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give rise to  sp ina l  c u r v a t u r e s  s imi la r  to  those  p roduced  
b y  B A P N  (Figure) .  

1)ASLER: unpub l i shed) .  Some  e x o s t o s i s ' f o r m a t i o n  on  t h e  
media l  aspec t s  of t h e  f emurs  was also e v i d e n t  grossly .  

W e  h a v e  e n d e a v o u r e d  to  f ind a c o m m o n  d e n o m i n a t o r  
for t h e  s imi la r  effects  on ske le ton  a n d  a o r t a  of such  dissi-  
mi lar  chemica l s  as B A P N ,  m e r c a p t o e t h y l a m i n c ,  a n d  semi-  
carbaz ide .  Much  of the  senior  a u t h o r ' s  ear l ie r  w o r k  on  
p ro tec t ive  agen t s  a g a i n s t  swee t  pea  a n d  B A P N  t o x i c i t y  ~°,3 
was based  on  t h e  p remise  t h a t  B A P N  ac t ed  as a c o m p e t i -  
t ive  a n t i m e t a b o l i t e .  Th i s  poss ib i l i ty  n o w  a p p e a r s  r emo t e .  
We  now feel t h a t  co o rd i n a t i o n  complex-  or  c h e l a t e - f o r m a -  
t ion  m a y  be the  c o m m o n  m e c h a n i s m  b y  m e a n s  of w h i c h  
these  subs t ances  induce  s imi la r  toxic  effects.  All of t he se  
subs tances  do form chela tes .  T h u s  far, however ,  we h a v e  
been unab le  e i t h e r  to  p rove  or  to  d i sp rove  th i s  h y p o t h e s i s .  
T h e  feeding of d i sod ium (e thy lene-d in i t r i lo )  t e t r a a c e t a t e  
(EDTA)  a t  levels of 0-5% of t h e  d ie t  n e i t h e r  acce l e r a t ed  
nor  de layed  t h e  progress  of the  disease  in B A P N - f e d  ra ts .  

W. I)ASLER a n d  R. E. STONER 

Department o/ Biochemistry, Chicago Medical School, 
Chicago (Illinois), October 20, 1958. 

X-ray photographs of rat spines. Right-hand colmnn, top to bott~ml : 
normal; 0.175% BAPN.H.Fumarate for ,37 days; 0.3°0 cyst- 
amine,gHC1 for 37 days; 0'2e',o semicarbazide. HC1 for ,I1 days; 
0"1% acetone semicarbazone for 31 dab's, l.eft-hand column, tt~p to 
bottom: 0.1% p-hydrazinobenzoic acid for al  days; l-0~.o l,.l-di- 
phenylsemicarbazide for 44 days; 0.2°..; 1,5-dipheuyl carbazide for 
49 days; 0-1~4 1,3-diethyl-2-thiourea for-19 days; 0-1');~ thiosemi- 

carbazide for 31 days. 

Zusammen[assung 

Starke  Kyphoskol iosen  werden  in R a t t e n  d u r c h  F i i t t e -  
r ung  von  os t eo l a thy rogen i schen  S u b s t a n z e n  wie 2 -Amino-  
propioni t r i l ,  Aminoace ton i t r i l ,  2 - M e r c a p t o e t h y l a m i n ,  Cy-  
s t amin ,  Semicarbaz id  u n d  A c e t o n s e m i c a r b a z i d  induz ie r t .  
Kyphosen  k6nnen  auch  d u r c h  p -Hydraz inobenzoes~ iu re ,  
4, 4-1) iphenylsemicarbazid ,  t ,  5 -1) iphenylcarbaz id ,  I, 3-Di- 
~ i thyl -2- th ioharns toff  u n d  T h i o s e m i c a r b a z i d  h e r v o r g e r u -  
fen werden .  Es  wird v e r m u t e t ,  class derse lbe  tox i sche  Me- 
chan i smus  dieser chemisch  ung le ichen  S u b s t a n z e n  d u r c h  
Bi ldung  von  K o o r d i n a t i o n s v e r b i n d u n g e n  oder  C h e l a t e n  
tx~dingt ist. 

l0 \V. I)ASLER, Pr,,c. Sot .  cxp.  Biol. Mcd. ,  N. Y. 91, 55.1 (1956). 

