

E 0.75 —  —  — »  »  — 356
1.36 915 195 1,110
3.62 2 ,388 520 2 ,908
4 .62 3,240 930 4,170

CC = U ntreated co n tro ls  
C Sham-injected con tro ls 
E = Expérimentais



CHAPTER V

DISCUSSION

When the down fe a th e r  germs of the chick s.re irra d ia te d  by P-32 

on the  ten th  through the  fou rteen th  days of incu b a tio n , the re su ltin g  

e f fe c t i s  d i f f e r e n t ia l  re ta rd a tio n  of development. This i s  in  agreement 

with th e  find ings of o th er in v e s tig a to rs  th a t  c e r ta in  tis su e s  of the 

bodies of animals are  more s e n s itiv e  to  i r r a d ia t io n  than  others (S. L. 

Warren, 1936, B u tle r, 1930, Bagg, 1922, and S tin son , 1953)•

The fa c t th a t  th e  ectoderm was most a ffe c te d  in  germs whose pulp 

was a lso  most a ffec ted  may be due to  some e f fe c t  o f i r ra d ia tio n  on the 

v ascu la r system not v is ib le  w ith in  the  germ. In ta c t  vessels  with blood 

c e lls  in  them were observed, but th i s  fa c t does not prove th a t  the t i s ­

sues which were to  be served by th ese  v esse ls  were being served. Goff 

(1949) described  the flow of blood in to  and out of th e  down fea th er 

germs. He noted the presence o f a dense connective t is s u e  in  the region 

of the  in cu rren t and excurren t v esse ls  which may be the  regu latory  

mechanism fo r the flow of blood in to  and w ith in  the germs. He a lso  

noted, w hile observing the liv in g  c irc u la t io n , th a t  when the germs on 

the wing a re  d is tu rb ed , or when the germs come in to  contact with the 

atm osphere, c irc u la tio n  w ith in  th e  germ s to p s . But when the wing i s  

flooded with warm sa lin e  so lu tio n , c irc u la tio n  resumes in  some of the
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germs. F. R. L i l l i e  (1940) reported a s im ila r mechanism in regenera ting  

fea th ers  and s ta te d  th a t  q u ite  l ik e ly  a tu rgo r is  b u i l t  up in  the pulp 

tis su e  which may a lso  help to  regu la te  flow. I f  the reg u la to ry  mecha­

nism of blood flow in to  and w ith in  the  germ was a ffec te d  by i r r a d ia t io n  

in  such a manner as to  slow the flow to  the degree th a t  m a te ria ls  were 

in su f f ic ie n t  to  serve th e  surrounding t is s u e s ,  the re su lt in g  e f fe c t  on 

the pulp would in  tu rn  produce an e f fe c t on the  ectodermal component.

With a considerab le  reduction of pulp t is s u e ,  in te r c e l lu la r  

t ra n s fe r  o f  m a te ria ls  would be slowed down. I f  the m a te r ia ls  being 

tra n s fe rre d  were food fo r  the  c e lls  but were not reaching them, the c e l ls  

would be reduced in  s iz e ,  or would cease d iv id ing , or would d ie . I f  

these  m ate ria ls  were inducers of o rg an iza tion , the r e s u l t  would be re ­

tarded or a lte re d  o rg an iza tio n . Cairns and Saunders (1954) dem onstrated 

th a t  the mesoderm has a sp e c if ic  inductive  ac tio n  on the overly ing  ec to ­

derm Curing e a rly  embryonic development, producing re g io n a lly  d is t in c t iv e  

ectodermal d e riv a tiv e s  in  the chick. I f  h istogenesis  in  the  ectoderm al 

component of the fe a th e r  germ were dependent upon th e  in d u c tiv e  a b i l i t y  

of the underlying mesoderm and ir r a d ia t io n  in te rfe re d  in  some manner 

with the in d u c tiv e  a b i l i t y ,  the re su lt in g  e ffec t on the ectoderm would 

again be re ta rd ed  or a l te re d  o rgan ization .

