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cu taneous ly  for 1 week. 11 ra ts  were kep t  1 week as un- 
t r ea t ed  controls  to  s t u d y  the  effect  of surgical dene rva t ion  
alone on the  weigh t  of the  submaxi l l a ry  gland. At ropine  
as the  su lphate  was given at  in tervals  of 6 or 12 h and 
H o e c h s t  9980 (p iper id ino-e thy l -d iphenyl -ace tamid  hydro-  
chloride) a t  in te rva ls  of 6 h. The doses of the drugs were 
gradual ly  increased dur ing  the  per iod of t r e a tmen t .  In  
the  group of ra t s  t r ea t ed  wi th  a t rop ine  a t  in tervals  of 12 h 
the  dose was increased f rom 5-20 mg, to ta l  a m o u n t  
180 rag; in the  o ther  a t rop ine - t r ea t ed  group the  dose was 
augmen ted  f rom 1-5 mg, to ta l  dose 84 mg. The dose of 
Hoechs t  9980 was increased f rom 0.5-2 mg in one group 
and  f rom 1-5 mg in another ,  to ta l  a m o u n t s  36 and 84 mg 
respect ively.  All ra ts  were killed by  cervical  dis locat ion 
af ter  1 week 4-6 h af ter  the  last  inject ion.  The submaxi l -  
lary  glands were carefully dissected,  c leaned and weighed 
(wet weight).  The dry  weight  of the glands was e s t ima ted  
a f te r  hea t ing  to  105-110 ~ for 48 h. 

Surgical p a r a s y m p a t h e t i c  denerva t ion  was found to 
decrease the  d ry  weight  of the  submaxi l l a ry  gland by  
abou t  25% in 1 week, f rom 37 4- 1.5 (11) * to 28 4- 1.6 
(11) mg (Table). T r e a t m e n t  wi th  a t rop ine  caused a simi- 
lar, s ignif icant  decrease in the  weight  of the  normal ly  
innerva ted  gland (Table). The reduc t ion  in the  size of the  
glands can be considered to be specific in the  group given 
84 mg a t ropine  bu t  no t  in t h a t  given 180 mg a t ropine  
since the  ra ts  in t he  last group, bu t  no t  in the f i rs t  one, 
showed a marked  decrease in body  weight.  T r e a t m e n t  
wi th  Hoechs t  9980 had  an effect  s imilar  to t h a t  of atro-  
pine on the  weight  of normal ly  inne rva ted  glands when  
given in suff icient  amoun t s  (Table). The body  weight  
was no t  af fec ted  by  the  doses of Hoechs t  9980 used. 
T r e a t m e n t  wi th  a t ropine  or Hoechs t  9980 did not  change 
the  weight  of the  pa ra sympa the t i ca l l y  dene rva t ed  sub- 
maxi l la ry  glands. The dry  weight  of the  glands was found 
to be about  25% of the  wet  weight  in all groups. 

'Pharmacologica l '  denerva t ion  has been found to  in- 
duce changes,  e.g. supersens i t iv i ty  to secre tory  agents,  
s imilar  to those seen a f te r  surgical denerva t ion  in sa l ivary  
glands of cats  s,7 and ra ts  4, while it  does not  cause a 
g landular  a t rophy .  In  the  p resen t  inves t iga t ion  it was 
found  t h a t  t r e a t m e n t  wi th  pa rasympa tho ty t i c s ,  a t ropine  
or Hoechs t  9980, reduces the weight  of the  submaxi l l a ry  

gland o f  rats.  I t  should be recalled t h a t  the  doses of 
a t rop ine  and  par t icu lar ly  Hoechs t  9980 are ma rk ed ly  
bigger t h a n  those  used in previous exper iments .  The 
presen t  f inding agrees wi th  the  suggest ion t h a t  the  size 
of sa l ivary  glands  is d e p e n d e n t  on the  organ ac t iv i ty  t 

Dry weight of the right and left submaxillary gland 1 week after 
parasympathetic denervation of the right gland in untreated rats 
(-control) and in animals treated with a parasympatholytic agent, 

atropine or Hoeehst 9980 

Group TotM No. Dry weight (mg) Right/ 
dose of left 
(mg) rats Right Left % 

Control 11 28 =L 1.6 37 ! 1.5 74 :f: 2.9 
Atropine 84 5 28 • 1.4 31.9 :L 0 -96b 88 :J: 2.0 b 
Atropine 180 7 26 =L 2.3 30 =t: 1.8t' 86 =t: 4.5 
Hoeehst9980 36 5 28 • 2.2 35 • 2.3 82 =E 2.7 
Hoeehst9980 84 5 27.5 • 0.94 31.3 :t= 0.65 b 88 :t: 1.3 ~ 

Values are mean • S.E.M. ~ P ~ 0.05; b p < 0.01; ~ P < 0.001 
when compared with the corresponding control value. 