The Effect of Lipid E m u l s i o n s  on  the 
Blood Lipoprote ins  of A t h e r o m a t o u s  Rabbi t s  

W e  h a v e  also p r o d u c e d  kyphos i s  b y  feeding the  follow- 
ing d i e t a r y  levels of va r ious  chemica l s  to  r a t s  weighing  
50-60  g (F igure) :  0.1g~ p - h y d r a z i n o b e n z o i c  acid,  i - 0% 

• o j 4, 4 -d ipheny t s emica rbaz ide ,  0 2 /o  1 ,5 -d ipheny lca rbaz ide ,  
0-1% i,  3 -d ie thy l -2 - th iourea ,  a n d  0 .1% th iosemica rbaz ide .  
Of these  subs tances ,  p - h y d r a z i n o b e n z o i c  acid caused 
sp ina l  c u r v a t u r e s  m o s t  s imi la r  to  those  p roduced  by  
B A P N .  Thorac i c  cage de fo rmi t i e s  were also presen t ,  b u t  
exos tos is  f o r m a t i o n  on  m a n d i b l e s  a n d  femurs  was sl ight.  

T h e  sp ina l  c u r v a t u r e s  caused  b y  4 ,4 -d ipheny l semica r -  
bazide ,  1, 5 -d ipheny lca rbaz ide ,  and  1, 3 -d ie thy l -2 - th iourea  
were less severe,  b u t  de f in i t e ly  pa lpab le  a f t e r  3-5  weeks 
of feeding.  No gross ev idence  of exostos is  f o r m a t i o n  was 
seen in  these  an imals .  T h e  d i p h e n y l c a r b a z i d e ,  however ,  
gave  rise to  m a r k e d  splenomegaly a n d  anemia. 

T h e  sp ina l  c u r v a t u r e  p r o d u c e d  b y  t h i o s e m i c a r b a z i d e  
was  d i f f e ren t  in  c h a r a c t e r  f r o m  t h a t  of o s t e o l a t h y r i s m  
(Figure) .  Th i s  was  p r o b a b l y  due  to  the  occur rence  in these  
an ima l s  of a v e r y  severe atrophy o/ the muscles and  a 
s h o r t e n i n g  of t he  t i ssue  e l emen t s  s u r r o u n d i n g  the  spine. 
T h a t  t h i o s e m i c a r b a z i d e  t o x i c i t y  is p r o b a b l y  re la ted  to 
B A P N  t o x i c i t y  is e v i d e n c e d  b y  the  fac t  t h a t  damage to 
the aortic media occur red  in these  a n i m a l s  (MIcmsER a n d  

In  the  s t u d y  of the  effect  of g lucocor t ico ids  on  exper i -  
m e n t a l  r a b b i t  a t he roma tos i s ,  it was found  a r e t rog res s ion  
of aor t ic  a t h e r o m a t o s i s  in r a b b i t s  r ece iv ing  a p h o s p h o l i p i d  
emuls ion,  whereas  u p o n  n e u t r a l  fa t  in fus ions  no  such  
changes  in a t h e r o m a t o s i s  c(mld be  o b s e r v e d L  

In  the  p r e s en t  work  i t  was i n t e n d e d  to  a s c e r t a i n  (1) 
whe the r  a t h e r o m a t o u s  r abb i t s ,  a f t e r  in fus ions  of l ipid 
emulsions,  show changes  in blood t ipopro te ins  as well  as 
changes  in blood lipids, (2) in w h a t  respec t  would  c h a n g e s  
in the  blood l ipopro te in  s p e c t r u m  af fec t  the  p r o p e r t i e s  of 
cholesterol  of the  l ipoprote ins ,  (3) r e l a 0 o n s h i p  of such  
changes  to the  re t rogress ion  of t h e  a t h e r o m a t o u s  process.  
A t h e r o m a t o u s  r a b b i t s  were g iven  infus ions  of emuls i f ied  
neu t r a l  fa t  c o n t a i n i n g  ()live oil (7°0), T w e e n  80 (0 .6%),  
an d  monog lyce r ide  K (t°.~). The  p h o s p h o l i p i d  emu l s ion  
c o n t a i n e d  c rude  soya  lec i th in  (4° ; ) .  Co n t ro l  r a b b i t s  re-  
ce ived  s tab i l i se rs  in  5% glucose or  glucose alone.  3"he 
d u r a t i o n  of the  i nd iv idua l  infus ions  was 9 -10  h. L ipo-  
p ro te in  changes  were s tud ied  b y  p a p e r  e lec t rophores is .  
The  i nd iv idua l  f r ac t ions  were ana ly sed  for cho les te ro l  

