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Regional Variation in Copper Content of Arterial Wall 

Copper  is u n i q u e  in  b iological  sys tems ,  as i t  fo rms  an  
in t eg ra l  p a r t  of t he  e l ec t ron - t r ans fe r  ox idase  w h i c h  ca ta -  
lyze t he  r e d u c t i o n  of molecu la r  oxygen  to  w a t e r L  Th i s  
e l e m e n t  also p r o m o t e s  l ip id  a u t o o x i d a t i o n  and  t h e r e b y  
a therosc leros is  2. C o n t r a r y  to  I ' ro 2, SCHROEDER et  al. 3 
r epo r t ed  a s ign i f i can t  decl ine in the  c o n c e n t r a t i o n  of 
copper  in  a o r t a  w i t h  inc reas ing  age a n d  degree of a the ro -  
sclerosis. R e c e n t l y  R a o  4 obse rved  a s ign i f i can t  v a r i a t i o n  
in  t he  m a g n e s i u m  c o n t e n t  of d i f f e ren t  ar ter ies .  W i t h  these  
cons ide ra t ions  t h e  p r e s en t  work  was  u n d e r t a k e n .  

Ar t e r i a l  s amples  r e m o v e d  a t  a u t o p s y  of 18 cases were 
ana iyzed .  E a c h  sample  was r o u g h l y  1.5-2 cm in length .  
A o r t a  was t a k e n  a b o u t  2 cm a b o v e  t he  or ig in  of lef t  r ena l  
a r te ry .  P u l m o n a r y ,  renal ,  c o m m o n  ca ro t id  and  il l iac 
a r te r ies  of r i g h t  s ide were also r emoved .  Cross g r ad i ng  of 

t h e  r a t e  of l ip id  p e r o x i d a t i o n  in ger ia t r ic  subjects .  S e r u m  
copper  level  is also e l eva t ed  in  va r ious  vascu la r  dis- 
eases~~ n .  R e c e n t l y  WAISMAN et  al. ~ h a v e  s h o w n  t h a t  
an ima l s  k e p t  on  a copper  r e s t r i c t ed  d ie t  su rv ived  w i t h  
scar red  vessels,  b u t  d e m o n s t r a t e d  a t e n d e n c y  t o w a r d s  
p r e m a t u r e  a therosclerosis .  I n t e r e s t i n g l y  enough,  in  t h e  
p re sen t  s t u d y  copper  c o n t e n t  of al l  a r ter ies  decreased  
l inea r ly  w i t h  t he  increase  in  t he  degree of a theroscleros is .  
Moreover ,  copper  c o n t e n t  was  h ighes t  in  t h e  p u l m o n a r y  
a r t e r y  wh ich  h a d  m i n i m a l  degree of a therosclerosis ,  a n d  
was lowest  in  ao r t a  a n d  il l iac a r te r ies  wh ich  e x h i b i t e d  
severe  grades  of a therosclerosis .  

The  p r e s e n t  s t u d y  ind ica tes  t h a t ,  t h o u g h  copper  pro-  
motes  a therosclesosis  2, i t s  c o n c e n t r a t i o n  in t he  a r t e r i a l  
wal l  decl ines w i t h  t he  increase  in t h e  grade  of a therosc lero-  

Number of specimens of various arteries (shown in bracket) and mean average of copper-content of various arteries as related to degree of 
atherosclerosis of aorta. Copper-content in mg per 1000 g of FFDW of arteries 

Grade of atherosclerosis Aorta Pulmonary Illiae Carotid Renal 

Grade I 9.31~:0.34 ~,a (7) 13.2~-0.2~,f (7) 9.56j-0.34 (6) 9.84• (5) 9.56• (6) 
Grade I I  8.93=0.45 (6) 12.24d=0.6 (5) 9.0j=0.6 (5) 9.73=0.7 (6) 9.35-_}=0.34 (6) 
Grade I I I  7.4:1-0.5 (5) 11.543=1.54 (5) 9.6~:0.42 (5) 9.9:k0.5 (4) 9.753=0.6 (4) 

