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The effect of sodium salicylate on the Ha-TdR incorporation in 
cultures with and without SRBC and on the number of direct and 
indirect PFCs. Mean suppression (%) =[= S.E.M. in 5 experiments 

Measured Day of culture 
parameter 

2 1 3 4 5 

HS-TdRSRBC 274- 2 544- 2 62+  2 6 7 ~  5 454-16 
--HS-TdR 104- 4 13± 7 264- 7 27=[= 5 --3:1:18 
DirectPFCs - - 3 4 + 7 6  794-13 9 3 +  3 95~: 2 8 6 +  7 
Indirect PFCs 6 +  8 14-17- -17 : t :37  56:~:10 60-4- 5 
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Fig. 2. The effect of sodium salicylate (SAL) on the number of 
direct (DIR) and indirect (INDIR) PFCs in cultures with SRBC. 

r a t e  of t h e  increase  was unaf fec ted .  In  c o n t r a s t  t h e  n u m -  
be r  of i nd i r ec t  P F C s  (IgG) was  m u c h  less a f fec ted  b y  so- 
d i u m  sa l icy la te .  A suppres s ive  ef fec t  was  f o u n d  on  t h e  
las t  2 d a y s  of t h e  cu l t u r e  per iod.  

The  T a b l e  s u m m a r i z e s  t he  effects  of sa l icyla te ,  expressed  
as  pe r  c e n t  suppress ion ,  on  t h e  in v i t r o  i m m u n e  response  to  
SRBC.  T h e  r e su l t s  i n d i c a t e  in  genera l  t h a t  s o d i u m  sal icy-  
la te  is a n  i n h i b i t o r  of t h e  in  v i t r o  a n a m n e s t i c  i m m u n e  res- 
ponse.  T h e  d r u g  suppres sed  t h e  n u m b e r  of d i r ec t  P F C s  > 
a n t i g e n - i n d u c e d  H S - T d R  i n c o r p o r a t i o n  > t h e  n u m b e r  of 
ind i rec t  P F C s  > b a c k g r o u n d  H a - T d R  inco rpo ra t i on .  Th i s  
ind ica tes  a c e r t a i n  s e l ec t i v i t y  in  i t s  ac t ion .  

P h y t o h e m a g g l u t i n i n - s t i m u l a t e d  l y m p h o c y t e s  p r e p a r i n g  
for mi tos is  show a n  inc reased  d e p e n d e n c y  on  m i t o c h o n -  
dr ia l  func t ion  9. The re fo re  t h e  a c t i o n  of t h e  sa l icy la te  m a y  
be  a r e su l t  of i t s  u n c o u p l i n g  ef fec t  On o x i d a t i v e  p h o s p h o r y l -  
a t i on  a n d  s u b s e q u e n t  i n h i b i t i o n  of t h e  e n e r g y - c o n s u m i n g  
processes  of p ro l i f e r a t ion  a n d  a n t i b o d y  syn thes i s .  In  
add i t ion ,  we h a b e  b e e n  u n a b l e  to  d e m o n s t r a t e  a d i r ec t  in- 
h i b i t i o n  of t h e  sec re t ion  of p r e f o r m e d  a n t i b o d y  f rom 
spleen cells i n c u b a t e d  for  u p  to  6 h w i t h  s o d i u m  sa l i cy la t e  
(ALM and  PACHMAN, u n p u b l i s h e d  results)z0. 

Zusammen/assung. N a - S a l i c y l a t  b e w i r k t  in  v i t r o  e ine  
H e m m u n g  der  sekund~iren I m m u n r e a k t i o n  yon  H i i h n -  
chenmi lzze l len  gegen S c h a f e r y t h r o z y t e n .  
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Nucleolar Alterations of Peripheral Nerve Cells 
aminoquinol ine  1-Oxide 

