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Kugeln 38 mm. Die selbstverfertigte Plexigtaskammer 
fiir das isolierte Organ weist einen Durchmesser yon 
8 cm, eine H6he yon 6 cm auf. Beim Schlauchmaterial 
handelt  es sich um Spezial-Silikon-Schlauch mit  den 
Durchmessern yon 9 und 5 mm (Firms Haska, Bern). Die 
Nylonfilter entstammen Infusionsbestecken. 

Summary. A device for perfusion of isolated organs is 
described, with which it  is possible to perform short  pulse 
labelling experiments or experiments on reversibility of 
various influences on one organ in one experiment. In 
principle there is a double circulation. Each circulation 

may  be used per se to perfuse the organ, one after the 
other, without  danger of mixing the perfusates. 

H. KOBLET und J. TRACHSE L* 

Medizi~isch-chemisches Institut und Institut ]i~r klinische 
Eiweiss]orschung der Universitiit Bern (Schweiz), 
7. August 1964. 

7 Wit danken dem Schweizerischen Nationalfonds zur Pirderung 
der wissenschafflichen Forschung ffir die Unterstfitzung dieSer 
Arbeit. 

A Bioassay for Insulin Using the in situ Mouse 
Diaphragm 

Serum insulin-like ac t iv i ty  (ILA) may be determined 
by a number of in vitro bioassays, the majori ty  of these 
bioassays using either the rat  diaphragm 1, ~ or the epi- 
didymal fat pad ~,4. There has not yet  been a direct com- 
parison of t h e / n  rive and in vitro response to insulin of a 
tissue used in an i~ vitro bioassay. 

A comparison is presented between the response to in- 
sulin of the in situ mouse diaphragm and the response to 
insulin of the in vitro mouse diaphragm. In both studies 
the diaphragm glycogen content is the insulin sensitive 
metameter.  The response of the in situ mouse diaphragm 
is sufficiently sensitive and linear for this system to be 
used as an insulin assay. 

The in vitro studies have been carried out using the in 
vitro mouse diaphragm assay of MOODY and F~LBER 6. 
The in si#u assay is based on the demonstration by 
RA1,HAELSON ~ that,  in the rat, an intraperitoneal injec- 
t ion of insulin increases the diaphragm glycogen content. 

Four characteristics of the systems are compared: the 
sensitivity, the linearity of the response to insulin, the 
kinetics of the response to insulin and the response to 
serum. The in situ system is more sensitive to insulin than  
the in vitro system. The kinetics and the response to 
serum of the two systems are very similar. 

Materials a~cd methods. Mice: Fast ing male albino mice 
of between 13 and 20 g are used; at  this weight the mice 
are immature and have little adipose tissue. 

Buffer: Krebs-Ringer bicarbonate buffer pH 7.4 ~ con- 
taining 2.0 mg gelatine and 3.0 mg glucose per ml is used. 

Standard insulin solutions: Standard insulin solutions 
in the range 1 to 500 #U]ml  axe made up daily by dilu- 
tion, in buffer, of a stock of 1 mg/ml beef insulin 8. 

Exper iment  design: 0.5 ml of sample is injected into 
each mouse. For semi-quanti tat ive experiments one 
mouse is used for each point;  when higher precision is re- 
quired at  least two mice are injected with each sample. 

Injection of the mice: Before injection the samples are 
gassed with 95% oxygen-5% carbon dioxide and warmed 
to 37°C. A Hamil ton syringe, fit ted with a No. 20 de- 
tachable needle, is used for the injection. The mice are 
gripped behind the ears and held stomach uppermost by 
an assistant. The injections are made into the peritoneal 
cavi ty  through the abdominal wall. The incubation is 
t imed from the withdrawal of the needle until  the mouse 
is killed by decapitation. 

Determinat ion of the glycogen: The diaphragms are 
removed, in halves, within 1 rain of the death of the mice. 
The glycogen of the hemidiaphragms is then prepared 
and determined as described elsewhere ~. The values for 
the diaphragm glycogen loading are expressed as #g of 
glycogen per mg wet tissue. 

In  vitro technique: In  vitro incubations are carried out 
as already described s using the formation of glycogen by 
isolated hemidiaphragms as the insulin sensitive meta- 
meter. 