l V. FELT, 1). REICIIL, S. ROI,HILING, a n d  S. V o u y o t w ,  G e r o n t o -  
logia, in press. 
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Infusion liquid 

Stabiliser or 5% glucose 
(group 1) 

Neutral fat emulsion 
(group 2) 

I~hospholipid emulsion 
(group 3) 

Rabbit 
I No. 

1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 

Table 

Before infusion cholesterol in 

0~-globulin 

26-5 
16-3 
11.0 
10.6 

25'3 
8.7 

152.7 
24.6 
31.7 

21.0 
18'3 

fl-globutin a-globulin 
~-globulin 

154-2 0-17 
385-5 0-04 

76-0 0-14 
110-8 0-09 

56.3 0-44 
138.4 0.06 
263.5 0.57 

52.2 0.47 
309-5 0.10 

434-0 0-04 
172.0 0-10 

After infusmn cholesterol in 

(z-globulin fl-globulin 

45.3 11.7-6 
52.0 327.6 

6.2 35-0 
8.6 132-5 

62.3 56.3 
10t.7 87-2 
227.2 208.0 

67.0 67.0 
235.5 169-9 

219-5 134.2 
113-2 43.9 

c¢-globulin 
~-globutin 

0-38 
0-15 
0'18 
0-06 

1-11 
1-22 
1-09 
1-00 
1-40 
1-63 
2"58 

Note: Total cholesterol in globulins expressed in mg%. Ratio cholesterol in c¢-globulin/cholesterol in fl-globulin showed a statistically 
significant increase in group 2 against group 1 at P -< 0.02; t = 3.866. Group 3 was not analysed statistically owing to an insufficient 

number of observations. 
Rabbits Nos. 1, 2 obtained Tween 80 (0"6%) and monoglyeeride K 1% in 5% glucose. Rabbits Nos. 3, .t were given o,,o~'°/ glucose only. 

according to  ANDERSON and  KEYS ~". In  a t h e r o m a t o u s  ani-  
mals which  received l ipid emuls ion  infusions,  p r o n o u n c e d  
changes  in t he  l ipopro te in  spec t rum were observed .  The  
Figure  shows tha t ,  pr ior  to  infusion,  t he  m a j o r  p a r t  of  
sudan  s ta inab le  l ipids are b o u n d  in t h e  fo rm of fl-lipo- 
proteins .  Af te r  fa t  infusion the  l ipids sh i f ted  in to  t he  
region of h igher  e lec t rophore t ic  mobi l i ty  w i th  clear  cu t  
c o m p o n e n t  cons is t ing  p r o b a b l y  of chy lomic ra  r ema in ing  
near  t h e  s ta r t .  No such  effect  was  seen e i the r  a f t e r  infu-  
sion of s tabi l isers  or  a f t e r  glucose infusion.  CholesteroI 
(Chol) analysis  of t he  indiv iduaI  p ro te in  f rac t ions  pr ior  
to  infusion revealed  the  ma jo r  p a r t  of ChoI to  be in t he  
fl-globulin region whereas  the  Chol c o n t e n t  in t he  e- 
globulin region was  m u c h  smaller .  The ra t io  Chol in e- 
globulin/Chol in fl-globulin is t h u s  smal ler  t h a n  one. No 
changes  af ter  infusion were obse rved  in t he  cont ro l  group.  
Lipid infusions however  cause a basic change :  t he  ra t io  
Chol in =-globulin/Chol in fl-globulin increased above  one ; 
it  thus  showed a t e n d e n c y  to  normal ise  (Table). This  was  
caused by  a shif t  of a larger  a m o u n t  of Chol f rom fl- 
globulin to  the  ~-globulin region. 

