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Injections of gram-negative endotoxin or 
histamine in to dogs produce similar physiolog- 
ical and hemodynamic changes which are 
related to the pathogenesis of shock. En- 
dotoxin injections cause the release of en- 
dogenous histamine (1, 2) and histamine or 
similar acting substances have been postu- 
lated as primary stimulants in the initiation 
of the shock syndrome (3, 4) .  Studies in our 
laboratory demonstrated that endotoxin ad- 
ministration produced an elevation of tissue 
enzymes in the serum, and that the magni- 
tude of serum enzyme activity was related to 
the severity of shock and the eventual out- 
come (5,  6) .  In this investigation the effects 
of endotoxin and histamine were compared 
with respect to serum enzyme activity and to 
the time of appearance of tissue enzymes in 
the serum. 

Materials and Methods. Twenty-nine bea- 
gle dogs, 8 to 12 kg, were randomly assigned 
to receive endotoxin, histamine, or saline 
injections. The animals were anesthetized 
with pentobarbital sodium (30 mg/kg) and 
placed in dorsal recumbency. Polyethylene 
cannulas were inserted, as previously described 
( 5 ) ,  for injections, sampling, and monitoring 
blood pressure. In conducting the present 
research, the investigators adhered to the 
Guide for Laboratory Animal Facilities and 
Care, as promulgated by the Committee on 
Revision of the Guide for Laboratory Animal 
Facilities and Care of the Institute of Labo- 
ratory Animal Resources, National Academy 
of Sciences-National Research Council. 

Commercial endotoxin (Escherichia coli 
01 11 : B4-Difco Laboratories) in saline was 
injected intravenously ( 2  mg/kg of body wt) 
which produced 75% mortality. Histamine 

Florida 33012. 
1 Present address: 84th Court N.W., Hialeah, 

dihydrochloride (General Biochemicals, Inc.) 
was administered intravenously in doses of 1 
mg/kg of body weight. The histamine was 
dissolved in physiological saline (25 ml) and 
given over a 15 min interval. An additional 
five dogs received only 25  ml of saline. Base 
line blood samples were collected following 
anesthetization and cannulation; repetitive 
samples were collected at  1, 3, 5, and 7 hr 
following the injection. Twenty-four and 48 
hr samples were collected from all surviving 
animals. Within 10 min of collection, all 
blood samples were centrifuged for 5 min at  
10,000 rpm. The sera were removed and re- 
f rigerated. 

Quantitative serum enzyme analyses were 
performed by colorimetric procedures de- 
scribed in commercial kits. Lactic dehvdrog- 
enase (LDH) values are expressed in Rer- 
ger and Broida units while the transaminases 
(SGOT and SGPT) , isocitric dehydrogenase 
(ICDH) , and creatine phosphokinase (CPK ) 
are expressed in Sigma units. Isoenzymes 
were separated by agar gel electrophoresis. 
LDH activity was located by the method of 
Papadopoulos and Kintzios ( 7 ) ,  and CPK 
by the method of Trainer and Gruenig (8) .  

Analyses of variance statistics were per- 
formed for three independent comparisuns at  
each time period for each enzyme; endotoxin 
nonsurviving plus endotoxin surviving ver- 
sus histamine plus controls, endotoxin non- 
surviving versus endotoxin surviving, and 
histamine versus controls. 

ResuEts. Eight of 12 dogs injected with 
endotoxin died within 24 hr, while 2 of 12 
dogs infused with histamine died at  20 and 
3 5  min, respectively, after the infusion 
started . 

Histamine (1 mg/kg) produced a fall in 
mean arterial blood pressure (MABP) to 
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about 45 mm Hg (Fig. l ) ,  and this was 
similar to that found with nonsurviving ani- 
mals receiving endotoxin (2 mg/kg). The 
MABP of the histamine-treated animals re- 
turned to base line levels by the third hour 
following the infusion, while the nonsurviving 
endotoxin-treated animals remained hypoten- 
sive (<90 mm Hg) during the period of 
measurement. The saline treated group showed 
only a slight decrease in MABP during the 7 
hr study. 

The release of tissue enzymes into the sys- 
temic circulation following endotoxin or 
histamine treatments was different both with 
respect to total activity and time of appear- 
ance (Tables I and 11). Endotoxin treatment 
produced a significant ( p <  .01) elevation of 
serum LDH and ICDH over histamine- and 
saline-treated groups by the third hour and 
values were about 10 times histamine and 
saline groups by the fifth hour in nonsurviv- 
ing animals (Table I) .  In endotoxin treated 
surviving animals the serum LDH activity 
was not significantly elevated over base line 
levels, but ICDH was increased four to five- 
fold over base line of the histamine- and 
saline-treated groups. Histamine, when com- 
pared with saline, produced no significant 
change in serum levels of either LDH or 
ICDH. 

The distinctive LDH isozyme patterns pro- 
duced by endotoxin was reported previously 

(61, and confirmed by these experiments. 
The initial rise in total serum LDH is associ- 
ated with an, increase in LDH isozymes two 
and three. (The most anodic LDH isozyme 
was designated as one.) Later in endotox- 
emia, 5 to 7 hr postinjection, LDH isozymes 
four and five also were elevated. Only occa- 
sionally was LDH isozyme one elevated and 
that was near the terminal stages. The total 
serum LDH was not significantly elevated by 
histamine, and no consistent pattern of 
LDH isozyme increase was noted. 

Endotoxin-treated animals showed signifi- 
cantly (p<.OOl for SGOT and p < . O S  for 
SGPT) higher transaminase levels than hista- 
mine- and saline-treated animals during the 
first 7 hr (Table 11). In  animals which sur- 
vived endotoxin treatment, the transaminase 
levels were five to seven times higher than 
base line levels at 24 hr, but were not signifi- 
cantly different from histamine- and saline- 
treated animals. The elevations in the transa- 
minases found a t  24 and 48 hr, thus appear 
to be related, in part, to experimental condi- 
tions. 

