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A Method for Demonstrat ing Acetylcholinesterase and Choline Acetylase in Foetal Brain 

The  h is tochemica l  d e m o n s t r a t i o n  of acetylchol ines ter -  
ase (ACHE) in nervous  t issue can provide  a rough guide 
to  the  d i s t r ibu t ion  of neurons  which are poss ibly  involved 
in cholinergic mechanisms .  The presence  in the  t issue of 
choline acetylase (ChAc) is of m u c h  grea te r  significance 
in th is  con tex t  bu t  un fo r tuna t e ly  it cannot ,  as yet ,  be 
de tec ted  his tochemical ly .  LEwIs e t  al. 1,~ have,  however ,  
descr ibed a me th od  in which  A C h E  ac t iv i ty ,  demon-  
s t r a t ed  h is tochemica l ly  in a pa r t i cu la r  area of a t issue 
section,  can be compared  wi th  the  choline acetylase  acti- 
v i t y  measured  b iochemical ly  in the  cor responding  area 
of an ad jacen t  section.  In  brief, a l t e rna te ly  th in  and  th ick  
sect ions are cut  f rom fresh frozen t issue.  The th icker  
sections,  still frozen, are s tored while the  th in  sect ions 
are s ta ined  for ACHE. W i t h  these  l a t t e r  as a guide, i t  
is subsequen t ly  possible to  dissect  t he  th ick  sect ions in to  
ana tomica l ly  discrete  areas which are t h e n  analysed  for 
ChAc. The p resen t  repor t  describes modif ica t ions  which 
have  made  the  m e t h o d  sui table for analysis  of foetal  
b ra in  tissue. 

Method. Foetuses  were del ivered by  Caesarian opera-  
t ion  f rom ewes under  m e t h o h e x i t o n e  sod ium (Brietat  
Sodium, Elanco Produc t s  Ltd.)  and  F l u o t h a n e  (Imperial  
Chemical  Indust r ies)  anaesthesia .  The  cerebel lum was  
dissected out  and if the  specimens  were  large t h e y  were 
subdiv ided  wi th  a tr iple Gillette razor  blade.  Each  
sample,  o r i en ta t ed  in the  required p lane  on a c ryos ta t  
chuck  was frozen solid wi th  carbon dioxide.  The chucks,  
enclosed in small  po ly thene  bags, were  s tored  at  - -20  ~ 
in a Slee-Pearse c ryos ta t  unt i l  the  t issue was sect ioned 
no t  more  t h a n  2 h later, a t  a t e m p e r a t u r e  of be tween  
- -15  and 12~ 

Serial sect ions  were cut  in consecut ive  ba tches  of 5. 
The first  sect ion in each b a t c h  was cut  20-40 ~x th ick  
and  reserved for h i s toche in i s t ry ;  the  n e x t  4 sections, to 
be analysed  for ChAc, were cut  60 ~ thick.  Sections for 
h i s tochemis t ry  were l i t ted off the  knife wi th  clean cover- 
sl ips and  were exposed,  when dry,  to fo rmaIdehyde  
vapour  for 2 min.  They  were p r e t r ea t ed  for 30 min in 
0.22VI-sodium ace ta te :  acet ic  acid buffer  (pH 5.5), which 
con ta ined  10 -*M-e thopropaz ine  HC1 (May and Baker) 
to  inh ib i t  pseudochol ines terases .  Sect ions were s ta ined 
for AChE ac t iv i ty  by  LEWIS'S modi f ica t ion  3 of KOELLE'S 
technique*.  The incuba t ion  per iod was  ei ther  2 or 4 h;  
for o the r  detai ls  see BISCOE and SILVER 5. 

Each  sect ion for ChAc analysis  was  t r ans fe r red  f rom 
the  knife onto  a small  square  of cooled dialysis tubing.  
These  squares,  free f rom seams and  creases, were cut  
f rom H.M.I.  Visking and  included b o t h  walls of the  
tubing.  The f ron t  wall, on which the  sect ion was placed, 
was  t e rm ed  'carr ier '  Visking and the  back  wall, 'backing '  
Visking. As soon as a sect ion had  been  a r ranged  o n  it, 
t he  Visking, wi th  t he  sect ion upwards ,  was  p u t  on to  a 
pe r fo ra t ed  plast ic  grid in a small  po lys ty rene  conta iner  
wi th  a well-f i t t ing lid. A small  swab of co t ton  wool 
moi s t ened  wi th  glass-dist i l led wa te r  was p u t  under  the  
grid to p r even t  f reeze-drying of the  sect ion dur ing  sub- 
s equen t  s torage at  - -20~ W h e n  i t  was necessary  to 
s tore  sect ions over  night ,  the  plast ic  conta iners  were 
enclosed in a i r - t ight  t in boxes.  

