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Nucleolar Changes in Non-Growing and Growing 

Varia t ions  in nucleolar  morphology,  especially t he  for- 
ma t ion  of h ighly  refract i le  nueleolar  inclusions, are early 
cytological  indicat ions  of g rowth  of exp lan t s  f rom ma t u re  
lemon frui ts  on a mineral -sucrose  med ium 1, 2. This repor t  
describes changes  in nucleolar  morpho logy  associated wi th  
non-growing and  growing lemon frui t  explants .  

Vesicle stalks excised asept ical ly  f rom ma tu re  lemon 
frui ts  (Citrus limon (L.)) were inocula ted  onto  disti l led 
wa te r  and basal  nu t r i en t  med ium 3. Para f f in  sect ions of 
24- to  72-hour-old exp lan t s  f ixed in R a n d o l p h ' s  C R A F  
solut ion 4 were m o u n t e d  uns ta ined  af ter  dewaxing.  Fresh ly  
excised t issue p repa red  in the  same m a n n e r  served as 
controls.  Pho tomic rog raphs  were made  wi th  posi t ive  
phase -con t ra s t  microscopy.  

Control  t issue nucleoli  were p r e d o m i n a n t l y  spherical  
un i fo rm-appear ing  organelles app rox ima te ly  1 ~x in dia- 
me te r  (Figure 1). Wi th in  24 h enlarged un i fo rm-appear ing  
nucleoli  (1.5-2 V diameter)  became  ev iden t  in explan ts  
on disti l led wa te r  and the i r  n u m b e r  increased marked ly  
af ter  48-72 h (Figure 2). Some enlarged nucleoli  af ter  
48-72 h showed regions wi th  differing l ight  t ransmiss ion  
proper t ies  s imilar  to the  Figures 3, 4a and  4e. There  was 
no evidence of refracti le  nucleolar  inclusions in the  disti l led 
wa te r  exp lan t s  wi th in  the  72 h period. 

Nucleolar  behav iour  in t issue on basal  mediunl  was 
similar  to dist i l led wa te r  explan ts  in t h a t  there  were 
enlarged uniform-looking nucleoli as well as nucleoli  wi th  
regions differing in l ight  t r ansmiss ion  proper t ies  wi th  
d iamete r s  2-2.5 ~z and at  t imes  3-4 ~z (Figures 3, 4a, 4e). 
In  addit ion,  m a n y  nucleoli  con ta ined  highly  refracti le  
inclusions which var ied in size and n u m b e r  (Figures 4b-e) 

Lemon Fruit Explants (Citrus limon L.) 

and which  showed opt ical  proper t ies  descr ibed pre-  
viously s,6. In  t issue which  did no t  show signs of g rowth  
(e.g., s t a rch  fo rma t ion  3,3) (Figure 4d) nucleolar  behav iour  
was like t h a t  in dist i l led wa te r  explants ,  name ly  enlarge- 
m e n t  w i t h o u t  fo rma t ion  of refract i le  inclusions. The 
magn i tude  of nucleolar  en la rgemen t  in growing and  non-  
growing exp lan t s  on basal  med i u m was s o m e w h a t  grea te r  
t h a n  in non-growing  exp lan t s  on disti l led wa te r  wi th in  
the  same given period.  Poss ib ly  qual i ta t ive  and /o r  quan-  
t i t a t ive  avai labi l i ty  of nu t r i en t  mater ia ls  requi red  for 
th is  p h e n o m e n o n  to  occur m a y  have  been responsible  for 
this  difference for in exp lan t s  on dist i l led w a t e r  mate r ia l  
r equ i rements  were soleIy endogenous  in origin. 

As spheroids  the re  was a p ronounced  increase in 
nucleolar  volume in enlarged nueleoli  of exp lan t s  on 
disti l led wa te r  and basal  med i u m when compared  wi th  
the  nucleolar  volume of t he  contro l  t issue. The absence  
of a nucleolar  m e m b r a n e  7 poin ts  away  f rom nucleolar  
en la rgement  being an osmot ic  p h e n o m e n o n  and evidence  
has shown a re la t ionship  be tween  increase in nucleolar  
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Fig. 1. Nucleus {N) and nucleolus (n) of control tissue. • 1250. 

Fig. 2. Nuclei and enlarged mmleoli of explant on distilled water 
Ior 48 h. One binucleolate nucleus is visible. • 1250. 

Fig. 3. Nuclei and enlarged nueleoli of explant on basal medium 
for 48 h. The topmost nucleolus shows regions with differing light 
transnfission properties, • 1250. 
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volume and  syn the t i c  act ivi t ies  in cells s-l~ By wi th-  
h o l d i n g  nu t r i en t s  it  has  been  possible to  separa te  nu- 
cleolar enlargement ,  an ac t iv i ty  associated wi th  non-  
growing and  growing lemon frui t  explants ,  f rom the  
fo rmat ion  of refract i le  nucleolar  inclusions, an ac t iv i ty  
associa ted wi th  growing tissue. Cytochemical  and  cyto-  
morphologica l  inves t iga t ions  of these 2 nucleolar  phe-  
n o men a  are under  w a y  l~,13. 

