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resistant rat atria( 13) (1  1.61 meq/kg) and 
rabbit aorta (7.48 meq/kg, Table I)  are 
higher than that of the sensitive guinea pig 
atria ( 5 . 2  meq/kg) (7) .  A precise compari- 
son cannot be made since the experiments 
were not carried out under identical condi- 
tions. However, these data suggest thk possi- 
bility that the mechanism(s) responsible for 
species variations in sensitivity to the cardiac 
glycosides may be Ca dependent and related 
to the level of intracellular Ca and/or the 
strength of Ca binding. 

Summary. The contracture produced by 
ouabain in isolated rabbit aortic strips is 
Ca dependent and associated with an increase 
in Ca45 uptake, no change in Ca content and 
thus presumably, an increase in Ca exchange. 
Ca and ouabain are also antagonistic in that 
the sensitivity of the tissue to ouabain can 
be markedly increased by placing the aortas 
in Ca-free Ringer’s solution for a brief period. 
I t  is suggested that species sensitivity to the 
cardiac glycosides may be related to the level 

of intracellular Ca. and/or the strength of Ca 
binding. 
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Emetic Action of Bacterial Endotoxin in the Cat.” (307%) 
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Bacterial endotoxin provokes emesis in the 
dog(l) ,  cat(2), monkey(3) and man(4) but 
information on the locus of emetic action is 
lacking. In the most pertinent study of this 
endotoxin action, cats vomited consistently 
following i.v. but not after intracerebroven- 
tricular injections of the lipopolysaccharide 
endotoxin (LPS) . Ablation of the medullary 
chemoreceptor trigger zone, the site of emetic 
receptors for centrally acting emetics( 5 )  , did 
not influence the vomiting response to LPS. 

The purpose of this communication is to 
compare the site of emetic action of LPS in 
the cat with that of the staphylococcus food 
poisoning agent, staphylococcal entero toxin 
( 6 ) ,  as ascertained for this animal(7) and 
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for the rhesus monkey(8). This was done 
by the functional approach (9),  wherein the 
effect on the vomiting response to LPS of cats 
subjected to different denervation procedures 
was examined. 

Materials. Escherichia coli 0 11 1 : B4 lipo- 
polysaccharide endotoxin (Difco, control 
#457263) was used throughout. LPS stock 
solution was prepared in pyrogen-free saline 
by shaking after heating for 15 minutes in 
an 80°C water bath. Working dilutions were 
made from the refrigerated stock (kept up 
to 2 weeks) on day of. use and heated for 
7 minutes a t  65°C. 

About 7070 of previously unused cats con- 
ditioned to the laboratory for 2-3 weeks and 
weighing 2-4 kg vomited in response to i.v. 
challenge of 5 Fg/kg of LPS. Latency of the 
first vomiting episode was 2 5 - 7 0  min. Only 
those animals responding to this “standard- 



izing” dose of LPS were used for denervation 
studies. 

Highly purified (95 o/a purity) staphylococ- 
cal Enterotoxin B elicited vomiting in about 
50% of previously unused rhesus monkeys at  
a level of 10 pgJanimal by the intragastric 
and with about 0.5 pg/kg by i.v. route. Six 
normal cats challenged i.v. with 1 p g J k g  all 
vomited with latency of 45-128 minutes. To 
avoid the complication of degrees of resist- 
ance developing from prior contact with en- 
terotoxin, cats not previously tested with en- 
terotoxin were used directly for surgery and 
post-surgical challenges calculated on basis 
that they would normally have vomited after 

Intrathoracic vagotomy was performed be- 
low the level of the heart. Abdominal sym- 
pathectomy was accomplished in two stages: 
removal of the abdominal sympathetic chains 
followed by excision of the thoracic sympa- 
thetics below T4. When required, vagotomy 
was performed at  time of the lower thoracic 
sympathectomy. Spinal cord transection was 
between T3 and T4. 

All post-operative emetic challenges were 
performed only after apparent recovery from 
the surgical procedures (2-4 weeks) except 
that spinal-cord transected cats were tested 
4-8 days after surgery. Food was offered im- 
mediately before administration of the emet- 
ic; animals not eating of own volition were 
given milk by gavage. Cats were observed 
for vomiting for 4-5 hours. 

