
t h e  "vulcanized" cross-linked wall  fabric 
into a f o r m  capable o f  plastic de forma-  
tion. 

A s  is revealed b y  t h e  electron micro-  
scope, polymer format ion  i n  t h e  direc- 
t ion  o f  growth develops as a densely in -  
termeshed fibrillar network appropriate 
t o  a n  expanding prolate spheroid. I t  is 
impor tan t  t o  no te  that  covalent bonding 
be tween  fibrils o f  t h e  ~ v a l l  components  
that  are no t  linearly ordered very l ikely  
serves t o  increase t h e  modulus  o f  elas- 
t ic i ty  i n  proportion t o  t h e  n u m b e r  o f  
covalent bonds  ( 8 ) .T h i s  feature o f  t h e  
wall fabric is undoubted ly  essential for  
t h e  expanding spheroid. T h e  "ring type" 
o f  ordered fibrillar structure observed 
in "bud  scars" serves t o  constrict t h e  
base o f  t h e  bud  i n  a plane normal t o  t h e  
direction o f  growth o f  t h e  bud .  T h i s  ar- 
rangement  o f  fibrils is beauti ful ly  illus- 
traced i n  electron microscope photo-
graphs o f  t h e  yeast glucan layer b y  I-IOU- 
w i n k  and Kreger ( 9 ) . I t  is in t h e  order- 
ing o f  these fibrils that  covalent bonding 
is believed t o  interfere.  T h i s  m a y  b e  a 
second stage i n  t h e  division process dur-  
ing w h i c h  maintenance o f  a sul fhydryl  
condit ion i n  a structural polymer is t e m -  
porarily essential. Covalent  (-2-s--) 
bonds m i g h t  b e  f o r m e d ,  however,  a f t er  
t h e  ordered arrangement has b e e n  
achieved. 

T h e  lnolecular events i n  cellular divi- 
sion tha t  have  b e e n  uncovered thus far 
bring in to  fold m a n y  scattered, appar- 
ent ly  unrelated, observations o f  t h e  en-  
vironmental  control o f  cellular division. 
I t  is n o w  intelligible, for  example ,  tha t  
sul fhydryl  substances applied externally 
t o  growing, bu t  nocdividing,  cells m i g h t  
induce  division i n  such cells ( 1 0 ) .  I t  is 
becoming increasingly clear tha t  a cell 
possesses a variety o f  systems, each w i t h  
its degree o f  specificity, for  maintaining 
functional -SII !zrouDs. T h o s e  e m -u L 


ployed i n  growth m a y  b e  operative whi le  
a disulfide reductase essential for  divi- 
sion m a y  have  failed. I n  fact ,  this exact 
situation is m e t  i n  t h e  filamentous strain 
o f  C,  albicans, which  possesses b o t h  a n  
active glutathione red;ctase and  cystine 
reductase ( 1 1 )  bu t  is deficient i n  a pro- 
tein disulfide reductase. 
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"Permanent" Alteration of 
Behavior in Mice by Chemical 
and Psychological Means 

W e  wish  t o  report a behavioral re-
sponse i n  m i c e  w h i c h  m a y  be  induced 
b y  b o t h  chemical and psychological 
means  and w h i c h  responds i n  some 
measure t o  drugs useful  i n  menta l  ill-
ness. M'e had  previously demonstrated 
( I )  that  fish exposed t o  LSD (lysergic 
acid d i e t h y l a m i d e ) ,  u p o n  return t o  a 
normal  env i ronment ,  exhibi ted a n  un-
usual and characteristic behavior pat-
tern,  and that  this pattern could b e  
rendered "permanent" b y  appropriate 
chemical  t rea tment  o f  t h e  fish. I n  a n  
a t t e m p t  t o  extend this t ype  o f  s tudy t o  
mice ,  w e  first searched for alterations i n  
behavior that  m i g h t  b e  consistently at- 
tributed t o  t rea tment  w i t h  LSD. \lie 
found  tha t  t h e  behavio' pattern de-
scribed b y  W o o l l e y  ( 2 )  could b e  con-
firmed and tha t  i t  was reasonably re-
producible, b u t  in t h e  m e a n t i m e  Lars 
Flatalrer had pointed o u t  t o  us a be-
havior response tha t  was easier t o  de-
termine.  

T h e  response consists o f  a rapid and 
violent  head shakmg w h e n  a n y  area 
about  t h e  back o f  t h e  head is touched 
very l ight ly  w i t h  a small stick or  pencil 
point. T h e  head- twi tch  response does 
no t  occur in normal mice ,  and w i t h  a 
little experience t h e  response is easy t o  
detect .  I t  is on ly  rarely that  one  is u n -  
certain whether  a particular animal 
possesses t h e  head twi tch  or  no t ,  and 
usually, i f  such a n  animal is fol lowed,  
a clear-cut answer is found  o n  t h e  sub- 
sequent days. Independent  observations 
b y  d i f f eren t  workers are remarkably 
consistent, so tha t  this  provided a suit-
able tool for  t h e  behavioral studies. 