Zusammen/assung. P a r a s y m p a t h i s c h e  chirurgische De- 
nerv ierung f t ihrt  zur Gewich t sabnahme  der  Speichel-  
dri isen;  die Submaxil lar isdr i ise  der  R a t t e  zeigt eine 
At rophie  nach  Behand lung  mi t  p a r a s y m p a t h o l y t i s c h e n  
Subs tanzen  (Atropin oder  Hoechs t  9980). 

P. OHLIN and C. PE~EC 

Institute o/ Physiology, University o/Lund 
(Sweden), July 1,3, 1966. 

~ Mean :L standard error of mean (nmnber of observations). 
11. C. R. STROM~I.AD, Acts physiol, stand. 36, 47 (1956). 

A c t i o n  of T h a l i d o m i d e  on  E n d o s t e a l  O s s i f i c a t i o n  
in  the  P i g e o n  

The endos tea l  ossif icat ion is a p h e n o m e n o n  which  
occurs na tu ra l ly  in female birds,  depend ing  on the  
ovar ian  cycle1 4. 

In  the  pigeon, when  the  ovar ian  follicle reaches the  
d imens ion  of 4-5 mm, a spicular  ne twork  begins to form, 
which  increases in a cen t r ipe ta l  sense f rom the  in te rna l  
surface of the  d iaphys is  of the  long bones  endowed wi th  
b lood-forming bone marrow.  W h e n  the  follicle size has 
reached its m a x i m u m  (about  20 m m  in diameter)  the  
endostea l  bone has  comple te ly  invaded  the  cav i ty  and 
the  mar row is reduced  to  is lands be tween  the  spicular  
network.  In  connect ion  wi th  the  fo rmat ion  of the  cal- 
careous egg-shells, there  is a rapid regression of the  newly-  
fo rmed bone, and  a few days  af ter  the  deposi t ion the  
init ial  s i tua t ion  is res tored  and the  bones p resen t  a normal  
red bone  marrow.  

This  cyclic phenomenon ,  which  has the  significance of 
realizing a deposi t  of Ca to be uti l ized in the  fo rma t ion  of 
the  calcareous shell, can be p rovoked  exper imen ta l ly  
b o t h  in the  female and in the  male birds by  admin is t ra -  
t ion of es t rogens  5. 

I previous research 6, i t  was observed  t h a t  pigeons 
(Columba livia Gin.) which  had  received es t rogens  and 
tha l idomide  for 20 days  showed,  in X - r a y  and  in his to-  
logical prepara t ions ,  a poorer  endostea l  ossif icat ion corn- 

1 p.  KYEs a n d  T. POTTER, Ana t .  Rec.  60, 377 (1934). 
2 A. KIRSCHBAUM, C. A. I~FEIFFER, J .  VAN HENVERSWYN, a n d  

W. g .  GARDNER, Ana t .  Ree. 75, 249 (1939). 
3 J .  BENOIT, R. GRANGAUD, a n d  S. SARFATI, Bull.  His to l .  appl .  

Phys io l  P a t h .  18, 173 (1941). 
4 W. BLOOM a n d  L. V. DOMM, Ana t .  Rec. 81, 91 (1941). 
5 C .A.  ])FEIFFER a n d  W. U. GARDNER, E n d o c r i n o l o g y  23, 485 (1938). 
6 V. G. LEONE a n d  L. RINALDI, Re. Accad .  naz .  Lineei,  serie V I I I ,  

38, 578 (1965). 
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p a r e d  w i t h  t h a t  of p igeons  w h i c h  h a d  been  t r e a t e d  for t h e  
same  l e n g t h  of t i m e  w i t h  t he  same doses of es t rogens  
on ly :  t he  t r a b e c u l a e  are more  scarce, th in ,  f r a g m e n t e d  
a n d  i r regu la r ly  located.  