ResuEts. Information on the resistance de- 
veloping from previous LPS injections was 
developed in order to be able to quantitate 
the effect of denervation procedures on the 
emetic responsiveness of the cats. Daily in- 
jections of LPS induced a rapid increase in 
emetic tolerance. Two cats administered 5 
pg/kg on 3 successive days vomited only 
after the initial challenge. Emesis was ob- 
served only after the first and third injec- 
tions in a cat challenged with 5, 10, 20; 30, 
40, and 50 pg/kg on succeeding days while 
another animal subjected to the same sched- 
ule followed by 70, 100 and 1501 pg vomited 
after the first, third, and fourth injections 
only. 

1 lug&. 

TARJIE I. Failure to Develop Permanent Resist- 
ance to Emetic Action of LPS with Widely Spaced 

Challenges. 

r-L P S challenges *-, 
Cat  No. 1 s t  2nd 3rd 4th 

1 5+ 1 0 -  ( 9) 5+ (30) 
2 10+ 1 0 -  ( 9) 5+ (30)  5+  (21)  
3 5+ l o +  (21 )  5+ (21)  
4 5+ 5+ (21 )  5+ (21) 
5 60+ l O +  (21)  
6 60+ 5 -  (12 )  10+ (14) 5+ (21) 
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Significant emetic tolerance did not develop 

* pg/kg, i.v. ; + = vomiting ; - = no  vomiting ; 
( ) (lays from preceding challenge. 

with spacing of LPS injections (Table I) .  
Based on this observation, surgical proce- 
dures were scheduled so a t  least 3 weeks in- 
tervened between standardizing test and post- 
operative challenge. The latter dosage is re- 
ported as a multiple of the minimal emetic 
dose (MED) of 5 pg/kg, assuming no effect 
of the surgical procedure on the emetic re- 
sponsiveness. 

Effects of denervation procedures on the 
emetic response to LPS are summarized in 
Table 11. The results indicate that spinal 
cord transection interrupts the important af- 
ferent pathway of the vomiting reflex. How- 
ever, abdominal deafferentation of vagotomy 
plus spinal cord sectioning is required to pre- 
vent all signs of an emetic response such as 
forward licking. This latter type of animal 
is still capable of vomiting in response to the 
proper emetic stimulus, vomiting resulting in 
2 such cats given 180 pgJkg, i.v. of lanato- 
side C (Cedinilid, Sandoz), an emetic acting 
through the medullary chemoreceptor trigger 
zone( 10). 

Vagotomy of cats results in a low, but sig- 
nificant, increase in the threshold emetic dose 
of staphylococcal enterotoxin while complete 
resistance (maximum of about 10 MED’s 
used) follows vagotomy plus high spinal cord 
sectioning(7). The data of Table I1 confirm 
these observations with higher enterotoxin 
doses and point out other similarities in 
emetic responses to these two toxins. 

Discussion. As far as comparison is pos- 
sible, the site of emetic action in the cat is 
the same for intravenously administered bac- 
terial endotoxin and staphylococcal enterotox- 
in. The data are consistent with the inter- 
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T A B L E  11. Effect of I)ciicrv:itioii Procedures on Enictic Response of Cats to  TAPS aiid 
Staphylococcal E n  tcro tosiii. 

KO. vomiting*/ Dosage 
D eiicrva t ion No. tested x MEDt Comnients 

Vagotoniy + :rbtlouiiiial 

Vagotoiny + sl)iiinl cord 

Spinal  cord (T3-T-I) 

sympa thee tomy 

(T3-T-I ) 

LPS 
3/4 10, 2 ,2 ,  1 

4/4 10,10,5,3 

O / B  5 ,  lo, 30,40, 

0 / 5  4, 10, 20, 40, 

50, 80 

60 

8 t ;I 1 b1i \. loc. oc c ;I 1 c‘ i i  t c w  t o xi n 
2 / 3  5 , 5 , 5  

1 /ti 5, 10 ,10 ,20 ,  
40,50  

1 MED c a t  no t  
vomiting ; latency 
2-3 times normal 

no r m a1 
Latency 2-4 times 

Prodroninl signs of 
vomiting with 20 
and  60 MED’s 

Vomit with 50 MED’s 

* Totill f o r  all dosages. 
t Est imated nunihrr of niiiiim:il cwctic (loses, assuining no influeiiee of surgery. 

pretation that these toxins induce emesis in 
the cat via action at the level of the abdo- 
men. 

