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Mittlerer 
Blutdruck 
in mm Hg 

Anzahl Ohne Vor- Nach Vor- 
Ratten behandlung behandlung mit 

Init MEG 200 ing/kg MEG 
18 114,7 ~: 2,9 �9 129,6 ~ 3,9 

Vaso- Anzahl Pressorische Pressorische P 
pressin Versuehe Reaktion auf Reaktion auf nach 
(pro kg Vasopressin Vasopressin t-Test 
K6rper- (ram Hg) (ram Hg) 
gewicht) 
5 mlE 8 7,5 4- 0,8 15,4 4- 1,6 < 0,001 

10 mlE 8 13,8 4- 1,6 26,6 =k 1,2 < 0,001 
20 mlE 15 21,8 4- 0,9 47,8 ~ 3,6 < 0,001 
30 mlE 2 23,3 4- 4,4 58,3 4- 4,4 < 0,002 
50 mlE 2 27,7 ~ 1,5 62,7 -z 3,7 < 0,001 

a Mittlere Abweichung des Mittelwertes. 

Summary. 2-mercap toe thy lguan id in  enhances  the  blood 
pressure  responses  to  smal l  doses of vasopress ine  in the  
rat .  This po t en t i a t i on  is s ta t i s t ica l ly  significant.  The 
increase of the  vasopress ine  reac t ion  af ter  2-mercapto-  
e thy lguan id in  is no t  due to an indi rec t  effect  of vaso- 
pressine on the  cardiovascular  sys tem.  
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Comparative Pathology after Intrathecal Endotoxin in the Rabbit, Dog and Monkey 

I n t r a v e n o u s  admin i s t r a t i on  of g ram nega t ive  bacter ia l  
endo tox ins  in to  m a m m a l s  resul ts  in a s y n d r o m e  which 
resembles  sept ic  shock in man.  Since m u c h  smaller  doses 
of in t ra theca l  1,2 or in t raca ro t id  ~ endo tox in  are requi red  
for shock and  death ,  several  inves t iga tors  have  suggested 
t h a t  endo tox in  acts  p r imar i ly  on the  cent ra l  nervous  
sys t em (CNS)I-4. However ,  an increased sens i t iv i ty  to  
endo tox in  via  the  cerebrospinal  route  does no t  neces- 
sari ly indica te  t h a t  its sys temic  act ion is med i a t ed  via 
the  CNS. 

ZWEIFACH 5 has emphas ized  t h a t  m a m m a l i a n  species 
differ in the i r  responses  to in t ravenous  endo tox in  and 
t h a t  a c o m m o n  mode  of act ion for endo tox in  in a var ie ty  
of species has  no t  been found.  I f  endo tox in  t r a n s m i t s  its 
effects  via t he  CNS, the  pathological  changes  should 
resemble  those  following sys temic  admin i s t r a t ion  and  the  
changes  should be specific to  the  species. This  s tudy  
inves t iga tes  t he  pathological  changes  induced  b y  CNS 
and  in t ravenous  endo tox in  in 3 species of animals.  

Methods. E. coli endo tox in  was  p repa red  f rom s t ra in  
0111:4B organisms by  the  m e t h o d  of MACLEAN and 
WEIL 6. This insoluble mater ia l  p r even t ed  the  sys temic  
absorp t ion  of endo tox in  f rom the  cerebrospinal  fluid 
spaces 7, s. I t s  ac t iv i ty  was re ta ined  in saline suspension 
in a concen t ra t ion  of 17 mg/ml  while s tored in sterile 
vials a t  - -20  ~ The in t rac i s te rna l  LDs0 dose was then  
in t roduced  in to  the  c is te rna  m a g n a  of dogs and  monkeys  
anes the t i zed  wi th  i.v. sodium pen toba rb i t a l  (30 mg/kg).  
Dur ing  c is ternal  injection,  r abb i t s  were manua l ly  re- 
s t ra ined.  Controls  were given cis ternal  inject ions of saline 
and  blood. Complete  autopsies  were pe r fo rmed  as soon 
af ter  dea th  as possible in the  CNS endo tox in  t r ea ted  
animals  t h a t  died 12-24 h af ter  injection.  Since none  of 
the  contro l  animals  died, these  animals  were killed 72 h 
af ter  the  expe r imen t  w i th  large i.v. inject ions of sodium 
pen tobarb i t a l .  All organs were weighed, examined  grossly, 
and  the  t issues f ixed in buffered formalin.  Paraf f in  
e m b e d d e d  sect ions were cut  a t  5 ~z and  were s ta ined  wi th  
h e m a t o x y l i n  and  eosii1. Nervous  t issue was s ta ined  wi th  
luxol fast  b lue-hematoxyl in-eos in .  