I l l  o rder  to  go deeper  in to  t h e  p rob lem,  I h a v e  s tud ied  
t h e  effect  of t h a l i d o m i d e  a t  t h e  var ious  s tages  of t he  for- 
m a t i o n  of t h e  endos tea l  bone .  I n  47 p igeons  (25 males  
a n d  22 females) t h e  endos tea l  oss i f icat ion was s t i m u l a t e d  
w i t h  0.25 m g  of e s t r ad io l -d ip ropyona t e  (Ovocicl ina 
CIBA)  pe r  day.  To one group  of these  an i m a l s  (12 males  
a n d  11 females) 50 m g  of t h a l i d o m i d e  were  also a d m i n -  
i s t e red  pe r  os eve ry  day.  P igeons  be long ing  to  b o t h  t he  
t e s t  a n d  con t ro l  g roups  were sacr i f iced a f t e r  5, 10, 15 a n d  
20 days  of t r e a t m e n t ;  h is to logical  a n d  p o n d e r a l  e x a m i n a -  
t ions  of t he  f emurs  a n d  t ib i ae  were car r ied  out .  

F r o m  the  e x a m i n a t i o n  of t h e  h is to logica l  p r e p a r a t i o n s  
a n d  f rom the  e v a l u a t i o n  of t h e  endos tea l  oss i f ica t ion (i.e. 
t h e  r a t io  b e t w e e n  t he  p e n e t r a t i o n  - m e a n  va lue  - of t h e  
newly - fo rmed  os tea l  t r abecu lae  a n d  t he  m e a n  rad ius  of 
t he  f e m u r  cross sect ion) i t  was  no t iced  t h a t  t he  degree of 
endos tea l  oss i f ica t ion in t he  pigeons  t r e a t e d  w i t h  t he  
es t rogen  a lone increases  g radua l ly ,  w i t h  a s tas is  b e t w e e n  
t he  10 th  and  15 th  day.  I n  t he  pigeons  t r e a t e d  w i t h  es t ro-  
gen  a n d  t h a l i d o m i d e  t he  t r e n d  of t he  endos tea l  ossifica- 
t i on  d u r i n g  t he  f i rs t  10 days  is para l le l  w i t h  t he  t r e n d  of 
t h e  con t ro l  p igeons  b u t  the  t r a b e c u l a e  grow t h i n n e r  a n d  
p e n e t r a t e  deeper  in to  t he  mar row.  B e t w e e n  t h e  10th  a n d  
15 th  day  i t  is poss ible  to  not ice  a n e t  regress ion of t he  
t r a b e c u l a e :  as a m a t t e r  of fact ,  a f t e r  15 days  of t r e a t m e n t  
t h e  t r a b e c u l a e  are conf ined  more  pe r ipher ica l ly  a n d  ap-  
p e a r  t h i n n e r  and  more  f r a g m e n t e d  t h a n  a t  t he  10th  d a y  
of t r e a t m e n t .  Therea f t e r ,  t h e  t r abecu lae  r e fo rm a n d  a t  
t h e  20 th  d a y  t h e y  h a v e  p rac t i ca l ly  r eached  aga in  t he  
cen t re  of t he  m a r r o w  cavi ty ,  even  t h o u g h  t h e y  a p p e a r  
to  be  less f r equen t  a n d  t h i n n e r  t h a n  those  of t h e  con t ro l  
p igeons  (Figure 1). 
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Fig. 1. ----  Treatment with estrogens; - - t r e a t m e n t  with estrogens 
and thalidomide. 

even  t h o u g h  i t  r ema ins  d i s t i nc t l y  be low t h a t  of t h e  
controls .  

Since i t  is k n o w n  (CLAVERT) ~ t h a t  a r o u n d  t he  10 th  
d a y  of h o r m o n e  t r e a t m e n t  a ce r t a in  n u m b e r  of osteo-  
c las ts  n o r m a l l y  a p p e a r  in  t he  endos tea l  bone ,  reach ing  a 
m a x i m u m  a r o u n d  t h e  15 th  day,  a h is to logical  con t ro l  
was car r ied  ou t  in  o rder  to  e s t ab l i sh  if t h e  r e m a r k a b l e  
a b s o r p t i o n  of t h e  t r a b e c u l a e  in  the  s ame  per iod in t h e  
presence  of t h a l i d o m i d e  can  p e r h a p s  be  i m p u t e d  to  t h e  
presence  of a g rea t e r  n u m b e r  of osteoclasts .  