Bagg (1922) reported  a hemorrhagic e f fe c t of i r r a d ia t io n  and 

suggested th a t  i r r a d ia t io n  in te rfe re d  w ith the  form ation of v ascu lar 

endothelium. Hemorrhage was a lso  found in  th is  in v e s tig a tio n  but the  

incidence was not g rea t and en d o th e lia l c e lls  were c le a r ly  v is ib le  in  

non-hemorrhagic i r r a d ia te d  germs. I t  i s  not in d ica ted  from th i s  study



33

th a t  i r r a d ia t io n  in te rfe re d  with the formation of vascu lar endothelium 

to  any extreme degree. A p o ssib le  explanation of the hemorrhagic pro­

cess involves the con tro l mechanism located  near the in cu rren t and ex­

cu rren t v esse ls  of the down fea th e r  germ. I f  the in cu rren t v esse ls  a l ­

low blood to  en ter but the co n tro l mechanism does not allow i t  to  e x i t ,  

i t  i s  reasonable th a t blood p ressure  could force more blood in to  the 

v e s se ls , thus trapp ing  more in  th e  germ than i s  norm ally th e re . This 

increased  volume of blood could cause a vascu lar breakdown. This in te r ­

p re ta tio n  cannot be proved conclusive ly  from the  inform ation in  th is  

study.

I t  would be d i f f i c u l t  to  conceive th a t  the  e f fe c ts  noted in  th is  

in v e s tig a tio n  would not be m anifested in  the  hatched chick, even though 

Warren and Dixon (1949) observed no d i f f e r e n t ia l  e f fe c ts  in  th e  hatched 

chicken a f t e r  embryonic i r r a d ia t io n ,  and Dixon (1952) r e i te ra te d ,  in  h is  

review of i r ra d ia t io n  s tu d ies  on the chick, th a t  re ta rd a tio n  of growth 

appears to  be an o v e ra ll e f fe c t  with no one t is s u e  or system more a f ­

fec ted  than ano ther, and no abnorm alities or m alformations a t tr ib u ta b le  

to  i r r a d ia t io n .  The higher le v e l and ra te  of i r r a d ia t io n  in  the  present 

study, or the fa c t th a t Warren and Dixon did not observe the down 

fe a th e r  germ, could possib ly  be responsib le  fo r  th e  d is p a r i ty  in  re su lts  

between th is  and the  above in v e s tig a tio n .

The evidences of e f fe c t  of i r r a d ia t io n  presen ted  in  th i s  study 

were o f a conservative n a tu re . As nearly  as p o ss ib le , con tro ls  and ex­

périm entais of m orphological equivalence were compared ra th e r  than 

those of chronological equivalence. Had chronolog ical equivalents been 

used th e  e f fe c ts  would have appeared much more severe .



CHAPTER VI 

SUMMARY AND CONCLUSIONS

1. Chick embryos were ir ra d ia te d  w ith approximately 500 micro­

cu ries  of P-32 on th e  ten th  through the fo u rteen th  day of incubation , 

producing sp e c if ic  e f fe c ts  on the  down fe a th e r  germs; these  e f fe c ts  were 

determined by gross and m icroscopic observations and comparisons between 

i r r a d ia te d  and con tro l embryos.

2. The wings of th e  experim ental embryos were developmentally 

re ta rd ed  in  regard  to  len g th . Controls of s im ila r  wing length were 

about a day younger than th e  expérim entais.

3 . Macroscopic and m icroscopic observations show th a t  the 

leng ths of th e  fe a th e r  germs were d i f f e r e n t ia l ly  re ta rd ed  or s p e c if i­

c a lly  s e n s itiv e  to  i r r a d ia t io n  w ith  respect to  th e  lengths of th e  wings.

4 . Cytopathology o f th e  i r ra d ia te d  fe a th e r  germs showed edema, 

shrinkage, vacuolated cytoplasm, and v e s ic u la r  n uc le i in  both mesodermal 

and ectoderm al components.

5 . M icroscopic observations revealed a marked decrease in  c e l l  

numbers in  th e  experim ental germs. This was a t t r ib u te d  to  re tard ed  mi­

to s i s  and c e l l  death .

6 . Although c e l l  p r o l i f e r a t io n  was reduced in  the  experim ental 

germs, h is to g en es is  w ith in  th e  components proceeded and in  some cases
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proceeded out of proportion to  elongation  of the germ.

7. P-32 in  the  dosage adm inistered here d id  not in te r f e re  with

the development of vascu lar endothelium in  the germ.

8 . Hemorrhagic e f fe c t  did not appear to  be a d ire c t  e ffe c t o f 

i r r a d ia t io n  since the incidence was not g rea t and hemorrhage occurred 

in  the c o n tro ls .