N e u r o n a l  in jur ies  h a v e  b e e n  n o t e d  to  occur  in  a n i m a l s  
fo l lowing a d m i n i s t r a t i o n  of ce r t a in  carc inogenic  or car-  
c inos ta t i c  agents .  McDONALD et  al. z h a v e  d e m o n s t r a t e d  
t h a t  b r a i n s  of mice  rece iv ing  a n  i n j ec t i on  of n i t r ogen  
m u s t a r d  e x h i b i t  n e u r o n a l  s h r i n k a g e  in t he  neocor tex ,  
p y r i f o r m  cor tex ,  h i p p o c a m p u s ,  ce rebe l lum a n d  m e d u l l a  
ob longa t a .  A d m i n i s t r a t i o n  of cycas in  to  y o u n g  mice  h a s  
been  r epo r t ed  to  i nduce  a tax iaZ  assoc ia ted  w i t h  necrosis  
of g r a n u l a r  cells of t he  ce rebe l lum 8. KOENIG e t  al. 4 h a v e  
s h o w n  nuc leo la r - cap  f o r m a t i o n  of t h e  a n t e r i o r  m o t o n e u -  
t o n e s  in  ca t s  g iven  a n  i n t r a p e r i t o n e a l  i n j ec t i on  of ac t ino -  
m y c i n  D. I n  t he  p r e s e n t  s tudy ,  we also found  t h a t  a n  i.v. 
i n j ec t i on  of 4 - h y d r o x y a m i n o q u i n o l i n e  1-oxide, a com- 
p o u n d  k n o w n  as a p o t e n t  carc inogen ,  p r o d u c e d  nuc teo la r  
segrega t ion  of t he  p e r i p h e r a l  ne rve  cells in  ra ts .  

Materials and methods. 40 m g  of 4 - h y d r o x y a m i n o q u i n o -  
l ine  1-oxide h y d r o c h l o r i d e  ( 4 H A Q O  × HC1) was d issolved 
in  1.0 m l  of 0.1 N HC1 a n d  d i l u t ed  to  a v o l u m e  of 20 ml  
w i t h  phys io log ica l  sal ine.  24 f ive-week-old  ma le  Sprague-  
D a w l e y  r a t s  were g iven  a n  i.v. i n j ec t ion  of t h i s  so lu t ion  
in to  t h e  t a i l v e i n  in a dose of 10 m g  of 4 H A Q O  ×HC1 p e r  
kg  b o d y  wt. ,  a n d  4 r a t s  e ach  were  t h e n  sacr i f iced 30 min,  

in Rats Following Administrat ion of 4 -Hydroxy-  

2, 6, 18, 48 a n d  72 h a f t e r  in jec t ion .  As t he  con t ro l  group,  
5 r a t s  were i.v. in jec ted  wi th  0.5 ml  of 0 . 0 0 5 N  HC1 a n d  
sacr i f iced a f t e r  6 h. These  a n i m a l s  were pe r fused  t h r o u g h  
t h e  a scend ing  a o r t a  w i t h  cacody la t e -bu f fe red  3 %  g l u t a r a l -  
d e h y d e  for  30 ra in  a t  a pressure  of 3 f t  w a t e r  u n d e r  N e m -  
b u t a l  anes thes ia .  Af te r  comple t i on  of t h e  per fus ion ,  t h e  
gangl ia  of L 4 a n d  L 6, a n d  t r i gemina l  gang l i a  were  excised.  
I n  some ra ts ,  t h e  coeliac ganglia ,  s u p r a c e r v i c a l  gang l i a  a n d  
t e r m i n a l  i l eum were also excised.  Tissue  samples  were 
f ixed  aga in  in  cacody la te -buf fe red  3 %  g l u t a r a l d e h y d e  for 
30 min ,  pos t - f ixed  in cacody la t e -bu f f e r ed  2 %  o s m i u m  
t e t r a o x i d e  for 45 min,  d e h y d r a t e d  t h r o u g h  a series ot al-  
cohol ic  concen t ra t ions ,  a n d  e m b e d d e d  in E p o n  812. Sec- 
t i ons  were  cu t  on  a n  L K B  u l t r a m i c r o t o m e ,  s t a i n e d  w i t h  
u r a n i u m  ace ta t e - l ead  c i t ra te ,  a n d  e x a m i n e d  w i th  a J E M  
6C e lec t ron  microscope.  

Results and discussion. I n  a g r e e m e n t  w i t h  t he  f i nd ings  
b y  severa l  a u t h o r s  5"s, n e u r o n a l  cells of t h e  sp ina l  a n d  t r i -  
gemina l  gang l ia  f rom cont ro l  r a t s  were s h o w n  to  possess  
large, i r r egu la ry  c o n t o u r e d  nucleol i  cons i s t ing  of granules ,  
f ibr i ls  a n d  a m o r p h o u s  ma te r i a l s .  T h e  g ranu le s  were  uni -  
fo rmly  d i s t r i b u t e d  c o n s t i t u t i n g  more  t h a n  ha l f  of t he  t o t a l  
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nucleolar  area,  whi le  the  fibri ls  were  closely packed  to  fo rm 
a th read- l ike  ne twork  (nucleolonema).  

