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Summary. After  in ject ion of microspheres  in to  b o t h  renal  ar ter ies  of rats,  an irreversible shock syndrome  develops,  
resul t ing  in dea th  wi th in  4-12 h. Ligat ion of b o t h  renal  pedicles af ter  inject ion of microspheres  p reven t s  the  shock. 
I t  is p r e sum ed  t h a t  k ininogenases  released f rom the  k idneys  par t i c ipa te  in the  pa thogenes i s  of the  shock syndrome.  

Various groups  have  repor ted  t h a t  the  in ject ion of micro- 
spheres  in to  the  k idneys  of ra ts  induces a sus ta ined  
elevat ion of blood pressure 3, 3. The degree of hype r t ens ion  
depends  on the  a m o u n t  and the  size of the  microspheres .  
In  con t r a s t  to these  chronic exper iments ,  the  acute  
effects el ici ted by  the  in ject ion of microspheres  in to  the  
renal  a r t e ry  have  ha rd ly  been inves t iga ted  so far. In  
former  s tudies  w i th  the  isolated perfused ra t  k idney,  a 
t r ans i en t  release of renin and an impai red  renal  funct ion  
were found  af ter  0.5 mg of microspheres  had  been  
in jec ted  in to  the  perfusion fluid 4. 
In  the  expe r imen t s  p resen ted  here, the  immed ia t e  and 
delayed effects  of in t ra rena l  inject ions of var ious  a m o u n t s  
of microspheres  into one or bo th  renal  ar ter ies  have  been 
inves t iga ted .  
Material and methods. Male Sprague-Dawley  ra ts  of a 
b o d y  we igh t  be tween  200 and  300 g were  used.  The 
animals  were anaes the t ized  wi th  t h i o b u t a b a r b i t a l  (Inac- 
t in  | in a dose of 100 mg/kg,  hal f  of the  dose being ad- 
minis te red  i.p., the  o the r  hal f  s.c. The blood pressure  was 
recorded cont inuous ly  by  a po lye thy lene  ca the t e r  placed 
into the  left  caro t id  a r t e ry  and connec ted  to  a pressure  
t r ansduce r  ( S t a t h a m  P b  23 Dc). Similarly, the  cent ra l  
venous  pressure  was moni to red  in the  r ight  a t r i um by  a 
s t ra in  gauge S t a t h a m  Pb  23 BB. The h e a r t  ra te  was 
t aken  f rom rapid  blood-pressure  recordings.  
Non- rad ioac t ive  t racer  microspheres  (3M brand)  of 
var ious  sizes - 15, 25, 35, 50 and 80 [xm - were suspended  
in a 3.5% gelat ine solut ion (Haemaccel|  and  a homo-  
genous suspens ion  was ob ta ined  by  ul t rasonic  exposure  
for 3 4 min.  The suspension,  r eady  for in ject ion,  con- 
t a ined  e i ther  20 mg or 50 mg per  ml. Since p re l imina ry  
s tudies  did no t  indicate  t h a t  the  resul ts  depended  on the  
size of the  microspheres ,  microspheres  of 50 ~xm were 
used in all expe r imen t s  repor ted  here. 

Packed cell volume (PCF), serum urea and plasnla potassium con- 
centrations of groups B, C and D immediately after the operation 
(0) and 2, 4 and 8 h later. All figures are means 4- SEM (u -- 
6 each) 

0 2 4 8h  

Group B 
PCV (percent) 42.5 4-0.38 56.12• 54.9 4-4-2.0 48.6 4-t=1.38 
Urea (mmoles/1) 5.224-0.75 10.224-1.00 15.0 4-1.50 25.00• 
Potassium 
(mEq[l) 3.904-0.25 6.0 i 0 .6  5.5 i0 .55 5.504-0.80 

Group C 
PCV (percent) 42.75• 43.004-0.75 44.4 4-0.38 45.254-1.0 
Urea (mmoles/l) 5.75• 10.224-0.75 11.50• 25.5 4-1.0 
Potassium 
(mEq]l) 4.00i0.25 5.854-0.30 7.004-0.60 7.5 ~0.55 