The sect ions were analysed  for ChAc as soon as pos- 
sible af ter  the  h i s tochemica l  resul ts  were known;  this  
was usually be tween  6 and 24 h a f te r  t h e y  were cut.  
T h e y  were r emoved  f rom the  deep freeze and  allowed to 
d ry  a t  room t empera tu r e .  E a c h  Visking square  was 
a t t a c h e d  wi th  cellulose t ape  to a microscope  slide and  
the  sect ion examined  under  a d issect ing microscope.  

Discre te  areas  cor responding  to  those  shown by  the  
h is tochemica l ly  t r e a t ed  sect ions to  conta in  high or low 
AChE ac t iv i ty  were cut  out  of t he  sect ion wi th  a fine 
knife made  f rom a razor blade.  The cut  passed  t h rough  
the  sect ion and  t h ro u g h  the  carrier  and back ing  Visking. 
W h e n  the  knife was kep t  a t  r ight -angles  to  t he  surface 
of the  sect ion the  area cut  f rom the  backing  Visking was 
the  same as t h a t  cu t  f rom the  carr ier ;  p re l iminary  t e s t s  
w i t h o u t  t i ssue  showed t h a t  the  weight  of t he  carrier  
and  back ing  Visking cut  in this  way  differed by  less 
t h a n  1%. The backing  was peeled off the  carrier  and  the  
2 pieces of Visking were pu t  in to  separa te  Pet r i  dishes. 
In  areas of h igh ChAc ac t iv i ty  a sample  cu t  f rom a 
single sect ion could be analysed  but ,  in general,  i t  was 
necessary  to  pool cor responding  samples  f rom 2 or 4 
sect ions;  when  samples  were  pooled the  back ing  Visking 
was also pooled.  

A Cahn G r a m  Elec t roba lance  was used for  weighing.  
The backing  Visking was p u t  on the  pan  while t he  zero 
po in t  was ad jus t ed  and the  balance cal ibra ted.  The 
carrier Visking was then  subs t i t u t ed  for t he  backing  
Visking and the  weight  read. The reading cor responded  
to the  we igh t  of the  carrier  Visking plus t issue,  minus  
the  weight  of the  backing Visking and was taken ,  in 
subsequen t  calculat ions,  to  be the  weight  of the  tissue. 

The ChAc ac t iv i ty  in the  samples  was measu red  by  
the  m i c r o m e t h o d  of BULL et al. ~. The incuba t ion  m e d i u m  
was t h a t  used by  HEBB et al. 7 and  the  acetylehol ine  

Figs. 1 and 2. Acetyleholinesterase activity in sections of cerebellar 
nuclei (n) from a lamb of 88 days gestational age. Scale: 2 mm. 
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(ACh) p roduced  dur ing incuba t ion  was assayed,  w i th  
app ropr i a t e  controls ,  on the  rec tus  abdomin is  muscle  of 
the  frog. 

Figure  i shows AChE ac t iv i ty  in the  nuclei in the  media l  
vermls  of a l amb of 88 days  gesta t ion.  ChAc ac t iv i ty  in 
the  cor responding  area was 870 ag ACh/h per  g. Figure  2 
shows the  nuclei fu r the r  la tera l ly;  in th is  region the  
ChAc act iv i ty  was 1600 ,ag ACh/h per g. Similar  experi-  
ments  on the  folia showed t h a t  there,  the  ChAc was proba-  
b ly  re la ted to  AChE-con ta in ing  fibres in t he  whi te  m a t t e r  
r a the r  t h a n  to  the  AChE-con ta in ing  Purk in je  ceils which 
are p resen t  in developing cerebel lum 8,9 

Rdsumd. Une m6thode  est  d6crite qui p e r m e t  la mesure  
de l 'act ivi t6  de la choline ac6tylase dans  des r6gions loca- 
lis6es de sect ions en cong61ation de cerveau embryon-  

naire, act ivi t6  qui est  comparGe A celle de l 'acGtylcholi- 
nes terase  dans  la m~me rGgion sur des coupes ad jacentes .  
Des rGsultats ob tenus  5. l 'a ide de ce t te  mGthode sur le 
cervelet  embryonna i r e  de m o u t o n  sont  prGsentGs. 
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'Spontaneous'  Occurrence of Yaba Tumor  in a Monkey Colony 

