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a : 2 ' , l ' - c ] p y r a z i n i u m  d ib romide  (I/, wh ich  crys ta l l ized  
f rom aqueous  e thano l  as ye l low-green needles  of t he  
m o n o h y d r a t e ,  m p  290 ~ (dec.) ( Found :  C, 46.4; H, 3.7; N, 
9.4; C17H15Br~Na.H20 requi res  C, 46.5; H, 3.9; N, 9.6%).  
The  N M R - s p e c t r u m  in D20  cons is ted  of a s ingle t  a t  
d = 5.3 a n d  a comp l ex  m u l t i p l e t  in  t h e  r a n g e  d = 7 .7-  
9.3 p p m  w i t h  a n  a rea  r a t io  of 4 :11.  T h e  U V - s p e c t r u m  
showed m a x i m a  a t  A 275 (log e 3.80) a n d  326 n m  (4.32). 

A n  aqueous  so lu t ion  of (I) on  t r e a t m e n t  w i t h  zinc dus t  
deve loped  i m m e d i a t e l y  a n  in tense  green  co lora t ion  due  
to  t he  co r re spond ing  rad ica l  ca t ion  (II).  T he  presence  of a 
h igh  c o n c e n t r a t i o n  of a s t ab le  rad ica l  was  conf i rmed  b y  
t he  fac t  t h a t  t h e  in t ense ly  coloured so lu t ion  gave  essen- 
t i a l ly  no N M R - s p e c t r u m .  W h e n  t h e  r educ ing  a g e n t  was  
r e m o v e d  a n d  t h e  so lu t ion  was  s h a k e n  in  a i r  t h e  deep  
colour  d ischarged.  Th e  N M R - s p e c t r u m  o b t a i n e d  t h e n  was 
iden t ica l  w i t h  t h a t  of t he  or ig ina l  sa l t  ind ica t ing ,  l ike 
d i q u a t  and  p a r a q u a t ,  t h a t  t h e  one e lec t ron  t r a n s f e r  is 
essent ia l ly  comple te ly  revers ible .  On po la rog raph ic  
e x a m i n a t i o n  in t he  p H  r a n g e  1.5 to  8.2, (I) gave  a t yp i ca l  
s y m m e t r i c a l  one-e lec t ron  r educ t i on  wave  M t h  a half -  
wave  p o t e n t i a l  (Eo) of - - 0 3 2  vo l t s  i n d e p e n d e n t  of p H .  
A second r educ t i on  wave  wh ich  a p p r o x i m a t e d  to t he  
u p t a k e  of one  e lec t ron  a t  a p o t e n t i a l  of --0.72 vo l t s  was  
also p r e s e n t  a b o v e  a b o u t  p H  6. A t  lower  p H  t h e  second 
wave  was less c lear ly  def ined a n d  t he  ha l f -wave  p o t e n t i a l  
was  p H  d e p e n d e n t .  This  b e h a v i o u r  is r em i n i s cen t  of t h a t  
n o t e d  r ecen t ly  ~, 8 w i t h  a n u m b e r  of s imi lar  d i q u a t e r n a r y  
sa l ts  a n d  is p r e s u m a b l y  assoc ia ted  w i t h  p r o t o n a t i o n  of 
t h e  rad ica l  ca t ion  a t  low pH.  

I n  p o s t - e m e r g e n t  he rb ic ida l  t e s t s  a in  t h e  greenhouse ,  
t he  sa l t  (I) gave  a comple te  ki l l  of 6 p l a n t  species w h e n  
appl ied  a t  a r a t e  e q u i v a l e n t  to  7 lb/acre.  I n  t e s t s  a t  lower 

app l i ca t i on  ra t e s  on  mixed  grass f lora  i t  was  found  to be  
a b o u t  one - s ix th  as ac t ive  as d iqua t .  These  resu l t s  con f i rm  
t h a t  c o m p a c t n e s s  of t h e  molecule  is necessary  for ou t -  
s t a n d i n g  p h y t o t o x i c  proper t ies .  The  cons iderab le  he rb i -  
c idal  a c t i v i t y  o b t a i n e d  f rom (I), however ,  suggests  t h a t  
d i f f icu l ty  in  r each ing  t h e  s i te  of biological  ac t ion  of t h e  
b i p y r i d y l i u m  herb ic ides  is respons ib le  for  i ts  r educed  
ac t i v i t y  r a t h e r  t h a n  a n  inab i l i t y  to  p a r t i c i p a t e  in t he  toxic  
m e c h a n i s m ,  a l t h o u g h  t h e  h ighe r  r e d u c t i o n  p o t e n t i a l  of 
(I) wh ich  m a y  n o t  be  low enough  to  exe r t  t h e  ful les t  
effect  on  t he  b iochemica l  e lec t ron  t r ans f e r  processes w i t h  
which  t h e  b i p y r i d y l i u m  herb ic ides  are  t h o u g h t  to  
in te r fe re  m a y  be  a c o n t r i b u t i n g  fac tor .  The  sa l t  (I) w i t h  
i ts  r edox  p o t e n t i a l  of - -0 .32  vo l t s  p rov ides  a useful  ex- 
t ens ion  to  t h e  r a n g e  of comple t e ly  revers ib le  r edox  
ind ica to r s  of t he  v io logen  t y p e  wh ich  h a v e  h i t h e r t o  been  
conf ined  ~ to  p o t e n t i a l s  be low - 0.35 vol ts .  KOK, RURAIN- 
SKI and  OWENS 9 h a v e  also r ecen t ly  r epo r t ed  a sa l t  w i t h  a 
r edox  p o t e n t i a l  of -- 0.32 volts .  