Group D 
PCV (percent) 42.624-0.38 42.384-0.63 42.624-0.63 48.0 4-1.62 
Urea (mmoles/1) 5.5 4-0.50 8.752t_0.75 10.0 4-1.25 28.0 4-0.75 
Potassium 
(mEq/1) 4.1 4-0.25 4.454-0.20 5.0 :t_0.40 6.5 4-0.55 

After  cannula t ion  of the  a b d o m i n a l  aor ta  above the  iliac 
bifurcat ion,  the  t ip  of t he  cannu la  was placed jus t  be low 
the  origin of the  renal  ar ter ies .  Before the  in ject ion of the  
microsphere  suspens ion  in to  one or b o t h  renal  arteries,  
the  aorta,  dis ta l  and  p r o x i m a l  to the  renal  arteries,  was 
t r ans i en t ly  c lamped  so as to direct  t he  to ta l  in jec t ion  
vo lume of 0.5 ml  in to  each k idney.  In  the  expe r imen t s  in 
which  the  microspheres  were in jec ted  into only  one 
kidney,  the  a r t e ry  of the  cont ra la te ra l  k idney  was also 
occluded dur ing  the  in jec t ion  period.  Af te r  the  inject ion,  
which  las ted abou t  20 sec, the  clips were r emoved  f rom 
the  aor ta  and f rom the  o ther  ar ter ies  (mesenteric) t h a t  
had  been t r ans i en t ly  occluded.  The cannula  was  r emoved  
f rom the  aorta ,  and the  si te of inser t ion was closed by  an  
au topolymer iz ing  t issue st ick (Histoacryl |  Subsequen t -  
ly, the  wound  was closed. 
The ra ts  in which  the  blood pressure  was no t  recorded 
were opera ted  in the  same manner ,  bu t  ae ther  was used  
as anaes thet ic ,  Af te r  the  operat ion,  the  conscious ra t s  
were kep t  in indiv idual  cages for 2, 4 and 8 h. Af te r  
these  intervals ,  t he  animals  were anaes the t i zed  w i t h  
aether,  and  blood was  t aken  f rom the  jugular  vein for the  
de t e rmina t i on  of packed  cell vo lume (PVC) and  of se rum 
concen t ra t ions  of sodium, po tass ium and urea. The  
p lasma  concen t ra t ion  of angiotens in  I I  was measu red  
di rec t ly  according to  t he  m e t h o d  descr ibed previous lyK 
Blood pH,  pCO 2, base  excess, s t anda rd  b ica rbona te  and  
buffer  base were measured  by  A S T R U P  m i c r o e q u i p m e n t  
(AME 1). 
The  following expe r imen ta l  groups  were s tud ied :  
Group A: 12 ra ts  in which  0.5 ml conta in ing  10 mg of 
microspheres  was in jec ted  into each of t he  renal  ar ter ies ;  
Group B: 31 ra ts  in which  0.5 ml  conta in ing  25 mg  of 
microspheres  was in jec ted  into each of the  renal  ar ter ies ;  
Group C: 31 ra ts  which  received the  same a m o u n t  of 
microspheres  as those  of group B, bu t  in which  b o t h  
renal  pedicles were l igated af ter  the  in ject ion;  
Group D: 31 ra ts  in which  b o t h  renal  pedicles were 
ligated, w i t h o u t  in jec t ion  of microspheres ;  
Group E:  6 ra t s  in which  1 ml  conta in ing  50 mg  of 
microspheres  was in jec ted  into t he  left  k idney,  while  t h e  
r igh t  renal  a r t e ry  was t r ans i en t l y  occluded;  
Group F:  5 ra ts  in which  0.5 ml conta in ing  25 mg  of 
microspheres  was in jec ted  into the  left k idney.  The u re te r  
of the  r igh t  k idney  was ligated, and th is  k idney  was  re- 
moved  2-4 h later.  
In  7 ra t s  each of group B, C and D and  in all r a t s  of 
group F, the  blood pressure  was recorded con t inuous ly  
under  t h i o b u t a b a r b i t a l  anaesthesia .  

1 These studies were supported in part by the Deutsche For- 
sehungsgemeinsehaft within the SFB 90, 'Cardiovascul/ires 
System'. 

