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morphologiques  commencen t  5, appara i t re  chez ces der-  
niers. Neuf  points  de compara ison  sont  6tablis depuis 
le s tade 28 (premiers b a t t e m e n t s  cardiaques) ,  j u squ ' au  
s tade  37 (percement  de la bouche,  vi te l lus  r6sorb6). 
A c h a c u n  des 9 s tades examin6s,  4 ~ 6 embryons  n o r m a u x  
et  un hombre  6gal d ' aneuplo ides  sont  pr~lev6s indi- 
v idue l lement  dans des tubes  capil laires et  soumis/~ l 'ex-  
t rac t ion  su ivan t  la m6thode  d6crite par  l ' un  de nous x. 
Deux  ex t ra i t s  d ' embryons  diploides e t  deux  ex t ra i t s  
d ' embryons  aneuploides  sont  soumis parall61ement 
l '61ectrophor6se sur ac6tate  de cellulose (10 V/era ;  1 h de 
course). Les 4 p ro t6 inogrammes  r6sul tant  d ' une  m~me 
51ectrophor6se son t  ensuite  eolor6s dans  un m6me bain  de 
nigrosine. GrAce ~ ces precaut ions,  une compara i son  
qua l i t a t ive  et  q u a n t i t a t i v e  est  permise entre  les spectres 
61ectrophor6tiques fournis h chaque  s tade  par  les em- 
bryons n o r m a u x  e t  pa r  les aneuploides.  

Les r6sultats  obteni~s lie laissent voi r  aucune diff6rence 
s ignif icat ive ent re  les spectres ~lectrophor6t iques donn6s 
par  les t6moins et  pa r  les aneuploides.  Les bandes  consti-  
t u t ives  des pro t6 inogrammes  embryonna i res  appara issent  
chez les uns au m~me m o m e n t  que chez les autres.  L '6vo-  
lu t ion du spectre  61ectrophor$tique se poursu i t  dans le 
d6ve loppement  aneuptoide d 'une  fagon t o u t  ~t fai t  paral -  
l~le k celle q u ' a  d6crite Fun de nous au cours du d6veloppe-  
m e n t  normal  x,~. 

Si l ' examen  qual i ta t i f  des pro t~ inogrammes  ne r6v61e 
aucune diff6renee ent re  les embryons  n o r m a u x  e t  les 
aneuplo~des, pa r  cont re  l '6 tude q u a n t i t a t i v e  des m~mes 
pro t6 inogrammes  laisse appara t t re  une ~volut ion d iver-  
genre ent re  les deux  types  d ' embryons .  L ' e x a m e n  au 
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Evolution de la quantit6 de prot6ines extractibles obtenues par 
embryon au eours du d6veloppement; (a) ponte diploide; (b) ponte 
aneuploide (~ 3 n x ~ 2 n). En abscisse : stades de d6veloppement 
r6partis suivant la racine earr6e du temps de d6veloppement. En 
ordonn~e: mesures de l'intensit6 de la coloration des prot6inogrammes. 

pho tom6t re  des feuilles d'61ectrophor6se color6es h la 
nigrosine pe rme t  d ' e s t imer  va l ab l emen t  la quan t i t6  de 
prot6ines ext rac t ib les  pr6sentes sur celles-ci e. Une  eom- 
para ison pho tom6t r ique  ent re  les p ro t6 inogrammes  d ' e m -  
bryons  n o r m a u x  et  d ' embryons  aneuploides  mont re  que 
les seconds fournissent  moins  de prot6ines solubles que 
les premiers .  Cet te  diff6rence est  illustr6e par  la Figure.  
Les valeurs  mesur6es pour  les embryons  diploides sont  
distribu6es sur une courbe (a) e x p r i m a n t  l '$volu t ion  de la 
quan t i t6  de prot6ines solubles obtenues  pa r  embryon  au 
cours du d f v e l o p p e m e n t  normal .  Cet te  courbe a 6t6 
6tablie pr~c6dement  1,2. La  courbe  (b) est  ob tenue  par  
r6f6rence h la courbe-6ta lon (a). L ' e x a m e n  de la F igure  
r6vNe que les prot6ines solubles appara issent  plus lente-  
m e n t  chez les aneuploides  que  chez les embryons  nor-  
maux .  Un re ta rd  significatif  s ' ins taure  aux  a lentours  du 
s tade 31, lots de la raise en marche  de la c i rcula t ion 
sanguine et  s ' accentue  j u squ ' au  s tade  37. I1 fau t  re ten i r  
toutefois  que la courbe (b) a une  s imple va leu r  ind ica t ive  
e t  n ' exp r ime  que l '6volu t ion  q u a n t i t a t i v e  globale de la 
ponte  aneuploide  6tudi6e:  celle-ci n ' a  r ien d ' une  popula-  
t ion  homog6ne car  chaque  embryon  aneuploMe est  un cas 
isol6 de par  sa cons t i tu t ion  chromosomique  et l 'expression 
du syndrome hyperdiploide .  

