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t he  t e m p o r a l  response  obse rved  w i t h  p a r t i a l l y  hepa tec -  
t omized  r a t s  h a v e  been  ver i f ied  s t a t i s t i ca l ly  b y  v a r i a n c e  
analysis .  

A fu r t he r  e x p e r i m e n t  was car r ied  ou t  in order  to  answer  
t he  fol lowing ques t ions :  1. Are  t he  changes  in e l e m e n t  
concen t r a t i ons  specific for l iver  r egene ra t i on  or are t h e y  
s imply  a resu l t  of t he  ope ra t i on  i tself  ? 2. Can  t he  v e r y  
r ap id  changes  in Na  and  Zn  c o n c e n t r a t i o n  observed  a f t e r  
pa r t i a l  h e p a t e c t o m y  be  cor re la ted  w i t h  t he  increase  in 
D N A - s y n t h e s i s  (aH-TdlR i n c o r p o r a t i o n ) ?  3. Are t he  
changes  obse rved  t he  same for male  and  female  an ima l s  ? 

110 male  r a t s  were r a n d o m l y  d i s t r i b u t e d  in to  2 groups,  
of wh ich  one was pa r t i a l l y  h e p a t e c t o m i z e d  a n d  t he  o the r  
s h a m  ope ra t ed  ( laparo tomized) .  2, 4, 8, 12, 16, 20, 24, 
36, 48, 72 and  96 h a f t e r  the  opera t ion ,  5 r a t s  f rom each  
group  were ki l led a n d  t he  3H-TdR inco rpo ra t i on  and  
t he  c o n c e n t r a t i o n s  of e l ement s  were de t e rmined .  The  
ave rage  va lues  o b t a i n e d  are shown  in F igure  2. 3 H - T d R  
i n c o r p o r a t i o n  increases  sha rp ly  a f te r  16 h in pa r t i a l l y  
h e p a t e c t o m i z e d  rats ,  r each ing  i ts  m a x i m u m  a r o u n d  
24 h. No increase  in i n c o r p o r a t i o n  was obse rved  w i t h  
I a p a r o t o m ~ z e d  rats .  The  ear l ies t  change  in e l emen t  
c o n c e n t r a t i o n s  in  p a r t i a l l y  h e p a t e c t o m i z e d  ra t s  is 
obse rved  for  Na,  wh ich  reaches  a m a x i m u m  as r ap id ly  as 
4 h a f t e r  t he  opera t ion .  The  increase  in Zn c o n c e n t r a t i o n  
also precedes  t he  onse t  of DNA-syn thes i s .  I n  b o t h  cases, 
t he  increases  obse rved  in pa r t i a l l y  h e p a t e c t o m i z e d  r a t s  
are app rec i ab ly  h igher  t h a n  in the  co r r e spond ing  laparo-  
t omized  rats .  For  t h i s  reason,  t h e  e l eva ted  N a  a n d  Zn 
c o n c e n t r a t i o n s  can  on ly  be pa r t i a l l y  a t t r i b u t e d  to  a non-  
specific effect  of the  opera t ion .  I n  pa r t i cu la r ,  t h e  v e r y  
ear ly  increase  in N a  c o n c e n t r a t i o n  a f t e r  p a r t i a l  hepa-  
t e c t o m y  could be of i m p o r t a n c e  for l iver  r egenera t ion .  
This  ea r ly  increase  has  also been  r epo r t ed  b y  o the r  
a u t h o r s  ~. 
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A clear increase  in K c o n c e n t r a t i o n  be tween  the  2nd 
a n d  4 th  days  was obse rved  on ly  in p a r t i a l l y  h e p a t e c t o m i z -  
ed animals .  I n  add i t ion ,  t he  large increase  in Cu concen t r a -  
t i on  a f te r  36 h is on ly  seen in h e p a t e c t o m i z e d  rats .  
S h a m o P e r a t e d  an ima l s  showed only  a smal l  increase  in Cu 
c o n c e n t r a t i o n  du r ing  t he  f i rs t  day  a f te r  t he  opera t ion .  
The  increase  in copper  c o n c e n t r a t i o n  is t e m p o r a l l y  
cor re la ted  w i t h  the  increase  in ~H-TdR i n c o r p o r a t i o n  and  
therefore  appea r s  to  be  re la ted  to l iver  r egenera t ion .  I t  is 
n o t e w o r t h y  t h a t  in  ear l ier  i nves t iga t ions  on  var ious  
t r a n s p l a n t e d  tumours ,  we d e m o n s t r a t e d  t h a t  changes  in 
Cu c o n c e n t r a t i o n  in b lood p l a s m a  could be  Correlated w i t h  
a H - T d R  inco rpo ra t i on  in t he  t u m o u r s  5, 6. The  concen t r a -  
t i on  of Fe  in pa r t i a l l y  h e p a t e c t o m i z e d  ra t s  shows a clear  
decrease  a f te r  2 days.  A s imi la r  decrease  is obse rved  for 
Mn. However ,  in l a p a r o t o m i z e d  rats ,  t h i s  effect  is even  
more  p ronounced .  This  obse rva t i on  can  p r o b a b l y  be  
exp la ined  b y  t he  ove r l app ing  of 2 d i f fe rent  effects. D u r i n g  
l iver  r egene ra t i on  i t  could be  expec ted  t h a t  t he  2r con- 
c e n t r a t i o n  is increased.  (The mic robod ies  were more  
n u m e r o u s  in r egene ra t i ng  l iver  - a n d  Mn is loca ted  in 
the  mic robodies  7, s). However ,  owing to the  s t rong  effect  
of t he  ope ra t ion  (see F igure  2), a smal l  decrease  in M n  
c o n c e n t r a t i o n  is obse rved  r a t h e r  t h a n  t he  expec ted  
increase.  