2 S. Koletsky and J. M. Rivera-Velez, Arch. Path. 85, 1 (1968). 
3 K. Solez and G. W. Richter, Am. J. Path. 66, 163 (1972). 
4 H. Zschiedrich, K. G. Hofbauer, G. D. Baron, E. Hackenthal and 

F. Gross, Pfliigers Arch. 360, 255 (1976). 
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Results. After  t he  in j ec t ion  of 10 m g  of mic rospheres  in to  
one k idney,  a b o u t  ha l f  of t h e  n e p h r o n s  are  obs t ruc t ed ,  
whereas  t he  in jec t ion  of 25 m g  or 50 mg  will  r esu l t  in  a 
comple te  o b s t r u c t i o n  of t h e  renocor t i ca l  vascu la r  bed.  
Af te r  t he  in jec t ion  of 25 m g  of mic rospheres  in to  each  
k i d n e y  (group B), t h e  b lood  pressure  r e m a i n e d  u n c h a n g e d  
for a b o u t  1 h, b u t  s u b s e q u e n t l y  fell progress ively .  D e a t h  
occur red  4-12  h a f t e r  t he  embo l i za t i on  of t he  r ena l  
vascu la r  bed. A s imi la r  fall  in  b lood  pressure  was  seen 
in t he  r a t s  of g roup  F, a f t e r  t he  c o n t r a l a t e r a l  k idney,  i n to  
w h i c h  no  mic rospheres  h a d  been  in jec ted ,  was  r e m o v e d  
(figure). All  r a t s  d ied  w i t h i n  5-7 h a f te r  r e m o v a l  of t he  
n o n - o b s t r u c t e d  k idney .  I n  t h e  r a t s  of groups  A, C and  E, 
t h e  in jec t ion  of mic rosphe res  was n o t  fol lowed b y  a fall  in  
b lood  pressure,  and  t h e  same  was t h e  case a f t e r  l iga t ion  
of t he  2 r ena l  pedicles  (group D). I n  t he  r a t s  of g roup  B, 
s imu l t aneous ly  w i t h  t he  r educ t ion  of t he  a r t e r i a l  pressure ,  
t he  c en t r a l  venous  pressure  fell to  a b o u t  - -4  cm H~O, b u t  
i t  rose sho r t l y  before  t h e  an ima l s  died. I n  t h e  2 groups  in 
w h i c h  t he  b lood pressure  fell (B a n d  F), a decrease  in 
h e a r t  r a t e  occurred,  which ,  in  m o s t  an imals ,  b e g a n  
before  t he  fall  in  b lood  pressure .  I n  t he  o the r  groups,  
w i t h  s t ab le  b lood-pressure  values,  t he  h e a r t  r a t e  d id  n o t  
change.  
O t h e r  p a r a m e t e r s :  I n  g roups  ]3, C and  D, s e rum urea  
rose s imilar ly ,  up  to  va lues  of 35 mmoles/1 w i t h i n  a b o u t  
6 h. S e r u m  p o t a s s i u m  was  increased  to  8 mEq/1  in t h e  
r a t s  of g roup  C, b u t  was  less e l eva t ed  in t hose  of groups  
]3 a n d  D (table).  Metabo l i c  acidosis  was obse rved  in all  