During  the  last  6 years  several  h u n d r e d  rhesus  (Macaca 
mulatta), cynomologous  (M. irus) and  s tumpta i l  monkeys  
(2VI. speciosa) were inocula ted  wi th  Yaba  virus in our  
colony x,~. W i t h  the  except ion  of 2 ins tances  where am- 
reals w i thou t  record of inocula t ion developed typical  
tumors ,  no signs of con tac t  infect ion occurred,  even when  
infected and control  animals  were housed  del ibera te ly  in 
the  same cage. About  2 years  ago, our  monkey  colony 
was moved  f rom Buffalo, N .Y.  to  our Springville campus  
abou t  30 miles to  the  south.  Ini t ial ly,  schedules of cleaning 
and  steril izing cages and  rooms could no t  be as r igorously 
observed as in the  old colony. Occasionally flies and  
mosqui toes  were s ighted in the  rooms housing monkeys .  
Dur ing  th is  period of t ime  11 an ima l s  w i thou t  inocula t ion 
h is tory  developed tumors  histological ly ident ical  to those  
p roduced  by  Yaba  virus. Subcutaneous  inocula t ion of 
cell-free f i l t rates  f rom these  tumors  into normal  monkeys  
p roduced  typica l  tumors .  

Most  of the  ' spon taneous '  t umor s  occurred on hairless 
areas of t he  face, palms,  and  in te td ig i ta l  areas.  Figure  1 
shows a m onkey  wi th  5 t umor s  of the  face, 1 growing 
in to  t he  orbit .  Figure 2 shows an animal  w i th  t u m o r  
masses  growing in t he  nostr i l  and  orbit .  Au topsy  revealed 
mass ive  t u m o r  invasion of the  pa ranasa l  sinuses. Figure 3 
demons t r a t e s  a small  t u m o r  on the  mucosat  surface of 
the  lip. Figure 4 depic ts  a large t u m o r  mass  occupying  
the  pa la te  and dis locat ing tee th .  The gross a n a t o m y  of 
some of these  t umors  resembles  those  publ i shed  by  
]~URKITT and WRIGHT 3 on ]~URKITT'S l y m p h o m a  in 
African children.  Yaba  tumors  differ, however ,  in his to-  
logic s t ructure ,  by  the  e lectron microscopic f inding of 
oval  or br ick-shaped  part icles,  of ten  in paranuc lear  
posit ion,  resembl ing  pox  viruses and by  a more  benign  
course, f r equen t ly  resul t ing in regression a l though  a t  
t imes  followed by  recurrence  1. 

The suspicion arose t h a t  virus t ransmiss ion  migh t  have  
occurred wi th  the  aid of insect  vectors.  The colony was 
tho rough ly  sprayed  wi th  insect icides and s t r ic t  dai ly 
cleaning and weekly au toc lav ing  of cages in t roduced.  
The rooms were dis infected weekly wi th  ant isept ics  and  
live s team. Str ic t  isolation of t he  colony was  enforced. 
Dur ing  the  last  year  no ' spon taneous '  t umors  have  
occurred among  our monkeys .  The original descr ip t ion  
of Y a b a  tumors  by  BEARCROFT and  JAMIESON 4 followed 
an epidemic in a colony of rhesus  monkeys  housed  in 
open pens  in W e s t  Africa. If  insect  vectors  are involved 
in spreading  th is  virus under  na tu ra l  condit ions,  t h e y  

seem to be p resen t  in Africa as well as in the  Un i t ed  
States .  Tumors  found in the  oral cavi ty,  pa ranasa l  
sinuses and orb i t  m a y  argue agains t  insect  vectors .  
However ,  as seen on Figure  1, t u m o r  masses  m a y  grow 
from the  forehead in to  the  orbi t  and, as seen on Figures  2 
and  3, m a y  or iginate  f rom t h e  nostr i ls  and  lips and  grow 
into t he  sinuses or produce  extens ive  invo lvemen t  of 
the  oral cavi ty .  F u r t h e r  s tudies  on the  na tu re  of t rans -  
mission seem to be indica ted  5. 
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Fig. 1. Five tumors which appeared spontaneously on the face of 
a monkey. Note a large tumor growing into the orbit. 