Fo r  the  e l ement s  Mo, Co, Rb,  Se, As, Mg a n d  Cs, no 
s ign i f ican t  differences  were observed  wh ich  could be  
re la ted  specif ical ly to  pa r t i a l  h e p a t e c t o m y .  I n  addi t ion ,  no 
f u n d a m e n t a l  dif ferences  in  e l emen t  c o n c e n t r a t i o n s  could 
be  de t ec t ed  be tween  male  and  female  rats .  

Zusammen/assung. W~Lhrend der  L e b e r r e g e n e r a t i o n  
n a c h  e iner  T e i l h e p a t e k t o m i e  lassen sich m i t  der  N e u t r o n e n -  
a k t i v i e r u n g s a n a l y s e  unspez i f i sche  und  spezif ische Er-  
h 6 h u n g e n  bzw. E r n i e d r i g n n g e n  der  u n t e r s u c h t e n  Ele-  
m e n t e  nachweisen .  Spezif ische E r h 6 h u n g e n  f inden  s ich 
bei  Cu, Na, K, Zn, eine spezif ische t?;rniedrigung bei  F t .  
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L e u k o c y t e s  and  P r o s t a g l a n d i n s  in  A c u t e  I n f l a m m a t i o n  

1Since t he  i m p o r t a n c e  of p r o s t a g l a n d i n s  (PG's)  as 
m e d i a t o r s  in  acu te  i n f l a m m a t i o n  was descr ibed l-a, t he  
source of these  subs t ances  ha s  r e m a i n e d  a m a t t e r  of 
specula t ion .  Some h a v e  proposed  t he  l eukocy tes  as t he  
cells respons ib le  for t he  release of t he  i n f l a m m a t o r y  P G ' s  
( P G E  1, PGE= a n d  P G F  2 ~) because  b o t h  these  cells and  t he  
P G ' s  a p p e a r  ea r ly  in t he  i n f l a m m a t o r y  tissue, and  
the re fore  i n f l a m m a t o r y  e x u d a t e s  r ich  in leukocytes ,  
m a i n l y  p o l y m o r p h o n u c l e a r  (PMN), are o f ten  also 
r ich  in PG's~-% I n  a d d i t i o n  i t  has  been  found  t h a t  
suspens ions  of P M N - r i c h  pe r i tonea l  exuda t e s  i n c u b a t e d  
t o g e t h e r  w i t h  bac t e r i a  release P G E  2 a n d  PGF2~ in v i t ro  7. 
On t he  o the r  h a n d ,  i t  has  been  shown  t h a t  acu te  i n f l amma-  
t ions  can  be el ici ted in l eukopenic  animals ,  and  t h a t  
the re fore  t h e  release (if any)  f rom these  cells of P G ' s  
m a y  no t  be r e l e v a n t  s, b u t  - to  our  knowledge  - P G ' s  
h a v e  no t  been  measu red  du r ing  leukopenic  i n f l a m m a t i o n .  