Results. In  Table I a compar ison  is made  of the  
a m o u n t s  of in t ra theca l  LDs0 and i.v. LDs0 admin is te red  
to adul t  mongre l  dogs, rhesus monkeys ,  and  albino New 
Zealand rabbi ts .  In t r ac i s t e rna l  endo tox in  was far more 
toxic.  

Pa thologica l  changes  following endo tox in  were similar 
in all 3 species. None  of the  sect ions  revealed the  presence 

of i n t r amedu l l a ry  or in t racor t ica l  nuclear  lesions. Minimal 
acute  meningeal  reac t ion  was observed at  the  site of 
needle  puncture .  

The mos t  s t r ik ing a b n o r m a l i t y  a t  au topsy  was mas-  
sive hemorrhag ic  p u l m o n a r y  edema.  Table I I  l ists the  
mean  lung/hear t  weigh t  ra t io  in the  3 species for controls  
and animals  wi th  CNS endotoxin .  Grossly the  pleural  
surfaces of the  lungs were  conges ted  and mot t led ,  and 
blood and edema  fluid could easily be expressed on sec- 
tion. Microscopic examina t ion  revealed intra-alveolar  
and  in ters t i t ia l  hemor rhage  and edema.  

The per icardial  sac f requen t ly  conta ined  small  amo un t s  
of serosanguinous fluid. The epicardial  surface of the  
hea r t  con ta ined  p u n c t a t e  hemorrhages .  The left a t r ium 
was usual ly di lated.  Subendocard ia l  hemor rhages  were 
p resen t  in bo th  ventr icles ,  especial ly t he  right.  Valvular  
lesions and  focal myocard ia l  necrosis were found only 
in dog hearts .  None  of the  animals  developed myocard ia l  
zonal lesions, which  are usually found in sys temic  endo- 
tox in  shock% 

In  all animals  t he  l ivers appeared  severely conges ted  
w i t h o u t  the  d e v e l o p m e n t  of lobular  necrosis, and  the  
k idneys  were hype remic  a t  the  cor t ico-medul lary  junc- 
tion. Microscopically,  congest ion of glomerular  capillaries 
was present ,  bu t  there  was no evidence of f ibrin th rombi .  
Hemor rhages  Were found  at  the  cor t ico-medul la ry  junc- 
t ion of the  adrenal  w i th  a few areas of necrosis sca t te red  
t h r o u g h o u t  the  adrena l  cor tex  in all 3 species. 

The mucosa  in t he  gas t ro in tes t ina l  t r ac t  of all species 
was hyperemic ,  and  a few areas were superficial ly ulcer- 
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a ted.  Only  a few s t r eaks  of b lood were found  in t he  
lumen .  The  i n t e s t i n a l  mucosa  was i n t a c t  excep t  for  
s ca t t e r ed  areas  of erosion.  

Discussion. L e t h a l  doses of i.v. e n d o t o x i n  p roduced  
d i f fe ren t  effects in  t h e  3 species 5,x~ I n  t he  dog mass ive  
h e m o r r h a g i c  necrosis  of t he  ga s t r o i n t e s t i na l  t r ac t ,  c en t r a l  
lobu la r  necrosis  of t h e  liver,  conges t ion  of t he  k idney ,  
m i n i m a l  e d e m a  of t h e  lungs,  and  occas ional  a reas  of 
m y o c a r d i a l  necrosis  w i t h  zonal  lesions occur red  9, a0. The  
r a b b i t  d e m o n s t r a t e d  m i n i m a l  g a s t r o i n t e s t i n a l  lesions, 
t h r o m b o s i s  of t he  h e p a t i c  vessels  w i t h  necrosis,  myocar -  
d im h e m o r r h a g e s  a n d  necrosis,  and  mass ive  h e m o r r h a g i c  
p u l m o n a r y  e d e m a  10. T he  m o n k e y  r e sponded  w i t h  less 

