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Von  al len k r i s t a l l a r t igen  Einschl i i ssen,  die ich in der  
L i t e r a t u r  abgeb i lde t  f inde,  /~hnelt die S t r u k t u r  noch  a m  
ehestei1 d e m  E x t e r l l u m  der  Einschlt isse,  die LANGE u n d  
y o n  BREHM 2 in Ep i the lze l l en  der  G l a n d u l a  p a r a t h y r e o i d e a  
voI1 Ranc~ temporaria abgeb i lde t  u n d  besch r i eben  h a b e n .  
D o r t  is t  die PeriodizitS.t  a l lerdings  i lur  70 A. Die A u t o r e n  
h a b e n  in der  N a c h b a r s c h a f t  des k r i s ta l lo iden  Einschlusses  
ebenfal ls  eine f ibri l l~re S t r u k t u r  ge funden  u n d  folgern, 
dass  die be iden  S t r u k t u r e n  in i rgende iner  Bez iehung  zu- 
e inande r  s tehen .  

F i l a m e n t 6 s e  bez iehungsweise  t ubu l6se  ges t reck te  Biin-  
del Jm K a r y o p l a s m a  s ind in den  l e t z t en  J a h r e n  m e h r f a c h  

besch r i eben  worden.  Man  h a t  sic in  Nervenze l l en  a-5 in der  
A d e n 0 h y p o p h y s e  u n d  im N e b e n h o d e n e p i t h e l  6, in  Oozy- 
t e n  7 sowie in den /%Zel len  y o n  Pan k rea s i n s e l n  s gefunden .  
Ft i r  alle diese F u n d o r t e  is t  es cha rak te r i s t i s ch ,  dass  sie 
n u t  bei  b e s t i m m t e n  A r t e n  v o r k o m m e n ,  bei  n a h e  ver-  
w a n d t e n  F o r m e n  aber  fehlen.  Aus den  b i sher igen  Befun-  
den  e rgeben  sich ke ine  Anze ichen  eines d e g e n e r a t i v e n  
Geschehens .  Die u n s y s t e m a t i s c h e  S t r e u n n g  der  F u n d o r t e  
solcher  S t r u k t u r e n  1/isst die A n n a h m e  zu, dass  diese 
S t r u k t u r e n  Zeichen  e iner  A n d e r u n g  des Kerns to f fwech-  
sels sind, die zu ke iner  spezi f ischen Le i s tung  der  e inze lnen  
Ze l la r t en  in Bez iehung  s tehen .  

Da  die h ie r  b e s c h r i e b e n e n  k r i s t a l lo iden  Einschl t isse  m i t  
den  f i l amen t6sen  Bi inde ln  z u s a m m e n  v o r k o m m e n ,  l iegt  
die V e r m u t u n g  nahe ,  dass  a u c h  sie der  A u s d r u c k  yon  be- 
sonderen  Vorggmgen im Kerns to f fwechse l  sind. 

Summary. I n  t h e  c a r y o p l a s m  of t h e  ear ly  s p e r m a t i d s  of 
a Diplopode,  t he re  is a c rys ta l lo id  inc lus ion  wh ich  is 
a cco mp an i ed  b y  a l inear  b u n d l e  of f i laments .  

E .  I-IORSTMANN 

A natomisches Imt i tu t  der U~ziversitiit Hamburg, 
Univ.-Krankenhaus Eppendor/, 
D-2000 Hamburg ( Bundesrepublik Deutschland), 
lB. Februar 1970. 

(a) Langgestreckter Einschluss im Karyoplasma einer Spermatide, 
1,1 tangential getroffene Kernmembran, darunter Mitochondrien. 
(b) Gedrullgener Einschluss, darunter filamenttSse Struktur, 1 Kern- 
membran. Fix.: Glutaraldehyd, OsO4; Kontrastierung mit Blei- 
hydroxyd. VergrSsserung 40 000faeh. 
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The  Effects  of N o n - T h e r m a l  Radio  F r e q u e n c y  Rad ia t ion  on H u m a n  L y m p h o c y t e s  in v i tro  