Observed changes  are s imilar  to  those  a f te r  hepa r in  
appl icat ion 8. I t  is therefore  felt  t h a t  these  changes,  simi- 
larly as in h u m a n s  and  dogs, can  be caused  b y  the  l ipoly- 
t ic ac t iv i ty  of the  blood which  is el ici ted u p o n  l ipid in- 
fusion 4#. Af te r  b o t h  types  of lipid infusions,  we h a v e  
real ly found  evidence of l ipolysis in r abb i t  b lood 6. Th is  
was  a p p a r e n t  as an  increase in non-es ter i f ied  f a t t y  acids  
(UFA) in plasma.  P rev ious ly  we h a v e  found  t h a t  b lood  
changes  observed  a f te r  hepa r in  inject ion,  e.g. increase  in 
UFA,  occur  p r imar i ly  in  vitroT; the re  are s imilar  condi-  
t ions  a f te r  l ipid infusions.  I t  is w o r t h  no t ing  t h a t  whe reas  
phosphol ip id  infusion causes a sha rp  increase of b lood  
phosphol ip ids  in  vivo, no such  effects  occur  fol lowing 
neu t ra l  fa t  appl icat ion.  These fac ts  are of some signifi-  
cance, since incubat ion  of U F A  8 as well as of phospho -  

2 j .  T. ANDERSON and A. K~'zs, C!in. Chem. 2, 145 (1956). 
a I~. NIKKILA, Scand. J. clin. Lab. Invest. 5, Suppl. ,~ (1953). 
4 F. S. M. HERBST, W. F. LEVEn, and W. R. WADD~L, Science 

123, 843 (1956). 
5 W. F. LEVER and B. BASKYS, J. Invest. Dermat. 28, 317 (1957). 
6 V. FELT and D. REturn., unpublished results. 

V. FELT and D. REIC~L, ~as. l~k. ~es. 96, 954 (1957). 
8 R. S. GORDON, J. din. Invcst. 34, 477 (1955). 

Blood lipoprotein spectrum before and after infusion of neutral fat 
emulsion in atheromatous rabbits 
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Note,: The bands stained with sudan hlaek were photographed and 
the fihns photometered with the mierophotometer MF-~. Blackening 
(in arbitrary units) was plotted against distance from the start. 
Curve I corresponds to lipid content in the protein fractions before 

lipid infusion, curve II after infusion. 
Representative ,example. 

l ipids 9 w i th  s e rum causes the  s ame  l ipopro te in  changes  as 
found  a f t e r  l ipid infusions.  The p l a s ma  pos t in fus ion  level 
of U F A  i n  vivo is too  smal l  to  cause t ipopro te in  changes .  
On the  con t ra ry ,  it  is possible t h a t  the  h igh  c o n c e n t r a t i o n  
of b lood phospho l ip ids  following lec i th in  infusion facili- 
t a t e s  t he  l ipopro te in  changes  r epo r t ed  to  occur  also in 
c i rcula t ing  blood,  i.e. in  vivo, This fact  m a y  pe rhaps  con- 
t r i bu t e  a m o n g  o the r  factors,  to tile e x p l a n a t i o n  of the  re- 

9 B. A. SAmls and E. DANIELSON', Proc. Soc. exp. Biol. Med., 
N. Y. 93, ~2 (1956). 
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trogression of a theromatos i s  in rabbi ts  only  af ter  infusion 
of phosphol ipid  emulsion.  

V. FELT and D, GRAFNETTER 

Institute [or Cardiovascular Research, Praha (Czecho- 
slovakia), November 7, 1958. 

Zusammen[assung 

Es  wurde  der  Einfiuss yon Fe t temuls ioninfus ionen  auf 
das Se ruml ipopro te inspek t rum yon  atherosklerot ischen 
Kan inchen  untersucht .  N a c h  Lipoidinfus ionen k o m m t  es 
zu einer  Verschiebung des Cholesterols und  der  sudan- 
I~irbbaren Lipoide aus dem Bereich der  fl-Globuline in 
j enen  der  a-Globuline.  