p u l m o n a r y  p a t h o l o g y  t h a n  t he  r a b b i t  a n d  less gas t ro-  
i n t e s t i n a l  p a t h o l o g y  t h a n  t he  dog and  d i sp layed  no  
hepa t i c  conges t ion  ~~ I n  t h e  p re sen t  expe r imen t s ,  t h e  
pa tho log ic  changes  i nduced  in all 3 species b y  in t r a t l l eca l  
e n d o t o x i n  were essent ia l ly  t he  same  ; mass ive  h e m o r r h a g i c  
p u l m o n a r y  edema,  s u b e n d o c a r d i a l  h e m o r r h a g e  a n d  con-  
ges t ion  of t he  sp lanchn ic  bed,  l iver,  k idneys ,  a n d  adrena ls .  
These  resul t s  i nd i ca t e  t h a t  t he  m e c h a n i s m  of d e a t h  fol- 
lowing CNS e n d o t o x i n  is s imi la r  in  t he  3 species s tud ied .  
Since i n t r a t h e c a l  e n d o t o x i n  does no t  induce  changes  
wh ich  re semble  those  seen fol lowing i.v. endo tox in ,  i t  is 
un l ike ly  t h a t  e n d o t o x i n  a d m i n i s t e r e d  i.v. ac ts  p r i m a r i l y  
on  t he  cen t r a l  ne rvous  sys tem.  

Table I. LDs0 E. coli endotoxin by i.v. and intracisternal routes 

Species Intravenous In traeisternal 

Dog 11.0 mg/kg 5.1 mg/kg 
Rabbit  27.6 mgm/kg 3.5 mg/kg 
Monkey 91.9 mgm/kgm 30.0 mgm/kgm 

Table II. Lung/heart weight ratio (mean ~= S.E.) 

Species Control ~ Intracisternal 
endotoxin 

Dog 1.23 ~ 0.04 2.70 ~ 0.33 
Rabbit 1.74 =l= 0.18 3.34 =L 0.26 
Monkey 1.64 • 0.09 2.83 ~ 0.41 

Zusammen/assung. Pa tho log i sche  Ver / inde rungen  be i  
Kaninchen,"  H u n d e n  u n d  Affen n a c h  i n t r a z y s t e r n a l e r  Ver-  
a b r e i c h u n g  yon  B a k t e r i e n e n d o t o x i n e n  s ind e i n a n d e r  sehr  
~ihnlich, wi ih rend  sie n a c h  i.v. I n j e k t i o n  bei  a l len 3 Tier-  
g ruppen  auf fa l lend  ve r sch i eden  sind. Dies f t ihr t  zur  An-  
nahme ,  dass  die "vVirkung des E n d o t o x i n s  zu r  H a u p t s a c h e  
o f fenbar  n i c h t  t iber  das  Z e n t r a l n e r v e n s y s t e m  geht .  
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The Effect of S o m e  A n t i c h o l i n e s t e r a s e  A g e n t s  and of H e m i c h o l i n i u m  on the A m o u n t  of S u b s t a n c e  P 
in Rabbit  Bra in  and Gut 

I t  has  been  r epo r t ed  t h a t  p h y s o s t i g m i n  decreased  t he  
c o n t e n t  of s u b s t a n c e  P (SP) in  gu t  a n d  in b r a i n  of 
r a b b i t  1, 2 In  order  to  e luc ida te  t he  ac t ion  of o the r  an t i -  
chol ines te rase  agen ts  on  the  S P  c o n t e n t  in  t h e  above-  
m e n t i o n e d  organs  ot t he  r abb i t ,  we s tud ied  t he  effect  
of phospho l ine  iodide and  of pa raoxon .  Phospho l ine  
iodide, an  an t i cho l ines t e rase  a g e n t  which  does no t  pene-  
t r a t e  the  b lood -b ra in  ba r r i e r  3, and  pa raoxon ,  an  an t i -  
chol ines te rase  agent ,  wh ich  p e n e t r a t e s  t he  ba r r i e r  4, were 
used to c lar i fy  more  precisely t he  inf luence  of these  
agen t s  on  t he  S P  c o n t e n t  in  b r a i n  and  in gut .  W e  ad-  
min is te red ,  also, h e m i c h o l i n i u m  No. 3 (HC-3) in order  to  
i nh ib i t  cho l inace ty lase  ac t i v i t y  5 and  m e a s u r e d  t h e r e a f t e r  
t he  c o n c e n t r a t i o n  of SP  in r a b b i t ' s  smal l  i n t e s t i ne  a n d  
in b ra in .  