Rdsumd. L ' e x p a n s i o n  des nucl6oles et  la fo rma t ion  de 
corps r6fractaires  nucMolaires sont  deux 6tapes dans  l 'ac- 
t ivi t6 cytologique  observ6e dans  la croissance de t issus 
de c i t ron in vitro.  E n  p r i v an t  les t issus de subs tances  
nut r i t ives ,  on a r6ussi ~ s~parer ces deux  6tapes. 
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Fig. 4. Nuclei and enlarged nucleoli of 60-hour-old explants on 
basal medium. • 1250. (a) Nucleolus with regions of differing light 
transnfission properties. (b, e) Nucleoli each with highly refractile 
inclusions. (d) Nucleolus with a single large refractile inclusion 
occupying the majority of the nueleolus (Compare with Figure 15 
of refereneen). Note the starch granules (S) adjacent to the nucleus. 
(e) 2 nucleoli with the upper one showing regions with differing light 
transmission properties; lower nueleolus contains numerous highly 
refractile inclusions. Overlapping and juxtaposition of one inclusion 
with another obscures their individuality (see reference 5)~. 

P. A. LOWARY and C. J. AVERS, Am. J. Bot. 52, 199 (1965). 
M. BIRNSTIEL, A. Rev. Plant Physiol. 78, 25 (1967). 
A. NOUGARI~DE, Intern. Rev. Cytol. 27, 203 (1967). 
R. HERICH, Nucleus 7, 59 (1964). 
It should be pointed out that in the unstained material the 
contrast between the refractile nucleolar inclusions and the nucleus 
is so high that the background invariably becomes dark as the 
refractile inclusions are brought out during printing. 
Addendum. (a) Dehydration and paraffin infiltration here and 
in previous investigations were done with isopropanol. (b) Occa- 
sionally stalks from some lemons showed 1-2% nucleoli with 
refractile inclusions after 48-96 h on distilled water. Physiological 
age differences between the fruits used, especially with respect to 
available endogenous nutrients, could account for the infrequent 
occurrence of this nueleolar morphology on distilled water. Another 
possibility is contamination of the stalks with nutrients from the 
sac juice during excision from the fruit. 

C h e m i c a l  S y m p a t h e c t o m y :  H i s t o c h e m i c a l  and S u b m i c r o s c o p i c a l  C o n s e q u e n c e s  of 6 - H y d r o x y -  

D o p a m i n e  T r e a t m e n t  in the  Rat  Iris  

TRANZER and  THOENEN 1 recent ly  repor ted  t h a t  sys temic  
admin i s t r a t i on  of 6 - H y d r o x y d o p a m i n e  (6-HODA~ resul ts  
in a degenera t ion  of postgangl ionic  au tonomic  nerve  
fibers in the  cat. In  th is  p resen t  s tudy,  the  effects of th is  
drug  upon  ca techolamine  f luorescence and electron mi- 
croscopic s t ruc tu re  of pos tgangl ionic  adrenergic  fibers in 
the ra t  iris will be repor ted ,  as compared  wi th  the  al tera-  
t ions  seen af ter  a surgical r emova l  of t he  superior  cervical  
s y m p a t h e t i c  ganglion. 

Inves t iga t ions  were carried out  on male albino rats. 
The animals  were in jec ted  4 t imes  wi th  20 mg tkg 6 -HODA 
wi th  12 h in tervals  and  sacrificed 24. 48 and 72 h af ter  
the  first  injection.  Both  irides were dissected e i ther  in 
physiological  saline (for f luorescence mlcroscopy) or in 
K a r n o v s k y ' s  a ldehyde  f ixa t ive  (for e lectron microscopy).  
P inea l  gland and vas deferens  was excised for e lectron 
microscopy  only. The s t anda rd  fo rma ldehyde-condensa -  
t ion  t echn ique  of FALCK was used to  locate catechola-  
mines~,~: the  usual  e lectron microscopic embedd ing  and 
sect ioning procedures  were employed  for u l t r a s t ruc tu ra l  
s tudies,  using a Re iche r t  U l t r a t o m e  wi th  glass knifes, 
Reyno ld ' s  lead c i t ra te  s ta in ing  and a Tesla 242 D tab le  
e lectron microscope.  

Twen ty - fou r  hours  af ter  the  first  injection,  no changes  
in the  per iphera l  au tonomic  innerva t ion  appa ra tus  could 
be observed e i ther  by  means  of f luorescence microscopy 
or wi th  electron microscopy.  48 h af ter  the  first  inject ion,  
the  te rmina l  b ranches  of the  adrenergic  plexus exhib i ted  
signs ot deplet ion,  ye t  no character is t ics  ot degenera t ion  
could be seen. 72 h af ter  the  first  injection,  however ,  
f luorescence of the  t e rmina l  a rbor iza t ion  of the  adrenergic  
neurons  comple te ly  ceased, and  only  large (pre-terminal)  
b ranches  of the  adrenergic  axons  exer ted  fluorescence, 
tha t ,  however,  appeared  to be comple te ly  normal.  At  the  
same t ime,  well-defined degenera t ive  signs became  
a p p a r e n t  in t he  te rmina l  adrenergic  axons,  character ized  
by  the appearance  of large vacuoles and  in a comple te  
d i sappearance  of axoplasmic  mater ia l  f rom the  a x ) l e m m a l  
sheath .  This  k ind of 'osmiophobic '  degenera t ion  p a t t e r n  
is charac ter i s t ic  for the  postgangl ionic  adrenergic  fibers 
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