Better evidence for the abdominal visceral 
origin of vomiting resulting from staphylococ- 
cal enterotoxin can be adduced for the mon- 
key. Although destruction of the area pos- 
trema, the medullary structure considered to 
be the site of action of centrally acting emet- 
ics in the dog and cat, results in monkeys 
completely refractory to emetic action of 
staphylococcal enterotoxin ( 11 ), peripheral 
denervation gives equivalent tolerance. Tn- 
trathoracic vagotomy ( 12 ) and abdominal 
sympat hec tomy separately give incomplete 
protection but the combination of the two 
procedures produces monkeys no longer vom- 
iting to either intravenous or intragastric 
challenges (8) .  

Requirement of high spinal cord transec- 
tion rather than abdominal sympathectomy 
in conjunction with vagotomy for abdominal 
deafferentation necessary for complete protec- 
tion of the cat against the emetic stimuli of 
the two toxins suggests a role for extrasym- 
pathetic afferents. Although the results differ 
from the present data in that cord sectioning 
without vagotomy had little effect on the 

vomiting response, the existence of such af- 
ferents has been indicated in the study of 
locus of emetic action of X-irradiation ( 13) 
and nitrogen mustard( 14) in this animal spe- 
cies. These extrasympathetic afferents may 
possibly be the sensory innervation of the 
viscera with spino-bulbar tracts terminating 
in the vicinity of the medullary chemorecep- 
tor trigger zone( 15,16). This innervation 
would be interrupted by high spinal cord 
transection but not necessarily by abdominal 
sympathectomy. If this interpretation is cor- 
rect, it must be assumed that in the experi- 
ments with staphylococcal enterotoxin these 
nerves were interrupted during abdominal 
sympathectomy of the monkey but not of the 
cat. 

Tolerance to the emetic action of LPS de- 
velops rapidly. Although the “non-specific” 
nature of this tolerance was not investigated, 
the early appearance and the transitory du- 
ration of this refractory state resemble the 
sensitivity changes to the pyrogenic effects 
of bacterial endotoxin ( 17) .  A similar, rapidly 
developed, transitory tolerance to the emetic 
action of staphylococcal enterotoxin which is 
different from permanent immunity has been 
observed in monkeys fed enterotoxin ( 18). 
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Summary. Intravenously administered bac- 
terial endotoxin (LPS) is an effective emetic 
for cats. The site of emetic action in this 
animal was studied by determining the emet- 
ic responsiveness to LPS following different 
denerva tion procedures. In tra thoracic vagot- 
omy and vagotomy + abdominal sympathec- 
tomy had very little influence on subsequent 
response to LPS. High LPS challenge doses 
elicited only prodromal signs of vomiting in 
cats subjected to spinal cord transection at  
T3-T4. Complete tolerance to emetic action 
of LPS resulted from abdominal deafferenta- 
tion produced by vagotomy + spinal cord 
sectioning. The changes in sensitivity of the 
cat  to the emetic action of intravenously ad- 
ministered staphylococcal enterotoxin were 
comparable to that for LPS for the different 
types of denervation. 
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Advances in the technique of liver perfu- 
sion have provided investigators with a new 
and fascinating tools. The perfused liver can 
metabolize proteins, fats, and carbohydrates 
anabolically or catabolically with such facil- 
i ty that one is sometimes tempted to think of 
the in vitro 'organ as being an in vivo system 
(1 -5) .  However, one limitation is that the 
perfused liver forms glycogen a t  a slower 
rate than it does in the intact animal(6). The 
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present investigation was designed to find out 
if glycogen formation might be limited by 
electrolyte deficiencies or by an inability to 
utilize substrates other than glucose. 

Methods. The perfusion apparatus and dis- 
section methods were similar to those used by 
Miller et aZ( 7 ) .  Modifications permitted si- 
multaneous sampling of both the affluent and 
effluent perfusate, adjustment of perfusion 
pressure, and measurement of flow rate. pH 
electrodes were placed in the bottom reser- 
voir, making it possible to know the hydrogen 
ion concentration throughout the course of 
perfusion. All tubing was siliconized to help 


