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c o n t a i n i n g  t h e  m a x i m u m  dose  of g u a n i d i n e  a re  r e p e a t e d  
b e y o n d  a c e r t a i n  n u m b e r ,  t h e  C P E  a n d  t he  v i rus  repl ica-  
t i on  t a k e  place  only,  or a t  leas t  more  eff icient ly,  in  the  
p resence  of g u a n i d i n e  (Table  III) t h a n  in i t s  absence.  
T h a t  is, t h e  v i rus-ce l l  s y s t e m  is capable ,  p e r h a p s  b y  
m e a n s  of e n z y m a t i c  a d j u s t m e n t s ,  n o t  o n l y  of cop ing  

Tab. II. Reversibility of the guanidino-resistance induced in polio 1 
(see Table I) 

Virus CPU 

without with guanidinc 
guanidine HC1 250 7/ml 

1 S 10 ~ < 10 
1 R 10 ~ 10 6 
1 R 15:1 R after 15 transfers in 10 G 10 ~ 
presence of 250 7]ml of gnanidine HCI 
1 R 15 S: 1 R 15 after 30 passages l0 s l0 s 
without guanidine tiC1 

Tab. III. Guanidine-dependence induced in polio 1 
(see Tables I and II) 

Virus CPU 

without 
guanidine 

with guanidine 
HCI 250 y/ml 

w i t h  t h e  tox ic  a c t i o n  of g u a n i d i n e  b u t  also of u t i l i z ing  
th i s  s u b s t a n c e  for i ts  own  rep l ica t ion .  W h i l e  t h e  r e s i s t ance  
of some v i ruses  to  some c h e m o t h e r a p e u t i c  agen t s  ha s  
been  obse rved  seve ra l  t imes ,  we are  no t  aware  of a n y  
p rev ious  d e m o n s t r a t i o n  of t h e  t r a n s f o r m a t i o n  of a v i ra l  
i n h i b i t o r  i n to  a v i r a l  g rowth - fac to r .  

T h e  m o s t  obv ious  conc lus ion  is to  cons ide r  t h e  resis t -  
ance  of a v i rus  as a sc lect ive  p h e n o m e n o n  a c t i n g  a t  t h e  
gene t ic  level.  However ,  ou r  resu l t s  i n d i c a t e  t h a t  t he  
r e s i s t ance  t h a t  we can  induce  in polio v i rus  a g a i n s t  
g u a n i d i n e  m u s t  be  cons idered  as  a n  acqu i r ed  a n d  u n s t a b l e  
cha rac te r i s t i c .  

Cons ider ing  these  fac t s  u n d e r  a b r o a d e r  aspec t ,  t h e y  
s t rong ly  s u p p o r t  t h e  idea  of t he  v i rus  as a l iv ing o r g a n i s m  
wh ich  is more  compl i ca t ed  t h a n  genera l ly  supposed  a n d  
p e r h a p s  more  a u t o n o m o u s  w i t h  r e spec t  to  t he  h o s t  cell. 
F r o m  t h e  v i e w - p o i n t  of c h e m o t h e r a p y ,  i t  is i m p o r t a n t  to  
k n o w  t h a t  a v i r a l  a g e n t  does  n o t  seem to  be, in  i t s  
f u n d a m e n t a l  aspects ,  v e r y  d i f f e ren t  f rom t h e  schyzo-  
myce tes .  

Riassunto. I1 v i rus  pol iomiel i t ico  pu6  essere reso, in 
vitro, g u a n i d i n o - r e s i s t e n t e  se p r o p a g a t e  s e r i a l m e n t e  in  
cu l t u r e  cel lular i  c o n t e n e n t i  dosi  c rescen t i  di  g u a n i d i n a .  
P r o s e g u e n d o  nei  passagg i  ser ia l i  in  p r e s e n z a  delle dosi  
mas s ime  di  g u a n i d i n a  to l l e ra t e  dal le  cellule, si o t t i e n e  un  
ceppo di  polio v i rus  che  si s v i l u p p a  assa i  megl io  in  
t e r r e n i  c o n t e n e n t i  la so s t anza  che  n o n  in t e r r e n i  che  ne 
s iano  pr ivi .  