Results. The minimum detectable dose in the in situ 
assay is 1 pU/ml  of beef insulin. The values for the glyco- 
gen content  of in situ diaphragms after incubation for 30 
min following injection of 0.5 ml of l p U / m l  insulin axe 
significantly greater (p = 0.001) than  the values obtained 
following injection with buffer alone (see Table I). 

Table I. Response of the in situ mouse diaphragm to injection with 
Kreb's buffer and with 1/zU/ml of beef insulin 

Kreb's buffer 1/~U/ml 
of beef insulin 

1.16 1.48 
1.19 2.04 
0.45 2.07 
0.70 2.46 

Mean values 0.88 2.01 

The probability that the two responses are the same is less than 
0.001. Each value represents the mean response, as #g of glyco- 
gen/rag, of one mouse. The incubations were carried out for 30 rain. 

I J. GROEN, C. E. KAMMINGA, A. F. WILLEBRANDS~ and J. R. 
BLXCKE~AU, J. elin. Invest. 31, 97 (196~). 
P. J. RANDLZ, Brit. reed. J. 1954 i, 1237. 

8 A. E. RENOLD~ D. B. MARTIN, X. M. DAGENALS, J. STEINKE~ 
R. J.  NICKERSON, and M. C. SHEPS~ J.  clin. Invest. 39, 1487 (1960). 

4 E. G. BALL and M. A. MERRIL, Endocrinol. 69, 596 (1961). 
5 A. J. MOODY and J.-P. FELBER, Exper. 20, 105 (1964). 
a A. E, RENOLD and J. STEINKE, Fortschritfe der Diabetes/orschu~cg. 

L Symposium des Deutsehen Diabetes Komi~ee (1963). 
7 W. W. UMBRmT, R. H. BURRIS, and J. F. STAVYFER, Mano- 

metric Techniques and Tissue Metabolism (Burgess Publishing Co., 
Minneapolis 1957), p. 149. 

s Burroughs Welcome are thanked for their gift of beef insulin. 
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The  g lycogen loading  of t he  i n  s i tu d i a p h r a g m s  shows 
a smal l  rise, c o m p a r e d  wi th  an  u n t r e a t e d  mouse,  w h e n  t h e  
mice  are  in jec ted  wi th  buf fe r  alone. The  d i a p h r a g m  glyco- 
gen c o n t e n t  of  a fas t ing  mouse  is b e t w e e n  0.5 and  1.0 
/zg/mg w e t  t issue.  Af te r  in jec t ion  w i t h  0.5 ml  of buffer  
alone,  t h e  level r ises to  b e t w e e n  0.7 a n d  1.5/~g of g lycogen 
pe r  m g  w e t  t issues.  The  mouse  panc rea s  seems to  be  
re la t ive ly  insens i t ive  to  p resence  of h igh  pe r i tonea l  glu- 
cose concen t ra t ions .  

S t a n d a r d  curves  of t he  i n  s i tu  assay  are  s h o w n  in 
~ igure  1. The  response ,  as /~g of g lycogen ]mg  w e t  t issue,  
is n o t  l inear  w h e n  p l o t t e d  aga ins t  t he  log of  t h e  insul in  
dose.  The  curve  consis ts  of two  sec tors :  a low slope sec tor  
f rom 1 p U / m l  to  25 # U / m l  and  a sector  of s t eeper  s lope 
f rom 25 /~U/ml upwards .  R e p l o t t i n g  the  d a t a  as /~g of 
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Fig. 1. Standard curves for the ~n situ assay, Each curve is plotted 
as glycogen loading against log insulin concentration (on the left) 
and as glycogen loading against a linear plot of insulin (on the right), 
Each point is the mean response of two mice after injection of 0.5 ml 

of sample per mouse. The period of incubation was 30 min. 
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]Fig. ~. A comparison of the standard curves obtained in sit,$ and in 
vitro using the same standards of insulin on the same day. The 
period of incubation in both assays was 30 min. Each point represents 
one henri-diaphragm. The values for the total ILA, in/~U/ml, deter- 
mined in the three serum samples are as foUows: 

Serum ILA ILA 
in sltu in vitro 

1 5 
2 25 ~8 
3 25 25 

glycogen aga ins t  a l inear  scale of insul in  c o n c e n t r a t i o n  
s t r a igh tens  t he  curve  (Figure 1). A s imi lar  assay  d e p a r t u r e  
f rom l inear i ty  ex is t s  in  t he  i n  vitro assay.  

