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Condition of the firebrat ovarioles affected by vapours of Acorus calamus 

EXPERIENTIA 30/11 

Dose Ovarioles �9 Condition of the ovarioles after days of exposition to the vapours Remarks 

0 (pure acetone) Germarium 

Previtellarium 

Vitellarium 

3 ml/1000 ppm Germarium 

Previtellarium 

Vitellarium 

9 ml/1000 ppm Germarium 

13 ml/1000 ppm 

Previtellarium 

Vitellarium 

Germarium 

Previtellarium 
Vitellarium 

16 days o 
Finger like. 20 ohgonia, numerous 
prefollicular ceils, with 8 to 10 young 
oheytes. 
More than 10 oheytes. Start of follicular 
epithelium formation in proximal part. 
In the state of formation. 

16 days e (Figure 1) 
Rounded shape, undifferentiated 
ohgonia no young ohcytes 

Present only in 5 of 10 ovarioles 

Not developed, cap-like at the 
proximal part  of the ovariole 

6 days b (Figure 2) 
Oval or rounded in shape, highly 
hypertrophied, filled with ohgonia; 
part  of pref. nuclei pyenotized; 
no young ogcytes 
Thread-like, numerous prefollicular 
cells no more than 2 o6cytes in 
1 ovariole. 
Reduced, being formed in 4 of 10 
ovarioles with remnants  of resorbed 
ehorionized eggs, no vitellogenesis. 

27 days a (Figure 4) 

25 days a 
The same picture, new o6cytes 
ripening 

25 days a 
In 2 ov. completely destroyed, 
in others ohgonia and prefol. 
cells with pycnotie nuclei. 
Malfornlations found in 
4 ovarioles. Granulation in all 
ohcytes, some are 
completely destroyed. 
Not developed. 

22 days a (Figure 3) 
Not developed, empty  tubes 
with chromatin granules 

Very thin with 1 or 2 ohcyte 
nuclei in the state of resorption. 

Even the tunica propria after 
interrupted, disconnecting thus 
2 ends of 10 ovarioles. 

Reduced entirely in 3 ovarioles where it is empty, in others pyenotic 
nuclei and chromatine granules. 
Without  follicular cells. 1 o6eyte present ill only 1 of the ovarioles. 
Does not exist the whole length of ovarioles; not more than twice the 
length of spermetheea. 

Females moulted twice. 
Egg laying 3 times, 
about 30 eggs from each 
female 

Egg laying once only, 
18 eggs were layed in 
average from each female, 
of which about 10% could 
not hatch 

No eggs. Distal part  of 
1 ovariole after detaching 
formed rounded body 
with 8 previtellar ohcytes 
and rests of germarium 

Ovary of panoistic type, with 10 ovarioles, 5 in 1 bunch, b 1st, o 2nd, a 3rd inter moulting period, ppm = Part  per million solution in 
acetone. 

Zusammen/assung. E i n e  B e h a n d l u n g  de r  W e i b c h e n  v o n  
Thermobia domestica m i t  d e n  Dhompfen  e i n e s  E x t r a k t s  d e r  
W a s s e r p f l a n z e  Acorus calamus L.  b e w i r k t e  d a u e r n d e  
Ster i l i t / i t ,  d a  d ie  O o g o n i e n  u n d  pr / i fo l l ikul~i ren  Ze l l en  
in  d e n  G e r m a r i e n  u n d  d ie  fo l l iku! i i r en  Ze l l en  u n d  O o z y t e n  

~ Permanent  adress: Regional Research Laboratory (Council of 
Scientific & Industrial Research), J a m m u  - Tawi 180001, India. 

in  d e n  P / i v i t e l l a r i e n  z e r s t 6 r t  w u r d e n .  I n  m a n c h e n  
F/~llen w u r d e  d i e  T u n i c a  p r o p r i a  z e r s t 6 r t ,  w a s  z u r  
U n t e r b r e c h u n g  d e r  O v a r i o l e n  f i ih r te .  