I f  m i c e  are injected intravenously 
w i t h  f r o m  5 t o  100 pg LSD (0.25 t o  5 
m g j k g ) ,  this characteristic head shake 
response appears i n  f r o m  5 t o  10 m i n -
utes and  lasts for  intervals o f  f r o m  10 
minutes  t o  2 hours, t h e  length o f  t i m e  
i t  persists being roughly  proportional t o  

t h e  a m o u n t  o f  LSD used.  A variety o f  
other substances ( f o r  example ,  mesca-
line, yohimbine,  serotonin)  d o  n o t  elicit 
this  response. T h e  response is consist-
ent ly  reproducible in 90 t o  100 percent 
o f  t h e  animals  injected and  seems t o  
occur i n  several strains o f  m i c e  tested. 

I n  a n  e f f o r t  t o  render t h e  head-twitch 
response "permanent," m i c e  were in-
jected intravenously w i t h  30 pg indole 
( 1.5 m g / k g )  , fol lowed almost  i m m e -
diately b y  30 yg LSD. All  such m i c e  
showed t h e  head-twitch response, bu t ,  
i n  t h e  majori ty  o f  t h e  cases, i t  subsided 
i n  1 t o  2 hours, and  t h e  m i c e  were  sub- 
secluently normal .  H o ~ v e v e r ,  i n  f r o m  5 
t o  30 percent o f  t h e  m i c e  so treated 
(housed  i n  groups o f  10 e a c h )  t h e  re-  
sponse reinaincd for p ~ r i o d s  as long as 
a week ,  and i n  some cases for a f e w  
months .  IVe h a v e  apparently  there fore  
produced a "permanent" alteration i n  a 
particular aspect o f  mouse  behavior b y  
chemical t rea tment ,  i n  analogy t o  t h e  
alterations in fish ( I ) ,  b u t  such " c h e m -  
ical imprinting" is apparently  m o r e  d i f -  
ficult i n  t h e  mouse.  Inject ion o f  either 
indole alone o r  saline produced n o  re-
sponse, whi le  inject ion o f  LSD alone 
produced on ly  t h e  usual t e m p o r a l y  re- 
sponse. 

I t  w a s  also found  t h a t  t h e  identical 
response was produced i n  a larger per- 
centage o f  m i c e  b y  solitary confinement .  
T h e  m i c e  were placed i n  separate cages 
( o n e  mouse  t o  a cage)  i n - w h i c h  they  
had  access t o  light: sound,  and so forth,  
b u t  were  unable t o  see any  other mice .  
U n d e r  these circumstances roughly 30 
percent o f  t h e  m i c e  developed t h e  
head-shake response in 2 days ( t h i s  per- 
centage varied f r o m  30 t o  80 percent, 
depending o n  t h e  strain o f  mouse  e m -
p loyed) .  I f  such m i c e  were k e p t  i n  soli- 
tary con f inement  for  3 weeks ( 2  weeks 
is no t  a d e q u a t e )  and were t h e n  re-
turned t o  groups ( 8  t o  10 i n  a g r o u p ) ,  
generally about  80 percent retained t h e  
response for weeks and e v e n  months .  
O n e  has, under  these circumstances, ap-  
parently rcndercd t h e  response perma-
nently  "implanted." I f  such m i c e ,  in 
w h i c h  t h e  head-shake response has been  
permanently  established, are treated 
w i t h  reserpine (5 m g / k g  - p.0. for  3 
d a y s )  about h a l f  become s y m p t o m  f ree  
i n  2 t o  3 days and remain  i n  this state 
as long as reserpine is supplied. W h e n  
t h e  reserpine is wi thdrawn,  t h e  head-  
shake response gradually reappears, 
e v e n  though  t h e  m i c e  are k e p t  i n  groups. 

A b o u t  another third o f  t h e  m i c e  d o  
no t  deve lop  t h e  s y m p t o m  until t h e y  
have  b e e n  k e p t  i n  solitary con f inement  
for  a t  least a week .  Ilj'hen these are 
grouped a f ter  3 weeks  o f  solitary con-
f inement ,  t h e  response is retained i n  
m o s t  o f  t h e  animals  b u t  is slowly lost 
w i t h  t i m e .  I f  such animals  are given re- 
serpine, mos t  o f  t h e m  promptly  lose t h e  



- - 

head-sh'lkc response, and it does not re- Table 2. Potassium influx (umole/g ~ n i n )  in paired d~sheathed toad sciatic nerves com- 
turn when thc leserpine is withdrawn. 
tZ third group does not dexelop the 

\ymptom on wlitary confitrcment. This 
gioup grnrrall) consists of 30 to 40 per- 
cent of the population of mo,t mouse 
strains that ~e have tried, but in some 
cases it is much less. 

I t  appears from the foregoing, that a 
head-t~\itch response may be produced 
in mice by solitnry confinement. This re- 
sponse is in all known resprcts identical 
to that produced by LSD injected i n t ~ a -  
Lenously. The response can be made 
permanent" either by treatlng thc mice 

~vith indole followed by LSD or by long 
exposule (3  n efks) to solitaiy confine- 
ment. When ~t is produced in a "pel-
manent' fashion, the response may be 
temporarily relieved 01 may be cured by 
t~ eatrne~~tF+ ith reserpine. 