The  e x a m i n a t i o n  was ca r r ied  ou t  b y  c o u n t i n g  t he  
n u m b e r  of os teoclas ts  found  a long  a d i a m e t r a l  l ine of 5 
f emur  d i aphysa l  sect ions  se lected a t  r a n d o m  for eve ry  
an imal .  
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Fig. 2. - . . . .  Treatment with estrogens; - -  treatment with estrogens 
and thalidomide. 
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Fig. 3. ----  Treatment with estrogens; - -  treatment with estrogens 
and thalidomide. 

A s imi la r  p h e n o m e n o n  was obse rved  on  cor re la t ing  t he  
we igh t  of t he  ashes  w i t h  t he  we igh t  of t he  d r y  bone ;  t h e  
r e su l t ing  ra t io  m a y  be  cons idered  as a n  i ndex  of minera l i -  
za t ion  and,  in  t he  p a r t i c u l a r  case of t he  bone  w i t h  en- 
dos tea l  ossif icat ion,  as a sign of t he  new bone  fo rma t ion .  

Whi l e  t he  ashes  % - d r y  bone  we igh t  r a t io  increases  
c o n s t a n t l y  in  t h e  cont ro l s  (Figure 2), in  t he  p igeons  
t r e a t e d  w i t h  es t rogen  plus t h a l i d o m i d e  th i s  va lue  cor- 
r e sponds  to or is even  s l igh t ly  h ighe r  t h a n  t he  cont ro l s  
up  to t h e  10 th  d a y ;  a t  t he  15 th  d a y  the re  is a clear  de-  
crease of th i s  va lue  b o t h  in compar i son  w i t h  t h a t  of t h e  
con t ro l  b i rds  (at  t h e  15 th  day)  and  w i t h  t he  va lues  of 
t he  t r e a t e d  ones a t  t he  10th  day.  Af te r  20 days  of doub le  
t r e a t m e n t ,  t he  mine ra l i z a t i on  appea r s  aga in  increased,  

I n  F igure  3 are r epo r t ed  t h e  m e a n  va lues  of b o t h  t h e  
t e s t  a n d  con t ro l  groups,  sacr i f iced a f t e r  5, 10, 15 and  20 
days  of t r e a t m e n t .  Whi l e  for  t he  con t ro l s  CLAVERT'S 
resul t s  are c lear ly  conf i rmed,  for  t he  p igeons  t r e a t ed  w i t h  
t he  e s t rogen  plus  t h a l i d o m i d e  t he  n u m b e r  of os teoclas ts  
shows a c o n t i n u o u s  increase  f rom the  5 th  to t h e  20 th  
day,  w i t h  va lues  c lear ly  be low those  of t he  cont ro l s  
d u r i n g  t he  per iod  of absorp t ion .  

Therefore ,  i t  is possible  to  exclude  t h a t  t h a l i d o m i d e  
causes t he  a b s o r p t i o n  of t he  t r a b e c u l a e  p r o m o t i n g  t he  
a p p e a r a n c e  of osteoclasts .  

7 j .  CLAVERT, Bull. biol. Fr. Belg. 82, 289 (1948). 
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Thus,  the  resul ts  of th is  research indica te  t h a t :  (1) 
tha l idomide  interferes  wi th  the  fo rmat ion  of endos tea l  
bone  induced  by  means  of follicular ho rmone  in the  
pigeon;  (2) its ac t ion is mani fes ted  no t  by  cont inuous  
s lackening in the  bui lding of the  t rabeculae,  bu t  r a t h e r  
by  causing the i r  absorp t ion  be tween  the  10th and  the  
15th day  of t r e a t m e n t ;  and  f inal ly t h a t  (3) the  absorp t ion  
is no t  due to  an increase ill the  n u m b e r  of osteoclasts  in 
the  same period of t ime. 

Riassunto. Ricerche condo t t e  sulla ossificazione endo-  
steale i n d o t t a  con ormone  follicolare in piccioni  t r a t t a t i  
con ta l idomide  h a n n o  messo in evidenza  che la t a l idomide  

interfer isce con "azione ormonale ;  la t a l idomide  non  
inibisce la formazione delle t rabecole  ossee, ma  provoca  
un  notevole  r i assorb imento  delle t rabecole  stesse t ra  il 10 ~ 
e il 15 ~ giorno di t r a t t a m e n t o ;  ta le  r i a ssorb imento  non  
imputab i l e  ad un a u m e n t o  del n u mero  di osteoclast i  nel  
per iodo corr i spondente .  

