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Z u s a m m e n / a s s u n g  

Das  M/ innchen  des d re i s t ach l igen  S t i ch l ings  zeigt  un -  
m i t t e l b a r  n a c h  Ba lz  u n d  B e f r u c h t u n g  d e r  E ie r  ke in  
sexuelles  V e r h a l t e n  mehr .  Die  E r n i e d r i g u n g  d e r  sexuel ten  
M o t i v a t i o n  wird  n i c h t  d u r c h  ] 3 a t z h a n d l u n g e n  ode r  Be-  
f r u e h f u n g  v e r u r s a c h t ,  s o n d e r n  d u r c h  die W a h r n e h m u n g  
der  E ie r  im Nes t  (Be±spiel e iner  , E n d s i t u a t i o n ~ ) .  

The  R e s p o n s e  of Costa l  Cart i lage  to C h a n ~ e s  in 

H o r m o n a l  E n v i r o n m e n t  

The  effects  of t e s t o s t e r o n e  p r o p i o n a t e  (T. P.) a n d  hy -  
d rocor t i sone  (F) o n  anabo l i c  a n d  c a t a b o l i c  processes,  in-  
sofar  as n i t r o g e n  m e t a b o l i s m  is concerned ,  are  well  docu-  
men t ed .  Since n i t r o g e n  ba l ance  s tud ies  are  m e a s u r e m e n t s  
of genera t  m e t a b o l i s m  a n d  as such  do  n o t  give a n y  d i r ec t  
i n f o r m a t i o n  of h o r m o n a l  effects  o n  a n y  one  t issue,  we 
h a v e  focused ou r  i n t e r e s t  on  m e t a b o l i c  a l t e r a t i ons  in-  
duced  b y  these  s te ro ids  in  a specific t issue.  

Of t h e  va r i ous  t i s sues  s tud ied ,  we h a v e  observed ,  as 
h a v e  others*,  =,a t h a t  cos ta l  ca r t i l age  has  a s t r o n g  a f f in i ty  
for  r ad iosu l f a t e  a n d  t h a t  th i s  t i s sue  is sens i t ive  to  c h a n g e s  
in  h o r m o n a l  e n v i r o n m e n t .  T h e  p r e s e n t  r e p o r t  descr ibes  
some of our  o b s e r v a t i o n s  on  t h e  effect  of T. P. a n d  F on  
t he  r ad iosu l fa t e  u p t a k e  b y  cos ta l  ca r t i l age  in the  i n t a c t  
or  h y p o p h y s e c t o m i z e d  male  ra t .  

Methods.  A.  A n i m a l  treatment. A l b i n o  r a t s  of t h e  Ho l t z -  
m a n  s t r a i n  were  h y p o p h y s e c t o m i z e d  4 a t  21 ~ 2 days .  T en  
days  p o s t - h y p o p h y s e c t o m y  (8 days  a f t e r  a r r i va l  in  t h e  la- 
bo ra to ry )  t he  an ima l s  were dosed  s u b c u t a n e o u s l y  1 × / d a y ] 7  
days .  T.P.  was  g iven  in  c o t t o n s e e d  oil, F as a suspens ion  in 
c a rboxy -me thy l ce l l u lo se  vehic le  a n d  g r o w t h  h o r m o n e ,  in-  
t r ape r i t onea l ly ,  in  sa l ine  so lu t ion .  W h e n  T .P .  was  a d m i n i -  
s t e red  c o n c u r r e n t l y  w i t h  F, t he  i n j ec t i on  s i te  was  in a n  a rea  
r e m o v e d  f rom t h e  s i te  of F in jec t ion .  S a~ ~, as s o d i u m  sul- 
fa te  in saline,  a t  a dose of 3 l*c was in j ec t ed  i n t r ape r i -  
tonea l ly  dai ly.  (For  e x c e p t i o n s  see Tables . )  

24 h a f t e r  t h e  l a s t  in jec t ion ,  t h e  a n i m a l s  were  sacrif iced,  
V I I  r ib  car t i l age  r emoved ,  c l eaned  of a d h e r i n g  t issue,  
weighed a n d  digested.  B o d y  we igh t  was  t a k e n  pr io r  to  
and  a t  t he  end  of t h e  e x p e r i m e n t .  A n i m a l s  showing  a b n o r -  
ma l  g r o w t h  cu rves  or  a n y  o t h e r  gross  i n d i c a t i o n  of in-  
comple te  h y p o p h y s e c t o m y  were  d i scarded .  

