
15.8. 1975 Specialia 947 

. i  Q 1810 1800 IOg~O ml rnin 
I: 140 140 g8 rain" 

,~ V 129 12,9 9,9 ml 

31 50 125 

Y "O, O56 §  x 

OA 

O. 
Q '/100 1"120 070 [hi n'~t')-' 
7: 1~ 142 I51 rain" 

aV 7,6 7,9 5,8 ml  
P 2,7 26 7,0 mmHg 

P 4,5 5,5 13,1 mmHg 

I P(,,,,nHg) 

3 6 9 12 15 

Left ventricular wall stiffness before (A) and after (B) noradrenaline infusion (experiment 3 2, 16 kg, 24 h after coronary ligation). Left : Aortic 
and left ventricular diastolic pressures at 3 different afterloads (fragments of thermodilution curves also can be seen on the records). Values of 
cardiac output (Q), heart rate (F), stroke volume (A V), intraventricular pressure increase during diastole (A1 P) and mean left ventrieular diastolic 
pressure (PD) are in each panel. Right : Plot of the/I P/zJV ratio againt Pn. Passive elastic modulus of the left ventricle (slope of the regression 
line) increased from 0.042 to 0.113. 

influence of the sympa the t i c  t r ansmi t t e r .  These f indings 
suggest  t h a t  the  increased wall st iffness seen after  cate-  
cholamine admin i s t r a t ion  is a man i fes t a t ion  of same 
pathologic  p a t t e r n  induced by  myocard ia l  hypoxia .  The 
exact  mechan i sm under ly ing  th is  p a t t e r n  remains  to be 
elucidated.  

Summary.  Infus ion of noradrenal ine  (1.0 ~g/kg/min 
body  weight ,  i.v.) brings abou t  an increase of the  diastolic 

wall s t iffness in the  ischaemic canine hear t .  Similar effect  
is no t  elicitable in the  normal  hear t .  
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C h e m i c a l  T r a n s f e r  o f  L e a r n e d  B e h a v i o u r :  N o  S p e c i f i c  E f f e c t  O b s e r v e d  in  R a t s  T r a i n e d  to  
S w i m  E i t h e r  o f  t w o  M a z e s  

The mechan i sm by  which  inte l lectual  in format ion  is 
s tored in the  brain  has  r emained  obscure despi te  m a n y  
a t t e m p t s  to  resolve this  i m p o r t a n t  quest ion.  One theo ry  
holds t h a t  bra in  chemicals  migh t  serve as specific m e m o r y  
carriers. Consequent ly ,  in te ran imal  t ransfer  of acquired 
behaviour  should be feasible using bra in  ext rac ts .  This 
has been  a controvers ia l  issue since the  t ime  of the  first  
allegedly successful exper iment1 .  Two behaviour- in-  
ducing pep t ides  have  been isolated f rom the  brains  of 
t ra ined  ra ts ;  one elicits fear of darkness  ~ while the  o the r  
is sound hab i tua t ing  a. I t  has  been  argued t h a t  b o t h  these  
effects m i g h t  be non-specific,  s imply  being b rough t  abou t  
by  a l te ra t ions  in the  s ta te  of a ler tness  of the  rec ip ient  
animals.  Such an a rgumen t  would  no t  be sui table  to  
inval ida te  a recent  repor t  c laiming the  successful  t ransfer  
in mice of detai led spat ial  in fo rmat ion  abou t  a maze4. 

The impor tance  of th is  l a t t e r  f inding, if reproducible,  
p r o m p t e d  us to r epea t  the  expe r imen t  under  s l ight ly 
a l tered condit ions.  In  part icular ,  a swimming  maze  wi th  
ra ts  was used to minimize  the  possibi l i ty  t h a t  the  animals  
m i g h t  exploi t  odour  cues for or ient ing  in the  maze.  As 
in the  original  exper iment ,  2 d i f ferent  mazes  were used to 
t e s t  the  specif ici ty of the  t rans fe r red  informat ion,  b u t  
the  2 mazes  were set  up as mir ror  images to faci l i tate  

1 E. GLASSMAN, A. Rev. Biochem. 38,605 (1969). -W.  W. STEWART, 
Nature, Lond. 238, 202 (1972). 

2 G. UNGAR, D. M. DESIDERIO and W. PARR, Nature, Lond.  2 3 8 ,  198 
(1972). 

3 G. UNGAR and S. R. BURZYNSKI, Fedn. Proe. 32, 367 (1973). 
4 G. J. RADCLIFFE, jr. and J. W. SIIELTON, Experientia 30, 1284 