9 . I t  i s  in d ica ted  th a t  in te rfe re n c e  with blood flow has taken 

place somewhere not v is ib le  w ith in  the  germ i t s e l f .  The severe e f fe c t 

on the pulp and ectodermal component could have been brought about by 

d ep riva tion  of food and oxygen.

10. In those germs where th e  pulp was most a ffec te d  the barb- 

vane rid g es  were most a ffe c te d . The c e l ls  were reduced in  number as 

w ell as in  s ize  as compared with c o n tro ls .

11. An o v e ra ll reduction  in  s ize  i s  in d ica ted  by the  average 

lo ss  of weight of the experim ental embryos as compared w ith con tro ls of 

the  same incubation  period .
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FIGURE 4. NORMAL AND I RRADI ATED S H E A T H  C E L L S

1 - 9 .  N O R M A L  S H E A T H  C E L L S  F ROM A P E X ,  MID R E G I O N ,  

AND B A S E  R E S P E C T I V E L Y .

4 - 9 .  I R R A DI AT E D S H E A T H  C E L L S .

4 .  B A S A L  R E G I O N .  V A C U O L A T E D  C Y T O P L A S M  AND

C L U M P E D  C H R O M A T I N
5.  B A S A L  R E G I O N .  V A C U O L A T E D  C Y T O P L A S M .

6.  B A S A L  R E G I O N .  C R E N A T E D  N U C L E U S .

7. B A S A L  R E G I O N .  I N C O M P L E T E  M I T O S I S .

8 .  B A S A L  R E G I O N .  I N C O M P L E T E  M I T O S I S .

9. B A S A L  R E G I O N .  P Y C N O S I S  A N D  F R A G M E N T A T I O N  

O F  N U C L E U S .
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Fig, 5 .—Cross sec tio n  o f a p ica l region of c o n tro l germ, x400. 
Shows re la t iv e  abundance of pulp c e lls  w ith blood v e sse ls  p re se n t. The 
ends of th e  barb-vane ridges are  formed.
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F ig . 6 .—Cross sec tio n  of mid region  of contro l germ. x200. 
Shows barbule c e l ls  lin ed  up in  o rderly  columns. The pulp is  r e la t iv e ly  
abundant and blood v esse ls  are p resen t.
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Fig . 7 .—Cross se c tio n  of b asa l region of co n tro l germ. x200. 
Shows c e l lu la r  richness of th e  pulp. Three barb-vane ridges a re  form­
in g . F o ll ic u la r  c e l l s  are  surrounding the germ.
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F ig . 8 .—Cross sec tio n  of b asa l region o f c o n tro l germ. x400. 
Shows c e l lu la r  d e ta i l  o f  th e  pulp c e lls  and blood v e s s e ls .
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Fig . 9 .—Cross sec tio n  of a p ic a l region of ir ra d ia te d  germ. 
x400. Shows r e la t iv e ly  empty pulp cav ity  with a few blood c e lls  p resen t 
and considerable amount o f c e l lu la r  d eb ris . No barb-vane ridges are  
ev ident. The inner ectoderm al p o rtio n  is  compressed toward pulp p e r i­
phery. The sheath i s  very  th ic k .
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Fig. 10 .—Cross sec tio n  of mid region of i r r a d ia te d  germ. x400. 
Shows extrem ely th ic k  sheath with " b l i s te r - l ik e "  c e l l  on periphery  of 
the  germ. The barb-vane ridge area i s  compressed a t  th e  periphery  of 
th e  pulp cav ity . Pulp c e l ls  are sparse but blood v e sse ls  a re  s t i l l  in ­
t a c t .
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F ig . 11 .—Cross sec tio n  of mid reg ion  of i r r a d ia te d  germ. x400. 
By gross appearance germ looks normal. G ytopathological e f fe c ts  can be 
noted. Observe upper l e f t  p o rtio n , and middle l e f t  p o rtio n  o f barb-vane 
r id g e s .
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Fig. 1 2 ,—Cross sec tio n  of basal region of irra d ia te d  germ. 
x200. Note hemorrhaging in  the pulp reg ion , compression of the barb- 
vane region and the th ickness of th e  sheath . C ells on periphery appear 
to  form ’’b l i s t e r ."
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