F igure  2 shows  the  resul ts  o b t a i n e d  b y  using the  s a m e  
s t a n d a r d s  of insul in  in b o t h  assays  on t h e  s ame  day .  
Three  s e r u m  samples  were  inc luded  in each  assay.  The  
glycogen levels are  in t h e  same range  in b o t h  assay  a n d  
t h e  se rum I L A  values  are  n o t  v e r y  d i f ferent .  

K ine t i c  s tud ies  h a v e  been  car r ied  o u t  on  t h e  ef fec t  of  
per i tonea l  in jec t ions  of insul in  a n d  of s e r u m  on  t h e  glyco-  
gen loading  of  t h e  i n  si~u d i a p h r a g m .  Samples  u sed  in  t h e  
s tudies  were :  buffer  alone,  25FU a n d  100/~U/mI beef  in-  
sulin a n d  a se rum sample .  I n c u b a t i o n  t imes  of  5, 15, B0, 
60 and  90 rain were  used.  The  resul ts  of t hese  s tud ies  are  
shown in Figure  3. I t  can  be seen t h a t  t h e r e  is a r esponse  
to  25 #U of insulin a f te r  5 m i n  a n d  t h a t  t h e  r e sponse  to  
t h e  two insul in samples  and  to  t he  s e rum follow t h e  s a m e  
t ime  course w i th  a peak  b e t w e e n  30 and  60 min.  Re-  
p lo t t ing  the  d a t a  as a f ami ly  of dose response  curves  
shows t h a t  t he  s t eepness  of t he  curve  var ies  w i t h  t ime.  
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Fig. 3. Kinetic response of the in situ mouse diaphragm to insulin. 
The glycogen loading is plotted against the time of incubation for 
the dose levels of 0.25 and 100 #U/ml of insulin. The data are also 
plotted as a family of standard curves. Each point represents the 

mean value for the hemi-diaphragms from two mice. 
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Fig. 4. Kinetic response of the in vitro mouse diaphragm to insulin. The glycogen loading of the diaphragms is plotted against time for the dose levels of 0, 25 and I00 #U/ml of insulin. Each point rep- 

resents the mean value for four hemi-diaphragms. 
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A s imi la r  s t u d y  h a s  b e e n  car r ied  o u t  us ing  i n  vitro 
i n c u b a t i o n s  of 10, 20, 30, 60 a n d  90 min.  F igu re  4 shows  
t h a t  in  vitro t h e  t i m e  course  of t h e  r e sponse  is s imi la r  to  
t h a t  of  t h e  i n  s i tu  response ;  t h e  d i f fe rence  b e i n g  t h a t  t h e  
response  cu rves  are  s teeper  i n  s i tu  t h e n  i n  vitro. 

Table II. Comparison of the total ILA (as #U/ml) determined in 
whole human serum by the in situ and in vitro diaphragm assays 

Serum number in situ ILK in vitro 
ILA 

1 5 ~ 2 ~ 
10 0 
30~ 28 ~ 
2O 20 

3 25 ~ 25~ 
15 15 

4 20 15 
5 10 10 
6 10 5 
7 25 15 
8 20 25 
9 30 25 

10 5 20 

Pairs of results marked = were carried out on the same day. All other 
determinations were carried out on different days. The values for the 
ILA were allocated by comparing the mean value for the serum with 
a standard curve of glycogen loading against a linear plot of standard 
insulin concentration, 

T h e  t o t a l  I L A s  of a series of s e r u m  samp le s  h a s  been  
d e t e r m i n e d  b y  the se  two  assays.  T h e  resu l t s  are  pre  ~ 
sen ted  in  T a b l e  I I .  