E n  conclusion, les r6sul tats  fournis pa r  la m6thode  
61ectrophor6tique ind iquen t  qu ' aucune  des prot6ines  
d6cel6es chez les embryons  n o r m a u x  ne Ia i t  d6faut  chez 
les germes aneuploides.  I1 se peu t  toutefois  que le d6s~qui- 
l ibre ch romosomique  p rovoque  des t roubles  de la diff6ren- 
clarion prot6ique,  mais  qu ' i l s  r es ten t  t rop faibles pour  
6tre d6cet6s pa r  la t echnique  utilis6e. I1 est done impos-  
sible jusqu '~  pr6sent de r a t t ache r  le syndrome  de l ' hyper -  
diplogdie ~ une modif ica t ion  qua l i t a t i ve  d6termin6e des 
s t ructures  mol6culaires de l ' embryon .  Mais en tou t  cas, 
un  effet  appa ren t  de l ' aneuploidie  est  de d iminuer  la 
vi tesse g6n6rale des synthbses prot6iques.  Ce ralent isse-  
m e n t  se mani fes te  £ par t i r  du s tade  31, m o m e n t  of 1 la 
diff6renciat ion prot6ique dev ien t  par t icu l i~rement  rap ide  
chez les embryons  n o r m a u x  L~. 

Summary. No qua l i t a t ive  differences have  been found 
be tween  the  e lec t rophore t ic  pro te in  pa t t e rns  observed in 
normal  and in aneuploid  embryos  (~ 3n × ~ 2n). The  over-  
all a m o u n t  of ex t rac tab le  prote in  increases, however ,  less 
rap id ly  in aneuploid  t h a n  in normal  embryos.  
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Effects  of  C o n t i n u e d  P e n t a e r y t h r i t o l  T e t r a n i t r a t e  
A d m i n i s t r a t i o n  on  M y o c a r d i a l  C i r c u l a t i o n  and  

M e t a b o l i s m  

Therapeut ical ly ,  pen tae ry th r i t o l  t e t r an i t r a t e  is con- 
sidered excel lent  in angina  by  some clinicians 1,2, while 
others  have  found in double bl ind studies t h a t  this  com- 
pound  was not  superior  to the  placebo 3,4. Opinions as to 
the  efficacy of the  agent  appear  to be re la ted to the  m e t h o d  
of assessment.  I t  is general ly agreed t h a t  pen tae ry th r i t o l  
t e t r an i t r a t e  relieves angina  a t tacks  by  preferent ia l ly  re- 

ducing coronary  vascular  resistance wi th  a resu l tan t  in- 
crease in the  level  of coronary  blood flov/, thus  increasing 
the  a m o u n t  of oxygen  avai lable  to the ischemic tissue. 

1 A. PERL~IAN, Angiology 3, 16 (1952). 
2 M. PLOXZ, N.Y. State J. Mcd. 62, 16 (195~2). 
a S. L COLE, H. NAVE, and G. C. GRIFFITIt, Circulation 15, 405 

(1957). 
4 I-I. A. DEWAR, A. R. HORLER, and D. J. NEWELL, Brit. Heart J. 