Ta le  ca ra t t e r i s t i ca ,  che  r i c h i a m a  quel la  de l la  a n t i -  
b io t i co -d ipendenza  di  a l cun i  sch izomice t i ,  s e m b r a  depo r r e  
pe r  u n a  a u t o n o m i a  del v i ru s  r i spe t t o  a l la  eel lula  osp i t e  
maggiore  di q u a n t o  s inora  r i t enu to .  

1 R 10 ~ l0 s 
1 R 15 l0 s 10 ~ 
1 D : 1 R 15 after other 30 passages 103 l0 s 
in presence of ~507/ml of guanidine HC1 
I D diluted 1/10000 <10  104 
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A n  E v i d e n c e  f o r  D e c r e a s e  o f  E n e r g y  P r o d u c t i o n  i n  

T h i a m i n e  D e f i c i e n t  F a i l i n g  R a t  H e a r O  

I n v e s t i g a t i o n s  on  a l t e r a t i ons  of t he  m e c h a n i s m s  of 
ene rgy  p r o d u c t i o n  is one  a v e n u e  of ga in ing  in s igh t  in to  
t he  cond i t ions  a t  t h e  cel lu lar  level  l ead ing  to  h e a r t  
fai lure.  GERTLER 2, a n d  SCH~VARTZ a n d  LEE a found  
m a r k e d  decrease  in  t h e  eff ic iency of o x i d a t i v e  phos -  
p h o r y l a t i o n  in  h e a r t  m i t o c h o n d r i a  (sarcosomes) i so la ted  
f rom gu inea  pigs s u b j e c t e d  to  e x p e r i m e n t a l  aor t i c  
cons t r i c t ion .  The  r e l a t i ons h i p  b e t w e e n  eff ic iency of 
o x i d a t i v e  p h o s p h o r y l a t i o n  a n d  shape  changes  of muscle  
m i t o c h o n d r i a  h a s  b e e n  s t r i k ing ly  i l l u s t r a t ed  b y  HARMAN 
a n d  FEIGELSON 4. A n o t h e r  c h a n g e  of m i t o c h o n d r i a l  
morpho logy ,  revers ib le  swelling,  wh ich  also inf luences  
t h e  eff ic iency of ox ida t i ve  p h o s p h o r y l a t i o n ,  m a y  be 
i nduced  b y  h y p o t o n i c i t y  a n d  d i f fe ren t  chemica l  agen t s  5-7 
a n d  reve r sed  b y  t h e  a d d i t i o n  of a d e n o s i n e t r i p h o s p h a t e  s 
(ATP) .  M i t o c h o n d r i a l  swell ing m a y  be  i n h i b i t e d  also b y  
c i t r ic  cycle  s u b s t r a t e s  l ead ing  to  t h e  de nero s y n t h e s i s  of 
A T P  9. I n  t h e  p r e s e n t  r e p o r t  such  s u b s t r a t e  i n h i b i t i o n  of 
swell ing h a s  been  used to  d e t e c t  a l t e r a t i o n  of t h e  sarco-  
s o m a l  o x i d a t i v e  s y s t e m  in t he  t h i a m i n e  def ic ien t  fa i l ing 
h e a r t .  