~ .  P .  SAXENA 15 a n d  EUGENIA B. ROHDENDORF 

Entomological Institute o/Czechoslovak Academy o/ 
Sciences, Department o/ insect Physiology, 
Na Folimance 5, 72000-Praha 2 (CSSR), 26 April 7974. 

The Effects of Methyl Mercury on Morphological  
Spinal Cord and Cerebellum in Tissue Culture 

I t  h a s  b e e n  s h o w n  b y  s e v e r a l  l a b o r a t o r i e s  t h a t  a l k y l  
m e r c u r y  c o m p o u n d s ,  in  p a r t i c u l a r  m e t h y l  m e r c u r y ,  a r e  
b y  s e v e r a l  o r d e r s  of  m a g n i t u d e  m o r e  t o x i c  t h a n  o t h e r  
m e r c u r y  c o m p o u n d s ,  a n d  t h a t  m e t h y l  m e r c u r y  p r i m a r i l y  
a f f e c t s  t h e  c e n t r a l  n e r v o u s  s y s t e m  (CNS) 1-s. F u r t h e r m o r e ,  
o b s e r v a t i o n s  of  m e r c u r y  p o i s o n i n g  in  h u m a n  s u b j e c t s  
h a v e  r e v e a l e d  t h a t  t h e  f e t a l  C N S  is  m o r e  s e n s i t i v e  to  
m e t h y l  m e r c u r y  t h a n  t h e  a d u l t  b r a i n  4. T h e  n e u r o t o x i c  
e f f ec t s  o f  t h i s  c o m p o u n d  h a v e  b e e n  i n v e s t i g a t e d  ex t en~  

and Histochemical  Properties of Human and Rat 

s i v e l y  in  c l in ica l  e a s e s  5-7 a n d  in  e x p e r i m e n t a l  s t u d i e s  o n  
a n i m a l  C N  S in  v i v o  a n d  in  v i t r o  3, s-l~. I t  w a s  o b s e r v e d  t h a t  
m e t h y l  m e r c u r y  p r o d u c e s  e x t e n s i v e  d a m a g e  to  n e u r o n e s ,  
n e u r o g l i a  a n d  n e r v e  f ib res .  G r a n u l e  cel ls  of  t h e  c e r e b e l l u m  
a n d  d o r s a l  r o o t  g a n g l i o n  cel ls  a p p e a r  to  b e  m o r e  s e n s i t i v e  
t o  t h e  t o x i c  e f f ec t  t h a n  n e u r o n e s  of  o t h e r  r e g i o n s  of t h e  
C N S  ~,8,9,1~. S ince  t h e  m e t h o d  of  t i s s u e  c u l t u r e  is a 
u s e f u l  t oo l  t o  s t u d y  t h e  e f f ec t s  of  t o x i n s  o n  t h e  m a m m a -  
l i a n  C N S  a n d  e s p e c i a l l y  o n  t h e  h u m a n  C N S ,  we  h a v e  
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inves t iga ted  the  ac t ion  of me thy l  mercu ry  on morpholog-  
ical and  h is tochemica l  proper t ies  of cu l tured  spinal  cord 
and  cerebel lum of h u m a n  fe tuses  and  newborn  rats .  

The cul tures  were p repa red  f rom spinal  cord and  
cerebel lum of h u m a n  fetuses (7-8 weeks in utero) and  of 
newborn  rats,  and grown on col lagen-coated coversl ips in 
the  M ax imov  assembly  at  35~ la-~6. Af ter  14 to  22 days  
in vitro,  m e thy l  mercu ry  chloride (MMC) was added  to  
the  nu t r i en t  m e d i u m  in concen t ra t ions  of 10 -4 to 10 -s M. 
The cul tures  were observed da i ly  on a reverse microscope 
using phase  con t ras t  optics.  A series of cul tures  was 
s ta ined for ace ty lchol ines terase  (ACHE) and  succinic 
dehydrogenase  (SDH) using the  h is tochemica l  m e t h o d s  
of KARNOVSKY and  ROOTS 17 modif ied  by  EL BADAWI and  
SCHENK ~s and  of NACHLAS et  at. ~9 respec t ive ly  (for detai ls  
see 20-~2) 