21, 315 (1959). 
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However ,  on ly  a few repor t s  in t h e  l i t e r a tu re  h a v e  been  
conce rned  w i t h  a c u t e  effects  of th i s  a g e n t  on m y o c a r d i a l  
h e m o d y n a m i c s  in an imals~-~ ;  a n d  t h o u g h  I~USSEK s- l°  
a n d  W~NSOR a n d  HUMPHREYS 11 s u g g e s t  t h a t  p e n t a -  
e r y t h r i t o l  t e t r a n i t r a t e  m a y  p r o v i d e  s u s t a i n e d  p ro tec t ion  
a g a i n s t  a n g i n a  a t t a c k ,  t he re  are  no d a t a  on  t h e  effect  of 
c o n t i n u e d  a d m i n i s t r a t i o n  of th i s  c o m p o u n d  on m y o -  
card ia l  h e m o d y n a m i c s  a n d  m e t a b o l i s m ,  w i t h  t h e  excep-  
t ion  of t h e  s t u d y  of J o H N s o ~  e t  al.~2 in p a t i e n t s  wi th  
ang ina .  T h e  p r e s e n t  r e p o r t  conce rns  t h e  effects  of t h ree  
weeks  of c o n t i n u e d  a d m i n i s t r a t i o n  of p e n t a e r y t h r i t o l  
t e t r a n i t r a t e  on c o r o n a r y  h e m o d y n a m i c s  a n d  m y o c a r d i a l  
m e t a b o l i s m  of t h e  n o r m a l  a n e s t h e t i z e d  dog. 

Mater ia l s  and  Methods.  A series of  s ix  e x p e r i m e n t s  were 
to r ead  pe r fo rmed ,  one each ,  on  s ix  m o n g r e l  dogs  r a n g i n g  
in w e i g h t  f r o m  15.0 to  30.5 kg.  C o r o n a r y  b lood flow was  
d e t e r m i n e d  b y  t h e  n i t r o u s  ox ide  t e c h n i q u e ,  a n d  o the r  
s y s t e m i c  a n d  c o r o n a r y  p a r a m e t e r s  were d e t e r m i n e d  as 
p r e v i o u s l y  descr ibed  1a,14. C a r d i o v a s c u l a r  ca lcu la t ions  were 
m a d e  a f t e r  t h e  m e t h o d s  of BING e t  al. ~s. S ta t i s t i ca l  ana -  
lyses  were  p e r f o r m e d  u s i n g  t h e  pa i r ed  ' t '  t e s t  a n d  t h e  5% 
level  of  s ign i f icance  w a s  accepted .  

Fo l lowing  con t ro l  m e a s u r e m e n t s  t h e  a n i m a l s  were 
g iven  30 m g  of p e n t a e r y t h r i t o l  t e t r a n i t r a t e  dai ly,  b y  
gavage ,  for a per iod  of t h r e e  weeks.  On  t h e  21st  d a y  t h e  
a n i m a l s  were  s u b j e c t e d  to  t h e  s a m e  p r o c e d u r e s  a t  w h i c h  
t ime  o b s e r v a t i o n s  were  m a d e  before a n d  a f t e r  t h e  ad -  
m i n i s t r a t i o n  of t h e  f inal  dose.  

Results .  T h e  effects  of t h r e e  weeks  of p e n t a e r y t h r i t o l  
t e t r a n i t r a t e  a d m i n i s t r a t i o n  are s u m m a r i z e d  in  t h e  Table .  
S ign i f ican t  inc reases  were n o t e d  in c o r o n a r y  v a s c u l a r  
r e s i s t ance  a n d  m e c h a n i c a l  eff ic iency,  while  r e d u c t i o n s  
were o b s e r v e d  in c o r o n a r y  blood /low, ca rd iac  o u t p u t ,  
left  v e n t r i c u l a r  o x y g e n  c o n s u m p t i o n  a n d  left  v e n t r i c u l a r  
work.  T h e  c o r o n a r y  f r ac t iona l  flow (coronary  blood flow/ 
ca rd iac  o u t p u t )  w a s  dec reased  37%.  M e a n  ar te r ia l  blood 
p re s su re  r e m a i n e d  u n c h a n g e d .  Arter ia l ,  p u l m o n a r y  a r t e r y  
a n d  c o r o n a r y  s inus  h e m a t o c r i t s  were  u n a f f e c t e d  d u r i n g  
t h e  per iod  of d r u g  a d m i n i s t r a t i o n .  

