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The presence of andros teronc  in the  th i rd  spot  was con- 
f i rmed by  gas-liquid ch roma tog raphy  and by  the  Zim- 
m erm an n  reaction.  These steroids were present  in the  tis- 
sue in the  fol lowing concentrat ions ,  calculated f rom the  
area  under  the  curve  in gas-l iquid c h r o m a t o g r a p h y :  pro- 
gesterone 34.3 #g/kg,  20/ / -hydroxypregn-4-en-3-one 4.5 
i*g/kg, andros tenedione  53.7 /zg/kg, pregnenolone 123.4 
pg/kg,  dehydroep iandros te rone  454 #g/kg,  andros terone  
99 t,g/kg. 

The four th  spot  had a ve ry  s t rong UV-absorp t ion  maxi-  
m u m  at  240 nm in absolute  ethanol ,  bu t  no tes tos terone  
could be de tec ted  in gas- l iquid chromatography .  One 
spot  was de tec ted  in the  conjuga ted  fract ion with  1if 
corresponding to tes tos terone.  The  UV-spec t rum in 
e thanol  showed an absorp t ion  m a x i m u m  at  240 rim; the  
oxida t ion  p roduc t  showed the  same Rf  of andros tenedione  
on th in- layer  ch roma tog raphy ;  f inally t he  gas-l iquid 
ch romatograph ic  analysis  conf i rmed the  presence of 
tes tosterone at  a concent ra t ion  of 91 /~g/kg. 

Phenolic /raction. Both  free and conjuga ted  fract ions 
were examined  for the  presence of oestradiol-17/1, oestrone 
and oestriol.  The  th in- layer  ch roma tog raphy  sys tem used 
was e thanol-benzene 10:90. The  spots corresponding to 
the  3 oestrogens were eluted,  and the  UV-spec t r a  in 
N a O H  0.5N in 80% e thanol  were taken.  P a r t  of the ex- 
t r ac t  was used for gas-l iquid ch romatography .  By  these 
me thods  i t  was possible to de tec t  oestradiol-17/3 in the  
free f ract ion in a concent ra t ion  of 127/ ,g /kg  and oestrone 
in both  the  free and the  conjugated  fract ions in to ta l  con- 
cen t ra t ion  of 326/~g/kg. 

The  present  invest igat ion has demons t ra ted  tha t  andro-  
genic as well as oestrogenic substances are present  in 

lizard tes t icular  tissue. Tes tos terone  has been shown to be 
present  in the  conjuga ted  fract ion only. Of particular 
in teres t  is the  ra t io  progesterone/androstenedione/ tes t°"  
sterone, which approaches  t h a t  of mammals .  In  fact, i~ 
the  o ther  lower ve r t eb ra tes  so far  examined ,  androgen 
precursors  are present  in a concent ra t ion  higher  than  that 
of tes tos terone  ; for ins tance in Scyliorhinus stellar'is testes 
the  ra t io  of these  steroids is 100: 70:50 (/,g/kg) 4 while in 
Lacerta sicula tes tes  i t  is 34.3:53.7:91 (pg/kg)B. 

Riassunto. Gli autor i  hanno  anal izzato gli steroidi  pre7 
senti  nel tessuto tes t icolare  di Lacerta sicula. Sono statt 
ident i f icat i  i seguent i  s teroidi :  progesterone,  androstene" 
dione, tes tos terone,  androsterone,  deidroepiandrosterone,  
pregnenolone,  20/~-idrossipregn-4-ene-3-one,  estradioto" 
17/J, estrone.  Viene discusso il r appor to  progesterone 
andros tenedione  testosterone,  paragonandolo  a quello tro- 
r a t e  in altr i  ve r t eb ra t i  inferiori.  
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P R O  E X P E R I M E N T I  S 

An Apparatus for Direct X-Ray Cinematography 
Exemplified by Analysis of Some Respiratory 

Movements in Gasterosteus  aculeatus  

Measurement  of  m o v e m e n t  be tween  e lements  within 
in tac t  organisms poses an i m p o r t a n t  p rob lem for func- 
t ional  anatomis ts .  I t  is a lways preferable  to  make  such 
observat ions  in und is tu rbed  an imals ;  of ten this  is abso- 
Iute ly  essential.  One of t he  m a n y  techniques  successfully 
applied is X- ray  c inematography ,  uti l izing an image in- 
tensifier  ~-3. However ,  this t echnique  has l imi ta t ions  in 
te rms  of the  dist inctness of image detai l  ob ta inable  by  
present  methods.  