Average of 3 grades 8.64J:0.41~,* (18)  12.43=[=0.71 ( 1 7 )  9.35• ( 1 6 )  9.52• ( 1 5 )  9.39:L0.49 e,g (16) 

P % 0.05. b p < 0.005. o P < 0.001. a Between grade I and I I I  of aorta. ~ Between aorta and pulmonary-artery. * Between grade I and I I I  
of pulmonary-artery, g Between pulmonary-artery and illiae, carotid or renal arteries. 

a therosc leros is  of all  a r te r ies  was done  b y  Imo's 2 modif ica-  
t i on  of W.H.O.  classif icat ion.  

F r o m  the  a r t e r i a l  samples ,  a d v e n t i t i a  was  r e m o v e d  a n d  
fa t - f ree  e x t r a c t s  of each  of t h e m  were p r e p a r e d  b y  t he  
m e t h o d s  descr ibed  5, s. These  were t h e n  weighed and  a s h i n g  
was carr ied ou t  ~. D r y  a s h i n g  was p re fe r red  to  t h e  wet,  
as t he  l a t t e r  h a s  m a n y  d i s a d v a n t a g e s  l ike c o n t a m i n a t i o n  
a n d  lesser degree  of a ccu racyL  Copper  is a non -vo la t i l e  
e l emen t  a n d  hence  d r y  a s h i n g  is a re l iab le  procedure .  
Ash  so o b t a i n e d  was  d issolved in 3 m l  of hyd roch lo r i c  acid 
a n d  copper  c o n t e n t  was  d e t e r m i n e d  a. F ina l  resu l t s  were 
ca lcu la ted  for copper  c o n t e n t  in  1000 g of fa t - f ree  d ry  
we igh t  of a r t e r y  ( F F D \ u  a n d  t h e  d i f ferences  were  
s t a t i s t i ca l ly  e v a l u a t e d  b y  S t u d e n t s '  t - tes t  (Table).  

HARMEN 9 r epo r t ed  t h a t  t he  s e r u m  copper  shows a l inear  
r ise w i t h  age and  sugges ted  t h a t  t h i s  c h a n g e  m a y  increase  
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sis in  var ious  ar ter ies .  The  m e c h a n i s m s  w h i c h  e i the r  
mobi l ize  copper  f rom a r t e r i a l  wal l  or i n h i b i t  i t s  e n t r a n c e  
in to  i t  are ye t  unknown .  

Rdsumd. La  t e n e u r  en cu ivre  dans  l ' ao r t e  et  les a r t6res  
pu lmona i r e ,  r6nale,  i l l iaque et  ca ro t ide  a 6t4 ddtermin6e .  
Une  corr61ation inverse  en t r e  le degr6 d ' a th6rosc l6rose  
et  celui du  cu ivre  a 6% observde.  L a  cause  de  ce ph6no-  
mgne  res te  ~ ~tre 6tablie.  
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Potentiation of Fever, Produced by Intravenous Leucocyte Pyrogen,  Following the Injection of Paraffin 
Oil in the Cerebral Ventricles of the Unanesthetized Rabbit 1 

W h e n  leucocyte  py r ogen  = is in j ec ted  in to  t h e  b r a i n  of 
u n a n e s t h e t i z e d  r abb i t s ,  t h e  g r ea t e s t  increases  ifi t em-  
pe ra tu re ,  wi t t l  t h e  s h o r t e s t  l a tency ,  occur  fol lowing in- 
j ec t ions  in to  t he  an t e r i o r  h y p o t h a l a m i c  region a, 4. There  is 
r ecen t  ev idence  to sugges t  t h a t  l eucocyte  pyrogen ,  w h e n  