A C o n s u m m a t o r y  S i t u a t i o n  
T h e  Effect  of  E g g s  on  the  S e x u a l  B e h a v i o u r  

of the  Male  T h r e e - S p i n e d  S t i c k l e b a c k  
( Gasteros~eus aeuleatus L.) 

The  decrease of a cer ta in  m o t i v a t i o n  af te r  the  perform- 
ance of t he  appropr ia te  c o n s u m m a t o r y  ac t  (CRAIG 1) is a 
wel l -known phenomenon .  There  has  been m u c h  discus- 
sion, however ,  as to how this  phenomenon  is effected. The  
original v iew (LoR~:NZ~), t h a t  the  per formance  of the con- 
s u m m a t o r y  act  should ac tua l ly  consume mot iva t ion ,  has 
!argely been abandoned.  I t  has been poin ted  ou t  t h a t  con- 
s u m m a t o r y  acts m a y  effect  a change in the externa l  and/  
or  in terna l  s i tuat ion,  and i t  has been proposed tha t  i t  is 
th is  new s i tua t ion  which stops the  ac t i v i t y  of the  appro-  
p r ia te  funct ional  complex,  r a the r  t h a n  the  performance  
as such of the  c o n s u m m a t o r y  ac t  (see e.g. BAs'roc~: et at.a). 
I n  the  male  three-spined St ick leback  fer t i l izat ion is fol- 
lowed by  an i m m e d i a t e  decrease of sexual  mot iva t ion ,  as 
measured  by  the  n u m b e r  of zig-zags per fo rmed  towards 
a female in a glass- tube ( 'sex-test ' ,  see VAN IERSELt), and 
in this  case the  reduced pressure in the  gonads, resul t ing 
f rom the  decreased a m o u n t  of sperm, has been proposed 
to be the  ' c o n s u m m a t o r y  s i tua t ion '  which stops sexual  
ac t iv i ty .  Since in m y  present  research on the  subject  of 
S t ickleback behav iour  the  causa t ion  of th is  change in 
sexual  behav iour  has  m y  special  a t t en t ion ,  I under took  
to de te rmine  the  exac t  influence of the  ac t  of fer t i l izat ion 
exper imenta l ly .  Two types  (1 and 2) were designed such 
as to  differ only  in t h a t  fer t i l iza t ion did or  did no t  occur. 

(1) A male  is g iven a sex- tes t  of 1 rain and the  number  
of zig-zags is counted.  The  ave rage  of 10 exper iments  is 
41.5/rain. Then  a female is in t roduced  in the  t ank  and is 
courted,  unt i l  i t  creeps in to  the  nest  to deposi t  i ts eggs. When  
the  female comes ou t  the  male  creeps th rough  the  nest  
and ferti l izes the  clutch.  I m m e d i a t e l y  the  female is t aken  
away,  and so is t i le nest  w i th  the cluth.  Another  male 's  
e m p t y  nest  is g iven in re turn .  A second sex- tes t  of 1 rain 
i m m e d i a t e l y  a f te r  exchanging  the  nests (1-2 min af ter  
fert i l ization) yields an  average  of 4-6 zig-zags/min.  

(2) I n  the  second t y p e  of expe r imen t  the  procedure is 
the  same up  to  the  m o m e n t  when  the  female is deposi t ing 
eggs. \~ 'nen i t  has  a lmos t  finished wi th  this,  a ring of th in  

1 W. CRAIG, Biol. Bull. 34 (1918). 
K. LORENZ, Naturwissensehaften 26, 289, 307, 324 (1937). 

a l'vI. BASTOCK, D. MORRIS, and M. ~IOYNIHAN, Behaviour VI, 1, 
66 0 95"~). 