The ou tg rowth  p a t t e r n  of the  var ious  cell types  in 
cul tures f rom h u m a n  and  ra t  spinal  cord and  cerebel lum 
has been  descr ibed previous ly  15,16, 2a-25. The ex t en t  and  
t ime  of d e v e l o p m e n t  of the  neuro toxic  effects of MMC 
were clearly d e p e n d e n t  on the  concen t ra t ion  of t he  
compound  in the  nu t r i en t  medium.  6 h af ter  add i t ion  of 
MMC in a concen t ra t ion  of 10 -6 M, the  glial cells ill the  
ou tg rowth  zone showed granu la t ion  in the  cell body  and  
processes (Figure 1 A). Af te r  24 h the  g ranu la r i ty  in- 
creased and  the  granules  became  coarser.  Fu r the rmore ,  
the  processes of t he  glial ceils s t a r t ed  to  r e t r ac t  (Figure 
1 I3). Af ter  48 h, alnlost  all glial processes had  re- 
t r ac t ed  and only the  cell bodies  adhered to the  collagen 
subs t r a t e  (Figure 1 C). Af te r  5-7 days,  the  cy top lasm of 
the  as t rocytes  showed vacuoles and  the  cells degenera ted .  
Af te r  exposure  of the  cul tures  to  a concen t ra t ion  of 10-~ 
M, vacuoles  in the  cell b o d y  and a wa t e ry  space in t he  
per inuclear  region of the  glial cells were observed al- 
r eady  af ter  6 h (Figure 1 D). Cell d e a t h  occurred be tween  
24 and  48 h. 

Neurones  of spinal  cord cul tures  of h u m a n  fetuses,  as 
well as of newborn  rats,  which  were exposed to  MMC a t  a 
concen t ra t ion  of 10 -6 M showed the  f irs t  degenera t ive  
signs af ter  app rox ima te ly  8 h. The cell bodies,  t he  
dendr i tes  and axons  revealed swelling and  granula t ions  
(Figure 1 F). At  th is  stage, t he  nucleus of mos t  neurones  
still r emained  in its cent ra l  posi t ion.  Af te r  48 h, there  was 

an increase of g ranu la r i ty  in the  cell body  and  processes 
and  the  nucleus usual ly now had  an excent r ic  pos i t ion  
(Figure i G). Be tween  6 and  10 days  a f te r  exposure  to  
MMC, the  neurones  showed progressive signs of degenera-  
t ion wi th  a grea t  n u m b e r  of vacuoles.  Af te r  add i t ion  of 
MMC in a concen t ra t ion  of 10 -4 M, it was observed  t h a t  
there  was a l ready an ex tens ive  neuronal  damage  a f te r  
6 h (Figure 1 H). 

In  cerebellar  cul tures  of bo th  h u m a n  fetuses and  new- 
born  rats,  the  first  neurones  to show degenera t ive  signs 
af ter  exposure  to  MMC were granule cells s, ~1. Figure  1 I 
i l lus t ra tes  pa r t  of a h u m a n  cerebellar  culture,  8 h af ter  
incuba t ion  wi th  MMC at  a concen t ra t ion  of 10 -6 M. In  
con t ras t  to  Purk in je  ceils, which  reveal  only a s l ight  
swelling of the  cell body,  mos t  granule cells a l ready show 
signs of degenera t ion  at  th is  t ime.  Af te r  20 h of exposure,  
a great  n u m b e r  of granule cells have  degenera ted  wi th  
vacuoles in the i r  cy toplasma,  whereas  Purk in je  cells only 
showed sl ight  granula t ions  in the  cell body  (Figure 1 J). 
Af te r  48 h, ahnos t  all granule  cells have  comple te ly  
degenera ted  bu t  Purkinj  e cells have  only increased granu-  
la t ion in the  soma and  processes a t  th is  s tage (Figure 1 K). 
Comple te  degenera t ion  of Purk in je  cells occurred af ter  
7-10 days.  Figure 1 L i l lus t ra tes  a cerebellar  culture,  48 h 
af ter  add i t ion  of MMC a t  a concen t ra t ion  of 10 -5 M. The 
Purk in je  cells con ta in  coarse granules in the i r  cell bodies 
and  processes b u t  t h e y  are still  qui te  weli preserved,  
whereas  the  ma jo r i t y  of granule cells have  degenera ted  
(arrow) 