Zusammenfassung. 2, 2 ' :  6', 2" -Terpyr id in  g ib t  m i t  Ae- 
t h y ! e n d i b r o m i d  ein diquart /~res Salz, das  d u r c h  R e d u k t i o n  
m i t  Z ink  eine R a d i k a l k a t i o n  liefert .  Es  h a n d e l t  s ich u m  
ein R e d o x - S y s t e m  u n d  das  Salz be s i t z t  he rb iz ide  Wirk -  
samkei t .  
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Rat Hepatocyte Peroxisomes: Ultrastructural Alterations Following Cessation of Chronic Dietary 
Clofibrate Administration 

The  purpose  of th i s  no te  is to  p r e s en t  our  o b s e r v a t i o n s  
of p rev ious ly  undes c r i bed  u I t r a s t r u c t u r a l  a l t e r a t i ons  in  
t he  m a t r i x  of h e p a t o c y t e  pe rox i somes  in an ima l s  s tud ied  
3 weeks fol lowing a n  in i t i a l  6-week chron ic  d i e t a r y  
Clof ibra te  (CPIB) adm i n i s t r a t i on .  

R e c e n t  s tud ies  in  our  l abora to r i e s  conce rn ing  t h e  
response  of t he  r a t  l iver  to  e t h y l - c h l o r o p h e n o x y i s o b u t y r a t e  
(Clofibrate  - CPIB)  conf i rm p rev ious  r epo r t s  of hepa to -  
mega ly  cha rac t e r i zed  u l t r a s t r u c t u r a l l y  b y  a m a r k e d  
increase  in cy top la smic  h e p a t o c y t e  pe rox i somes  (micro- 
bodies)  1-5. Our  f ind ings  were  n o t e d  a f t e r  6 a n d  12 weeks 
d i e t a r y  a d m i n i s t r a t i o n  of C P I B  (0.3% diet)  to  Sprague-  
Dawley  rats .  

I n  add i t ion ,  s tudies  were p e r f o r m e d  to def ine t he  u l t r a -  
s t r u c t u r a l  f ea tu res  of t he  h e p a t o c y t e  3 a n d  6 weeks  
fol lowing a n  in i t ia l  per iod  of 6 weeks d i e t a r y  a d m i n i s t r a -  
t i on  of CtPIB. The  resu l t s  of these  s tud ies  i nd i ca t e  revers i -  
b i l i ty  to  n o r m a l  cons ider ing  abso lu te  a n d  re la t ive  l iver  
we igh t  re la t ionships ,  l i gh t  mic roscopy  a n d  u l t r a s t r u c t u r a l  

f ea tu res  a t  b o t h  p o s t - t r e a t m e n t  s a m p l i n g  t imes .  No 
n ] t r a s t r u c t u r a l  ev idence  of adve r se  res idua l  cell d a m a g e  
was  noted.  

Abbreviated protocol o/ experiment. E i g h t  150 g Sprague-  
Dawley  (Charles River)  r a t s  were ass igned to each  group.  
B o d y  weight ,  food c o n s u m p t i o n  a n d  s y m p t o m a t o l o g y  
were recorded  weekly.  L ive r  spec imens  were col lected 
f rom each  of t he  4 m a j o r  lobes for b o t h  l igh t  mic roscopy  
(Forma l in  - H. & E.  a n d  Oil R e d  O) and  e l e c t r o n m i c r o -  
scopy (g lu ta ra ldehyde  a n d  o s m i u m  f ixa t ion  - epon  
a ra ld i t e  e m b e d m e n t ) .  4 t r e a t m e n t  r eg imens  were  per -  
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Fig. 1. Numerous altered mierobodies noted (x) in which single con- 
spicuous spaces occur in the matrix. Affected microbodies were 
usually of greater diameter than anticipated. Rat liver • 13,860. 