W e  obse rved  two s y m p t o m s  of i n f l a m m a t i o n ;  nocicep-  
t i on  and  t empera tu re - r i se ,  to  a p p e a r  before  P M N  or even  

m o n o c y t e s  can  be  seen a t  t he  s i te  of i n f l a m m a t i o n  in t he  
a v i a n  mic roc rys t a l  a r t h r i t i s 9  There fore  we reasoned  t h a t  
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P G ' s  - if a t  all - could e i ther  be re leased s y n c h r o n o u s l y  
w i th  t h e  ap p ea rance  of the  i n f l a m m a t o r y  s y m p t o m s  or 
t o g e t h e r  w i t h  t h e  i nvas ion  of PMN.  E i t h e r  r e su l t  would  be 
of in teres t ,  con f i rming  t he  i m p o r t a n c e  of P G ' s  as med ia -  
to rs  or t h e  role of P M N  as source  of P G ' s  in a cu t e  in- 
f l a m m a t i o n .  

An  acu te  i n f l a m m a t i o n  was  elicited by  t he  in jec t ion  of 
u r a t e  c rys t a l s  in sal ine in to  the  i n t e r t a r s a l  j o in t s  of 
chicken.  I n  t h e  in jec ted  an imals ,  e i ther  2 s y m p t o m s  of t he  
r e su l t i ng  acu t e  i n f l a m m a t i o n  were recorded,  i.e. nocicep-  
t ion  or t em p e ra tu r e - r i s e ,  or j o in t  washes  were pe r fo rme d  
40, 60, 120, 180, 240 or 360 rain a f te r  u r a t e  in jec t ion.  The  
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jo in t  w a she s  were a na lyz e d  for the i r  c o n t e n t  of PMN 
a nd  for the  c o n c e n t r a t i o n  of a (granulocyt ic)  l y sosoma l  
m a r k e r  e n z y m e  ( lysozyme 3.2.1.17) in t he  cell-free 
s u p e r n a t a n t  ob ta ined  by  cen t r i fuga t ion .  

Methodologica l  de ta i l s  a nd  resu l t s  of suc h  e x p e r i m e n t s  
h a v e  a l r eady  been  repor t ed  3. W e  h a v e  now  a s sa ye d  P G E  2 
a nd  F2~ in t he  cell-free s u p e r n a t a n t  of j o in t  w a she s  of 
n o r m a l  ch ickens  a nd  ch ickens  t r e a t e d  w i th  colchicine 3 h 
before u r a t e  c rys ta l s  were injected.  Colchicine was  
a d m i n i s t r a t e d  because  i t  was  f o u n d  to  de lay  t he  i nva s ion  
of P M N  comple t e ly  for a t  leas t  3 h ~0. The  P G ' s  were 
a s sa ye d  us ing  a direct  r a d i o i m m u n o  a s s a y  ~ a nd  ant i sera ,  
t he  speci f ic i ty  of w h ic h  ha s  a l r eady  been  descr ibed 12, la 