T h e  f inal  dose h a d  a negligible effect  on c o r o n a r y  b lood 
flow, ca rd iac  o u t p u t ,  c o r o n a r y  v a s c u l a r  res i s t ance ,  lef t  
v e n t r i c u l a r  o x y g e n  c o n s u m p t i o n ,  a n d  left  v e n t r i c u l a r  
work  w h e n  these  v a l u e s  were c o m p a r e d  to  t h o s e  r ecorded  
j u s t  pr ior  to i ts  a d m i n i s t r a t i o n .  T h e r e  was ,  h o w e v e r ,  a 
s ign i f i can t  increase  in r e s p i r a t o r y  r a t e  f r o m 19 to  42 a n d  
in m i n u t e  v o l u m e  f r o m 5.37 to 8.39 1/min. T h e  h y p e r -  
ven t i l a t ion  was  ref lected b y  a fall in t h e  c a r b o n  d iox ide  
t ens ion  of ar ter ial ,  v e n o u s  a n d  c o r o n a r y  s i n u s  b lood w h i c h  
ave raged  nea r ly  8 v o l u m e s  %.  

Discussion. Re s u l t s  of t h e  p r e s e n t  s t u d y  s u g g e s t  t h a t  
the  effect  of th ree  weeks  of p e n t a e r y t h r i t o l  t e t r a n i t r a t e  
a d m i n i s t r a t i o n  is to  increase  m y o c a r d i a l  e f f ic iency  a n d  
reduce  the  cardiac  work  load, whi le  dcc rcas ing  c o r o n a r y  
blood flow a n d  m y o c a r d i a l  o x y g e n  c o n s u m p t i o n .  I t  wou ld  
a p p e a r  t h a t  the  t h e r a p e u t i c  benef i t  of  p r o p h y l a c t i c  t r e a t -  
m e n t  w i t h  th i s  c o m p o u n d  is d u e  to a s u s t a i n e d  r e d u c t i o n  
in left ven t r i cu l a r  work. Th i s  conclus ion ,  w i t h  r e spec t  to  

5 G. LuMn, H. P. SINGLETARY) and L. B. HARDY, Angiology 13, 463 
(196~). 
T. W~NSOR and C. C. Scovw, Amer. Heart J. 49, 414 (1955). 
F. J. SULLXVAN, A. D. BENDER, and S, M. HORV^TH, Arch. int. 
Pharmacodyn., in press. 

s H. I. RUSSEK, K. F. URnACtE, A. A. DOERNER, and B. L. Z~)HMAN, 
J. Amer. Med. Assoc. 16a, 207 (1953). 

9 H. I. RUSSEK, B. L. ZOnMAn, A. E. I)aUMM, W. WEINGARTEN, and 
V. J. DORSET, Circulation 1°., 169 (1955). 

10 H. I. RUSSEK, B. L. ZOIIMAN, and V. J. DORSET, Amer. J. Med. SoL 
229, 46 (1955). 

n T. WINSOR and D. Hcm, n~Evs, Angiology 3, 1 (1952). 
12 p. C. JonusoN, G. HORTOS, and T. B. DRISCOLL, Angiology 13, 

481 (1962). 
1~ R. L. FARRASD and S. M. HORVATU, Amcr. J. Physiol. 1~6, 391 

(1959). 
14 W. T. GOODALE and D. B. HACKEL, Circ. Res. 1,502 (1953). 
15 R. J. BIN{/, M. M. HAMMOND, J. C. HANDELSMEN, S. R. POWERS, 

F. C. SPENCER, J. E. ECKENIIOFF, W. T. GOODALE, J. I-I. HAFREN- 
SCHIEL, and S. 8. I{ETY, Amer. Heart J. as, 1 (19,19). 

Alterations in various hemodynamic and cardiovascular parameters as a consequence of the administration of 30 mg of pentaerythritol 
tetranitrate daily by garage for a period of three weeks. Experimental values arc expressed as mean differences from their respective con- 

trol values, and were obtained on six dogs before the administration of the final dose 

Control Drug 
mean S.E. mean S.E. 