Wi th in  30 min  af ter  in jec t ion  of 4HAQO, the  nucleoli  
were reduced  in size, exh ib i t ing  a s m o o t h  profile.  The 
nuc leo lonema had  d i sappeared ,  and  the  granules  were  
grea t ly  d imin ished .  Nucleolar  bodies  appea red  to  be com-  
posed of coalesced fibrils and  smal l  g ranular  aggregates .  

2Y~ 
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Fig. 1. A neuronal cell of the spinal ganglion from a control rat. The 
nueleous consists of granules, fibrils and amorphous materiaIs. The 
fibrils appear to be closely packed, forming a thread-like network. 
× 19,000. 
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Fig. 2. Nucleous of a spinal ganglionic cell from a rat 30 min after an 
injection of 4HAQO. The fibrillar and granular components appears 
to be segregated into dense plaques. × 20,000. 

Fig. 3. A neuronal cell of the trigeminal ganglion from a rat 6 h after 
an injection of 4HAQO. A small nuelolar remnant consisting of coa- 
lesced fibrils is seen. x 20,000. 

In  some cells, nucleoli  were  d i s rup t ed  in to  dense  fibri l lar  
c lumps.  These  a l t e ra t ions  occurred mos t  p r o m i n e n t l y  a t  
6 to 18 h and  las ted till  48 h. By  the  72nd h, nuc leo lonema 
had  r eappea red  in associat ion w i t h  an abundance  of gra- 
nules.  

S imi lar  nucleolar  a l t e ra t ions  were  also no ted  in the  neu- 
ronal  cells of the  coeliac ganglia,  supracerv ica l  ganglia  and  
Auerbach  p lexus  in the  t r e a t ed  rats .  In  cont ras t ,  neurona l  
cells of t he  cent ra l  nerve  inc luding  an te r ior  horn  cells of 
the  spinal  cord and  Pu rk in j e ' s  cells of t he  cerebel lum did  
no t  exh ib i t  a n y  nucleolar  lesion. This  m a y  imp ly  the  possi-  
b i l i ty  t h a t  4HAQO is incapable  of crossing the  blood-  
bra in  barrier .  

Nucleolar  a l te ra t ions  charac te r ized  by  d i s in tegra t ion  of 
nucleolonema,  and  segregat ion  of the  granular  and  fibri l lar  
c o m p o n e n t s  in to  s epa ra t e  zones are  known  to  occur  in a 
va r i e ty  of in v i t ro  and  in vivo cell s y s t ems  seconda ry  to  
the  ac t ion  of var ious  compounds ,  inc luding ac t i nomyc in  
DT, 4-ni t roquinol ine  1-oxideS.9, aflatoxin10 and  profla-  
v in  n.  These c o m p o u n d s  also possess  t he  biological  pro-  
perties12,13 of fo rming  complexes  w i th  D N A  in some 
fashion such  as nucleophi l ic  subs t i t u t i on  of t he  guan ine  
residues,  or in te rca la t ion  b e t w een  ad j acen t  base  pairs,  and  
of in ter fer ing  wi th  DNA-d i r ec t ed  R N A  synthes is .  In  vivo 
in te rac t ion  ot 4HAQO wi th  D N A  has  been  d e m o n s t r a t e d  
by  means  of f luorescence spec t roscopy  14 In  a recen t  s t u d y  
using Ehr l i ch  cancer  cells t r e a t e d  wi th  Cl*-labelled 4-ni t ro-  
quinol ine  1-oxide, a metabo l ic  p recursor  of 4HAQO, i t  was  
shown t h a t  a lmos t  all  of the  quinol ine  c o m p o u n d  associa- 
ted  wi th  D N A  was bound  to the  pur ine  bases15. ONo et  
al. le have  repor ted  t h a t  4HAQO inac t iva tes  the  t rans -  
fo rming  ac t iv i ty  of Bacillus subtilis DNA. In  considera-  
t ion  of these  b iochemica l  da ta ,  t he  p re sen t  f indings  sug- 
gest  t h a t  4HAQO can in te rac t  in vivo wi th  t he  nuclear  
D N A  of the  per iphera l  nerve  cells in rats.  

Zusammen/assung. Durch  i.v. In j ek t ion  der  besonders  
carc inogenen  Subs t anz  4 - H y d r o x y a m i n o c h i n o l i n  1-Oxid 
k a m  es bei  R a t t e n  zu nukleolAren Ver / inderungen  der  
pe r iphe ren  Nervenze i len .  
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