(1974). 
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comparison.  Briefly, 3 groups  of donor  ra t s  were t ra ined  
in e i ther  maze 1 or maze 2 (Figure 1) or were kep t  as 
pass ive  controls  w i thou t  t ra ining.  Donor  b r a i n s  were 
ex t r ac t ed  and  in jec ted  in to  naive recipients .  Rec ip ien ts  
o f  each t y p e  of ex t r ac t  were d iv ided in to  2 subgroups  and 
t e s t ed  in e i ther  maze  1 or maze 2. Ra te s  of learning in 
recipients  were t h e n  compared .  

Methods. A l l - r a t s  were males  of the  SIV-50 s t ra in  
weighing 350-400 g. Po ten t i a l  donors  (110 animals) were 
subd iv ided  into 3 groups.  Animals  of the  f i r s t  group 
(30 animals) received no t ra in ing  and  were used as passive 
contro l  donors.  The o the r  2 groups (40 animals  each) were 
allowed to  a d a p t  to  the  swimming  maze  b y  exper iencing 
the  6 s t a n d a r d  p re t ra in ing  p rob lems  of the  Hebb-Wi l l i ams  
tes t  (3 problems a day, 3 tr ials per  problem)5 and were 
t h e n  t r a ined  in e i ther  maze  1 or maze  2 (Figure 1). Af ter  
t he  last  trial ,  the  30 animals  scoring bes t  (all of t h e m  
cons i s ten t ly  swimming  the  maze in less t h a n  20 sec) were 
selected f rom each of t he  two t r a ined  groups  and  were 
used as t he  maze  1 and maze  2 donors  respect ively.  They  
were decap i t a t ed  and  the i r  bra ins  were immed ia t e ly  
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Fig. 1. The two swimming mazes (150 cm • 150 cm) used for training 
and testing. The arrows denote entrances and exits respectively. 
The shortest paths are indicated by broken lines. 
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Fig. 2. Graphical representation of poole d learning rates in recipient 
rats injected with various brain extracts. Swimming time refers to 
the average time spent by the animals in the swimming maze during 
testing (ordinate). Recipients were tested in 3 daily trials on 6 con- 
secutive days, day 1 being the first post-injection day (abscissa). 
Experimentals (N = 24) are pooled recipients of homologous extracts 
(1 --> 1, 2 --> 2), while controls.(N = 51) are pooled recipients of 
heterologous extracts (C --> 1, C --> 2, 1 --> 2, 2 --~ 1). No significant 
differences exist between the two plots. 

homogenized  6 in the  cold wi th  2 vols. dist i l led water .  The 
h o m o g e n a t e  was s t i r red  for 3 h, cent r i fuged for 30 min  a t  
25,000 g, and  the  s u p e r n a t a n t  was frozen unt i l  used for 
in ject ion 3 days  later. Po ten t i a l  recipients  (100 animals) 
received the  same s t an d a rd  p re t ra in ing  as the  donors.  
The 90 animals  w i th  the  bes t  scores were selected and were 
subdiv ided  into 3 equal  recipient  groups.  Rec ip ien t  animals  
were in jec ted  i.p. w i th  0.8 bra in  equiva len t  each of e i ther  
of the  3 ex t rac t s  (from passive control ,  maze  1 and maze  
2 donors).  E a c h  rec ip ient  group was subdiv ided  into 2 
subgroups  which,  beginning on the  following day, were 
t e s t ed  in e i ther  maze  1 or maze  2 (3 tr ials  a day  for 6 
days ;  m a x i m u m  dura t ion  of trial ,  3 min). Animals  t h a t  
by  the  end of day  3 had  no t  developed p roper  maze  
swimming  behav iour  bu t  ins tead  clung to the  par t i t ion  
walls were e l imina ted  (a to ta l  of 15 animals,  1-5 ra ts  per  
subgroup).  Tes t ing  consis ted of measur ing  the  t ime spent  
in the  maze.  All tes ts  were pe r fo rmed  double-bl ind.  