Coronary blood flow, mllleft vent/min 
Coronary blood flow, ml/100 g left vent/rain 
Cardiac output, l/rain 
Oxygen consumption, ml/min 
Oxygen consumption of left ventricle, ml/min/100 g left vent 
Left ventricular work, kg M/rain 
Mean arterial pressure, into Hg 
Mean pulmonary artery pressure, mm Hg 
Mean coronary sinus pressure, mm Hg 
Coronary vascular resistance, units 
Mechanical efficiency, % 
Respiratory rate 
Ventilatory volume, 1/min 
Body weight, kg 
Blood oxygen content, vol% arterial 

coronary sinus 
Blood carbon dioxide content, vol% arterial 

pulmonary artery 
coronary sinus 

Oxygen difference, vol% arterial-pulmonary artery 
arterial-coronary sinus 

57.0 10.6 -28.7 a 6.7 
110.2 14.2 -59.3 a 12.6 

2.31 0.57 - 0.51 0.23 
1 0 0 , 1  1 1 . 6  - 1 1 . 3  18.6 
13.9 2.00 - 6.,17 a 1.95 
3.47 0.50 -0.57 a 0.21 

116 14.5 - 1.4 10.0 
12.8 3.-t0 2.28 5.63 
2.70 0.69 - 1.79 1.74 
1.61 0.53 1.07 a 0.34 

32.4 4.8 32.2 a 10.2 
18.4 3.4 0.6 10.6 
3.76 1.02 1.71 0.70 

22.3 - - 2.3 a 0.73 
15.40 1.32 - 0.80 1.16 
3.75 1.04 0.60 1,00 

52.12 3.30 - 1.85 2.65 
55.16 5.56 - 2.95 2.63 
60.33 1.76 - 2.56 1.56 
4.23 0.33 0.93 0.78 

11,66 0.98 - 0.61 1.53 

a Significant at a level 5% or better. 
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a lowered work load, is in  a g r e e m e n t  w i th  those  of o the r s  
based  on acu te  o b s e r v a t i o n s  in m a n  ~-~s 

GORL~N et  al, 1~,1r r e p o r t e d  t h a t  n i t rog lyce r in  increased  
co rona ry  b lood f low in n o r m a l  sub jec t s ,  b u t  no t  in  
p a t i e n t s  w i t h  m y o c a r d i a l  insuff ic iency.  These  a u t h o r s  
proposed t h a t  the  benef ic ia l  effect  of th i s  a g e n t  in  these  
p a t i e n t s  was  due  to  a r educ t i on  in ca rd iac  work.  In  addi -  
t ion  R o w e  e t  a l . '8  conc luded  t h a t  t he  p r i m a r y  effect  of 
a longer  ac t ing  agen t ,  e r y t h r o l  t e t r a n i t r a t e  is to  reduce  
c o r o n a r y  v a s c u l a r  r es i s t ance  a n d  ca rd iac  w o r k  whi le  
p e r m i t t i n g  suff ic ient  c o r o n a r y  flow to s u s t a i n  the  r educed  
ca rd iac  work  load. 

However ,  these  resu l t s  are  n o t  in a g r e e m e n t  w i t h  t h e  
f ind ings  of o t h e r s  in acu t e  e x p e r i m e n t s  in  a n i m a l s  5,~ in 
wh ich  p e n t a e r y t h r i t o t  t e t r a n i t r a t e  p roduced  an  increase  
in c o r o n a r y  b lood  flow. However ,  we h a v e  r e p o r t e d  in a 
s e p a r a t e  c o m m u n i c a t i o n  7 t h a t  in t h e  dog  th i s  c o m p o u n d  
decreased  c o r o n a r y  flow, b u t  also decreased  ca rd iac  work.  

Us ing  a modi f ied  rad io i so tope  t e c h n i q u e  .]OI~NSON et  
al. X2 m e a s u r e d  m y o c a r d i a l  b lood  flow before  a n d  a f t e r  a 
single dose of p e n t a e r y t h r i t o l  t e t r a n i t r a t e  in 8 a n g i n a  
p a t i e n t s  r ece iv ing  t he  d rug  for 2-3  weeks pr io r  to  t h e  
h e m o d y n a m i c  s tudies .  Myocard ia l  b lood flow inc reased  
s ign i f i can t ly  a t  2 and  4 h a f t e r  t he  las t  dose w h e n  com- 
p a r e d  to  t h e  placebo.  The  lack  of a g r e e m e n t  b e t w e e n  t h i s  
a n d  t h e  p r e sen t  s t u d y  m a y  be  r e l a t ed  to t he  a n i m a l  em-  
ployed,  the  a d m i n i s t r a t i o n  of anes thes i a ,  t h e  m e t h o d  of 
e v a l u a t i n g  the  m y o c a r d i a l  c i rcu la t ion ,  or  to t h e  s t a t e  of 

