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Fig. 2. Sample recordings from system. 
A) Upper trace muscle action potential resulting from nerve stimu- 
lation, lower trace meehanogram. Time cal. 10 msec. 
B) As above, time cal. 2 msee. Sensitivity of mechanogram increased 
to facilitate determination of start of contraction (arrow) in relation 
to 5tAP. Ripple in mechanogram is carrier frequency of transducer. 

minus  6 volts  are required.  We used a s tabi l ized power  
source, b u t  a b a t t e r y  would also do. To p ro t ec t  the  t r ans -  
ducer  f rom excessive voltage,  and  especial ly f rom being 
connec ted  wi th  the  wrong polar i ty ,  we wired a zener 
diode into the  sys t em as shown.  We  also a t t ached  a ground-  
ing collar to the  t r ansduce r  to  keep the  carrier  f requency  
out  of the  ou tpu t .  The o u t p u t  signal is connec ted  d i rec t ly  
to the  DC inpu t  of t h e  second b e a m  of t he  CRO. 

Discussion. The cons t ruc t ion  of this  recording appa-  
ra tus  p roved  to be re la t ively  uncompl ica ted .  Care m u s t  
be taken,  however ,  in select ing and ins ta l l ing the  guide 
surfaces and in using re la t ively  supple  t ransmiss ion  s t r ing;  
these  are the  pr incipal  po in t s  where  recording inac- 
curacies can  be in t roduced.  The fr ict ional  errors f rom the  
t r ansduce r  itself are minimal  as long as the  device is level. 
In  t e rms  of per formance ,  i t  fulfilled our requi rements .  The 
nerve-muscle  p repara t ions  usual ly  ma in t a ined  the i r  
init ial  physiological  s ta te  for 2 or more  hours  in the  mois t  
chamber ,  especial ly if t h e y  were no t  unnecessar i ly  
s t imula ted .  The mechanica l  recordings  were of h igh  
sensi t iv i ty ,  s table  and could fa i thfu l ly  follow up to the  
t e t an u s  f requency  of the  p repara t ion .  To t e s t  the  accuracy 
of the  m e a s u r e m e n t  of the  l a t ency  of the  myogram,  we 
in ten t iona l ly  loosened in several  expe r imen t s  a recording 
electrode.  The resul t ing m o v e m e n t  a r t e fac t  in the  electri-  
cal recording always agreed in t ime  wi th  the  onset  of the  
myogram.  Al though  we used a dual  b e a m  oscilloscope for 
s imul taneous  viewing of the  two o u t p u t  signals, a single 
beam CRO would also suffice for a l t e rna te  examina t ion .  
This device has s tood the  t e s t  of r epea ted  use. The 
pr incipal  cost, aside f rom cons t ruc t ion  t ime,  is t h a t  of the  
t ransducer .  This  however  is no t  a l tered dur ing  the  con- 
s t ruc t ion  and  can be ut i l ized for o the r  purposes  a t  any  
t ime  or be placed in a new f rame should the  old one be 
damaged .  
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Summary. A new m e thod  of clonal mul t ip l ica t ion is descr ibed in a represen ta t ive  f rom the  Cactaceae family,  which 
offers wide exper imen ta l  and hor t icu l tura l  applicat ions.  

The m e thods  of t issue cultures provide  large possibilKies 
for rapid  and mass  mul t ip l ica t ion of plants .  Among  the  
techniques  successfully appl ied in vege ta t ive  p ropaga t ion  
in vi tro belong, e.g., the  cul tures of s tem t ip  mer is tems,  
axil lar  buds,  bulb  scales, and  callus cul tures wi th  induced 
organogenesis .  Using the  techniques  of  clonal mult ipl ica-  
t ion  of o rnamen ta l  p lan ts  t h rough  shoot  regeneran ts  f rom 
callus cultures,  considerable  results  were ob ta ined  in the  
genuses Freesia ~, Gazania s, Crassula and  Kalanchoe ~, 
Chrysanthemum, Dianthus, Euphorbia, Pelargonium, A spa- 
ragus, Haworthia, Saintpaulia, Gladiolus, Passi/lora, etc. 
(see for review MURASHIGES). As far as we are informed,  
no repor t  was publ ished concerning the  above-men t ioned  
p ropaga t ion  techniques  in p lan ts  of the  Cactaceae family.  