Sp rague -Dawley  male  r a t s  ( range 300-400 g) rece ived  
P u r i n a  Chow or  a d e x t r o s e - c a s e i n  ba se  s e m i - s y n t h e t i c  
d ie t  x° c o n t a i n i n g  3 m g / k g  (normals) ,  0.7 m g / k g  ( t h i a m i n e  
low) a n d  0 m g / k g  ( t h i a m i n e  devoid)  levels of t h i a m i n e .  
The  h e a r t s  o b t a i n e d  f rom the  a n i m a l s  on  t h e  two  de f i c i en t  
d ie ts  were  f l a b b y  a n d  h a d  h e a r t - w e i g h t  pe r  b o d y - w e i g h t  
r a t ios  s ign i f i can t ly  h i g h e r  t h a n  t he  n o r m a l s  (YosHITOSHI 
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e t  al . l l ) .  "Ihe isolation p rocedure  of file sa rcosomes  
differed f rom the  m e thod  10,x2 for l iver m i t o c h o n d r i a  as 
follows: 10% homogena t e s  were p r e p a r e d  wi th  special  
coarse-surfaced glass homogenizers  la in 0 .44M sucrose 
without  e t h y l e n e d i a mine t e t r aace t a t e  (EDTA);  a f te r  a 
f i rs t  cen t r i fuga t ion  a t  580 × g, for t o t a l  r ecovery  of t he  
sarcosomes  the  nuclei  a n d  cell debr is  s e d i m e n t  was 
ex t r ac t ed  twice by  re -homogen iza t ion  in sucrose and  
re-centr i fugat ion,  and  the  th ree  s u p e r n a t a n t s  pooled for 
the  h igh-speed s e d i m en ta t i on  as descr ibed  ~2. The addi-  
t ion of E D T A  to the  isolat ion m e d i u m  h a d  to  be aband-  
oned  because,  unlike w i t h  l iver  mi tochondr i a ,  v e r y  low 
hear t  sarcosome yie lds  were  ob ta ined  in t he  presence  of 
this  agent .  Sys t ema t i c  s t u d y  ind ica ted  t h a t  there  is an 
increased ' t r app ing '  of the  sarcosomes in t he  h o m o g e n a t e  
a t  concen t ra t ions  of E D T A  above  3.5 × 10-4M, which  
m a y  well be re la ted  to  i ts  che la t ing  (or cross-l inking) 
abil i ty.  Microscopic e x a m i n a t i o n  w i t h  phase  c o n t r a s t  
ind ica ted  t h a t  t h e  sa rcosomal  par t ic les  isolated b y  t h e  
p re sen t  p rocedure  were no t  swollen and  had  a h igh ly  
dynamic  and  mobile  appea rance ;  add i t ion  of a smal l  
drop  of 1 × 10-2M A T P  to  t h e  p r epa ra t i on  on the  slide 
caused c lus ter ing and  i m m e d i a t e  cessa t ion  of all sarco- 
somal  m o v e m e n t .  The  swelling assays  (photometr ica l ly ,  
a t  525 my) were carr ied ou t  as p rev ious ly  xo,x~ excep t  
t h a t  t he  t e s t  s y s t e m  used here is t he  one given in t he  
legend to  the  Figure.  In  all swelling assays  the  ini t ia l  
absorbance  was  ad jus t ed  to  0.300, and  the  pe rcen tage  
swelling a t  40 min  was  used. E a c h  va lue  given represen t s  
t h e  average  f rom five ind iv idua l  ra ts .  

Since t h i a m i n e  is a c o m p o n e n t  of  t he  coenzyme  of 
p y r u v a t e  decarboxylase ,  i ts  def ic iency should  cons t i tu te ,  
a t  the  ma in  e n t r y  of the  aerobic s egmen t  of ca rbo-  

0 . 8 5  ~ T h i a m i n e  devoid 

~thiaminelkg 
+ ~150 

diet 

Weeks of feeding thiamine low or devoid diet 

Fig. Effect of thiamine deficiency on the inhibition of rat heart sar- 
cosomal swelling by pyruvate plus fmnarate. The test system con- 
sisted of I ml 0.04 M sucrose buffered with 0.03 M trishydroxymethyl- 
aminomethane, at pH 7.4. Both substrates were at the concentration 
of 1 x 10-=M, and the use of this combination corresponds to maximal 
loading of the oxidative system l~. Each point on the curves represents 
the ra t io  of  percentage swelling in the presence of substrates over the 
percentage swelling in the absence of substrates (control), both at the 
same time interval of feeding. Since ATP both inhibits and reverses 
the swelling of mitochondrial particles, this ratio gives a nmasure of 
the utilizability of pyruvate for ATP synthesis at different stages of 
thiamine withdrawal. The inhibition of swelling in the simultaneous 
presence of the two substrates is statistically significant (0.0~ <:1 p 
< 0.05), while there is no significant inhibition with pyruvate alone 
(0.60 < p < 0.70) and with fmnarate alone (0.40 < p < 0.50). 
Furthermore, the observed decrease of swelling by the substrate 
combination is not due to possibly increased lability of the sareosomal 
structures and thus leakage of DPN from the particles, since the 
inhibition is not influenced by addition of 0.07/tM of this eoenzyme 

per test system. 