The  effects of radio  waves  on  biological  m a t e r i a l  h a v e  
been  r epo r t ed  to be of b o t h  a t h e r m a l  1-3 and  a non-  
t h e r m a l  4-~ na tu re .  The  i n v e s t i g a t i o n  of n o n - t h e r m a l  
effects has  rece ived  re l a t ive ly  l i t t le  e n t h u s i a s m  since 
resul t s  h a v e  of ten  been  m a s k e d  b y  t h e r m a l  effects. 
Never the less ,  c h r o m o s o m a l  a b e r r a t i o n s  7, decreased enzy-  
m a t i c  a c t i v i t y  s, and  a l t e r a t i on  of po l a r i t y  ( 'pear l  cha in '  
p h e n o m e n o n )  9 h a v e  r epo r t ed ly  been  induced  in lower life 
fo rms  b y  radio  wave  rad ia t ion .  The  h e a t i n g  of an  o rgan-  
ism b y  means  of radio  waves  (d ia the rmy)  is t he  r e su l t  of 
a cond i t ion  k n o w n  as a ' lossy dielectr ic '  10. I n v e s t i g a t i o n  
of n o n - t h e r m a l  effects of radio  r a d i a t i o n  on  m a m m a l i a n  
o rgan i sms  ha s  b e e n  lacking,  p r e s u m a b l y  because  of th i s  
condi t ion .  Tissue  cul ture ,  however ,  p rov ides  a s y s t e m  
w h e r e b y  h e a t i n g  is avo ided  or m in imized  due  to t h e  
s ingu la r  n a t u r e  of the  cell t y p e  ut i l ized.  I n  addi t ion ,  t h e  
h u m a n  l y m p h o c y t e  cu l tu re  t e c h n i q u e  p rov ides  a h i g h  
degree of s t a n d a r d i z a t i o n  and  reproduc ib i l i ty .  I t  was 
t h u s  fel t  t h a t  th i s  t e c h n i q u e  would  al low for a s ses smen t  
of on ly  t he  n o n - t h e r m a l  effects of radio  r a d i a t i o n  on 
h u m a n  cells ill v i t ro .  

Materials and methods. Per iphe ra l  b lood  l y m p h o c y t e s  
f rom 18 ind iv idua l s  (nlale a n d  female  of n o r m a l  ka ryo-  
type)  were cu l tu red  w i t h  p h y t o h e m a g g l u t i n i n  accord ing  

to  a modi f i ca t ion  of t h e  t e c h n i q u e  of MOORHEAD et  al. 11. 
3 cu l tu res  were e s t ab l i shed  in each  e x p e r i m e n t  an d  design- 
a t ed  cont ro l  1 (C1), con t ro l  2 (C2) an d  e x p e r i m e n t a l  (E). 
C 1 was p laced  unsh i e lded  in t h e  incuba to r ,  C~ was p laced  
w i t h i n  a g rounded  shield ( F a r a d a y  Shield) in t h e  incu-  
b a t o r  an d  E was p laced  w i t h i n  a t u n e d  coil ( induc t ive  
r a d i a t i o n  source) wh ich  was housed  w i t h i n  a n o t h e r  
F a r a d a y  Shield in  t h e  i ncuba to r .  All cu l tures  were 
i n c u b a t e d  a t  37 ~ T h e  t e m p e r a t u r e  of t h e  cu l tu re  m e d i a  
was m o n i t o r e d  manua l ly .  

Percentages of hypotonic spreads from control and experimental 
cultures which demonstrated broken chromosomes 

Percentage of spreads showing 
Broken chromosomes 

Control 0.6% Experimental 4.0% 
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The t u n e d  coil was connec ted  to a S tancor  model  
ST-205A mobi l  radio phone  (S tandard  Trans fo rmer  Co.). 
Tile t r ansmi t t e r ,  which  did no t  possess an opera t ive  
modu la to r  section, was  crys ta l  control led wi th  a fre- 
quency  of 27.120 MHz =L 1 kHz.  The power  o u t p u t  was 
18 W to the  final ampl i f ier  wi th  an e s t ima ted  effect ive 
r ad ia t ing  power  (ERP)  of 10 W. 