Material and methods. Star t ing  mater ia l  for our  experi-  
men t s  were p lan ts  of Mamillaria woodsii species, Cacta-  
ceae family. 2-year-old p lan ts  of 1.5-2.0 cm in d iamete r  
were lifted f rom the  soil including roots  and tho rough ly  
washed in runn ing  water .  Af te rwards  the  roots  were 
removed  and the  s tems  were steril ized apply ing  d i f ferent  

techniques .  The mos t  promiz ing  ster i l izat ion m e t h o d  
p roved  to be the  appl icat ion of 70% e thanol  in which  
s tems  were submerged  for 5 min.  For  ano the r  5 rain the  
s tems  were pu t  in to  3% chloramin  B solut ion wi th  a drop  
of de te rgen t  and f inal ly t h e y  were given t r iple  r inse in 
sterile dist i l led water .  F r o m  s tems  p repared  b y  th is  man-  
ner, t r ansverse  segments  of the  w i d t h  of approx.  3 m m  
were cut  in a sterile box. F r o m  the  cu t t ings  the  cent ra l  
vascular  bundle  was r emoved  and  the  cu t t ings  were 
d iv ided into 4-5 segments  to avoid in the  exp lan t s  the  
occurrence of the  secondary  vascular  bundles  reaching up 
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The formation of shoot regenerants in callus cultures of cactus 
Mamillaria woodsii Craig. 

to  t he  i nd iv idua l  areoles. F ina l ly ,  t he  ep idermis  t o g e t h e r  
w i t h  t he  res ts  of pr ickles  were cu t  off f rom each  s e g m e n t  so 
t h a t  on ly  t he  p i t h  t i ssue  was left  f rom the  s tem.  

The  exp l an t s  were t h e n  p laced  in to  E r l e n m e y e r  f lasks 
c o n t a i n i n g  s y n t h e t i c  aga r  m e d i u m  p r e p a r e d  accord ing  to 
MURASHIaE a n d  SKOOa 6 w i t h  2.0 m g  - I 1 of fl-indolyl- 
acet ic  acid, and  2.0 m g � 9  1-1 of k ine t in .  The  f lasks were 
s to red  in a c u l t i v a t i o n  c h a m b e r  a n d  li t  c o n t i n u o u s l y  b y  
whi t e  f luorescen t  t u b e  l igh t  a t  t he  t e m p e r a t u r e  of 25 =k 
3~ 

Results and discussion. Afte r  a p p r o x i m a t e l y  1 week, 
t he  colour  of e x p l a n t s  was  changed .  Some of t h e m  w e n t  
b r o w n  a n d  were af fec ted  b y  necrosis,  whi le  in  o the r s  t h e  
colour ing changed  to red  of d i f fe ren t  shades  to  v io le t ;  
a f te r  a few days  of s t a g n a t i o n  t he  l a t t e r  s t a r t e d  to  pro-  
duce  callus, wh ich  in t u r n  lost  i ts  r edd i sh  colora t ion  an d  
t u r n e d  a l igh t  green. Af te r  5 weeks of cu l t iva t ion ,  t h e  
cal luses were s t rong  enough  to be  s u b c u l t u r e d  in a f resh 
med ium,  t he  compos i t ion  of wh ich  was t he  same  as shown  
above.  Af te r  s u b c u l t i v a t i o n  a n  organized  g r o w t h  pro-  
duc ing  f la t  cac tus  shoots  w i t h  a p p a r e n t  areoles was 

observed  in some callus t issues.  L a t e r  on  t h e  p l a n t s  s t a r t e d  
shoot ing  f rom areoles an d  s u b s e q u e n t l y  whole  t u f t s  of 
cac tus  shoots  w i th  t i n y  prickles  were p roduced  (Figure).  
In  one case even  f o r m a t i o n  of roo t le t s  was observed .  I n  
o the r  cu l tu res  t h e  callus c o n t i n u e d  growing  in an  un-  
organized  way.  Af te r  a 10 week ' s  period,  the  o the r  sub-  
cu l tu re  could be d iv ided  in to  3 groups.  In  one, dif feren-  
t i a t e d  p l a n t s  f rom cal lus were p roduced ,  in t h e  2nd on ly  
well growing calluses w i t h o u t  a n y  t races  of organogenes is  
were observed .  The  cal luses p roduced  in t h e  3rd group  
t u r n e d  b r o w n  an d  were affected b y  necrosis.  