Biochemical  s tudies  have  d e m o n s t r a t e d  t h a t  the  
synthes is  of several  enzymes  in the  CNS are inhib i ted  by  
mercu ry  compounds1~ =". The ac t iv i ty  of succinic 
dehydrogenase  (SDH), an  enzyme involved in t he  ci tr ic  
acid cycle, was s ignif icant ly  decreased af ter  t r e a t m e n t  of 
animals  w i t h  me t h y l  mercury  th ioace tamide  xa. In  cont ras t ,  
ace ty lchol ines terase  (ACHE), an enzyme  which  p lays  a 
r61e in synap t i c  t ransmiss ion ,  seems to  be unaf fec ted  by  
m e t h y l  mercury  compounds2S. The ac t iv i ty  of S D H  and  
A C h E  was s tudied  h i s tochemica l ly  in a series of cul tures 
of ra t  and  h u m a n  spinal  cord and  cerebel lum exposed  to  
MMC 10 -~ M. As was observed wi th  biochemical  tech-  
niques13, the  ac t iv i ty  of S D H  was marked ly  decreased 
af ter  exposure  of the  cul tures to MMC. Figures  2 C and  E 
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Fig. 1. Effects of m e t h y l  mercury  on morphological  propert ies  of neurones and glial  cells of h u m a n  and ra t  spinal  cord and cerebel lum in 
t issue culture.  (A-C) Degenera t ive  changes  of gl ial  ceils of fe ta l  h u m a n  spinal  cord cul tures  6 (A), 24 (B) and 48 (C) h after  addi t ion  of 10 .6 
M MMC to the nu t r i en t  medium.  (D) 6 h after  addi t ion  of MMC at  a concent ra t ion  of 10 -~ M. (E) Neurones of a r a t  spinal  cord cul ture  (22 
days  in  vitro) before exposure to MMC. (F, G) Ra t  spinal  cord cul tures  (22 days  in vitro) 6 (F) and  48 (G) h after  exposure to M~{C 10 .5 M. 
The neurones reveal  signs of degenera t ion  such as swell ing of the cell body,  granula t ion ,  excentr ic  local izat ion of the nucleus. (H) Marked 
damage  of neurones and glial  cells 6 h af ter  add i t ion  of MMC in a concent ra t ion  of 10 -4 M (rat  spinal  cord culture,  17 days  in  vitro).  ( I -K) 
H u m a n  eerebel lar  cul tures  (fetus 8 weeks in  utero,  17 days  in  vitro) af ter  exposure  to 10 -5 M MMC for 8 (I), 20 (J) and  48 (K) h. Note 
swell ing of Purk in je  ceils after  8 h (I). After  20 (J) and  48 (K) 11 of exposure,  increasing g ranu la t ion  in  Purk in je  cells was observed whereas 
granule  cells have  a lmost  comple te ly  degenera ted  (K, arrow). (L) Cerebellar cu l ture  af ter  exposure to MMC a t  a concent ra t ion  of 10 .5 M 
for 48 h. Note m a r k e d  granula t ion  in  Purk in je  ceils and  degenera t ion  of the ma jo r i t y  of granule  cells (L, arrow). Phase  cont ras t  pictures,  
Bar :  20 ~m. 
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Fig. 2. Effects of methyl mercury on histochemical properties of rat spinal and cerebellar neurones in tissue culture. (A) Group of neurones 
in a rat spinal cord culture (27 days in vitro) stained for ACHE. (B) Exposure of spinal cord cultures to MMC, 10 6 M for 48 h causes no 
significant change of ACh]E-content. (C, E) Rat spinal cord (C) and cerebellar cultures (E) (18 days in vitro) stained for SDH. (D, F) Marked 
decrease of SDH-activity in spinal neurones (D) and in Purkinje cells (i v) alter addition of MMC, 10 -6 M for 48 h. ]Bar: 20 bin. 
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show neurones  of a cu l tu re  of r a t  sp ina l  cord and  cere- 
b e l l u m  respect ive ly ,  c o n t a i n i n g  a h i g h  a m o u n t  of S D H  in 
t he i r  cell bodies  a nd  processes.  48 h a f te r  exposure  to  
MMC (10 -* M), t h e  e n z y m a t i c  a c t i v i t y  was m a r k e d l y  
reduced  (Figures 2 D a n d  F). I n  c o n t r a s t  to  th i s  r educ t i on  
of S D H - a c t i v i t y ,  i t  appea red  t h a t  t he  c o n t e n t  of A C h E  
in cu l tu red  neu rones  is una f fec ted  48 h a f te r  exposure  to  
MMC a t  a c o n c e n t r a t i o n  of 10 -e M.  F igure  2 B i l lus t ra tes  
an  example  of a group of A C h E - c o n t a i n i n g  neurones  of a 
sp ina l  cord  cu l tu re  wh ich  was i n c u b a t e d  w i t h  MMC 
(10-6 M for 48 h). A C h E - a c t i v i t y  was on ly  reduced  
a f te r  96 h of exposure ,  w h e n  ex tens ive  neu rona l  d a m a g e  
was observed.  