t3. Ana ly t i ca l  methods. I n d i v i d u a l  r ib  ca r t i l age  speci-  
mens  were d iges ted  in a w a t e r  b a t h  a t  80 -85°C  in  cove red  
t e s t  tubes  c o n t a i n i n g  1 cm a 0.2 M Na=SO 4 a n d  1 cm 3 cone.  
HC1. Fol lowing d iges t ion ,  10 c m  a d is t i l led  w a t e r  was  
added  to  each  t u b e ,  a n d  a f t e r  t h e  so lu t ion  r e a c h e d  w a t e r  
b a t h  t e m p e r a t u r e ,  t h e  su l fa te  was  p r e c i p i t a t e d  as a 
b a r i u m  sa l t  b y  a d d i t i o n  of 10 c m  a 1% BaCI~ in  1-2 cm a 
a l iquots  a t  10 ra in  in te rva l s .  T h e  s u p e r n a t a n t  a n d  preci-  
p i t a t e  were q u a n t i t a t i v e l y  t r an s f e r r ed  to  a t a r e d  f i l ter  
disc (S & S No. 586, 59/64 in. d i ame te r )  us ing  a T r a c e r t a b  
m e t a l  filter.  T h e  t u b e  a n d  p rec ip i t a t e  were  w a s h e d  w i t h  
dist i l led w a t e r  fol lowed b y  95% e thano l .  T he  f i l te r  p a p e r  
w i th  p rec ip i t a t e  was  t h e n  t r a n s f e r r e d  to  a t a r e d  p l a n c h e t  
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Table I 
Radiosulfate Uptake by Costal Cartilage (cpm/mg) in Intact and 

Hypophysectomized Male Rats Following Administration of 
Hydrocortisone and Testosterone Propionate 

Hypophys-i 
Group ectomized 

cpm/mg* 

Control 39.3 4- 2.5 
T.P.,5 ~xg 46-14-2.2 

25 ~g 54-54-1.4 
50 b~g 55-44-2.9 

100 ~tg 57.94-2.8 

Control 38.64-5.2 
F, 25b~g 29.8±3.3  

50 b~g 28.24-1.3 
100 ixg 21.8=kl.3 
200 ~xg 14.7-t:1-1 
500 btg 12-94.1.0 

Body Weight Body Weight 
(g) Intact** (g) 

cpm]mg 
Intact] Final intact I Final 

60 70 
60 73 
59 70 
58 60 
60 75 

60.9 71.8 
61.9 72,2 
60-5 70.0 
60.6 64.3 
61-i 59.6 
59-6 55.6 

15-84.1-9 
17.84.0-7 
21-74.1"0 
17.2±1-0 
21.24-0-7 

43.14.2.2 
40 .5±2.8  
42.14-2.7 
40.44-1.6 
32-7~2.0  
45 .0±1.4  

65 85 
63 82 
60 87 
66 89 
61 84 

47.4 71-6 
47.0 71-0 
45,0 66.6 
47-4 65-0 
48-2 62,0 
47.6 49.2 

Group 

Control 
T.P., 50 ~g .  
F, 25 ~tg. 

50 vg .  
500 [zg. 

F, 25 Bg+T.P .  50 tzg 
50 ~ g + T . P .  50 ~xg 

500 [xg+ T.P. 50 [zg 

Hypophys- 
ectonfized 
cpm/mg 

38"3 :k 2'9 
51"5 4- 3"4 
31-7 4- 3.5 
21"7 4" 2-7 
12'6 4- 2.7 
40'7 4- 2"4 
30'1 4- 1"9 
13'0 4- 1"7 

Body Change 
Weigh t  Final 
Intact 

63 70 
63 73 
65 73 
63 70 
66 60 
67 77 
62 70 
63 59 

* Sa5-3 [zc/day/7 days, I .P .  ** SS~-I btc/day]7 days, I. P. 

a n d  dr ied  u n d e r  i n f r a red  l ight .  Tile s amp le s  were c o u n t e d  
us ing  a n  end  w i n d o w  gas  f low coun te r .  Se l f - abso rp t ion  
was  ca l cu l a t ed  to  in f in i t e  t h i n n e s s  a n d  t h e  c o u n t s  r e p o r t e d  
as c o u n t s  pe r  ra in  pe r  m g  we t  w e i g h t  ( c p m / m g  t issue).  