g iven  i n t r a v e n o u s l y ,  en t e r s  t h e  h y p o t h a l a m u s  d i rec t ly  
f rom the  b lood  s t r e a m  r a t h e r  t h a n  v ia  t h e  ce rebrosp ina l  
f lu id  (CSF)s.  W e  now p r e s e n t  ev idence  to  sugges t  t h a t  
f luid f low in t he  ce rebra l  v e n t r i c u l a r  s y s t e m  could  p l a y  a 
role in t he  t e r m i n a t i o n  of t he  febr i le  response.  
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Materials and method. In  each of 38 New Zealand whi te  
r abb i t s  weighing be tween  2.6 and 3.6 kg, a Collison can- 
nula, wi th  no shaft ,  was screwed into the  skull above the  
left la teral  cerebral  ventr ic le  6. Fol lowing a recovery  per iod 
of 1 week, rectal  t e m p e r a t u r e  was recorded and  0.15-0.3 
ml  sterile paraf f in  oil was i nj ected in to  the  la teral  cerebral  
ventricle.  A dose of leucocyte  pyrogen  ~, which  had  pre- 
viously been  shown to usual ly produce  an increase in t em-  
pera tu re  of app rox ima te ly  0.6 to 0.8 ~ was in jec ted  in to  
an ear vein  15 to 45 min later.  At  t he  end of a series of 
exper iments ,  paraf f in  oil mixed  wi th  x - ray-opaque  oil was 
in jec ted  in volume of 0.15 to  0.3 ml  in to  the  laterM 
cerebral  ventr ic le  and  rad iographs  were t aken  of the  head 
in 2 planes to de te rmine  its spread  th rough  the  ventr ic-  
ular sys tem.  

Resul/s and discussion. Fol lowing the  in ject ion of paraf-  
fin oil into the  lateral  ventr ic le  the  t ime  of onset  of the  
t e m p e r a t u r e  increase was 15.02 m e a n i S . E .  1.13 rain 
whereas  t h a t  observed  when leucocyte  pyrogen  was given 
wi thou t  oil was 1 3 . 7 3 i S . E .  0.91 rain (t = 0.88; d/ = 40; 
p > 0.1). The mean  and s t a n d a r d  error of the  m a x i m u m  
t e m p e r a t u r e  increase wi th in  2 h following an in jec t ion  of 
leucocyte  pyrogen  alone were 0.74 i 0 . 0 4  ~ and  those  for 
leucocyte  pyrogen  following oil were 0 .95•  ~ (t = 
3.55; d/ ~ 40; p < 0.001). This difference is equiva len t  to 
a ve ry  large increase in the  dose of leucocyte  pyrogen  
since the  response  is a logar i thmic  funct ion  of dose2. 

Compar isons  of the  dura t ion  of the  febrile response 
showed tha t ,  of the  41 pa i red  exper iments ,  fever  af ter  oil 
and  leucocyte  pyrogen  las ted longer in 32 exper iments ,  
and  in 9 the re  was no change  f rom t h a t  observed when  
leucocyte  pyrogen  was given alone. Of t he  32 ment ioned ,  
8 were recorded and remained  febrile for e i ther  1 or 2 days.  
Of t he  remain ing  animals,  6 died the  following day  al- 
t hough  the i r  t e m p e r a t u r e  was no t  recorded.  I t  is clear, 
therefore ,  t h a t  the  appl ica t ion  of s t a n d a r d  s ta t is t ica l  tes ts  
to  th is  aspec t  of the  results  m a y  no t  be appropr i a t e  bu t  
i t  is ev iden t  t h a t  there  is a ma jor  difference i n t h e  dura-  

t ion of fever  be tween  the  two condi t ions .  In  15 contro l  
expe r imen t s  in which  oil was given alone there  was es- 
sent ia l ly  no change in the  animals '  t e m p e r a t u r e  (mean + 
0 . 0 8 •  0.07 ~ 