The cul tures  f rom each e x p e r i m e n t  were ha rves t ed  in 
groups as smears  and  hypo ton ic  spread  p repa ra t ions  1~ a t  
given in terva ls  f rom 1-84 h. 1 h pr ior  to  harves t ,  each 
cul ture  received 0.1 [xg/ml of colchicine (Eli Lilly Co.) 
and 1.0 ~zc/ml of H3- thymidine  (specific ac t iv i ty  6.7 c / m M ,  
New Eng land  Nuclear  Corp.). Rad ioau tog raphs  were 
ana lyzed  for D N A  syn the t i c  index  (percentage of labeled 
cells). The non- rad ioau tograph ic  p repa ra t ions  were 
assessed for g rowth  (percentage of enlarged cells), mi to t i c  
index  (percentage of cells in mitosis)  and  for ch romosomal  
aberra t ions .  

Fig. 1. Hypotonie spread of a human lymphocyte from a control 
culture which shows normal chromosome morphology. • 1150. 

Results. No subs tan t i a l  differences were no ted  be tween  
the  various cul tures of each expe r imen t  wi th  regard to 
D N A  syn the t i c  index,  growth,  and mi to t ic  index.  How-  
ever, analysis  of ch romosome  morpho logy  per fo rmed  on 
hypo ton ic  spreads  f rom 72 h cultures,  revealed a lmos t  
7 t imes  more  spreads  wi th  broken  chromosomes  in the  
exper imenta l  cul tures  than  in t he  control  cul tures (Table). 
The 2 control  cul tures were s u m m e d  and  the  percen tages  
of b roken  chromosomes  were  co mp a red  to  t he  exper i -  
men t a l  cultures,  based  on 300 counts  per  group. Spreads  
which  con ta ined  a t  least  42 chromosomes  were used for 
analysis.  A normal  ch romosome  spread  is shown in 
Figure  1 and a spread  f rom an expe r imen ta l  cul ture  
showing a b roken  ch romosome  in Figure  2. 

Numerous  readings  of the  t e m p e r a t u r e  of the  experi-  
men ta l  cul tures  revealed var ia t ions  of less t h a n  1 ~ f rom 
the  contro l  cultures.  This  was t a k e n  as evidence  t h a t  the  
radio waves  were no t  p roduc ing  t h e r m a l  effects which  
could a l ter  t he  results .  

Discussion. Non- the rma l  radio rad ia t ion  of h u m a n  
lymphocy te s  in vi t ro  d e m o n s t r a t e d  no s ignif icant  dif- 
ference in growth,  I )NA synthes is  or mitosis  be tween  
rad ia ted  and  contro l  cultures.  The d a t a  ob ta ined  for 
these  3 aspects  of h u m a n  l y m p h o c y t e  response  in cul ture  
agree well w i th  those  of o ther  inves t iga tors  14-17. On the  
o the r  hand,  cul tures  r ad ia ted  con t inuous ly  for 7 2 h  
d e m o n s t r a t e d  a lmos t  7 t imes  more  ch romosome  breaks  
t h a n  did control  cultures.  Chromosomal  aber ra t ions  
(bridges) have  also been observed in garlic mer i s t ema t i c  
root  cells as well as increased m u t a t i o n  ra tes  in Droso- 
phila melanogaster 7 when  subjec ted  to  radio waves  of 
similar  f requency  to those  employed  in the  p resen t  
invest igat ion.  Tile po ten t i a l  danger  of radio waves  has 
been inferred p rov ided  a suff ic ient ly  high field in t ens i ty  
is p resen t  is, 19. 