All e x p e r i m e n t s  were r e p e a t e d  2-3  t imes  w i t h  8-10  ani -  
ma l s  pe r  group.  The  resu l t s  p r e s e n t e d  a re  those  of  a re- 
p r e s e n t a t i v e  g roup  a n d  n o t  t h e  a v e r a g e  of al l  t h e  exper i -  
m e n t s .  

Table I I  
Effect of Age at Hypophysectomy on Radiosulfate Uptake 

(cpm]mg Tissue) by Cartilage in Male Rats 

Age (Days) 

26 
31 
36 
41 

26 
31 
36 
41 

Control* 

24.9 4. 3.8 
13.6 4- 3-0 
10.5 if_ 1-0 

5.9 4. 0.9 

20-2 ~ 2.7 
13.0 :k 3.1 

8.8 4- 6-0 
5.6 :k 0.8 

t 50 {~g T. P. 

27.8 4- 4.0 
16-3 ± 2-8 
11.7 4. 1-4 

7-7 ± 0.7 

20 [xg G.H.** 

48.4 4. 6-0 
30.1 ± 3.0 
34.3 4- 4.0 

lO0 ~xg T. P. 

19.5 4- 1-0 

10.5 4- 1-2 

100 btg G.H. 

68.9 4. 4.7 
41.6 4. 2.8 
46.8 :t: 3.8 
30.4 4- 2-5 

* Sa5-3 l~,.c/day/7 days, I. P. 
** Growth Hormone - 1 × day/7 days, I. P. 
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Results. t~adiosulfate retention by costal cartilage in 
the intact or hypophysectomized rat is recorded in Table I. 

Hypophysectomy has a marked effect on affinity of 
cartilage for radiosulfate. Incorporation of the isotope in 
hypophysectomized animals is decreased 1/a-1/a when 
compared to normal rats weighing 85 g. T, P, and growth 
hormone are both effective in stimulating retention 
of radiosulfate cartilage. The response is qualitatively 
similar to but  not  of the same order of magnitude as 
response to growth hormone (Table II). 

In  contrast, T. P. at  the same dose level has no appar- 
ent effect in the intact animal in tha t  the steroid does not 
increase isotope retention significantly above that  ob- 
served for unin)ected animals (Table I). 

The most sensitive to T. P. appears to be the animal 
hypophysectomized at  21 days of age. Animals operated 
a t  a later age demonstrated a decreased sensitivity to the 
steroid (Table II ,  note 36-day group). The lower counting 
rates observed in control and treated animals are most 
likely a reflection of the dose of SSS/g body weight. 
Growth hormone has a stimulating effect on radiosutfate 
incorporation by caxtilage regardless of age at hypo- 
physectomy (Table II). 

Hydrocortisone accentuates the effects of hypophysec- 
tomy on cartilage activity. Incorporation of the isotope 
into cartilage cells is inhibited by doses of t v ranging from 
25 to 500 ~g. This dosage level was without effect in the 
intact  rat. Simultaneous t reatment  with T. P. and F par- 
tially corrected the effects obtained when F alone was 
used (Table I}. 

We have observed tha t  the hypophysectomized rat 
gains about  10-15 g in body weight during the 7 day 
experimental  period. Animals operated at 36 days of age 
gain very little weight. In this respect it is interesting to 
note that  the stimulating effects of T. P. as well as the 
inhibitory effects of F (at 25 and 50 ~tg) occur without 
any observable influence on body weight. 

Discussion. The foregoing data  illustrate the suscepti- 
bility of costal cartilage to changes in hormonal environ- 
ment. The decreased metabolic act ivi ty  of the cartilage 
cell following hypophysectomy is in agreement with the 
reports of others 1,e,a. Consistent with their findings, we 
have observed that  growthhormone, while having no effect 
in the intact animal, stimulates incorporation of S 35 sul- 
fate in the costal cartilage of the hypophysectomized rat. 

From the present s tudy it appears that  a similar effect, 
insofar as costal cartilage is concerned, can be ascribed to 
T.P., since response of the intact  or hypophysectomized 
animal following administration of the steroid is qualita- 
t ively similar to response following growth hormone. 
Nevertheless, the question arises as to whether the re- 
sponse of cartilage can be considered as a direct effect or 
reflects general improvement  of the operated animal. 