Discuss ion  and  conclusions. T h e  g lycogen  c o n t e n t  of 
t h e  in  s i tu  d i a p h r a g m  of t h e  m o u s e  increases  in  response  
to  i n t r a p e r i t o n e a l  i n j ec t ions  of e i t h e r  insu l in  or  h u m a n  
se rum.  T h e  response  is p r o p o r t i o n a l  to  t h e  a m o u n t  of 
i n su l in  i n j ec t ed  a n d  is l i nea r  w i t h i n  ce r t a i n  l imi ts  of con- 
c e n t r a t i o n .  T h e  s y s t e m  is e x t r e m e l y  sensi t ive ,  1 # U / m l  
of insu l ing  be ing  t h e  m i n i m u m  d e t e c t a b l e  concen t r a t i on -  
T h e  k ine t i c s  a n d  s t eepness  of t h e  r e sponse  a re  c o m p a r a b l e  
w i t h  t h o s e  of t h e  MOODY a n d  FELBER i n  vitro d i a p h r a g m  
assay.  S e r u m  t o t a l  I L A s  d e t e r m i n e d  b y  e i t h e r  b ioassay  
a re  s imi lar .  

T h e  a s say  p r e s e n t e d  here ,  us ing  t he  i n  sit** mouse  
d i a p h r a g m  as i n su l in  sens i t ive  t issue,  p rov ides  a va luab l e  
p roof  of t h e  v a l i d i t y  of s e r u m  I L A  d e t e r m i n a t i o n s  ca r r ied  
o u t  w i t h  t h e  i so la ted  m o u s e  d i a p h r a g m .  T h e  i so la t ion  of 
t h e  m o u s e  d i a p h r a g m  does no t ,  to  a n y  m a r k e d  degree, 
a l t e r  t h e  s ens i t i v i t y  of t h e  t i s sue  to  insul in .  

T h e r e  seems to  be  l i t t l e  i n t e r f e rence  in  t h e  in  sit~ 
as say  ~rom e n d o g e n o u s  insu l in ;  i t  is poss ible  t h a t  t h e  
m o u s e  p a n c r e a s  is r e l a t i v e l y  i n sens i t i ve  to  glucose ad-  
m i n i s t e r e d  b y  p e r i t o n e a l  in jec t ion .  

Rdsumd.  Desc r ip t ion  d ' u n e  m 6 t h o d e  de d 6 t e r m i n a t i o n  
de  l ' i n su l ine  u t i l i s a n t  le d i a p h r a g m e  de  sour is  i n  situ.  Les  
r6su l t a t s  c o n c o r d e n t  avec  u n  essai s imi la i re  in  vitro. 

A. J .  MOODy a n d  J . -P .  FELB~R 

Clinique Mddicale Universi taire L a u s a n n e  (Switzerland),  
A p r i l  23, 7964. 

Inf luence des  s t imula t io ns  audi t ives  sur  le 
c o m p o r t e m e n t  sexue l  du taureau 

Les t a u r e a u x  uti l is6s d e n s  les cen t res  d ' i n s 6 m i n a t i o n  
ar t i f iciel le  m a n i l e s t e n t  souven t ,  apr~s  u n  c e r t a i n  t e m p s ,  
u n  n6ga t i v i sme  c ro i s san t  ~. l '~gard  de la  v a c h e  lors de la  
r6col te  du  sperme.  Diverses  m ~ t h o d e s  on t  6t6 pr6conis~es 
p o u r  r em~die r  ~ c e t t e  s i t u a t i o n L  U n  des proc~dSs les plus  
c o u r a n t s  cons is te  ~t fa i re  m o n t e r  p a r  le t a u r e a u ,  u n  con-  
g~n~re m~le au l ieu de  la  vache .  D e n s  une  sdrie d ' essa i s  
pr~t iminai res ,  nous  a v o n s  t en t~  de  fa i re  accep t e r  ~ nou-  
v e a u  la v a c h e  p a r  des  t a u r e a u x  r6t ifs  en  f a i s a n t  e n t e n d r e  

ceux-ci  au  m o y e n  d ' u n  m a g n ~ t o p h o n e ,  des  b e u g l e m e n t s  
de v a c h e  enregis t r6s  en  Stable.  L a  s t i m u l a t i o n  a u d i t i v e  
6 t a i t  c o n t i n u e  p e n d a n t  t o u t e  la  dur~e  de p resence  des 
a n i m a u x  d a n s  le local  de  r~colte,  j u s q u ' ~  l ' 6 j acu la t ion  
6ventue l le  ~. 