Wel l  d i f f e ren t i a t ed  cac tus  shoots  1 cm long were 
e x t i r p a t e d  f rom the  cul tures .  The  cu t  was  t r e a t e d  w i t h  a 
commerc i a l  roo t ing  s t imu la to r ,  an d  w h e n  d ry  t h e  re- 
gene ran t s  were p laced  in bowls  c o n t a i n i n g  h u m i d  perl i te .  
A p p r o x i m a t e l y  a f t e r  4 weeks of cu l t iva t ion ,  roots  
s t a r t e d  to grow f rom t h e  curl 

Mamillaria woodsii Craig t h u s  e x t e n d s  the  l ist  of 
species in which  f o r m a t i o n  of r eg en e ran t s  b y  cont ro l led  
organogenes is  in cal lus cu l tu res  in v i t ro  was achieved.  The  
s y n t h e t i c  m e d i u m  chosen  for t h e  a b o v e - m e n t i o n e d  experi-  
m e n t  is be ing  used in our  l a b o r a t o r y  in r o u t i n e  work  for 
induced  organogenes is  in the  cal luses of Nicotiana tabs- 
cure. W h e n  c o m p a r i n g  these  2 p l a n t  species, i t  can  be 
conc luded  t h a t  the  iden t ica l  n u t r i t i o n  a n d  h o r m o n e  con- 
d i t ions  were well  accep tab le  even  for such  s y s t ema t i ca l l y  
an d  ecological ly r e m o t e  p l a n t s  as t h e  cac t i  are. I n  order  
to  increase  t h e  p r o d u c t i o n  of r egeneran t s ,  t h e  exp l an t s  
shou ld  be  s u b c u l t i v a t e d  f i rs t  on med ia  s t i m u l a t i n g  rap id  
an d  r ich  callus g r o w t h  (e.g., b y  add i t i on  of 2 ,4-dichloro-  
p h e n o x y a c e t i c  acid) w i t h  s u b s e q u e n t  s u b c u l t i v a t i o n  on  
t h e  med ia  i nduc ing  organogenesis .  I t  would  p e r h a p s  be  
possible  to  o b t a i n  sti l l  b e t t e r  g r o w t h  cond i t ions  b y  mod-  
i fying t h e  basa l  MURASHIGE an d  SKoo~ 6 med ium.  B y  a 
p r o p e r  ba l ance  of t h e  s y n t h e t i c  m e d i u m  some u n f a v o u r -  
able  effects, e.g., necrosis  an d  an thocyanescence ,  could 
p r o b a b l y  be  avoided.  

Mamillaria woodsii m a y  be  used as all example  dem-  
o n s t r a t i n g  rap id  an d  mass  p r o p a g a t i o n  of selected 
geno types  in cacti .  T h e  d e v e l o p m e n t  per iod  of r eg en e ran t s  
in  t issue cu l tu res  is a t  leas t  1 yea r  sho r t e r  as c o m p a r e d  
w i t h  the  v e g e t a t i o n  per iod  of p l a n t s  o b t a i n e d  f rom seeds. 
Moreover,  t h e  p r o d u c t i o n  of v i rus- f ree  p l a n t s  f rom t issue  
cu l tu res  of cac t i  m a y  be  of g rea t  s ignif icance,  I f  t h e  above  
clonal  m u l t i p l i c a t i o n  m e t h o d  is i m p r o v e d  a n d  a d o p t e d  to  
o t h e r  species of t h e  Cac taceae  family,  i t  m i g h t  be  re- 
c o m m e n d e d  for h o r t i c u l t u r a l  p rac t i ce  as c o m m o n l y  used 
t issue cu l tu res  in v i t ro  in orchids  or ca rna t ions .  
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Summary. A new m u l t i - b l a d e d  a i r -d r iven  gui l lo t ine  is descr ibed.  This  device r emoves  n e w b o r n  r a t  heads  a n d  slices 
t h e m  in to  severa l  t h i n  wafers,  wh ich  fac i l i ta tes  freezing a n d  pe rmi t s  easy  regional  dissect ion.  

In  n e u r o c h e m i c a l  i nves t iga t ions  i t  is f r e q u e n t l y  desir-  
able  to  measu re  b o t h  labile me t abo l i t e s  and  enzymes  in t h e  
same  sample  f rom var ious  regions of t he  b ra in .  Decap i t a -  
t i on  or s u b m e r s i o n  of t he  i n t a c t  a n i m a l  in  l iquid n i t rogen  
resu l t s  in a de lay  of m a n y  seconds  before  subcor t ica I  
b r a i n  regions freeze 2-5, wh ich  m a y  resu l t  in  s ign i f ican t  
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