The fact tha t  T. P. stimulates retention of radiosulfate 
without  apparent effect on body weight suggests a spe- 
cific effect on the cartilage cell act ivi ty  rather than a 
general improvement  of the metabolic state of the animal. 
Further,  it was demonstrated tha t  hydrocortisone accen- 
tuates the inhibitory effects of hypophysectomy at  dosage 
levels tha t  are without  any observable influence on body 
weight. Consequently i t  is suggested tha t  the stimulatory 
effect of T.P.  is a direct anabolic effect on cartilage. 

Incorporation of radiosulfate by cartilage has been 
shown to be influenced by hormones other than growth 
hormone. I t  has been reported tha t  thyroxine ~ stimulates 

D. D. DZIEWIATKOVCSKI, J. bioL Chem. 189, 717 (1951). 

cartilage metabolism while cortisone 7,s and large doses 
of hydrocortisone z reduce rate of sulfate fixation. We 
have shown in the hypophysectomized rat  tha t  T. P. also 
influences incorporation of radioactive sulfur. However, 
since we are measuring total sulfate it is only assumed 
that  the increased concentration of isotope reflects syn- 
thesis of chondroitin sulfate, as has been postulated for 
growth hormone ~,9. I t  is yet  to be proven that  radiosul- 
fate uptake by cartilage, in response to hormones, is a 
direct metabolic effect on the tissue or an alteration in 
turnover rate. 

E. J. COLLINS and J. ANILANE 

Department o/ Endocrinology, The Upjohn Co., A'ala- 
mazoo (Michigan), November 14, 1958. 

Rdsumd 

1 ° L'hypophysectomie diminue l ' incorporation de S as 
d ins  le cartilage costal de jcunes rats. L'hydrocortisone 
renforce Faction de l 'hypophysectomie. Au contraire, le 
propionate de tcstost6rone stimule la fixation de S zs d ins  
le cartilage costal. Un• t rai tement  A l 'hormone dc crois- 
sance donne une r6ponse qual i ta t ivement  idcntique ~ celle 
obtenue avec le propionate de testost6rone. 2 ° Le pro- 
pionate de testost6rone, l 'hydrocortisone et l 'hormone de 
croissance n'influenccnt pas I 'incorporation de radio- 
sulfate chez le rat normal. 

• 7 L. L. LAya'oz~, Proc. Soc. exp. Biol. Med. 76, 596 (1951). 
s H. BO~TRO~,t and I':. JoRe~s, Exper. 9, 392 (1954).. 
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Der e l e k t r o p h y s i o l o ~ i s c h e  N a c h w e i s  

d e r  p r o p r i o z e p t i v e n  M u s k e l a f f e r e n z  

u n d  des monosynaptischen R e f l e x b o g e n s  

d e r  i n n e r e n  K e h l k o p f m u s k e l n  

Der physiologische Nachweis propriozeptiver Muskel- 
afferenz und des monosynaptischen Reflexbogens der 
Kehlkopfmuskeln ist bisher weder beim Menschen noch 
im Tierversuch erbracht ~,2. Der histologische Nachweis 
yon Muskeldehnungsrezeptoren in Kehlkopfmuskeln ist 
his heute umstritten ~,3. 

Bet Reizversuchen an Menschen, bei dencn wegen eines 
Kehlkopfkrebscs einc Totalexstirpation des Larynx durch- 
gefiihrt werden musste, konntcn wir das Vorhandensein 
propriozeptiver Muskclafferenz nachweisen und den nao- 
nosynaptischen Reflexbogen darstellen. 

Methodih: SorgfAltige Pr~tparation yon Kehlkopf und 
Nn. laryngici superiores und recurrentes. Nach Frei- 
Iegung werden diese Nerven etwa 1 cm vor  ihrem Ein t r i t t  
in den Larynx in die Gabetn bipolarer Etektroden ein- 
geh~ngt und diese soweit angehoben und fixiert, dass kein 
Kontakt  yon Elektrode und gereizter Nervcnstrecke mi t  
dem umgebenden Gewebe m6glich ist. Die bipolaren Elek- 
troden k6nnen wahlweise zur Reizung wie zur Ableitung 
benutzt werden. Zur elektromyographischen Ableitung 
vom M. vocalis wurden koaxiale Nadelelektroden ver- 
wandt. Registriert wurde mit  einem Dreikanal-DISA- 
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