LUCIANA RINALDI 

Department o~ Zoology and Comparative Anatomy, 
University o~ Parma, and Laboratory o~ Embryology 
and Experimental Morphology, University o~ Milan 
(Italy), May 9, 1966. 

D e v e l o p m e n t  of  H y p e r p h a g i a  in  M a l e  R a t s  F o l -  
l o w i n g  P l a c e m e n t  of V e n t r o m e d i a l  H y p o t h a l a m i c  

L e s i o n s  at  F o u r  D i f f e r e n t  A g e s  1 

A previous s t u d y  2 has  shown t h a t  following ven t ro-  
medial  hypo tha l amic  lesions, adul t  female ra t s  showed a 
greater  absolute  food in take  t h a n  did weanl ing animals.  
Rela t ive  to b o d y  weight,  however,  weanl ing and  older  
ra ts  a te  s imilar  amoun t s  f rom the  f irs t  pos t -opera t ive  
week on. Ra t s  lesioned dur ing  early and late adolescence 
showed similar food in take  pa t t e rn s  t h r o u g h o u t  the  ex- 
per iment ,  regardless  of whe the r  food in take  was ex- 
pressed in g /day  relat ive to body  weight  or re la t ive  to 
KLEIBER'S 'metabol ic  size '~. I t  was suggested t h a t  age 
a t  opera t ion  and  sens i t iv i ty  of hypo tha l amic  neurons  
might  account  for these  f indings 2. The p resen t  note  
repor ts  on a similar s t u d y  in male rats.  Methods  and 
exper imenta l  condi t ions  were ident ical  wi th  those in the  
s tudy  in the  female animals  2. 

(a) Food intake in g/day (Figure 1). Dur ing  the  first  
pos t -opera t ive  week only the  oldest  ra ts  wi th  lesions (140 
days) showed hype rphag i a  when compared  wi th  their  

controls  as well as wi th  the  3 younger  groups of ope ra ted  
rats.  F r o m  tile second week on, the  2 younger  groups  of 
ra t s  wi th  lesions (26 days  and  59 days,  respect ively)  ate 
similar  amo u n t s  as the i r  respect ive  controls  bu t  t he  2 
older groups  of ra t s  (75 and  140 days,  respect ively)  
showed hype rphag ia  unt i l  the  f i f th  week;  dur ing  the  
s ix th  pos t -opera t ive  week all lesioned ra ts  had  p la t eaued  
to  control  levels. Among  the  opera ted  animals,  the  ra ts  
lesioned a t  140 days  of age showed the  h ighes t  food 
in take;  dur ing the  s ix th  week all lesioned ra ts  a te  similar 
amounts .  

(b) Food intake relative to body weight (Figure 2). The 
only  group of ra ts  to show a higher  food in take  t h a n  the i r  
controls  dur ing the  f irs t  week of the  expe r imen t  were the  
140-day-old ra ts ;  however ,  t hey  p la t eaued  as early as the  
th i rd  week. Compared wi th  the i r  controls,  ra ts  lesioned 

1 This investigation was supported by U.S.P.H.S. Grant No. 
HE 06975 of the National Heart Institute. 

2 L. L. BERNARDIS, Experientia 22, 593 (1966). 
a M. KLEn~R, Physiol. Rev. 27, 511 (1947). 
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Fig. 1. Food intake in g/day of rats with hy- 
pothalamic lesions placed at the age of 26 
days (group 1), 59 days (group 3), 75 days 
(group 5) and 140 days (group 7) and of their 
corresponding intact controls. Figures at 
bottom of diagram designate group number. 
Comparisons of means - First week: 7 vs 8, 
p < 0.001; second week: 1 vs 2, p < 0.05; 
5 vs 6, p <  0.05; 7 vs 8, p <  0.001; third 
week: 3 vs4, p <  0.05; 5 vs6, p <  0.01; 
7 vs 8, p < 0.001; fourth week: 5 vs 6, p 
0.001; 7 vs 8, p < 0.01; fifth week: 5 vs6, 
p < 0.02; 7 vs 8, p < 0.01. 