Typical  t e m p e r a t u r e  responses  are i l lus t ra ted  in t he  
Figure  for 1 r abb i t  in 3 expe r imen t s  each sepa ra ted  by 
a m i n i m u m  of 48 h. Trace A ( •  - -  •  is a record of t he  
largest  body  t e m p e r a t u r e  response  observed following an 
in ject ion of 0.15 ml  sterile paraf f in  oil in to  t he  cerebral  
ventricle.  Trace t3 ( ~ - - ~ )  shows the  1.0 ~ increase in 
t e m p e r a t u r e  following 0.5 ml leucocyte  pyrogen,  in jec ted  
into an ear vein, wi th  no oil in t he  ventricles.  If  0.5 ml  
leucocyte  pyrogen  was given i.v. 20 rain a f te r  an in jec t ion  
of oil in to  the  cerebral  ventricle,  the  t e m p e r a t u r e  in- 
creased by  1.5 ~ as shown by  t race  C (O- -o ) ,  and  re- 
ma ined  e levated for the  n e x t  2 h. X - r a y  examina t i on  of 
the  bra ins  of the  rabbi ts ,  fol lowing in jec t ions  of x-ray 
opaque  oil mixed  -with paraf f in  oil, showed t h a t  the  oil 
had  filled the  vent r icu la r  spaces including the  ven t ra l  
por t ion  of t he  t h i rd  ventr icle .  

Since there  was no difference in t ime  of onset  of t h e  
febrile response  to  leucocyte  pyrogen  be tween  the  'oil '  
and ' cont rc l  condi t ions ' ,  it  would appear  t h a t  the  oil was 
no t  interfer ing wi th  the  en t ry  of leucocyte  pyrogen  into 
the  h y p o t h a l a m i c  tissue. This suppor t s  t he  view t h a t  
leucocyte  pyrogen  in jec ted  i.v. reaches  the  h y p o t h a l a m u s  
via  the  blood s t ream,  W i t h  oil in t he  cerebral  ventr icles ,  
t he  t e m p e r a t u r e  response  to  t he  leucocyte  py rogen  was of 
greater  ampl i tude  and of longer dura t ion  t h a n  i t  was un- 
der the  control  condi t ions .  Thus the  oil m a y  have  de- 
creased the  egress, via  the  e p e n d y m a l  wall, of the  leucocyte  
pyrogen,  its metabol i tes ,  or subs tances  which it caused to 
be released f rom the  h y p o t h a l a m i c  tissue, in to  t he  CSF. 
Al ternat ively ,  if calcium ions or o the r  subs tances  are  in- 
volved in the  lowering of body  t e m p e r a t u r e  6, then  the  
oil m a y  have  in ter fer red  wi th  the  m o v e m e n t  of these  
subs tances  be tween  the  CSF and the  h y p o t h a l a m i c  
tissue. 
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Temperature record obtained from one unanesthetized rabbit in 3 
experiments, each separated by a minimum of 48 hours. In the 
experiment represented by: trace A (x-x), 0.15 m~ sterile paraffin oil 
was injected into a lateral cerebral ventricle at the time indicated by 
the arrow; trace B (~--  LD), 0.5 ml leucocyte pyrogen was injected i.v. 
at the arrow; and trace C (I--O), 0.15 ml sterile paraffin oil was 
injected into the lateral ventricle at a time indicated by the first 
arrow foIlowed by an i.v. injection of 0.5 ml leucocyte pyrogen at the 
time indicated by the second arrow. 

Zusammenfassung. Potenz ie rung  und  Ver lgngerung  der 
Wi rkung  des i.v. in j iz ier ten (Kaninchen)  Leukozy ten-  
Pyrogens  konn te  du tch  die steri le in t ravent r iku l~re  (la- 
terale  Ventr ikel)  In j ek t ion  yon  Paraffin61 ausgel6st  wer- 
den, dies im VergIeich mi t  der  Wirkung  des Pyrogens  bet 
mi t  Paraffin61 n ich t  behande l t en  Tieren. Diese Ergebnisse  
br ingen  eine Grundlage  fiir ein besseres Vers t~ndnis  des 
py rogenen  "vVirkungsmechanismus yon Leukozy ten -Pyro -  
gen. 
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