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Regeneration of Olfactory Paths in Carp 
(Cyprinus carpio L.) 

Previous  invest igat ions~ h a v e  d e m o n s t r a t e d  t h e  re- 
generat ive c a p a c i t y  of spinal  cord,  opt ic  p a t h w a y s  and  
even whole  tec ta l  ~ and  forebrain  ~ lobes in Teleos t  fish. 

In  th i s  s t u d y  regenera t ion  of t he  o l fac tory  t r a c t  a n d  
central  o l fac tory  connec t ions  has  been  d e m o n s t r a t e d  in 
carp his tological ly  a n d  behavioura l ly .  In  four teen  ca rp  
the ent i re  o l fac tory  t r a c t  (both  media t  and la tera l  por t ions)  
was comple t e ly  severed  bi la teral ly  a t  opera t ion .  The  
Wounds were  closed and  regenera t ion  and  recovery  of 
Olfaction was p e r m i t t e d  for up  to 20 weeks. 

Behavioura l  ev idence  of regenera t ion  was  ob t a in e d  
using a s imple  t e s t  ~ for olfact ion in fishes, in which  two  
identical  cheesec lo th  sacks, one con ta in ing  concealed 

m i n c e d  e a r t h w o r m s  or tub i fex  and  the  o the r  s tones,  were 
SUspended in an a q u a r ium wi th  t he  fish. Norma l  fish lost  
their  abi l i ty  to locate  and  select  the  sack con ta in ing  
Worms when  ol fact ion was impa i red  (olfactory t r ac t s  
Severed, o l fac tory  sacs occluded or o l fac tory  mucosa  
anaes the t ized ,  etc.) b u t  no t  if b l inded.  Our methodologica l  
r e f inement  (see Figure) to record po ten t i a l s  induced  when  
a coil to which  the  sack is a t t a c h e d  moves  t h rough  a 
magnet ic  field w i th  responses  regis tered d i rec t ly  by  a pen-  
writer,  yielded m u c h  more  q u a n t i t a t i v e  in fo rma t ion  abou t  
olfact ion in our  fishes and  enab led  us to t race  the  course 
and e x t e n t  of i ts  r ecovery  dur ing  regenera t ion  of the  
ol factory  p a t h w a y s .  

Using th i s  m e t h o d ,  the  resul ts  (Table,  A) f rom 20 
normal  fish c o m p a r e d  to  resul ts  f rom eight  fish wi th  olfac- 
to ry  t r ac t s  regenera t ing ,  show r e - e s t ab l i shmen t  of olfac- 
l ion wi th  a p p r o x i m a t e l y  normal  respons iveness  to  the  
Worm-sack in the  l a t t e r  group.  No o l fac tory  responses  
were obse rved  sooner  t h a n  40 days  pos t -opera t ive ly .  In  
bo th  these  groups  the  responses  to worm-fi l led sacks 
showed s ignif icant ly  h igher  f requency  of s t r ike groups  ~, 
more touches  per  s tr ike,  and  longer du ra t ion  of each  
strike.  This  difference m a y  be cons idered  a func t ion  of the  
o l fac tory  a t t l a c t i o n  of the  worm-sack  because of a s t and -  
a rd ized  24 h p re - t e s t  food depr iva t ion  for all groups.  

F o u r t e e n  normal  fish were then  condi t ioned  to  r e spond  
pos i t ive ly  to  t he  odour  of morphol ine  a (s trongly repe l lan t  
for na ive  fish in the  concen t ra t ion  used) by  da i ly  ad- 

min i s t r a t ion  of morpho l ine  to  the  a q u a r i u m  several  
minu tes  pr ior  to  and  dur ing  feeding, and  requ i red  an  
average  of 30 days  t ra in ing.  The  responses  of these  fish 
(Table, B) to  a sack soaked in morpho l ine  1 - I 0  -~ 
solut ion differ  s igni f icant ly  f rom those  to  t he  cont ro l  
sack. 

Four  fish whose  b i la te ra l ly  severed  t r ac t s  were re-  
gene ra t ing  (using the  t e s t  m e t h o d  a l r eady  descr ibed)  were  
also cond i t ioned  to respond  pos i t ive ly  t o  th is  n o r m a l l y  
ve ry  repe l len t  odour  of morpho l ine  a n d  a second s imilar  
g roup  was s imi lar ly  cond i t ioned  to  a n o t h e r  repe l l an t  
odour,  coumar in .  The difference b e t w e e n  t h e  responses  
to the  morphol ine  sack or c o u ma r i n  sack  on one  h a n d ,  
and  the i r  cont ro ls  on the  other ,  is s igni f icant  (Table,  B). 