Ces exper iences  s '~ ta l~rent ,  se lon l ' a n i m a l  consider6,  
su r  une  p~r iode de  7 ~ 9 jours  e t  f a i sa i en t  su i te  ~t u n e  
p~riode de  contr61e p r~a lab le  de 15 ~ 35 jours ,  au cours  
de laquel le  la  r6col te  d u  s p e r m e  a v a i t  eu l ieu d a n s  les 
cond i t ions  ord ina i res ,  c 'es t -~-di re  sans  i n t e r v e n t i o n  de la 
s t i m u l a t i o n  aud i t ive .  Q u a t r e  t a u r e a u x  f u r e n t  obse rves  
s y s t ~ m a t i q u e m e n t  au  cours  de ces d e u x  p~riodes,  la  m o n t e  
sur  cong6n5re  m~,le r e s t a n t  p r~vue  en  cas de fe tus  de la 
v a c h e  apr~s  15 mil l  env i ron .  

Les  r~su l t a t s  des  o b s e r v a t i o n s  p ra t iqu~es  au cours  de 
la  p6r iode de con t r6 le  pr6a/able ,  au  su j e t  de l ' a c c e p t a t i o n  
de  la  v a c h e  p a r  les t a u r e a u x ,  f i gu ren t  au  T a b l e a u  I.  

B ien  que  les exigences  de  la r6col te  nous  a i e n t  obliges,  
s au l  dens  u n  cas, ~ t e n i r  c o m p t e  des h a b i t u d e s  des ani -  
m a u x  en  les f a i s a n t  m o n t e r  assez f r ~ q u e m m e n t  u n  con-  
g6n~re mMe, la  p r o p o r t i o n  d 'essa is  c o n c l u a n t s  1ors de 
l ' u t i l i s a t i on  de la  v a c h e  es t  t r~s  faible.  E l le  n ' a ~ t e i n t  que  
28% p o u r  Ies q u a t r e  a n i m a u x .  P a r  cont re ,  les essais avec  
t a u r e a u  s o n t  c o n c l u a n t s  ~ 100%.  

Les  r~su l t a t s  c o r r e s p o n d e n t s  o b t e n u s  au  cours  des  
essais e o m p o r t a n t  la  s t i m u l a t i o n  aud i t ive ,  on  6t6 con-  
s ign , s  au  T a b l e a u  I I .  

O n  n o t e r a  que  le n o m b r e  t o t a l  d 'essa is  es t  moi t i6  
m o i n d r e  q u ' a u  cours  de la p~riode de contr61e pr6a lable .  
Ce t te  di f f6rence do l t  r e s t e r  p r6sen te  ~ l ' e sp r i t  si l ' o n  v e u t  
appr~c ie r  c o r r e c t e m e n t  les p r o p o r t i o n s  de  m o n t e s  con-  
c luan te s  f i g u r a n t  au  T a b l e a u  I I .  Toutefois ,  le n o m b r e  
t o t a l  d 'essa is  avec  v a c h e  n ' e s t  inf~r ieur  que  de 4 un i t6s  au  
h o m b r e  t o t a l  de ces m~mes  essais au  cours  de la  p remie re  
p6r iode,  ce qu i  r e n d  les r6su l t a t s  c o m p a r a b l e s  sous ce 
r a p p o r t .  

Ceci di t ,  il es t  i nd6n iab le  que  les r~su l t a t s  o b t e n u s  p o u r  
les t ro i s  p r emie r s  t a u r e a u x  s o n t  n e t t e m e n t  p lus  favorab les .  

I B.M. KERRmS~, Brit. J. anita. Behav. 3, 125 (1955). - J. J. M. L. 
CROMBACH, Z. Tierziicht. Ziichtungsbiol. 75, 331 (1961). 

2 L'utilisation de grognements caract~ristiques d'ua verrat sexuelle- 
ment motiv6, 6mis par un magndtophone, entraine imm~diatement 
l'immobilisation de la truie en oestrus, en l'absence de stimuli 
visuels et olfactifs (J. P. Sm~ORET, F. DU MESNIL DU BUISSON et 
R. G. BUSNEL, C.R. Acad. Sci. ~50, 1355 (1960). 