h y d r a t e  metabo l i sm,  a b iochemica l  block.  A l though  this  
is poss ib ly  a ma jo r  facet  of t he  decreased  ene rgy  produc-  
t ion  in t he  failing ber i -ber i  hear t ,  no evidence appears  to  
have  been  furn ished  for the  decrease of A T P  synthesis ,  
o r ig ina t ing  f rom glucose as ene rgy  source, in t h i amine  
def ic ient  sarcosomes.  The  d a t a  p r e sen t ed  in  t h e  Figure  
show t h a t  as a resul t  of progress ive  t h i a mi n e  def ic iency 
the re  is, a f te r  an  ini t ial  c o m p e n s a t o r y  response,  a succes- 
sive decrease in t he  avai labi l i ty  of p y r n v a t e  for mi to-  
chondr ia l  A T P  synthes i s  as ev idenced  b y  decrease of the  
inh ib i t ion  of sarcosomal  swell ing p r o d u c e d  b y  the  
p y r u v a t e  plus f u m a r a t e  subs t r a t e  combina t ion .  Dur ing  
these  expe r imen t s  t he  u n e x p e c t e d  obse rva t ion  was  made  
t h a t  the  decrease  of energy  p roduc t ion  in t h i a mi n e  
def iciency due to th is  block is fu r the r  agg rava t ed  b y  an 
ac tua l  decrease of the  n u m b e r  of sarcosomes  per  uni t  
we igh t  of t issue (Table) .  The  m a i n t e n a n c e  of r a t s  on t i le 
' t h i amine  devo id '  and  ' t h i amine  low'  d ie ts  does  n o t  
a p p e a r  to produce,  however ,  a l te ra t ions  in t he  sarco- 
somal  m e m b r a n e  a t  the  level of r ecep tor  si tes for swelling- 
inducer  c o m p o u n d s  : d iphosphopyr id ine  nucleot ide  (DPN) 
8 × 10-aM;  pen tach lo ropheno l  (PCP) 1 X 10-3M;  p-  
ch lo romercur ibenzoa te  (PCMB) 1 × 10 -*M;  t h y r o x i n e  
3 × 10-s2]~/; HgC12 1 x i 0 - s ~ / ;  CaCI~ 5 ,'% 10 ~M and  
Na2HPO * 1 X 10-334. I n  fact, unlike the  dras t ic  changes  
in t he  swelling ra t io  measur ing  s u b s t r a t e - p r o d u c e d  
inhib i t ion  (Figure), the re  is no not iceable  change,  
re la t ively  to  the  normal ,  in t he  swelling induced  b y  these  
agents  a f te r  respec t ive ly  5 and  10 weeks feeding of t he  
t h i a mi n e  def ic ient  diets .  

Compared  to  t he  swell ing of l iver  mi tochondr ia ,  
sa rcosomal  swell ing is m u c h  less a f fec ted  b y  a wide 
range  of osmolar i t ies ,  wh ich  is in a g r e e m e n t  w i t h  t he  
re la t ive  s t ab i l i ty  of ox ida t ive  p h o s p h o r y l a t i o n  in sarco- 
somes  ~s unde r  h y p o t o n i c  condi t ions .  Sarcosomal  swelling 
showed a series of s ta t i s t ica l ly  s igni f icant  m i n i m a  and  