DOKISL KEI.I.EK 
WAYNE7V. UMBKEIT 

Merci, In\tztz~re f o l  Therapeutic 
liesrarch Rnhwny, Nezv T ( I rey 
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Distinction between Effects 
on hfetabolic Transport and 
Passive Transfer of Ions 

Studies shorting that drugs, ions, met- 
abolic inhibitors, and substrates induce 
or alter the net movement of sodium and 
potassium in nerve fibers have led to the 
recognition that such effects are brought 
about either by altering the metabolic re- 
actions responsible for "active transport" 
or by modifying membrane permeability 
or the other electrochemical conditions 

pared in Ringer's and in Ringer's with 0.1-percent cocaine with and without prior met- 
aholic inhibition. As in Table 1. 

K42 


Additional exposure Control
conditions period 

H e +  2 hr 0.0113 
IAA i0.0005 

for ion exchange and digusion invol~ed 
in "passive transfer" (1-3). A reliable 
method for distinguishing between t-ffects 
on metabolism and on the passive prop- 
erties of biological systems is increas-
ingly necessary in the light of growing 
evidence for an intimate relationship bc- 
tween ionic movement and alterations in 
the physiological functioning of nlany 
cells (for example, 2, 4 ) .  

It  was previously found that while the 
net movements of ions are suggestive, 
they do not suffice as a definitive basis 
for such discrimination ( 3 ) .  On the 
other hand, research currently in prog- 
ress with hl.D. Berman on the unidirec- 
tional fluxes of ions in metabolically in- 
hibited and uninhibited sciatic nerkes of 
the toad ( 5 )  appears to provide one 
satisfactory approach to this problem. 
The purpose of this preliminary report is 
to provide two examples of the technique 
that demonstrate different types of re-
sults and to call atttntion to erroneous 
conclusions that may be d r a ~ ~ n  met-if 
abolic and physical effects are not both 
considered as nosribilities. 

The approach consi\ti of a comparison 
of the action of a qiven experinlrntal 
agent or condition before and after inet- 
abolic inhibition on ionic flux. Anoxia 
combincd 1% ith iodoacetate poisoning has 

Cocaine 

bcen used as the s tandad procedure for 
inhibition because of evidence that this 
causes cessation of energy turnover (6) .  
If, now, the result of treatment of an 
otherwise normal tissue duplicates that 
of metabolic inhibition, and this effect 
is absent when the tissue has been pre- 
\iously inhibited by anoxia and iodoace- 
tate, then the original result is consid- 
ered to be a consequence of interference 
with metabolic reactions. The effect of 
lowering the sodium content of the me- 
dium on potassium influx is in this cate- 
gory and is shown in Table 1. 

The data in l'able 1 were obtained by 
first exposing desheathed toad (Bufo 
wzarinus) sciatic nerves for 2 hours to 
normal or low-sodium Ringer's solution 
in the presence or absence of oxygen and 
1 mmole/lit of sodium iodoacetate, then 
replacing these solutions for another 2 
hours with similar solutions, except for 
the presence of K42. Glass units identical 
with those previously described (5) as-
sured good stirring and replacement of 
solutions without oxygen contamination 
when necessary. Conventional extraction 
and radioisotope-counting procedures 
served for measurement of the activity 
gained by individual nerves. The activity 
taken up, corrected for that in the extra- 
cellular space and for the small backflux, 
was converted to the eauivalent uatake 
of potassium and divided by the time of 
exposure to K e V o  give the influxes in 
Table 1 (and Table 2 ) .  

Our earlier studies demonstrated that 
metabolic inhibition depresses potassium 
influx in the desheathed toad sciatic 
nerve to one-third or one-fourth of that 
of controls ( 5 ) .This can be verified in 
Table 1 by comparing the influx in oxy- 
gen with that in helium combined with 
iodoacetate treatment. In addition, 
Table 1 \ho~vs that reduction of the 
sodium content of the medium to 10 per-
cent of the normal level under aerobic 
conditions also reduces the influx of po- 
tassium. This is true whether choline re- 
places sodium or whether sucrose re-
b laces both sodium and chloride. The 
extent of the reduction of influx is about 
one-half as great as that produced by the 
combination of anaerobiosis and iodo-

Table 1. Potassium influx (umole/g min), on a wet-weight basis, in desheathed toad 
sciatic nerves compared in Ringer's with normal sodium content and with 90 percent of 
the normal sodium replaced with choline or sucrose with or without metabolic inhibition. 
A is the mean difference with its standard error based on the differences of individual 
paired nerves on the same horizontal line. All variability is expressed as the standard error 
of the mean. The parenthesi~ed figures give the number of experiments. The data in the 
last row are the only unpaired sets for A given to the right. 

Cholinc chloride replacing Sucrose replacing 
0 t h ~  sodium chloride 

conditions -- --

100% Na 10% Na A 

1 mmole/lit 
IAA 

sodium chloride 
- - .- -

100% Na 10% Na A 
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