g roups  of ra ts ,  be ing  m o s t  m a r k e d  (pH 7.01) in  g roup  C, 
a l r eady  4 h a f t e r  t h e  in jec t ion  of microspheres .  The  
p l a s m a  ang io t ens in  I I  c o n c e n t r a t i o n  r eached  v e r y  h i g h  
va lues  in  t h e  an ima l s  of g roups  B a n d  D, t h e  excessive 
c o n c e n t r a t i o n  of 12,000 p g / m l  be ing  m e a s u r e d  in one 
a n i m a l  a n d  t h a t  of 1500 p g / m l  in t h e  r e m a i n i n g  rats .  I n  
t he  r a t s  of g roup  C, t h e  m e a n  va lue  was  500 pg /ml ,  wh ich  
was a b o u t  4 t i m e s  t he  con t ro l  va lues  (120-150 pg/ml) .  A 
m a r k e d  rise in PCV f rom 43 to  56% was o b t a i n e d  in t h e  
r a t s  of g roup  B, a l r eady  2 h a f t e r  t h e  in ject ion.  I n  groups  
C and  D, a n  increase  of on ly  3 a n d  6 %  respec t ive ly  was 
found  a f t e r  8 h. 
W h e n  t he  r a t s  of g roup  B were p laced  in to  me tabo l i c  
cages, t he  m a x i m u m  a m o u n t  of u r ine  p roduced  du r ing  8 h 
was 0.2 ml.  A t  au topsy ,  a h a e m o r r h a g i c  pe r i tonea l  
effusion of 1.5-2.5 m l  was found,  a n d  also p leura l  ex-  
suda t ions  were obse rved  in some an imals .  I n  a few animals ,  
i n to  w h i c h  E v a n s  b lue  h a d  been  in j ec t ed  i.v. pr ior  to  t he  
a d m i n i s t r a t i o n  of t he  microspheres ,  t he  pe r i t onea l  ex-  
s u d a t e  was  s t a ined  blue,  as was  t h e  serum.  
Discussion. F r o m  the  e x p e r i m e n t s  i t  is e v i d e n t  t h a t  em-  
bol ic  o b s t r u c t i o n  of t he  rena l  va scu l a r  bed  is followed b y  
t h e  d e v e l o p m e n t  of a shock- l ike  s ta te ,  as a consequence  
of wh ich  t h e  an ima l s  die w i t h i n  4-12  h. On  t he  o the r  
h a n d ,  r e m o v a l  of b o t h  k idneys  or l iga tu re  of t he  2 r ena l  
pedicles  resu l t s  in  u raemia ,  wh ich  is t o l e r a t ed  for 48-72 h. 
The  shock  is cha rac t e r i zed  b y  a slow fall  in b lood  pressure  
a n d  h e a r t  r a t e  a n d  all increased  cap i l l a ry  pe rmeab i l i t y .  
No s y m p t o m s  of shock  are obse rved  if t h e  exc re to ry  

Heart rate (above) and blood 
pressure (below) after injection of 
25 mg of microspheres into 1 
kidney. The ureter of the contra- 
lateral kidney was ligated (group 
F). The arrow indicates the re- 
moval of the contralateral kidney. 
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func t ion  of t he  k i d n e y  is e l imina ted  b y  u re t e r  l igat ion.  
To a c e r t a i n  degree, t h e  s eve r i t y  of t he  shock  depends  on  
t he  a m o u n t  of t h e  in jec ted  microspheres .  Af te r  t he  in-  
j ec t ion  of 10 m g  in to  each  k idney ,  t he  s e r u m  urea  rose 
t r an s i en t l y ,  b u t  no s y m p t o m s  of c i r cu l a to ry  fai lure  
occurred,  a n d  all a n i m a l s  su rv ived  for a per iod  of more  
t h a n  3 m o n t h s .  I n  c o n t r a s t  to  this ,  t h e  in jec t ion  of 25 m g  
in to  each  k i d n e y  a lways  resu l ted  in t he  r ap id  d e v e l o p m e n t  
of a severe  shock-l ike  s ta te ,  and  all an i m a l s  s u c c u m b e d  
w i t h i n  12 h. 
The  shock-l ike  s t a t e  is p r even ted ,  if a con t ra l a t e ra l ,  non-  
embol ized  k i d n e y  is p resen t ,  i n d e p e n d e n t  of i ts  excre-  
t o r y  func t ion .  If  t h e  i n t a c t  r ena l  t issue is r e m o v e d  a f t e r  
severa l  hours ,  a shock- l ike  s t a t e  sti l l  deve lops  as a con-  
sequence  of the  p reced ing  in jec t ion  of mic rospheres  in to  
t he  o t h e r  k idney.  
I t  is sugges ted  t h a t  t he  shock- l ike  s t a t e  a f t e r  mass ive  
e m b o l i z a t i o n  is e l ic i ted b y  t he  release of a s u b s t a n c e  f rom 
the  af fec ted  k idney.  A t  first ,  i t  was  supposed  t h a t  r en in  
m i g h t  h a v e  been  excess ively  released, and  t he  h igh  p l a s m a  
c o n c e n t r a t i o n  of ang i o t ens i n  I I  seems to s u p p o r t  such  a n  
a s s umpt ion .  However ,  t he  s t i m u l a t i o n  of r en in  secre t ion  
and  t he  e n h a n c e d  f o r m a t i o n  of ang io t ens in  I I  shou ld  
resu l t  in  an  increase  in b lood  pressure .  F u r t h e r m o r e ,  in  
s tudies  w i t h  the  i so la ted  per fused  k idney,  on ly  a t r a n s i e n t  
release of ren in  for a b o u t  10 m i n  was obse rved  4, b u t  t h e  
a m o u n t  of microspheres  in jec ted  in those  e x p e r i m e n t s  
was on ly  a f r ac t ion  (1/50) of t h a t  g iven  to the  r a t s  in  
which  a shock-l ike s t a t e  developed.  The  h igh  p l a s m a  
c o n c e n t r a t i o n  of ang io t ens in  I I  is p r o b a b l y  t he  conse-  
quence  of a s econda ry  a c t i v a t i o n  of t he  r en in -ang io t ens in  
sys tem.  The  reduc t ion  in i n t r a v a s c u l a r  vo lume,  caused  b y  
the  increased  cap i l l a ry  pe rmeab i l i t y ,  is the  m a j o r  s t imu lus  
for t he  r en in -ang io t ens in  sys tem.  I n  addi t ion ,  r en in  m i g h t  