Di rec t  appl icat ion of X- rays  provides  marked ly  in- 
creased resolution,  bu t  i t  can hard ly  be used in h u m a n  
radiology because of the high dosages requi red  3. Since the  
animals  used for these exper iments  have  much  th inner  
bones and much  grea ter  tolerance,  the  dosage requi red  
m a y  be permissible.  The  appara tus ,  which will  be de- 
scribed below, allows one to obta in  a rapid  sequence of 
di rect  X- r ay  exposures  of a small  moving  object .  The  
results  ob ta ined  are demons t ra t ed  by the  analysis of the  
respi ra tory  m o v e m e n t  of 2 cranial  e lements  of the 3- 
spined st ickleback,  Gasterosteus aculeatus. 

X-ray  mot ion pictures  of the  m o v e m e n t s  of b~my ele- 
ments  m a y  be obta ined  by the  use of two comparab le  

techniques.  The indirect  technique,  appl ied increasingly 
in medical  diagnostics,  util izes an image intensifier.  N- 
rays impac t  on a screen covered by  a glass tube.  Behind 
the screen is placed a pho toca thode  which releases eleC" 
trons in an  a m o u n t  depending  on the  in tens i ty  of the 
X-rays.  The  electrons are concen t ra ted  on and accelerated 
to a second small  screen, which t ransduces  the  image to 
the  visible region, i t  is then  observed by means  of an 
opt ical  sys tem,  or  a te levis ion camera ,  or f i lmed wi th  a 
cine-camera.  The  intensif icat ion of br ightness  of the 
image on the  second screen permi ts  the use of normal 
blue sensit ive films wi th  low ki lovol tage and low tube 
current ,  thus  small  X- r ay  dosage. 

The l imi ta t ion  of this t echn ique  is due to its indirect" 
ness. In  spite of thei r  fine grain material ,  the  2 screens 
cause an unsharp  image. Moreover ,  an i m p o r t a n t  addi" 
t ional  unsharpness  is caused by  different  kinds of 'noise'. 
F i r s t  there  is considerable  var ia t ion  in the  X- ray  quant~ 
falling on the  first  screen, secondly  there  is directional 
var ia t ion  dur ing  the  emission of  electrons.  This  t ype  of 
unsharpness  can include indis t inc t iveness  and loss of 

1 j .  NAUTA, RCS. Film 1, 3 (1953). 
.2 G.J.  VAN mere PLANTS, Medical X-Ray Technique (1959). 
:l (;. VA,~ ]~(ntV.~.~EN, Thesis, l.eiden (1963). 
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c°ntrast2'~. For medical purposes the benefits of the 
Image intensifier greatly exceed the limitations. For ob- 
serving the details of the movement of bony parts in small 
animals this technique is insufficient. 

In the direct technique the films are exposed to the 
X-rays directly. In  medicine the well-known uninter-  
rupted film strip is sometimes used. According to VA~ 
I~E~ PI-AATS~ 'this method requires complicated equip- 
rnent and is almost prohibitively expensive'. Apart  from 
these drawbacks it has further limitations in the special 
sensitive films and the high dosage of X-rays that  must 
be Used. For the last reason it is almost impossible to' 
aPply this technique in medicine. 

However, in experimental circumstances with animals 
POssessing thin bones, the required dosages are within the 
Physiologically tolerable range. In  1962 FoxoN 4 con- 
Structed a simple effective apparatus for direct X-ray 
serial exposures. A strip of film was moved in a lead tube 
in which an exposure hole was made. By moving the film 
a shutter was moved synchronously over the hole. For a 
number of reasons, stated below, we found this apparatus 
Unsuitable for our research. 

Using the direct technique, we have now developed 
another apparatus which enables us to make a sufficient 
number of pictures on X-ray film for a relatively fast 
mOVement. 

The main principle of this apparatus is the independ- 
ence of the exposure and the transportat ion (Figures 1 ~ d 2) of a great number  of films in a short time. In  this 

COntrasts to the strip film method 4. The principal com- 
Ponents of the apparatus are the transportat ion system 
of the unexposed films, the exposure system, and the 
transportation system of the exposed films. These 3 com- 
POnents are in principium independent.  In particular, the 

transportation systems do not influence each other 
mechanically. This construction has the advantage that  
the Speed of movement for the first t ransportat ion system 
Can be low and is reduced by small forces, simplifying 
attainment of a motionless position of the films during 
exposure and permitting the use of relatively Iong expo- 
Sure times. After exposure the films can be removed at a 
much higher speed. 
rrtThese principles are realized by exposing the upper- 
. ost film ol a stack of package sheet films, and removing 
~tnat right aneles to tile direction of feed after exposure 

o . • 

_ d then exposing the next uppermost film, "1he column 
t films is moved upward in a rectangular perspex tube (1) 
Y a piston (2) under air pressure. A simple electrical 

• valve with a switch controls the pressure. Low pressure 
~ sufficient to ensure a smooth movement of the column. 
~n the exposure window (3) the films are pressed against 2 
urass bars (10) suonorting the films only on the top side. 
~ateral support would counteract a centrifugal force dur- 
ing removal. This force would cause a vibration leading to 
~nsharpness. Consequently lateral support was omitted. 