t h e  m y o c a r d i u m  before  d rug  a d m i n i s t r a t i o n .  N e v e r t h e -  
less, t he  p re sen t  resu l t s  p o i n t  to  t h e  d i f f icu l ty  in  e v a l u a t i n g  
agen t s  in e x p e r i m e n t a l  an ima l s ,  b y  p r e s e n t l y  useful  
m e t h o d s ,  wh ich  a re  or  m a y  be  c l in ica l ly  useful  in  t h e  
t r e a t m e n t  of m y o c a r d i a I  insuff ic iency.  

Zusammen/assung. Die U n t e r s u c h u n g s e r g e b n i s s e  s t f i t zen  
die Vors te l lung ,  dass  die gu te  W i r k u n g  der  p r o p h y l a k t i -  
s chen  A n w e n d u n g  yon  P e n t a e r y t h r i t o l - t e t r a n i t r a t  bei  
P a t i e n t e n  m i t  Coronar insuf f i z i enz  au f  A b n a h m e  d e r  
Herz t t t t i gke i t  u n d  Z u n a h m e  d e r  H e r z m u s k e l l e i s t u n g ,  
n i c h t  a b e t  auf  eine Z u n a h m e  des Coronarkre i s laufes  
zur f ickzuf i ih ren  ist. 

A. D. BENDER, 
F. J. SULLIVAN, a n d  S. M. HORVATH 

Departments o[ Physiology, The Jefferson Medical College, 
Philadelphia (Pennsylvania) and the University o[ Cali- 
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M a s k e d  P o l y p h e n o l s  in the  Cut ic le  of a Cyst  
F o r m i n g  N e m a t o d e  

The  cut ic le  of t he  m a t u r e  female  of t i le p o t a t o - r o o t  
ee lworm Heterodera roslochiensis W o l l e n w e b e r  is h a r d e n e d  
to  form a r e s i s t an t  cys t  b y  a t a n n i n g  process  i n v o l v i n g  a 
p o l y p h e n o l  ox idaseL  I n  h i s t o c h e m i c a l  i n v e s t i g a t i o n  of 
i so la ted  cuticles,  a l r e ady  br ie f ly  desc r ibed" ,  the  process  
appea r s  to  beg in  in t h e  outer ,  f ib rous  layer ,  a n d  to proceed 
i nwards  to t he  hya l ine ,  i n n e r m o s t  l ayer  ( 'endocut ic le '3) .  
A l t h o u g h  t he  t a n n i n g  agen t s  seem to diffuse inwards ,  the  

endocu t ic le  will t a n  e v e n  w h e n  isolated.  T h e  presence  of 
p o l y p h e n o l s  can  i n v a r i a b l y  be  d e m o n s t r a t e d  in t h e  o u t e r  
region,  b u t  i t  was  puzz l ing  t h a t  these  s u b s t a n c e s  c a n n o t  
a lways  be  de t ec t ed  in the  endocu t i c l e ;  indeed,  in ' w h i t e  
cys t s '  ( m a t u r e  females}, i t  is excep t iona l  for t h e i r  p resence  
to ~e d e m o n s t r a b l e .  MONNa: 4 has  r ecen t ly  s h o w n  t h a t  

1 C. ELLENBY, Nature 157, 31)2 (|94fi). 
C. ELLENBY, I4th Int. Congr. Zool. (Copenhagen 1953), p. 37'1. 

8 W. WIESEg, Medd. Vaxtskyddsanst. Stockh. No. 65 (1953), p, 15. 

a b 

Isolated cuticles held at 60°C for 24 h in water (a), or in methanol-HC1 (b); both specimens then treated with ammouiacal silver nitrate for 
4 h. -+ indicates the endocuticle. Scale = 10 [z. 