I t  is in te res t ing  to note  in the  p re sen t  s t u d y  t h a t  
chromosomal  breaks  occurred w i t h o u t  a p p a r e n t l y  affect-  
ing D N A  synthesis .  However ,  t he  t echn iques  employed  
to measure  DNA synthes is  were no t  designed to de tec t  
small  differences in t he  in t ens i ty  of t he  label which  
m i g h t  occur if a single ch romosome  was  affected.  Simi- 
larly, i t  m igh t  be diff icul t  to  quan t i t a t i ve ly  compare  the  

Fig. 2. Hypotonic spread of a human lymphocyte from an experi- 
mental culture which shows a broken chromosome indicated by the 
arrow. • 1150. 
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obse rved  c h r o m o s o m a l  abe r r a t i ons  w i t h  s l igh t  v a r i a t i o n s  
in  m i t o t i c  index  or cel lular  en l a rgemen t .  Never the less ,  
accord ing  to  t he  des igna ted  p a r a m e t e r s  of th i s  inves t iga -  
t ion,  rad io  waves  a t  27.120 MHz  a n d  1 0 W  of power  
(ERP)  a p p a r e n t l y  cause  a n  increased  inc idence  of chro-  
mosomal  b reaks  c o m p a r e d  to cont ro ls  w i t h o u t  signifi-  
c a n t l y  a l t e r ing  cel lular  response  in cul ture .  2~ 

zwischen b e s t r a h l t e n  u n d  u n b e s t r a h l t e n  K u l t u r e n  k a m  
es zu A b e r r a t i o n e n .  
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Zusammen/assung. H y p o t o n i s c h e  S t r euungen ,  die in  
r a d i o b e s t r a h l t e n  K u l t n r e n  mensch l i che r  L y m p h o z y t e n  
C h r o m o s o m e n a b e r r a t i o n e n  e rkenl len  liessen, t r a t e n  dor t  
s i ebenma l  h/ iufiger auf  als in  u n b e s t r a h l t e n  K u l t u r e n ;  
o f fenbar  das  E rgebn i s  e iner  w~rmef re ien  Bes t r ah lung .  
T r o t z  des Feh lens  b e d e u t e n d e r  U n t e r s c h i e d e  in der  DNA-  
Synthese ,  der  Zel lvergr6sserung u n d  im m i t o t i s c h e n  I n d e x  

2o This investigation was supported by the United States Depart- 
ment of Health, Education, and Welfare National Defense Educa- 
tion Fellowship No. 66-7808. 

21 Present address: Department of Biology, Bemidji State College, 
Bemidji (Minnesota, USA). 

~ Present address: Department of Anatomy, University of Arizona, 
College of Medicine, Tucson (Arizona, USA). 

Highly Purified Noradrenaline Storage Vesicles from Bovine Splenic Nerve Trunk: Preliminary 
Electron Microscopy 

An i m p r o v e d  m e t h o d  for t he  pu r i f i ca t ion  of n o r a d r e n -  
a l ine  (NA) s torage  vesicles f rom b o v i n e  splenic  n e r v e  
t r u n k  was r ecen t ly  descr ibed  1. Sucrose -heavy  w a t e r  
dens i t y  g rad ien t s  are used to t a k e  a d v a n t a g e  of a dif-  
fe ren t ia l  increase  in N A  vesicle dens i t y  re la t ive  to t h a t  
of mic rosoma l  c o n t a m i n a n t s .  The  ave rage  c o n c e n t r a t i o n  
of s e d i m e n t a b l e  N A  in t he  p u r e s t  g r a d i e n t  f rac t ion,  
r ep r e sen t i ng  1/a of the  t o t a l  s e d i m e n t a b l e  N A  in t h e  
or ig ina l  n e r v e  t r u n k ,  is a b o u t  3.5 ~g /mg pro te in .  T h i s  
is a 4-7  fold i m p r o v e m e n t  in  pur i f i ca t ion  over  va lues  
p rev ious ly  r epo r t ed  in t he  l i t e r a tu re  ~-6. 

F r o m  q u a n t i t a t i v e  ana lyses  of m a r k e r  enzymes  to 
e s t ima te  c o n t a m i n a t i o n  b y  o the r  subce l lu la r  c o m p o n e n t s  
re la t ive  to  N A  con ten t ,  i t  could be  ca lcu la ted  t h a t  in  t h e  
p u r e s t  f r ac t ion  a m i n i m u m  of 20% of t h e  t o t a l  s ed imen t -  
able  p ro t e in  is associa ted  w i t h  t he  N A  s torage  vesicles. 
Th i s  i m p r o v e m e n t  in  vesicle p u r i t y  e n h a n c e d  t h e  chances  
for m e a n i n g f u l  e lec t ron  microscopic  e x a m i n a t i o n  of t h e  
f rac t ion.  