The  resu l t s  are g iven  in t he  Figures .  A l t h o u g h  in 
n o n - d r u g g e d  an imals ,  t he re  were no de tec tab le  a m o u n t s  
of P M N  p re se n t  1 h a f t e r  u r a t e  in jec t ion  w h e n  the  in- 
f l a m m a t o r y  s y m p t o m s  began,  t h e  h i g h e s t  levels for b o t h  
PG ' s  were found  a t  t h a t  t ime.  The  s a m e  ho lds  t rue  for 
P M N / P G  re la t ionsh ip  2 h a f te r  UC- in jec t ion  in t he  col- 
ch ic ine - t rea ted  an imals .  I n s t e a d ,  as soon as P M N  could 
be de tec ted  in the  jo in t s  b o t h  P G ' s  b e g a n  to  d i sappear .  
Th i s  d i s a p p e a r a n c e  was  more  r ap id  in t he  n o n - d r u g g e d  
t h a n  in the  co lch ic ine- t rea ted  an ima l s ,  w h ic h  is appa r -  
e n t l y  re la ted  to  t h e  n u m b e r  of i n v a d i n g  PMN.  Therefore ,  
the  PMN,  in s t ead  of be ing  t he  source  of PG 's ,  m i g h t  
r a t h e r  be respons ib le  for the  r e m o v a l  of t he se  m e d i a t o r s  
in our  mode l  of acu te  i n f l a m m a t i o n .  To t e s t  t h i s  hypo -  
thes is ,  jo in t  washes  ob ta ined  4 h a f t e r  u r a t e  in jec t ion  
were d i lu ted  w i th  H a n k s  ba l anced  sa l t  so lu t ion  a n d  fu r t he r  
i n c u b a t e d  a t  40~ in vi t ro .  Samples  were r e m o v e d  
a f te r  d i f fe ren t  t i m e  in t e rva l s  a nd  a s s a y e d  for PGF2~. 

As m a y  be seen f rom the  resu l t s  g iven  in t he  Table,  
t he re  was  no s ign i f i can t  c ha nge  in t he  PGF=~-con ten t  of 
t he  jo in t  w a s h  t h r o u g h o u t  i ncuba t ion .  S imi lar  resu l t s  were 
ob ta ined  for PGEe. Th i s  f u r t h e r  s u p p o r t s  t he  in v ivo  
f ind ings  ru l ing  ou t  P M N  as a s ign i f i can t  source  of P G E  2 
a nd  PGF2~. On  t he  o the r  h a n d ,  these  resul ts ,  be ing  in good 
a g r e e m e n t  w i th  t h e  o b s e r v a t i o n  t h a t  wh i t e  blood cells do 
no t  me tabo l i ze  P G ' s  14,15, do no t  s u p p o r t  t he  idea  t h a t  
t he  P M N  m i g h t  r e m o v e  i n f l a m m a t o r y  PG's .  I n s t e a d  t he  
in v ivo  resu l t s  showing  d i s a p p e a r a n c e  of P G ' s  s y n c h r o n -  
ous ly  w i th  a p p e a r a n c e  of P M N  m i g h t  ind ica te  an  increased  
v a s c u l a r  p e r m e a b i l i t y  due  to, for ins tance ,  t he  v a s o d i l a t o r y  
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Fig. 1. Time course of PMN- and PG-appearance in joint washes. 
The intertarsal joints of chickens (of about 2 kg body weight) were 
washed by injecting 0.5 ml saline at different time intervals following 
the injection of 0.3 ml of 4% (w/v) suspension of urate crystals. 
Cell-counts and differential-counts wer done on the whole material. 
Lysozyme and PG's were assayed in the cell-free supernatant 
after centrifugation (2000 g/30 min). For PG-assays a direct radio- 
inmmnoassay was used, adapted from 11. The values measured for 
PGF2~ were not influenced by the protein concentration in the joint 
washes. Also, the antiserum did not show cross-reactions with PG's 
of the E, A or B-type 13. The specificity and accuracy of the PGE 2 
assay was less good 12. Therefore the values measured for PGE 2 in the 
presence of high concentrations of PGF2= (> 20 ng/ml) can over- 
estimate the real values up to 30%. Similar results were obtained 
using the method of JAF~E et al. 23. e - - e ,  non-drugged controls; 
O - - G ,  colchicin treated (3 mg/kg, 3 h before urate injection); 
means and S.E.M. from 6 and more experiments; **, significant 
p < 0.01; *, significant p < 0.05. 