R a b b i t s  of b o t h  sexes were used weigh ing  f rom 2-3 kg. 
The  ex t r ac t s  were m a d e  f rom t he  whole  of t he  smal l  
i n t e s t ine  and  f rom t he  bra in ,  ce rebe l lum being  left  out .  
The  b r a i n  a n d  smal l  in t e s t ine  were g round  a n d  boiled 
in acidif ied dis t i l led  water .  Af te r  p r ec ip i t a t i on  w i t h  
a m m o n i u m  sulfate,  SP  was adso rbed  on  a l u m i n i u m  oxide 
a n d  e lu ted  w i t h  dis t i l led wa te r  as descr ibed b y  PERNOW 6 
a n d  EULER ~. B ioassay  was pe r fo rmed  on t he  i so la ted  
guinea-p ig  i l eum b a t h e d  in t y r o d e  so lu t ion  which,  also, 
c o n t a i n e d  a t rop ine ,  p r o m e t h a z i n e  a n d  D-lysergic acid 
d ie thy lamide .  A p r e p a r a t i o n  of SP  ( m a n u f a c t u r e d  b y  
H o f f m a n n - L a  Roche,  Basle, Swi tzer land)  c o n t a i n i n g  75 
U / m g  was used as a s t a n d a r d .  T he  recovery  was checked  
and  the  m e a n  recoveries  were of t he  o rder  of 78%. 

Drugs  used were:  phospho l ine  iodide (d ie toxyphospho-  
ry l t iochol ine  iodide), p a r a o x o n  (d i e thy lpa ran i t rophen i l )  

and  h e m i c h o l i n i u m  No. 3 (HC-3). All d rugs  were in jec ted  
s.c. once a day.  P h o s p h o l i n e  iodide was a d m i n i s t e r e d  for 
4 days,  25 tz/kg on t he  f i rs t  day  and  12.5 tx/kg on  t he  
o the r  3 days.  P a r a o x o n  was a d m i n i s t e r e d  for  2 days,  
150 ~x/kg on  t he  f i rs t  day  and  75 ~x/kg on  t he  second day.  
HC-3 was in jec ted  once in dose of 2.5 mg/kg .  "With such  
a big  (toxic) dose we got  more  un i fo rm  resu l t s  t h a n  w i t h  
smal le r  ( 0 . 5 m g / k g  and  0.25 mg/kg)  doses. A b o u t  1 h 
a f t e r  2.5 m g / k g  of HC-3 the  an ima l s  died w i t h  s y m p t o m s  
of a sphyx ia .  

The  resu l t s  are shown  in t he  Table.  P h o s p h o l i n e  iodide 
and  p a r a o x o n  lowered the  SP  c o n t e n t  in  t h e  r a b b i t  smal l  
in tes t ine .  HC-3, on  t he  o the r  h a n d ,  increased  t h e  S P  
c o n t e n t  in  the  smal l  in t e s t ine  (from 2.53=t=0.2 U/g  in 
con t ro l  e x p e r i m e n t s  to  5.70 ~ 0.7 U/g).  P h o s p h o l i n e  
iodide d id  no t  change  t he  SP  c o n t e n t  in t he  b ra in ,  whi le  
p a r a o x o n  and  HC-3 lowered it. 

The  p r e s e n t  e x p e r i m e n t s  are  in acco rdance  w i t h  pre -  
v ious ly  r epo r t ed  resu l t s  t h a t  p h y s o s t i g m i n e  decreases  t he  
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