The  h igher  response  level of the  o l f ac to ry - t r ac t -  
regenera ted  carp  to bo th  worm and  morpho l ine  sacks 
(Table, A and  B), c o mp a r e d  to  the  response  ra te  of no rmM 
fish, m a y  mos t  likely be due  to  impa i red  local izat ion of 
the  source of odour  wi th  consequen t  increase in the  n u m -  
ber  of s t r ikes  a t  b o t h  posi t ive  and  cont ro l  sacks (Table, 
A and  B). However ,  in spi te  of this  possible i m p a i r m e n t  
of funct ion,  recovery  of some degree of soph i s t i ca t ion  in  
olfact ion ~ is ev iden t  when  fish wi th  r egene ra ted  o l fac tory  
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As illustrated in the diagram at the left, fish 
touching and striking at the gauze sack iS) pro- 
duce small potentials across the coil (C) when this 
moves through the magnetic field of the magnet 
(M). Potentials so produced are amplified and rc- 
corded by a penwriter (P). 
Three-minute sections of typical records 1-4, 
shown at the right, each registers: above - a time 
mark {see), centre - a sack containing worms (i-3) 
or morpholine (4), and lower - a sack containing 
s t o n e s ,  

Record 1 is that from four normal fish together 
in an aquarium. Record ~ from four fish whose 
olfactory tracts, severed bilaterally 47 days pre- 
viously, are regenerating and who are just regain- 
ing their olfactory sense. Record a, from the same 
four fish as record ~, was obtained 14 days later 
after further recovery of olfaetion. The same group 
of four fish after full olfactory recovery were 
conditioned to respond positively to the smell of 
morpholine, and record 4 shows (centre) their 
responses to an empty sack soaked in 10 -~ mor- 
pholine solution. Calibration 100 ~V for 1 and 
500 F.V for % 3 and 4. 
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Group Sack contents  Str ike groups per  Touches  per  
fish per  h str ike group 

(i) (if) Off} (iv) 

Duration 
(see) 

(v) 

A 

(2(3) Normal  fish worms  9,4" 5.3 b 3.7 t' 
n = 10 stones 3.0 2.5 t.6 

(10) Both  olfactory t racts  regenera ted  worms  13,0', 5.8 4.3 
n - 20 stones 4.2 2,5 t.5 

B 

(8) Normal  fish morphol ine ,  1-10 -~ 4.5 b 3.8~ '2.3 ~ 
n = i0 stones t .5 1.5 1).8 

(4) Both ol factory  t racts  regenera ted  morphol ine,  l • 10 -'~ I 1.8 a 4.6 b 2.8~ 
n -- 6 stones 3.6 2.1 1.2 

(4) Both ol factory  t rac ts  r egene ra t ed  coumar in  5.4 a 2.2 1.5 
n = 7 stones 0.6 1,8 1.2 

P -~ 0.05. " P .~ 1).1}1. 

In  c o h m m  (i) the n u m b e r  in parenthes is  refers to the n u m b e r  of fish tested for each group;  ' n '  is the n u m b e r  of separa te  1-h-tong observat ions  
(on different  days)  f rom which were ob ta ined  the m e a n  figures in c o h m m s  (iii)-(v) for each group.  

tracts learn and display clear positive responses to mor- 
pholine and to coumarin in an unambiguous test situation. 

Histological confirmation of tract regeneration and 
central reconnections was obtained. 

Further olfactory discrimination, histological and 
electrophysiological investigations are in progress. 

Zusammen/assung. Wie mit einer neuentwickelten 
Methode gezeigt werden konnte, erlangen Karpfen 40 
Tage nach Durchschneidung der Olfaktoriusbahnen wie- 

der weitgehende Riechf~thigkeit. Auch histologisch tr i t t  
Regeneration ein. 
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A l t e r a t i o n  of R e s i s t a n t  Staphylococcus aureus 
C u l t u r e s  by  Contac t  w i t h  Y e a s t  P r o d u c t s  

From the residue of the brewing process we extracted 
two products: yeast protein, Malucidin, having anti- 
hiotic properties in vivo and purified yeast antibiotic 
having antibiotic properties in vivo and in vi trol-h 
Yeast antibiotic in 30 min contact with resistant and non- 
resistant staphylococcus killed about 950  of bacteria in 
doses of 0.75 mg and 0.035 mg/ml, respectively. Higher 
doses of yeast antibiotic, 1-1.5 mg/ml producing up to 
98% mortali ty of resistant staphylococcus, have an alter- 
native effect on this organism. Cultures grown from sur- 
viving cells were sensitive to penicillin and streptomycin 
and produced no coagulase or hemolysin. The effect of 
this t reatment  is highly increased sensitivity to standard 
antibiotics; original cultures of resistant staphylococcus 
which survived contact with 10 #g/ml of streptomycin 
after the t reatment  with yeast antibiotics were sterilized 
by 0.019/~g of streptomycin. 

COHEN 10 tested our cultures of resistant staphylococcus 
for penicillinase after we had treated them with the yeast 
antibiotic and found no detectable penicillinase activity. 

A solution of Malucidin, in combination with soap and 
merthiolate, produced a similar alteration in resistant 

staphylococci, They became sensitive to penicillin, 
streptomycin, tetracyclin and chloromycetin, produced 
no hemolysin or coagulase, and became non-typable for 
the phage pattern. Acquired new characteristics were in- 
heritable and after eight transfers the new var iant  re- 
mained susceptible to standard antibiotics, and produced 

Table  I. Bactericidal  effect of yeas t  ant ibiot ic  No. 260 on resis tant  
and non-res is tant  s taphylococci  

Dose of Resis tant  s t ra in  SA Non-res is tant  s t ra in  C-1 
yeas t  ant i-  No. of % No. of % 
biotic mg/ml colonies mortality co lon i e s  mortality 

2 0 1 O0 0 1 O0 
1,5 1 99.9 0 100 
[.2 t] 99.6 0 IO0 
l 3 99.6 0 t00  
0.75 2 97.6 0 100 
0.6 77 91.2 0 100 
0.4 750 84 0 100 
f}.35 750 84 12 99.6 
0.035 1450 63.2 122 96 