Materials and methods. F r a c t i o n  F I I I  of pur i f ied  N A  
s torage  vesicles f rom b o v i n e  splenic ne rve  t r u n k  was  
p r epa red  as p rev ious ly  descr ibed  1. Al iquo t s  were d i lu ted  
to i so ton ic i ty  in  0.25 M sucrose c o n t a i n i n g  20 m M  potas -  
s ium p h o s p h a t e  buffer  a t  p H  7.2-7.4.  Samples  were 
i n c u b a t e d  for 15 ra in  a t  37~ in a m e d i u m  c o n t a i n i n g  
0.5 tzg/ml L-NA, 3 m M  MgC12 a n d  3 m M  tris4-ATP 
(adenosine  t r i phospha t e ) .  Th i s  m e d i u m  is k n o w n  to 
p r e v e n t  loss of N A  f rom isola ted vesicles a n d  also to 
p r o m o t e  u p t a k e  of N A  in to  p a r t i a l l y  dep le ted  vesicles ~. 
The  i n c u b a t e d  samples  were chi l led i m m e d i a t e l y  to  0-4  ~ 
and  layered  over  a n  equa l  v o l u m e  of 6~o g l u t a r a l d e h y d e  
c o n t a i n i n g  0 . 1 5 4 M  p o t a s s i u m  p h o s p h a t e  buf fe r  a t  p H  7.2 
to 7.4. The  suspens ion  was t h e n  cen t r i fuged  a t  226,000 
gmax-30 ra in  ill a re f r igera ted  B e c k m a n  U l t r acen t r i f u g e  
L2-65B. Thus ,  t h e  vesicles are f ixed in  suspens ion  whi le  
be ing  s e d i m e n t e d  in to  a pellet .  The  pel le ts  were pos t -  
f ixed for 90 ra in  in 2% OsO 4 c o n t a i n i n g  t h e  same buffer .  
Grey  to  s i lver -grey  sect ions  were cu t  t h r o u g h  t he  en t i r e  
pel le t  f rom ' top  to  b o t t o m ,  b o t h  ve r t i ca l ly  a n d  para l le l  
to  t he  surface,  wi th  a d i a m o n d  knife  on  a n  L K B  Ul t ro -  
tome.  The  pel le ts  were t h i n  enough  to  a l low t h e  en t i re  
d e p t h  to  be  e x a m i n e d  in a single sect ion.  Sect ions  were 
s t a ined  for 15 m i n  in 4~o u r a n y l  a ce t a t e  a n d  5-10 sec 
in lead c i t ra te .  Micrographs  were t a k e n  w i t h  a Zeiss 
EM9A.  

Results and discussion. W h e n  t h e  vesicle f r ac t ion  is 
f ixed w i t h  g l u t a r a l d e h y d e  (or OsO4) in suspens ion  d u r i n g  
cen t r i fuga t ion ,  t h e  resu l t  is super ior  t o - f i x a t i o n  of t he  
pe l le t  a f t e r  s ed imen ta t i on ,  p a r t i cu l a r l y  in  t e r m s  of vesicle 
d i s t r i b u t i o n  in  t h e  pellet .  I n  addi t ion ,  i n c u b a t i o n  of t he  
vesicle suspens ion  w i t h  Mg++ an d  A T P  before  f i xa t i on  
yie lds  a more  h o mo g en eo u s  a p p e a r i n g  p o p u l a t i o n  of 
vesicles. 

A layer  of essent ia l ly  pure  vesicles a c c o u n t i n g  for a b o u t  
25~o of the total pellet depth occurs at the upper surface 

Fig. 1. Purified NA storage vesicles from fraction FIII of sucrose- 
heavy water density gradient. Thin arrows indicate 200 A intra- 
vesicular granules; thick arrows indicate clusters of these granules 
giving the appearance of a dense 'core'. • 