Results. In  ne i ther  of the  6 rec ip ient  subgroups  (C -+ 1, 
C --> 2, 1 --> 2, 2 --> 1, 1 -~ 1, 2 --~ 2 ; the  first  symbol  refers 
to  the  source of the  donor  ex t r ac t  and  the  second to the  
maze  in which  the  recipient  was t es ted ;  C = passive 
control ,  1 = maze 1, 2 = maze  2) and  at  no t ime  dur ing 
tes t ing  did learning ra tes  differ s ignif icant ly  f rom each 
other ,  or f rom those  previously  regis tered wi th  the  t ra ined  
donors.  Analysis  of var iance  t h e n  showed t h a t  in tergroup 
and  in t ragroup  var ia t ions  were indis t inguishable  s ta t is t i -  
cally. I t  t hus  became possible to  pool  all cont ro l  pair ings 
(C --> 1, C ~ 2, 1 --> 2, 2 --> 1) and  compare  t h e m  wi th  the  
pooled exper imen ta l  pair ings (1 -~ 1, 2 --> 2). This is shown 
in Figure 2. Learn ing  curves of pooled exper imenta l s  and 
controls  were closely similar, and  a t  no po in t  did s tat is t ical  
analysis  reveal  a s ignif icant  difference. 

Discussion. In  an a t t e m p t  to dupl ica te  t h  e repor ted ly  
successful t ransfer  of spat ial  in format ion  by  bra in  ex t rac t s  
in mice 4, we were unable  to ob ta in  evidence of such a 
p h e n o m e n o n  occurr ing in rats.  In  fact, our exper iments  
comple te ly  failed to show any  behavioura l  effect  of the  
bra in  ex t rac t s  injected.  This raises the  ques t ion  as to 
w h e t h e r  previous  posi t ive  f indings migh t  no t  have  been 
a t t r i bu t ab le  to  the  pers is tence of odour  t races  left in the  
maze by  the  t ra ined  donors.  The use of a swimming  maze 
in the  p resen t  s t u d y  p reven t ed  the  bui ld-up of any such 
cues. This migh t  explain  the  d i sc repant  results  of the  
two studies.  Al te rna t ive  exp lana t ions  include a species 
difference and  an increased t ask  diff icul ty prevai l ing in 
the  p resen t  work. Finally,  uncontrol lable  factors  migh t  
have  influenced e i ther  of the  two  s tudies  giving rise to the  
con t rad ic to ry  results.  

Summary. There has  been a recent  repor t  claiming the  
successful t r ans fe r  of detai led spat ia l  in format ion  about  a 
maze  by  in ject ing bra in  ex t rac t s  of t ra ined  mice into naive 
recipients.  We have  repea ted  th is  expe r imen t  wi th  ra ts  

5 K. BAETTIG, Psychopharmacologia, Berl. 18, 68 (1970). 
6 Glass-teflon homogenizer, 840 rpm, 3 • 1 min; all biochemical 

operations were carried out at 2 4  ~ and were based on a protocol 
devised by G. UNGAR (personal Communication). 
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using a swimming  maze as a p recau t ion  aga ins t  odour  
cues. No evidence for in fo rmat ion  t rans fe r  has  been 
ob ta ined  unde r  these  condit ions.  

t en  wiederhol t  und  dabe i  keine In fo rma t ions i ibe r t r agung  
nachweisen  k6nnen.  

C. C. KOENZLE and H. ZEIER 

Zusammen/assung. Ktirzlich wurde  fiber ein E x p e r i m e n t  
ber ichte t ,  in dem es gelungen sein soll, die spezifische 
rgumliche Reprgsen ta t ion  eines L a b y r i n t h s  durch  Ge- 
h i r n e x t r a k t e  von  dress ier ten  M/iusen auf Empfgnger t i e re  
zu i iber t ragen.  Wir  haben  das E x p e r i m e n t  un te r  Aus- 
schluss von Geruchsspuren  (Schwimmlabyr in th )  an Ra t -  

Department o/ Pharmacology and Biochemistry, 
School o/ Veterinary Medicine, University o/Ziirich, 
Winterthurerstrasse 260, CH-8057 Z~rich (Switzerland), 
and Department o/Behavioural Sciences, 
Swiss Federal Institute o[ Technology, Turnerstrasse 1, 
CH-8006 Zi~rich (Switzerland), 18 March 1975. 