As loose single films are used, the transportation of a 
rather inert mass did not pose a problem. No influence of 
tile transportation mechanism on the film under exposure 
Was observabIe, so tha t  no unsharpness by movement  
OCCUrred. 

4 brass strips (5) arranged on the underside of a rotat ing 
~aSsive brass wheel (4) serve to propel the films from the 
e~lumn. 4 holes (6) in the wheel represent the shutter  
~ec.h.anism. The distance between hole and strip is equal 
°r film length, so that  the film is covered by the radio- 

,.Paque wheel before transportation. At least the same 
~l.Stance is left between the strip and the next hole. The 
~Ums slide through a special groove (7) and are collected 
in a bag. The mass of the wheel ensures a constant  

velocity which can be determined by an adjustable trans- 
mission system (8). The wheel is allowed to rotate during 
preparation time. Increase of air pressure moves the 
column of films upward into position and they are ex- 
posed. Thus the investigator can choose the right moment  
of exposure, e.g. when the animal happens to show the 
movement wanted. 

Fig. 1. Diagrammatic drawing of the apparatus. 
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Fig. 2. Longitudinal section of the apparatus. 

4 G. E. it. FOXON, Br. J. Radiol. 21, N.S. (1948). 
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Each piece of Kodak dental X-ray film is 3 • 4 cm in 
size and is covered at the bot tom side by a thin sheet of 
lead. Film and lead are packed in a pert inax envelope (9). 
Pertinax is a material equivalent to NEMA, X X X P ,  a 
purified laminate phenolic resin impregnated with x- 
cellulose. The packing has the advantage of a better  
sliding of the films and a better resistance against the 
impact of the vertical strips (5). Care was taken that  sharp 
edges of the strips could not damage the films. Films are 
numbered beforehand with punched numbers. After de- 
velopment in Kodak DX 80, exposure data  80 kV, 100 
mA, focus film distance 25 cm, focus 1.2 of Philips Rotalix 
tube, Standard DLX, the order may be established again. 

The animal is placed in a pertinax tube on an independ- 
ent pert inax table close to the wheel, thus preventing 
geometric unsharpness. Films were exposed about z/~0 sec 
at 42 frames/see at a rotation speed of 10.5 c/see. The 
rather quick respiratory movement  of a stickleback could 
be filmed with satisfactory results. 

The size of the frame is rather small, although it ex- 
ceeds the effective surface of a 35 mm normal movie-film. 

However, preference was given to an easily obtainable 
film, which could be packed conveniently. No doubt, iN" 
provements can be obtained by using other  films of 
greater size and finer grain. I t  is hoped to improve this 
apparatus further, especially from the viewpoint of 
dosage, exposure time and duration of filming, by utilizing 
a cine-pulse X-ray source. 

As an example of the results obtained, Figure 3 shows 
2 frames taken from a series of a respiratory cycle of G. 
aculeatus. The animal was clamped behind the pectoral 
fins in a small pert inax tube, thus fixing it at  a determined 
spot. Circumstances, e.g. exposure time, temperature e nd 
oxygen supply, were kept as constant as possible duririg 
the lateral shooting. On the pictures skeletal elements 
are distinct. Unsharpness is caused by grain size of the 
film, by absorption owing to the surrounding water arid 
by the soft parts of the animal. But  taldng into considera" 
tion tha t  the skeletal elements had an average thickness 
of 0.2 mm and the head length was about 1.3 cm, vce 
consider the pictures fairly good. A smaller focus in & 
heavier X-ray tube would doubtless improve the quality 
by iricreasing the focus-film distance. 

More accurate measurements were obtained by inject" 
ing small lead particles into the animals, and by measur" 
ing the distances between these particles. Injected animals 
did not behave differently from non-injected animals. ~ 
lead particles were attached to the pert inax tube. FrorO 
reference measurements of the neurocranium to these 
stable particles it can be shown that  the whole anina&l 
did not  move and tha t  the animal was in a vertical fairly 
normal position. I t  is not necessary to use reference 
points, but  it is easier to do so with complicated move" 
ments and 2 direction projections. 