Decrease in the sarcosomal content of rat myocardial tissue during 
feeding thiamine deficient diets. This relative decrease was followed 
by measuring the volume of sarcosomal 'stock suspension' (containing 
particles from 1 g of tissue per ml) necessary to obtain a standard 
0.300 initial optical density in the test system. Alteration of saree- 
some content per unit weight of tissue is expressed as percentage of 
inverse change of 'stock suspension' volume (average normal, 

0.065 ml = 100%) 

Relative sarcosomal yield 
~Veeks of feeding at 0 mg thiamine at 0.7 mg thiamine 

Control 100% 100% 
1 106 116 
2 106 102 
3 95 100 
4 81 98 
5 65 106 
6 --~ 104 
7 .... 93 
8 -°o 97 

10 - -  80 
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m a x i m a  be tween  0.01 and 0 .30M sucrose concentrat ions ,  
t he  grea tes t  swell ing occurr ing a t  0 .04M, which was the  
mo la r i t y  used in t he  th i amine  deficiency studies.  L ive r  
mi tochondr ia ,  on the  o the r  hand,  showed one unique  
m a x i m u m  a t  0 .15M. The  va r i e ty  of agents  t h a t  induce 
o r  enhance  the  swell ing of sarcosomes was found by  us 
to  be m u c h  more res t r ic ted ~s t h a n  for l iver  mi tochondr i a  8, 8 
The  sarcosomal  receptors  for swell ing-inducer  compounds  
appear  to  be sites in t he  pharmacologica l  and enzyme  
kinet ic  sense. I t  was now found t h a t  the  sarcosomal  
swell ing react ion veloci t ies  versus concent ra t ion  of in- 
ducer  (DPN,  PCP,  or PCMB) follow the  Michaelis- 
Menten  equa t ion  (liver mi tochondr ia ,  see17). 

Rdsumd. L a  combinaison des subs t ra ts  - acides 
py ruv ique  et  fumar ique  - inh ibent  le gonf lemeut  de 
mi tochondr ies  isol6es du coeur  de rat ,  en accord avec  le 
main t ien  de l ' int6gri t6 de la s t ruc ture  mi tochondr ia le  
pa r  l 'ad6nosine t r iphospha te  produite .  On cons ta te  la 
d iminu t ion  successive de ce t te  inhibi t ion dans des rats  

d6ficients en th iamine ,  pa r  sui te  du blocage au n iveau  
de la  d6carboxyla t ion  pyruv ique .  De plus ce t te  carence 
v i t a m i n i q u e  p rovoque  une  d6croissance graduel le  du 
hombre  des mi tochondr ies  darts le tissu cardiaque.  
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On the Action offl-Melanocyte Stimulating Hor- 
mone (fl-MSH) on Spontaneous Electric Dis- 

charge of the Transparent Knife Fish, 
G. eigenmannia 

In  previous  communica t ions  f rom these laborator ies  l-a, 
i t  was repor ted  t h a t  f l -MSH faci l i ta ted . submaximal ly  
induced spinal reflexes in the cat ,  a l though behaviora l  
changes were no t  observed unless the  an imal  had  been 
depressed previously.  Fa i lure  to have  observed behaviora l  
changes migh t  be  a t t r i bu t ed  to two factors:  e i ther  
f l -MSH does no t  modi fy  behav io r  excep t  under  unusual  
condi t ions ;  or  f l -MSH modif ies  behavior ,  bu t  the  change 
could no t  be detec ted .  

The  second supposi t ion s t imula ted  our  in teres t  in 
q u an t i t a t i on  of behav io ra l  changes  in a species for 
which speciat  exper ience  wi th  psychological  techniques  
would  no t  be required.  

On the  basis of EULER'S observa t ion  tha t  the  nervous  
sys tem of var ious  fishes con ta in  subs tance  p 4  KRIVOY 
and LANE (in preparat ion)  found t h a t  L S D  modif ied  the  
spontaneous  electr ic  discharge of the  t r anspa ren t  knife 
fish. I t  was fu r the r  observed t h a t  L S D  and substance  P 
combined  produced  a g rea te r  effect t h a n  L S D  alone. The  
na tu re  of t he  effect  was a decrease in the  n u m b e r  of 
a l tera t ions  in ampl i tude  of the  spontaneous  300 cycle per  
second discharge which  is cont inuous ly  emi t t ed  by  th is  
fish. Since we had  been able to  demons t r a t e  the  act ions of 
subs tance  P on this  species, i t  became  of in teres t  to  
de te rmine  t h e  effects of fl-MSH. 