Fine  S t r u c t u r a l  C h a r a c t e r i z a t i o n  of M i c r o b o d i e s  
mentagrophytes 

Trichophyton mentagrophytes is a d e r m a t o p h y t i c  fungus 
of considerable  medical  impor tance .  In  spi te  of this,  
research regarding its u l t r a s t ruc tu ra l  morphology1-4 has  
revealed only  its general  aspects ,  the  usual  t echniques  
used to  da te  being inadequa te  to br ing  to  l ight  the  finer 
s t ruc tura l  details.  

An improved  fixation,  and new knowledge regarding 
the  subs t ruc tu re  of the  cell walD, were obtaff .ed by  using 
a pref ixa t ive  conta in ing  tris-l-aziridinyl-phosphine oxide 
(TAPO), a com pound  recent ly  in t roduced  wi th  success 
in biological e lectron microscopy 6-10. 

In  th is  s tudy,  we repor t  tha t ,  using basical ly the  same 
technique ,  a be t t e r  p rese rva t ion  of the  in te rna l  s t ruc tures  
of the  fungus m a y  also be obta ined.  In  par t icular ,  it  is 
noted  t h a t  in the  hypha l  cells, 2 types  of organelles sur- 
rounded  by  a single uni t  m e m b r a n e  are present ,  i.e. 
microbodies  and Woronin  bodies. These t e r m s  are widely 
accepted  and have  been morphological ly  character ized.  

Woronin  bodies were a l ready ident i f ied in foregoing 
u l t ras t ruc tura l  s tudies  in Trichophyton spp. and o the r  
de rn la tophy tes ,  not  because of the i r  morpho logy  which  
p resen ted  cer tain ambigui t ies ,  bu t  on the  basis of the i r  

and  W o r o n i n  B o d i e s  in  Trichophyton 

posi t ion near  the  sep tum,  and  therefore  also called septa l  
or per iphera l  granules1-4,11,1~. On the  cont rary ,  micro-  
bodies have  no t  been  ident i f ied in d e r m a t o p h y t i c  fungi. 

Methods. Trichophyton mentagrophytes, s t ra in  No. 560.66 
(Centraal Bureau voor  Schimmelcul tures ,  Baarn,  The 
Nether lands) ,  was grown on a Sabouraud  mal tose  agar  
medium,  a t  28 ~ on a th in  sheet  of cel lophane,  as recent ly  
describedla.  E lec t ron  microscopic observa t ions  were 
carried ou t  on the  younges t  h y p h ae  ha rves t ed  f rom the  
outside por t ion  of the  cul tures  in logar i thmic  phase.  The 
specimens were fixed in a mix tu re  of 6% g lu ta ra ldehyde  
(E as t man  K o d a k  Company ,  Roches ter ,  N.Y.)  and  1% 
T A P O  (lris-l-aziridinyl-phosphine oxide;  K and K Labo-  
ra tor ies  Inc.,  Plainview,  N.Y.)  in a 0.1 M p h o s p h a t e  
buffer  (pH 6.2), a t  4 ~ for 2 h. Af ter  a brief washing,  t he  
samples  were pos t f ixed  in 1% OsO 4 in the  same buffer  
for 1 h, a t  room t empera tu re ,  d e h y d r a t e d  in acetone  and  
emb ed d ed  in D u rcu p an  ACM. Ul t r a th in  sections, ma in ly  
cu t  longi tudinal ly  to  t he  h y p h a l  s t rands ,  were ob ta ined  
wi th  a L K B  Ul t ro tome  I I I  u l t r amic ro tome  and then  
s ta ined wi th  uranyl  ace ta te  and  lead c i t ra te  and  observed  
th rough  a Jeol J E M - T 7  a t  60 Kv.  

Results and discussion. The young h y p h a l  ceils of T. 
mentagrophytes conta in  2 types  of organelles t h a t  show 
the  character is t ic  and d is t inc t ive  aspects  of the  W o ron in  
bodies and microbodies  only  when a pref ixa t ive  conta in ing  
a g lu t a ra ldehyde -TAPO mix tu re  is used, followed by  an 
osmium postf ixat ion.  

Fig. 1. Cross section through a young hyphal cell of Trichophyton 
mentagrophytes CBS 560.66 showing several Woronin bodies. M, 
mitochondrion; Mb, microbody; S, septum; W, hyphal wall; Wb, 
Woronin body. In all the electron micrographs the length of the bar 
corresponds to 0.5 Din. 
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