h a v e  been  re leased also f rom t h e  i schaemic  r ena l  t issue.  
A release of rena l  p r o s t a g l a n d i n s  ha s  also been  considered,  
b u t  w h e n  t he  r a t s  were p r e t r e a t e d  w i t h  i n d o m e t h a c i n  
(2-3 mg/kg) ,  t he  shock- l ike  s t a t e  could  n o t  be  p r e v e n t e d .  
However ,  these  e x p e r i m e n t s  do no t  exc lude  a possible  
c o n t r i b u t i o n  of p r o s t a g l a n d i n s  to  t h e  shock  synd rome .  
A n o t h e r  poss ib i l i ty  would  be  t he  release of k in inogenases  
f rom the  k i d n e y  a n d  the  f o r m a t i o n  of k in ins ,  such  as 
ka l l id in  a n d  b r a d y k i n i n .  I f  b r a d y k i n i n  was infused in to  
rats ,  t h e  b lood  pressure  fell in  r e l a t i on  to  t he  dose, wh ich  
r a n g e d  f rom 2.5 y /kg /min  to 125 ~ /kg /min .  The  response  to  
vasopresso r  agents ,  such  as n o r a d r e n a l i n e  a n d  ang io t ens in  
I I ,  was  reduced.  A bolus  i n j ec t i on  of 50 7 b r a d y k i n i n  per  
r a t  ( cor responding  to 250 v/kg) was fol lowed b y  a de- 
crease in b lood  pressure  a n d  h e a r t  ra te ,  a n d  t he  r a t s  d ied  
w i t h i n  10-40 min.  A l t h o u g h  these  obse rva t i ons  seem to 
s u p p o r t  a causa l  role of b r a d y k i n i n  in t he  d e v e l o p m e n t  
of t he  shock  s y n d r o m e  a f t e r  r ena l  embol iza t ion ,  t h e y  do 
no t  exp la in  the  p r o t e c t i v e  role of i n t a c t  r ena l  t issue.  
F u r t h e r m o r e ,  the  a m o u n t  of b r a d y k i n i n  t h a t  m a y  be  
fo rmed  in t h e  r a t s  is l imi ted  b y  t h e  a m o u n t  of s u b s t r a t e  
p resen t .  Hence,  conv inc ing  ev idence  is s t i l l  l ack ing  t h a t  
t he  k in inogenase -k in in  sys t em is t he  on ly  f ac to r  i nvo lved  
in t he  pa thogenes i s  of t he  o b s e r v e d  syndrome .  On t he  
o t h e r  h a n d ,  b r a d y k i n i n  has  been  c la imed  to be  respons ib le  
for t h e  shock  t h a t  occurs  a f t e r  i n j e c t i o n  of t r y p s i n  and  
o the r  p ro t eo ly t i c  enzymes  s. S tud ies  w i t h  t he  p ro tease  
i n h i b i t o r  a p r o t i n i n  could no t  be  u n d e r t a k e n  because  of i t s  
h i g h  t o x i c i t y  in rats .  