4 j .  j .  A. VAN IERSEL, Bchaviour, Suppl. III, 119 (1953). 

copperwire  is pu t  in the  nes t -en t rance  agains t  t he  clutch,  
so t h a t  i t  p reven ts  the  male ' s  en te r ing  the  nest ,  as t h e  
d iamete r  of the  r ing is abou t  t h a t  of  the  ma le ' s  head  j u s t  
before or  behind the  eyes. However ,  while t r y ing  to  creep 
in for fert i l izing i t  can and does a m p l y  touch  the  eggs. 
I t  is allowed to 'sniff '  a t  the  c lu tch  in this w a y  for 30 s, 
thus  giving it  a t  least as much  oppo r tun i t y  to perceive  the  
eggs as in the  normal  cases, in which the  males m a y  spend 
a similar t ime  before fertilizing. W h e n  the  ring has  been 
pu t  in posit ion the  female is r emoved  as soon as i t  leaves 
the nest. Af te r  the 30 s period the  nest  w i th  the  eggs is 
replaced by  an e m p t y  one. Of 13 exper iments ,  the  aver-  
age number  of zig-zags before the  in t roduc t ion  of the  
female is 36.8/min; immed ia t e ly  a f te r  exchang ing  the  
nests i t  is 4.4/min. 

To tes t  the possible cr i t ic ism t h a t  sperm migh t  be 
e jaculated dur ing the 30 s period of  in ten t ion  fer t i l izat ion 
movemen t s  and 'sniffing'  a t  the  eggs, 16 clutches which  
had been subjected to such a period were cu l tured  in 
glass-jars. My supposition, which was tes ted and~ verif ied 
by another  exper iment ,  was tha t  if sperm were e jacu la ted  
it  would be a t t rac ted  by  the  eggs over  the d is tance  of 
about  2 cm from the  male ' s  geni ta l  pore to the  nest-  
entrance. In  4 out  of these 16 controls  the  males had been 
very  persis tent ly t ry ing to  get  in to  the  nest, and succeeded 
to get  half-way through the  ring. I n  2 ou t  of these 4 cases 
I found 4 developed eggs, in t he  remain ing  14 controls  
none a t  all. So, dur ing the  30 s per iod a t  the  mos t  v e r y  
l i t t le sperm is ejaculated.  E jacu la t ion  of such an a m o u n t  
of sperm has no reducing influence on sexual  behav iour :  
I found, by similar methods,  t h a t  dur ing  'creeping 
through '  the nest (VAN IERSEL*), a m o v e m e n t  v e r y  simi- 
lar in form to the m o v e m e n t  of fert i l ization,  v e r y  of ten  
some sperm is ejaculated,  and af ter  'c reeping th rough '  the  
number  of zig-zags is h igher  than  before (the average  in- 
crease being 27%;  P. SEVENSTER, personal  commun ica -  
tion). 

F r o m  these results  I m u s t  conclude t h a t  t he  ac t  of  
fert i l ization is not  the  cause of the  decrease of sexua l  
mot iva t ion  as described in th is  report .  Nor  can  i t  be  
ascribed to the performance  of the  o the r  sexual  ac t iv i t ies  
which precede ferti l ization, compris ing zig-zagging, lead- 
ing, showing the  nest-entrance,  and finally qu ive r ing  on 
the female 's  tai l  when it  is in the  nest.  (For descr ip t ion 
of these movemen t s  see TER PELKXVIJK and TINBERGEN~). 
This fact  is demons t ra ted  a. o. by  ano ther  of m y  experi-  
ments,  in which the  male  was presented  wi th  a fresh 
clutch obta ined  by  s t r ipping and p u t  in to  the  nest  by  
hand.  So in this case no cour t ing  occurred (nor fer t i l iza-  
tion). The few (4) exper iments  of this  t ype  done thus fa r  
yield an  average  of 40.7 z ig-zags/min before, and  of 
2-5 zig-zags]min af ter  egg presenta t ion.  

I then finally propose t h a t  the  decrease of sexual  mot i -  
va t ion  as described here is due to the male ' s  exposure to 
the eggs, and t h a t  he reby  an example  is g iven of a real  
consummatory  s i t u a t i o n -  which is not brough t  abou t  b y  
the performance  of a c o n s u m m a t o r y  act.  

The author is indebted to Mr. P. SEVENSTER for cooperation in 
some of the control-experiments, and to Mrs. Dr. N. Z. ULSTER, Dr. 
J. J. A. VAN IERSEL, and Mr. P. SEVENST~.R for.reading the manu- 
script. 
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