CPK activity in the serum of endotoxin- 
treated animals was significantly ( p  < .O 1 ) in- 
creased by the third hour when compared 
with histamine- and saline-treated animals 
(Table 11). In endotoxin-treated animals 
which survived, the CPK activity a t  24 hr 
was significantly ( p  < .01) increased over that 
found with the histamine-treated animals. 
The CPK activity in histamine-treated ani- 
mals was elevated over base line values but 
was not significantly different from saline 
controls. In two histamine-treated experimen- 
tal animals, blood was drawn at  12 hr and 
the CPK activity was maximal a t  that time. 

The initial increase in total serum CPK 
activity following endotoxin injection was as- 
sociated with the appearance of the most 
anodic CPK isozyme (Fig. 2). Later, the 
most cathodic isozyme was also elevated. In  
contrast, the increase in total CPK with 
histamine was associated with only the cathod- 
ic CPK isozyme. The cathodic CPK 
isozyme is found in cardiac and other mus- 
cles, while the anodic isozyme occurs in most 
other tissues (9).  The saline-treated animals 
also showed increased CPK activity a t  24 hr 
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FIG. 2 .  Creatine phosphokinase isozymes: ( A )  b'ase h e ;  ( B )  3rd hr after administering endo- 
toxin; ( C )  7th hr after administering endotoxin; (D)  7th hr after administering histamine; (E) 
24th hr after administering saline. Experimental conditions are explained in Materials and Meth- 
ods. 

and the CPK isozyme was the cathodic one. 
Discussion. Endotoxin or histamine admin- 

istered iv to dogs produces many similar he- 
modynamic and physiologic responses. Both 
produce a rapid depression of MAPB (Fig. 
1) and both produce similar effects on the 
microcirculation ( 1 ,  3 ) .  The response is 
immediate with histamine, but slightly 
delayed with endotoxin (1, 2 ) .  The slight 
delay in the fall of MABP observed with 
endotoxin was equated to the endogenous re- 
lease of histamine or other vasoactive com- 
pounds (4). However, histamine depletion 
did not alter the vascular responses to en- 
dotoxin administration ( lo) ,  while pretreat- 
ment of dogs with histamine did prevent en- 

dotoxin shock ( 1 1 ) .  Undoubtedly, the 
physiological interrelationships between these 
compounds are complex. 

The pharmacological dose (1 mg/kg) of 
histamine chosen for these experiments was 
one that depressed the MABP to the same 
degree as endotoxin. The MABP of animals 
administered histamine returned to base line 
levels by the third hour, while nonsurviving 
animals administered endotoxin remained hy- 
potensive (<90 mm Hg) during the 7 hr 
study. Endotoxin, rather than the initial pre- 
cipitous fall in MABP, was responsible for 
the early increased levels of serum enzymes. 
The late increases in the transaminases and 
CPK found with histamine- or saline-treated 
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animals probably resulted from experimental 
conditions. However, the initial drop in blood 
pressure (12, 13) as well as sublethal doses 
of endotoxin ( lo) ,  reportedly caused a rise in 
blood catecholamines. The catecholamines in 
turn have been shown to produce delayed 
damage to cardiac tissue (14 , lS ) .  

Based on this study, endotoxin or hista- 
mine administration does not produce similar 
tissue damage. Endotoxin injection produced 
an elevation of all serum enzymes studied by 
the third hour (Tables I and 11). Histamine 
infusion had only a delayed and transient 
effect on the serum CPK and transaminase 
activity, which was not significantly different 
than saline controls. Endotoxin administra- 
tion produced a significant elevation in total 
serum LDH, which was initially associated 
with an increase in specific LDH isozymes 
(6 ) .  Endotoxin also produced a significant 
elevation in serum ICDH, which was found 
even in surviving animals. Histamine infusion 
does not cause any elevation of these dehy- 
drogenases in the serum. The serum CPK 
activity was elevated by the third hour after 
endotoxin injections, and the CPK isozyme 
was the anodic one (Fig. 2 ) .  Later in en- 
dotoxemia the cathodic CPK (muscle) 
isozyme was present, but without a rise in 
LDH isozyme one (heart). Similarly, the late 
rise in serum CPK activity with histamine 
or saline infusions was associated with the 
cathodic isozyme. The transaminase activity 
after the respective treatments paralleled that 
found with CPK. The increases in serum 
enzyme activity which occurred late in the 
study were not related to treatment. 

Although endotoxin and histamine do not 
produce the same tissue damage or changes 
in cellular permeability, similar hemodynam- 
ic and physiologic responses are noted. Based 
upon these observations, several investiga- 
tors have postulated a synergistic effect be- 
tween these compounds (3,  4, 16), and pro- 
posed that the action of histamine is a t  the 
site of release rather than systemic. The re- 
sults of these studies do not rule out this 
possibility. 

Summary. Endotoxin and histamine injec- 
tions produced similar hemodynamic and 
physiologic changes, but these similarities are 
not equated to tissue damage or changes in 
cellular permeability, as shown by the activi- 
ty of serum enzymes. Endotoxin causes ex- 
tensive tissue damage by the third hour as 
demonstrated by high levels of lactic dehy- 
drogenase, isocitric dehydrogenase, the trans- 
aminases, and creatine phosphokinase, and 
specific tissue damage as demonstrated by 
isozyme determinations. Histamine produced 
only transient elevation in creatine phospho- 
kinase and the transaminases, which did not 
differ significantly from the saline controls. 
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