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place  mos t  rap id ly  dur ing  the  ini t ial  phase of hea t  t r ea t -  
ment ,  the  kinetics of change are  ne i ther  l inear  nor  loga- 
r i thmic .  Af te r  prolonged t he rma l  stress, the  degree of  
g rowth  i m p a i r m e n t  tends  toward  equi l ibr ium levels. I t  
should be no ted  t h a t  the  induc t ion  of g rowth  inhibi t ion  
follows a t ime  course t h a t  is d i f ferent  f rom the  curve  of 
t he rma l  dea th  for t h e  cells concerned.  The  l a t t e r  exhibi ts  
an ini t ial  shoulder  wi th  l i t t le  or  no mor ta l i ty ,  followed by  
a logar i thmic  decline as p rev ious ly  noted.  These findings 
suggest  t h a t  m o r t a l i t y  and  g rowth  inhibi t ion m a y  s tem 
f rom separa te  effects  of t he rma l  stress. 

Relative growth of heat-treated cells as survivor colonies 

Clonal sublines of Colony diameters, mm 
heated cells 

First passage Fourth 
passage 

1 0.i1 3.70 4- 0.12 
2 0.11 4,00 4- 0.11 
3 0.09 2.86 -t- 0.11 
4 0.11 3.18 -4- 0.13 
5 0.07 4.37 -.b 0.18 
6 0.12 3.24 4- 0.10 
7 0.13 3.35 4- 0.11 
8 0.14 3.09 -4- 0.09 
9 0.13 3.05 -I- 0.08 

10 0.18 3.74 q-. 0.19 

Averages 0.12 q- 0.03 3.46 q- 0.14 

Unheated controls 3.02 ~ 0.09 3.78 4- 0.13 

P <: 0.001 :> 0.10 

D w a r f  colonies were subsequen t ly  s tudied  in serial  
passage,  to  see whe the r  reduced co lony  size a f te r  h e a t  
t r e a t m e n t  represents  a s table var ia t ion .  F o r  this  work, 10 
microcolonies were selected a t  12 days  f rom recovery  
cul tures  t h a t  had  been set  up wi th  cells exposed to 46 °C 
for  120 min.  The  d i ame te r  of each  co lony  was de te rmined  
wi th  an  ocular  micrometer ,  a f t e r  which t h e  co lony  was 
r emoved  wi th  t ryps in-versene  and the  suspension inocu- 
la ted  into a 3 oz. prescr ipt ion bot t le .  Clonal  sublines of 
cells ob ta ined  in th is  fashion were carr ied for 3 passages 
in  serial  subcul ture ,  and were then  p la ted  ou t  in pe t r i  
dishes. Af te r  incuba t ion  for 14 days,  the  average  co lony  
size was de te rmined  for each popula t ion ,  The  Table  gives 
the  results  of these de te rmina t ions .  I t  is clear  t h a t  no 
s ignif icant  difference in co lony  size can  be demons t r a t ed  
be tween  hea ted  and unhea ted  cells a f t e r  serial passage. 
Thus,  ' smal l  co lony  fo rmat ion '  a f ter  h e a t  t r e a t m e n t  
appears  to  represent  a non-genet ic  change,  in cont ras t  to 
t he  re la t ive ly  p e r m a n e n t  i m p a i r m e n t  t h a t  m a y  follow 
X-i r radia t ion .  The  cel lular  basis for g rowth  inhibi t ion  b y  
t he rma l  stress remains  to be  de te rmined  L 

Zusammen]assung. E r h 6 h t e r  T e m p e r a t u r  ausgese tz te  
Sehweinenieren-Zel len produzieren,  bei  37 °C kul t iv ie r t ,  
Mikrokolonien.  E ine  R e d u k t i o n  in der  W a c h s t u m s r a t e  ist  
p ropor t iona l  zur Daue r  und In tens i t~ t  der  H i t zebehand-  
lung und ver l ier t  sich im Laufe  der  wei te rn  Kul t iv ie rung .  
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F/rst and fourth passage cultures incubated 12 and 14 days at 37 °C 
respectively. Mean values and standard error based on measurements 
of 30 colonies for each series. 
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Studies on  the Neurosecretory Cells in the 
Cerebral Ganglion of Potamon magnum 

magnum (Pretzman) 

On the  neurosecre tory  sys tem of decapod crustaceans,  
a large n u m b e r  of morphologica l  observa t ions  have  been 
recorded z-s. These authors  h a v e  a t t e m p t e d  to classify 
t he  ±ypes of neurosecre to ry  cells on the  basis of  the  size 
of t he  cell, i ts  w a y  of  discharging the  p roduc t ;  t he  na tu re  
of t he  secre tory  granules  and the i r  posi t ion in the  ganglion. 
I t  is appa ren t  t h a t  work  along these  lines is needed,  
pa r t i cu la r ly  in v iew of the  fact  t h a t  cytological  differences 
in cell  t ypes  of ten  are  paral le l  w i th  differences in function.  
F u r t h e r  the  impor tance  of neurosecre tory  p roduc t s  in t he  
phys io logy  of m a n y  crustaceans  is appa ren t  f rom several  
recent  reviews 9-n. W i t h  this  end in view,  we h a v e  s tudied  
t h e  neurosecre tory  cells in t he  cerebral  gangl ion of 
Potamon magnum magnum (Pretzman) .  