PGF~c ~ concentration in joint washes further incubated in vitro 

Incubation (min) 0 30 60 90 

Controls (ng/ml) 1.1 4- 0.1 1.1 :h 0.2 1.2 • 0.3 1.0 • 0.2 

Colchieine-treated (ng/ml) 3.5 =h 0.3 3.3/ :  0.3 3.4 4- 0.4 3.4 ~ 0.3 

Joint washes were recovered 4 h after urate injection from non- 
drugged controls and eolchieine-treated chicken (3 mg/kg, 3 h before 
UC-injeetion), diluted 1:2 with Hanks balanced salt solution con- 
taining i0 U Heparin (Liquemin, Roche), and further incubated in 
silieonized glass-tubes on a rotating disc at 40~ After the time- 
intervals given, samples were removed and PGF~= assayed in the 
cell-free supernatant. (Means and S.E.M. from 5 experiments). 
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ac t iv i ty  of PGE2 ~6, which  in t u r n  migh t  faci l i tate  the  
immigra t ion  of PlVIN due to  the  leukotac t ie  s t imulus  of 
PGE117, is and E 219. 

To t es t  th is  assumpt ion ,  t he  degree of vascular  pe rmea-  
bi l i ty  and  the  resul t ing accumula t ion  of p la sma  con- 
s t i t uen t s  was assayed using P V P  (~slj) ~0. As m a y  be seen 
in Figure 2, a more  t h a n  10-fold increase in vascular  
pe rmeabi l i ty  was observed in the  non-drugged  animals  
2 h af ter  u ra te  inject ion,  whi ls t  in t he  colchic ine- t rea ted  
animals  the  m a x i m a l  increase in vascular  pe rmeab i l i t y  
a m o u n t e d  to  only 3 t imes  the  contro l  values  and  was 
observed no t  earlier t h a n  3 h af ter  u ra te  inject ion.  
Correspondingly  the  accumula t ion  of p la sma  const i t -  
uen ts  in the  jo in t  fluid was smal ler  and  appeared  la ter  
in the  drugged t h a n  in the  non-drugged  animals.  Never-  
theless, in b o t h  groups PMN invas ion  followed PG- 
release and  increased vascular  permeabi l i ty ,  whi ls t  the  
PG 's  d i sappear  when  vascular  pe rmeab i l i t y  reaches its 
peak.  

In  conclusion, it  can be s t a t ed  t h a t  P M N  do no t  
release s ignif icant  amo u n t s  of P G E  2 or P G F  2 in the  
jo in t  fluid in our model  of acute  in f lammat ion .  They  
could release these  PG ' s  while be ing t r a p p e d  in the  vessel 
wall before reaching the  j o int  fluid. However ,  th is  appears  
unlikely because it implies t h a t  the  P M N  stop releasing 
PG's  when  they  reach the  jo in t  fluid and s t a r t  phagocyt iz -  
ing, a mechan i sm which  is assumed to  lead to cell break-  
age, enzyme  release and  PG ' s  synthes is  5, 7. I n s t ead  we 
propose  the  t h r o m b o c y t e s  as a more  l ikely source of 
PG ' s  in acute  in f lammat ion .  These cells appear  early 
enough in the  jo in t  fluid 9, t hey  are well known to  release 
P G E  2 and PGF221 and  in all expe r imen t s  re la t ing  PG- 
syn thes i s  in acute  i n f l ammat ion  wi th  PMN, t h r o m b o c y t e s  
(or platelets)  were also p resen t  4-7. In  add i t ion  it should be 
men t ioned  t h a t  the  effect of colchicine on PMN invasion 
and  on the  vascula ture  response  to i n f l ammat ion  is well 
compat ib le  w i th  the  known  impac t  Io th is  drug  on micro- 
tubules  ~,23. 
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Fig. 2. Time course of changes in vascular permeability and oedema 
as measured with the PVP (1~1j) method20. PVP (131j) (rate constant 
of elimination, k, in chicken = 0.1) was injected i.v. (10 [xCi/kg) in 
chickens (2 kg weight) either 30 rain before joint washes were per- 
formed or at zero time simultaneously with the intratarsal administra- 
tion of urate crystals (details see Figure 1). At the times given, joint 
washes were performed with each animal and venous blood was 
obtained. The ratio epm (per ml joint wash) to cpm (per ml blood) 
were taken as measure of the degree of vascular permeability during 
the preceding 30 rain when PVP (191j) was given 30 rain before (a), 
or as a correlate of oedema when PVP (131j) was given simultane- 
ously with the urate crystals (h). The results are given for the urate 
injected joints of � 9  e, non-drugged and G---Q, eolehieine-treated 
animals (3 mg/kg, 3 h before urate injection). The ratios obtained 
from the saline-injected joints (not given in the figure) never ex- 
ceeded 0.05. Each point in the figure represents a mean of 3 or more 
experiments. 