Fig. 2. Vacant spaces within microbodies in which a granuIar 
material is present, seemingly arising from the adjacent matrix. Rat 
liver • 27,950. 

formed:  (1) 6 weeks C P I B  0.3% of d ie t ;  (2) 6 weeks C P I B  
0.3 % of diet  followed by  3 weeks non-medica t ion  (group 
in which peroxizome ma t r ix  changes were detected) ;  
(3) 6 weeks C P I B  0 .3% of diet  followed by  6 weeks non- 
medica t ion ;  (4) 12 weeks CP1B 0.3% of diet. Similar  
groups of non-medica ted  control  animals  were examined  
by  all parameters  for compar ison wi th  each exper imenta l  
regimen.  

PrinCipal observations. H e p a t o m e g a l y  (25-30% in- 
crease) was the  only macroscopic  c h a n g e  detected.  
His tological ly  the  l iver  cell cy toplasmic  conten t  was 
character ized by  an abundance  of eosinophilic granular  
mate r ia l  packing  the  hepatocytes~ which had increased 
s l ight ly  in d iameter .  

The  above  observat ions  were absent  in specimens 
s tudied  3 and 6 weeks fol lowing the  ini t ial  6-week- 
admin is t ra t ion  of C P I B  (Regimens 2 and 3). 

E lec t ron  microscopic findings were those of marked  
increase in normal  appear ing hepa tocy te  peroxisome popu-  
la t ion af ter  6 and 12 weeks cont inuous medica t ion  
(Regimens 1 and 4). Af te r  3 and 6 weeks wi thdrawal  of 
CPIB,  revers ib i l i ty  of the  u l t ras t ruc tura l  features noted  
af ter  6 weeks medica t ion  was the  p rominen t  feature.  No 
adverse  residual  effects were noted  (Regimens 2 and 3). 

Altered peroxisome morphology. Tile u l t ras t ruc tura l  
features of the  peroxisome ma t r ix  a l tera t ions  are i l lustrated 
in Figures 1 and 2. I n  Figure  1 numerous  al tered micro- 
bodies are noted  (x) in which single conspicuous e m p t y  
spaces occur in the  matr ix .  Close examina t ion  reveals 
a sparce d is t r ibut ion  of granular  mater ia l  seemingly 
der ived f rom the  ad jacen t  m a t r i x  substance (Figure 2, x). 

For  d imension reference in bo th  figures e i ther  normal  
peroxisomes (P), or  mi tochondr ia  (M) are useful.  In  
addi t ion  to the  m a t r i x  changes, there  is indicat ion of an 
increase in size of the  al tered peroxisome when compared  
to unaffected microbodies  or  mi tochondr ia .  

Careful review of ident ica l ly  processed specimens f rom 
the  4 control  groups and the  3 o ther  t r e a t m e n t  groups 
failed to reveal  the  sl ightest  evidence of s imilar  ul t ra-  
t s ruc tura l  changes occurr ing in the  hepa tocy te  mic robody  

ma t r ix  substance. This review supports  our belief t h a t  the  
a l tera t ions  herein described are unique to this  par t icu lar  
group and represents  a t rue  change in the  u l t ras t ruc tura l  
morphology  of this organelle. As ye t  we are no t  aware 
of any  reports  deal ing wi th  a l tera t ions  in microbodies  of 
this nature.  Whi le  reports  of ' abnorma l  microbodies '  do 
exist,  t h e y  consist  thus  far of changes affect ing the  
nucleoid core 1,6. 

Comments. Demons t ra t ion  of effect revers ibi l i ty  wi th  
no obvious residual u l t ras t ruc tura l  effects 3 and 6 weeks 
following 6-week-medicat ion,  represents  addi t ional  da ta  
re levant  bo th  to the  microbody  per  se and the  effects of 
C P I B  upon the  ra t  l iver  cy top lasm T. 

F r o m  the  exper iments  summar ized  herein  we have  no 
da ta  to fur ther  character ize  the  al tered peroxisomes.  
Thus far  these a l tera t ions  can only be re la ted to the  
exper iment  following cessation of t r e a t m e n t  wi th  CPIB.  
While  tempt ing ,  i t  is not  possible to class these changes as 
abnormal ,  regressive or degenerat ive,  nor  can a hypo-  
thesis concerning thei r  significance be evolved.  They  are 
repor ted  as u l t ras t ruc tura l  features of peroxisome 
morphology.  

Zusamme~/assung. Es wird festgestell t ,  dass 3 Wochen  
nach Beendigung einer Clofibrate-(CPIB)-Di~tt  an R a t t e n  
manche  ((Hepotocyte Peroxisomem~ (Mikrokbrper) his- 
her  n icht  beschriebene, ul t ra-organische Ver~inderungen 
yon  unbekann te r  ]3edeutung zeigen, die mi t  der experi-  
mente l len  Behandlung  in Zusammenhang  s tehen diirften. 
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