Our  h i s tochemica l  s tudies ,  wh ich  are cons i s t en t  w i t h  
b iochemica l  i nves t iga t ions  b y  YOSHI~O et  a l )  s and  
TUXlCLIFF a n d  W o o l )  ~6, revea led  t h a t  SDH,  a n  e n z y m e  
invo lved  in me tabo l i c  processes, is more  affected b y  MMC 
t h a n  ACHE. There  is a t  p r e s en t  no  e x p l a n a t i o n  for t he  
d i f fe ren t  effects of MMC on these  two  enzymes.  

Zusammen/assung. An N e r v e n g e w e b s k u l t u r e n  mensch-  
l icher  F o e t e n  u n d  neugeborene r  R a t t e n  w u r d e n  U n t e r -  
s u c h u n g e n  t iber  die tox i sche  W i r k u n g  v o n  Methy l -  
quecks i lber  (MMC) auf  Neu rone  u n d  Gliazel len im 
R t i c k e n m a r k  u n d  Cerebel lum durchgef t ihr t .  Die d u r c h  
MMC erzeugte  Degene ra t i on  zeigte eine deu t l i che  Ab-  
h~ng igke i t  yon  der  K o n z e n t r a t i o n  (10-6-10 -* M) sowie 
v o n d e r  Expos i t ionsze i t .  Die  h i s t ochemischen  Befunde  
zeigen, dass  MMC den  G e h a l t  yon  S u c c i n a t d e h y d r o g e n a s e  
s t a r k  v e r m i n d e r t ,  die Acetylchol inesterase-Aktivi t~Lt  
j edoch  k a u m  beeinf luss t .  

ELISABETH H6SLI a n d  L. HSSL~ 

Department o/Neurophysiology, 
Neurological Clinic of the University o[ Basel, 
Socinstrasse 55 CH-405I Basel (Switzerland), 
26 July 1974. 

Effect of Scorpion Venom from Tityus serrulatus (Tityustoxin)  on the 
Acetylcholine Release and Fine Structure of the Nerve Terminals  

The  f ind ing  t h a t  t he  v e n o m  of the  S o u t h  A m e r i c a n  
scorpion,  Tityus serrulatus, and  a p ro t e in  pur i f ied  f rom 
it, T i t y u s t o x i n  (TsTx),  is able  to  l ibe ra te  ace ty lcho l ine  
f rom several  o rgans  a n d  t issues  1-~, suggests  t h a t  T s T x  
m a y  be  a useful  e x p e r i m e n t a l  tool  to  s t u d y  m e c h a n i s m s  
of ace ty lcho l ine  release a n d  s torage.  