The  neurosecre tory  groups of cells have  been ident i f ied 
by  using the  G6mt}ri technique.  Based  o n  the  shape, 
presence or  absence of vacuoles  in the  cy toplasm,  and  
the  na tu re  of secret ion,  t h e  neurosecre tory  cells m a y  be 
classified into 2 groups. One t y p e  of cell  is large (20-45 #) 

ova l  or  polygonal  wi th  large cen t ra l  nucleus and vacuo-  
la ted  cy top la sm (Figures 1 and 2). These cells are w i th  
or  w i thou t  axons, They  are ma in ly  found in the  anter ior ,  
ven t r a l  and la tera l  par t s  of the  dorsal  side of  t he  ganglion.  
There  are  few cells of this  t y p e  on the  ven t r a l  side of t h e  
ganglion. The  cy top la sm is basophilic,  w i th  a Nissl 
subs tance  in a zone around the  nucleus. The  nucleus has  
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Fig. 1. Horizontal section of' the cerebral ganglion of Potamon 
magnum magnum (Pretzman) showing large type of neurosecretory 
cells. N, nucleus; NL, nucleolus; NS; Nissl zone; S, secreroty droplet, 

GSmSri. 

Fig. 2. Horizontal section of the cerebral ganglion of Potamon 
magnum magnum (Pretzman) showing the association of the secre- 
tory droplets with the vacuoles in the peripheral region of the cyto- 
plasm of the neurosecretory cell. V, vacuole containing secretory 

droplet, GTmSri. 

a densely staining basophilic membrane and a markedly 
acidophilic nucleoplasm. The nucleolus is large, baso- 
philic and invariably found against the nuclear membrane. 
The size of the nucleolus is variable. I t  discharges some 
substance into the surrounding karyoplasm. The baso- 
philic, chromatiu-like granules in t he  nucleus are corre- 
lated with the nucleoli, for a large nucleolus is occasion- 
ally surrounded by the basophilic granules at the peri- 
phery. The nucleus does not  show any modification in 
shape during the secretory cycle as of the giant cells in 
the thoracic ganglion 1~. The neurosecretory granules 
usually occur in aggregates just  outside the Nissl zone 
and a t  the extreme periphery of the cell. A basophilic 
cytoplasmic substance is very frequently found in the 
region adjacent to the nuclear membrane;  it  is called 
basophilic cytoplasm or basophilic zone. The substance, 
as well as typical Nissl bodies, is stained with Chrome 
hematoxylin. I t  is probable, therefore, tha t  the basophilic 
substance may be identical with the  Nissl substance. I t  
is suggested tha t  the Nissl substance or basophilic cyto- 
plasm is directly or indirectly affected b y  the action of 
the nucleus and is gathered near the nuclear membrane 
in a certain stage of its activity. In early stages of 
secretion the cytoplasm is more dense and granular but  
in later stages it becomes finely vacuolar. I t  indicates 
tha t  the discharge of neurosecretory granules may take 
place, at  least in part,  at  the periphery of the cell body, 
since the fact t ha t  the vacuolar contents are involved is 
indicated by the close association of the neurosecretory 
granules with the peripheral vacuolation (Figure 2). The 
second type of cell (Figure 3) is relatively small (8-20 p) 
with little cytoplasm and large spherical nucleus. These 
cells have very fine axons. They are scattered among 
large cells in the anterior, lateral and posterior parts of 
the dorsal and ventral  sides ot the ganglion. Neurosecre- 
tory granules similar to those in the large cells are present 
in the cytoplasm and are particularly concentrated around 
the nucleus. These cells are not as act ive as the first type. 

Since the cytoplasmic inclusions found in these cells 
have some relation with the neurosecretory products, i t  
is, therefore, profitable to investigate the cytoplasmic 
inclusions by means of the cytological or cytochemical 
techniques in these cells. Work on these lines is in pro- 
gress 18. 

Zusammen/assung. Mit der GTm6ri-Technik ist es 
m6glich, zwei Typen neurosekretorischer Zellen im zere- 
bralen Ganglion yon Potamon magnum magnum (Pretz- 
man) nachzuweisen. Der eine Zetlentyp ist gross, oval 
oder vieleckig, besitzt vakuollsiertes Zytoplasma und 
einen grossen zen t ra len  Kern. Der Kernmembran anlie- 
gend befindet sich eine Zone basophiler zyt0plasmatischer 
Substanz (einige dieser: Zellen enthalten Axone). Der 
andere Zellentyp ist klein, besitzt nur wenig Zytoplasma, 
j edoch  ebenfalls einen grossen Kern. Diese Zellen lassen 
nur geringe neurosekretorische T/£tigkeit erkennen. Die 
Neurosekret-Granula wandern in das Perikary0n oder in 
die Axone ein. 

I;C. BALD, R. A. HAFIDH 
and SUHAYLA DABAGH 

Department o/Zoology, Fo~ulty o/Sciencei University 
o] Mosul, Mosul (Iraq), 13th November t966. 

{ 1 25p 

Fig. 3. Horizontal section of the cerebral ganglion of Po~¢~  
mag~m magnum (Pretzman) showing small neurosecretory cells. 

N, nucleus; S, neurosecretory droplets, GSm~ri. 
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