Methods and Materials. Fishes were placed in individual  
aquar ia  which had  been d iv ided  into  two unequa l  
c o m p a r t m e n t s  by  means  of a plast ic  screen. One fish 
was kep t  in t he  smaller  c o m p a r t m e n t  and a pair  of s i lver  
electrodes was placed in the  larger. The  electrodes were 
placed close toge ther  and a t  some dis tance from the  fish. 
The  p l acemen t  of these electrodes was such t h a t  t h e y  
recorded changes in the  ampl i tude  of the  discharge f rom 
the  f ish-generator ,  as opposed to changes due to s imple 
geometr ic  man ipu la t ion  associated wi th  free m o v e m e n t s  
of the  fish. The  po ten t ia l  was amplif ied,  recorded on 
tape,  and s imul taneous ly  moni tored  on a ca thode  ray  
oscilloscope. Fo r  analysis of this  ac t iv i ty ,  the  t ape  was 
p layed back  th rough  an analysis sys tem designed to 
count  the  n u m b e r  of changes in ampl i tude  of the  300 

cycle per  second (cps) signal. A band-pass  fi l ter was used 
to re ject  ar tefacts  (60 cps etc.)! t h a t  were recorded wi th  
the  signal. The  signal was then  amplif ied,  rectif ied and 
in tegra ted ,  yielding the  con tour  of the  300 cps signal. 
This  signal was then  capaci tance  coupled to a squar ing  
amplif ier  in a manne r  which would  provide  a square  
wave  corresponding to each change in ampl i tude  of the  
300 cps signal. These square  waves  were then  counted  
by  means  of a decade counte r  to give the  n u m b e r  of 
ampl i tude  changes. Analysis  of the  record for changes in 
the  fundamen ta l  300 cps signal showed this  not  to be 
inf luenced by  drug  adminis t ra t ion .  

Pr ior  to each exper iment ,  the  a q u a r i u m  was enclosed 
to ma in ta in  the fish in re la t ive  darkness  for a period of  2 h 
before any  drug  was adminis tered.  A t  the  end of this  
t ime, the electr ical  ac t iv i ty  was recorded on t ape  for a 
period of 1 h, and the  drug  to be tes ted  was then  p ipe t t ed  
into the  aquar ium.  

The  f l-MSH was prepared by  the  m e t h o d  of SeriALLY 
et  al. 5 by  Dr.  J .  Fischer,  of the  A r m o u r  Pha rmaceu t i ca l  
Co. I t  had  a po tency  of 5 × 10 s U/rag.  

Results. Disturbances ,  such as modi f ica t ion  of t he  
conduc t i v i t y  of the  e n v i r o n m e n t  of t he  fish, or  the  
in t roduc t ion  of  drugs (KRIVOY and LANE, in preparat ion) ,  
resul ted in the  produc t ion  of a po ten t ia l  of cons tan t  
s t rength  re la t ive  to  t he  control  period. The  f requency of 
discharge of each fish was found no t  to change,  even  
dur ing  s t rong s t imula t ion ,  or  from d a y  to day.  

W i t h  fl-MSH concent ra t ions  of 0.1-0.2 pg]ml  the  
f requency of change  of ampl i tude  was reduced to  f rom 
19-65% of control  va lues  (_P = 0.1 or  less). This  effect  
became m a x i m u m  between  40 and 90 rain a f te r  in t roduc-  
t ion of t he  fl-MSH. The  changes observed w i t h  concen- 
t ra t ions  below 0.05 #g /ml  were no t  cons is tent ly  s ignif icant  
(/J ~ 0.1). 
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