Th i s  r epo r t  descr ibes  effects of T s T x  on t he  l ong i t ud ina l  
s t r ip  of t he  guinea-p ig  i leum, a p r e p a r a t i o n  v e r y  su i t ab le  
for in  v i t ro  b iochemica l  s tud ies  because  of t he  r e l a t ive ly  
large p r o d u c t i o n  of ace ty lcho l ine  conf ined  exclus ively  to  
t h e  n e r v o u s  s t ruc tu re s  of t he  A u e r b a c h ' s  p lexus  5, and  on  
t he  mouse  d i a p h r a g m ,  wh ich  is wide ly  used in m orpho -  
logical s tud ies  of the  n e u r o m u s c u l a r  junc t ion .  I t  has  
been  found  t h a t  T s T x  increase  t he  o u t p u t  of acetyl -  
chol ine  f rom the  l ong i t ud i na l  s t r ips  of t he  s m o o t h  
muscle.  I n  t h e  n e u r o m u s c u l a r  j u n c t i o n  Of t h e  s t r i a t ed  
muscle,  T s T x  changes  t he  s t r u c t u r e  of t he  ne rve  te rmina ls ,  
m a i n l y  t he  p r e s y n a p t i c  vesicles a n d  mi tochondr i a .  

The  m e t h o d s  descr ibed  b y  PATOI~ and  ZAR 5 were used 
for t he  p r e p a r a t i o n  and  m o u n t i n g  of l ong i t ud i na l  muscle  
s t r ips  of gu inea-p ig  i l eum a n d  for t he  assay  of acetyl -  
choline.  E x t r a c t i o n  of ace ty lcho l ine  was car r ied  ou t  as 
descr ibed  p rev ious ly  4. Calc iumfree  med ia  were m a d e  b y  

o m i t t i n g  CaCI~ a n d  sod ium-def ic ien t  Krebs  so lu t ions  
were p r e p a r e d  b y  s u b s t i t u t i o n  of sod ium b y  equ imo la r  
so lu t ion  of sucrose. The  o u t p u t  of ace ty lcho l ine  was 
ca lcu la ted  in nmoles  of ace ty lcho l ine  base /g  wet  t i s sue /  
rain.  Tityus serrulatus v e n o m  (LDs0 i.p. rou te  62 ~g/20 g 
mice) was k i n d l y  suppl ied  b y  t he  I n s t i t u t o  13utantan.  
T s T x  was pur i f ied  b y  t he  m e t h o d  descr ibed  b y  GOMEZ 
a n d  DINIZ 6. This  m e t h o d  a l lowed p r e p a r a t i o n  of a ma te r i a l  
w h i c h  is h o m o g e n e o u s  to  p o l y a c r y l a m i d e  gel electro-  
phoresis ,  and  has  an  es t in la t ed  LDs0 of 1,6-2,7 vg/20 g 
mice. 
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Fig. 1. Effect of Titytlstoxin ou aeetylcholine (Aeh) output from 
eserinized longitudinal muscle strip of guinea-pig ileum. Initial rate 
of Aeh output in presence of normal Krebs solution, 0.23 :~: 0.03 
nmoles/g/min taken as 100%. TsTx added as iudicated in the text to 
reach a concentration of 12 ~.g/ml. Q--O, Aeh release of a strip 
exposed continuously to TsTx in normal Krebs solution; A--A, 
rate of Ach release in a strip treated with TsTx in a Na-free solution, 
sucrose substitution; El--[], output of Ach produced by TsTx in 
strips bathed in a Ca-free Krebs solution; m--R, TTx and TsTx 
added simultaneously to the normal bathing Krebs solution; 
O--�9 output of Aeh of control strips suspended in normal Krebs 
solution, in absence of TsTx. Output of control strips in Na- and Ca- 
free solutions or exposed to TTx in absence of TsTx are not shown as 
they did not differ significantly from the TsTx exposed strips in 
these conditions. Each point represents the acetylcholine output 
during the preceding period and was the mean of 2 experiments on the 
same aehedule. 