Zusammen/c~ssung. Bei einer akutei1 En~zt indung 
wurde  der  zeit l iche VerlauI  der Pros tag landinf re i se tzung ,  
Granu lozy tene inwanderung  und  Gef~Lsspermeabilit~Lt ver-  
Iolgt. Die h6chs ten  P ro s t ag l an d i n k o n zen t r a t i o n en  wurden  
vor  der E i n w a n d e r u n g  von  Granulozy ten  und  vor  einer 
mass iven  Steigerung der Gef&sspermeabilit/~t beobach te t .  
Dieser Befund  spr ich t  gegen die Behaup tung ,  dass 
Granulozy ten  wesent l ich  an der  Fre i se tzung  yon Pros ta -  
g landin  bete i l ig t  s ind 24. 

M. GLATT, B. PESKAR and  K. Br~u~E 25 

Department o/ Pharmacology o/ the University, 
Biocenter, Klingelbergstrasse 70, CH-4056 Basel 
(Switzerland) ; and Department o/ Pharmacology o/the 
University, Katharinenstrasse 29, D-78 Freiburg 
(Federal Republic o/ Germany), 29 August 197& 

16 G. KALEY, E. J .  MESSINA a n d  R.  WEINER, in  Prostaglandins in 
Cellular Biology (Eds. P. W. RAMWELL and B. B. PHARISS; Plenum 
Press, New York 1972), p. 309. 

17 G. KALEu and R. WEINER, Nature New Biol. 234, 114 (1971). 
is E. MCCALL and L. J. F. YOIJLTEN, J. Physiol., Lond. 23d, 98P 

(1973). 
19 W. MCCLATCHE'Z and R. SNYDERMAN, Clin. Res. 22, 423A (1974). 
20 The Radiochemieal Centre, Amersham, England. 
el j .  13. SMITH, C. INGERMA~, J. J. Kocsls and 3/[. J. SILVER, J. clin. 

Invest. 52, 965 (1973). 
'2.2 L. WILSON, J. R. 13AMBURG, S. B. MIZEL, L. M. GRISHAM and 

K. M. CRESWELL, Fed. Proc. 33, 158 (1974). 
23 13. 1V[. JAFFE, H.  R. 13EHRMAN a n d  Cm W.  PARKER, J .  clin. Inves t .  

52, 398 (1973). 
24 Acknowledgment: We thank Dr. J. PIKE, the Upjohn Co., for 

providing prostaglandins. 
25 Department of Pharmacology of the University, Katharinenstrasse 

29, D-78 Freiburg (Fed. tRep. of Germany). 

E t h y l e n e  as  a P l a n t  H o r m o n e  a nd  A n a e s t h e t i c  

E t h y l e n e  is now well es tabi ished as a na tu ra l ly  occuring 
p lan t  ho rmone  1. Because the  f i rs t  effects of appl ied  
e thy lene  to  be discovered were inhib i t ions  of p lan t  g rowth  
which d i sappeared  on removal  of t he  e thy lene  2, it  
became  general ly known  as a p l an t  ' anaes the t i c '  and  th is  
led LUCKHARDT and CARTX• 3 to  t e s t  and  d e m o n s t r a t e  i ts  
t rue  anaes the t ic  effect  on animals.  The ac t ion  of e thy lene  

in p lan ts  occurs a t  much  lower concen t ra t ions  t h a n  in 
animals,  for example,  the  s t imula t ion  of s t em elongat ion 
in Callitriche platycarpa by e thy lene  is s a tu ra t ed  at  
i nl m1-1 (ref. ~) while the  alveolar  concen t ra t ion  of 
e thy lene  requi red  for surgical  levels in m a n  is 67 • 10 ~ ni 
m1-1 (ref. 5, t h o u g h  no m e a s u r e m e n t  has  been  made  of the  
concen t ra t ion  at  i ts  site of action).  Also, e thy lene  is by  