6 A. P. Corrado, M. L. Reis, I. F. Carvalho and C. R. Diniz, Bio- 
chem. Pharmac. JS, 959 (1966). 
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Summary. A new t e c h n i q u e  is used to  measu re  the  h o r n e t ' s  wing m o v e m e n t .  I t  enab les  one  to  measu re  precise ly  t he  
f r equency  of th i s  m o v e m e n t ,  even  in t he  presence  of spur ious  'noise ' .  Th i s  au toco r r e l a t i on  t e c h n i q u e  revea led  t h a t  t he  
h o r n e t ' s  wing  s t roke  is d iv ided  in to  3 smal le r  s t rokes  w h e n  t h e y  are t i red.  T h e  ene rgy  c o n t e n t  in  each  s tage can  be  
m e a s u r e d  using t he  au tocor re la to r .  

T h e r m o r e g u l a t i o n  is a c o m m o n  p h e n o m e n o n  a m o n g  
Vesp inae  1, who use b o t h  f ann i ng  w i t h  t he  wings a n d  
w a t e r  t r a n s p o r t  to  cool o v e r h e a t e d  nes t s  2-5. I n  t h e  case 
of t he  Or ien ta l  ho rne t ,  Vespa  or iental is ,  severa l  workers  
a r r ange  t h e m s e l v e s  a r o u n d  the  nes t  en t rance ,  facing ou t  
in nes t s  above  g r o u n d  or up  in s u b t e r r a n e a n  nests .  A t  
t e m p e r a t u r e s  h ighe r  t h a n  optimal, ,  these  workers  com- 
mence  a c o n s t a n t  a n d  rap id  f ann i ng  m o v e m e n t  of t h e i r  
wings. T h e  f ann ing  workers  are m o s t  f r e q u e n t l y  d ispersed  
on  t he  outs ide  of t he  nest ,  a t  some d i s t ance  f rom t h e  
e n t r a n c e  e, b u t  m a y  also a r r ange  t h e m s e l v e s  b e h i n d  a n d  
a r o u n d  it, in  t he  galleries be t w een  t h e  e n t r a n c e  a n d  t h e  
combs,  a n d  on t h e  c o m b s  proper .  Accord ing  to S te iner  8, 
t he  a d u l t  wasps  beg in  f a n n i n g  t h e i r  wings w h e n  t he  t e m -  
p e r a t u r e  of the  surface  of t h e  b rood  c o m b  reaches  a b o u t  
35 ~ Because  t he  Or i en t a l  h o r n e t  bui lds  i ts  nes t s  u n d e r -  
g round ,  t he  workers  m a y  c o m m e n c e  f ann i ng  even  a t  t e m -  
p e r a t u r e s  a r o u n d  20 ~ p r o v i d e d  t he  re la t ive  h u m i d i t y  is 
h ighe r  t h a n  80%.  Th i s  can  be induced  e x p e r i m e n t a l l y  b y  

m o i s t e n i n g  t he  soil a r o u n d  t h e  nest ,  and,  in  t h e  l abora -  
tory ,  b y  keep ing  t he  floor of t h e  ar t i f ic ia l  b r eed ing  box  
(ABB) wet .  I n  th i s  case, one to  severa l  workers  engage  in 
t h e r m o r e g u l a t i o n ,  a n d  t h e i r  f a n n i n g  a c t i v i t y  c an  be  ob-  
se rved  and  recorded  over  long per iods  w i t h o u t  in te r -  
rup t ion .  
I n  order  to  o b t a i n  accu ra t e  d a t a  on  t he  f a n n i n g  a c t i v i t y  
a n d  t he  noise p roduced  b y  it, we emp loyed  a t e c h n i q u e  
well  k n o w n  in a s t r o n o m y  a n d  re l a t ed  fields, b u t  n e v e r  
before  used in ana lyz ing  h o r n e t  v e n t i l a t i o n  noise. A series 
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