In the graphs (Figure 4) movements of 2 elements iri 
lateral projection are plotted. Point Dm lies in the cow 
nective tissue close to the syndesmosis of the lower jaw 
bars. Thus the vertical  movement  represents the dosing 
and opening of the mouth during respiration. The greatest 
value is the closed position. This movement  can also be 
observed externally and measured on normal movie" 
pictures. I t  is taken here as a reference movement" 
Point L 'm is situated on the rostral part  of the tongue. 
The surprising fact is tha t  the tongue appears to move 
almost only in a dorso-ventral direction. This is in cori" 
trast  to the generally accepted view that  there is con" 

Fig, 3. Radiographs of the head of Gasterosteus aculealus with 
open (B) and closed (A) mouth. Dm and L'm refer to the measured 

points (see Figure 4 and text). 
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Fig. 4. Movement of 2 elements during tile respiratory movement i~ 
Gasterosteus aculeatus, (A) and (B) refer to the radiographs of Figure 3. 
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siderable ros t ro-caudal  tongue  m o v e m e n t  in te leost  
fishes ~ -L 

The explanat ion  of muscle ac t iv i ty  and  s t ruc ture  of 
joints will be publ ished later ,  t oge the r  wi th  the  results  of 
vertical X- r ay  pictures .  Here  i t  suffices to  conclude t h a t  
this technique permi t s  an easy de t e rmina t ion  of the  move-  
meats of the  par t s  in in t ac t  organisms.  Fo r  the  general ly  
aCcepted concept ion of t he  double  act ing pump,  those  ose rvatlons have  some consequences.  T h e y  s t rongly  sug- 
gest tha t  the  resp i ra tory  m o v e m e n t  mus t  be considered 
to be at least pa r t l y  a per is ta l t ic  m o v e m e n t  s. 

Zusammen/assung. Ein  e infacher  Appa ra t  e rm6gl icht  ~ l t  d i rekter  R6n tgenbes t r ah lung  k inematograph i sche  
u~Uahmen yon Tierbewegungen.  Der  Appa ra t  bes teh t  

aus einer Drehscheibe  und einer  S~tule yon Zahnr6ntgen-  
filnaen, welche du tch  die Scheibe jeweils  nach  Be l ich tung  

77 

en t fe rn t  wird. Als Beispiel  wurden  F i sch-Atmungsbewe-  
gungen analysier t .  
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Irnmunofluorescent Technique to Detect 
Anti-Penicil l in Antibody 

A number  of tes ts  wi th  immunofluorescen~: methods  
have been per formed in order  to achieve a s imple and 
quick technique  for inves t iga t ing  immunologica l  cross 
reactions be tween d i f ferent  ant ib io t ic  molecules.  

"We have  obta ined  an easy indirect  method,  which we 
hope will resolve this kind of problem, in which the  anti-  
ulOtic molecule is f ixed on rabb i t  e ry th rocy tes  to dispose 
~fpaU ant igen  c lear ly  visible th rough  the  microscope. 

ecific immunose ra  are mixed  wi th  t h e m  on smears  and 
afterwards an an t i - rabb i t  f luorescent- label led serum is 
used. 

The mater ia ls  used in the  biological  tes t  are:  (a) erythro- 
cYtes f rom rabbi ts  in which penici lolyl-polylysine mole-  
CUles1 have been fixed. These were prepared  by mixing  
rabbit blood wi th  an equal  vo lume  of modif ied Alsever 's  
~quid* Af ter  washing the  e ry th rocv tes  several  t imes  in 
uUffered • • ". . ' saline solutmn, 1 ml  was main ta ined  with  9.0 ml  
of 10_G M penici loyl-polylysine solut ion (Cilligen), first at  
37oc for 30 rain and then  a t  4°C overnight .  La te r  the 
rythrocytes were washed 6 t imes  in buffered saline solu- 
~on and were then  r eady  for use. 

~enieillin plus  1 ml of a d j u v a n t  in a vo lume  made  up to 
r~l with saline. This  vo lume was in jec ted  into the  pad of 

[i ~ch foot and at  4 points  on the  rabb i t ' s  back, Dur ing  the  
rst 4 weeks the  an imal  received 2 weekly  inject ions and 

then 2 more a t  10 day  intervals .  Samples  of blood f rom 
h rabbi t  were t aken  by  hear t  punc tu re  10 days  af ter  

e last in jec t ion  and the  a n t i b o d y  t i t re  was found by  
magglut inat ion of these sera agains t  penici l l in-coated 

~ t h r o c y t e s  4. W h e n  the  t i t re  was high enough, the rab-  
,is Were bled to death .  

(e) The goat anti-rabbit globulins (provided by  the  
. aSteur Ins t i tu te) .  These were labelled wi th  fluorescein 
lS~hioeyanate  a t  a ra te  of 1/20. 

he me thod  we propose is as follows: a smear  of 
Penieiloyl-polylysine coa ted  e ry th rocy tes  is f ixed wi th  

ace tone  a t  -- 20 °C for  10 rain and then t r ea ted  wi th  ant i -  
penicil l in r abb i t  se rum for 30 rain a t  37 °C. Af te r  washing 
in buffered saline solution,  i t  is s ta ined by  f luorescent  
an t i - r abb i t  r eagen t  for  30 rain at  37 °C and then  washed  
again and moun ted  with  buffered glycerine,  p H  9.0, to be 
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