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Several investigators have demonstrated 
that the injection of endotoxin into animals 
results in an accelerated loss of liver glycogen 
( 1 4 ) .  This depletion may result from (i) 
increased glycogenolysis, (ii ) altered glyco- 
neogenesis, or (iii) a combination of (i) and 
(ii). The mechanism of endotoxin action in 
causing glycogen depletion is unknown. Al- 
terations in the glyconeogenic pathway in en- 
dotoxin-treated animals have been reported 
(5-9). Hamosh and Shapiro (4) reported ele- 
vated levels of the glycogenolytic enzyme 
phosphorylase (EC2.4'.2.2) and Snyder, De- 
ters and Ingle (10) demonstrated increased 
activity of the glycolytic enzyme, pyruvic ki- 
nase (EC2.7.1.40). Epinephrine stimulates 
the change of inactive phosphorylase to the 
active form (1 1) and has been implicated 
in endotoxic reactions (12-14). Other stud- 
ies minimize the role of epinephrine in endo- 
toxin-treated animals (3, 4, 15). 

All the studies cited above were done on 
animals injected with endotoxin. Plaut and 
Goldman (16) used liver homogenates and 
reported a dose-related inhibition of oxidative 
metabolism, which they suggested caused an 
inhibition of the Krebs cycle or of the elec- 
tron transport system. 

The primary site for endotoxin action, if 
one exists, remains obscure. The purpose of 
this study was to determine the effects of 
endotoxin on glycogen metabolism, specifical- 
ly the glycogenolytic pathway. This paper de- 
scribes an in vitro system which offers a 
means of determining if the effects of endo- 
toxin on glycogen metabolism are direct or 
indirect. 

Materials and Methods. Endotoxins. Endo- 
toxin extracted from Salmonella typkimurium 
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by the phenol-water method of Westphal and 
Luderitz was obtained commercially (Difco, 
Detroit, MI) .  Solutions were prepared the 
day of the experiment. 

Endotoxin (LD50 = 500 pg/mouse) from 
Serratia marcescens and its endotoxoid (LD50 
= 4000 pg/mouse) were kindly provided by 
Dr. A. Nowotny of Temple University. 

The final concentration of endotoxin used 
in the homogenates differed with each lot and 
organism source. The preparations of com- 
mercial endotoxin varied from 300 to 600 pg/ 
mg, whereas the Nowotny endotoxin was em- 
ployed at  1600 pg/ml. 

Animals. Female Swiss-Webster-Cox mice 
(Laboratory Supply, Indianapolis, IN) weigh- 
ing 17-19 g were used in all studies. Tetra- 
cycline [ 1 g Terramycin Soluble Powder, Ani- 
mal Formula, (Chas. Pfizer 8z Co., New York, 
NY)/liter H20] was added to the drinking 
water (10). After 2 days the tetracycline 
water was replaced with tap water. Mice were 
housed in metal cages on corn cob bedding 
at  22' and 50% relative humidity. 

To minimize the effects of circadian rhythm 
and diurnal variation the mice were kept on 
a 12 hr day and 12 hr night cycle and all ex- 
periments were started a t  8:30 AM unless 
noted otherwise. 

Preparation of liver homogenates. Mice 
were killed by cervical dislocation; livers 
were removed and rinsed in the homogeniz- 
ing solution (0'). Each liver was homoge- 
nized in a chilled Potter-Elvehjem homoge- 
nizer and diluted to 10 ml. The homogenizing 
fluid was 0.15 M KCl containing 0.002 
M disodium ethylenediaminetetraacetate 
(EDTA). Liver homogenates were used im- 
mediately after preparation. 

Development of an in vitro model. Livers 
from 10 normal mice were removed, homoge- 
nized, pooled, divided into 2 lots, and incu- 
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FIG. 1. In vitro effects of endotoxin on glycogen 

metabolism. Glycogen assay: (0-) control, (0- )  
endotoxin-treated ; glucose assays: Sigma: (0-) 
control, (B- -) endotoxin-treated ; Worthington: 
( A-) control, (A- -) endotoxin-treated. 

bated at 37" in a shaking water bath (model 
G76, New Brunswick Scientific, New Bruns- 
wick, N.J.). After 3 min incubation, the en- 
dotoxin from S. typhimurium, dissolved in 
homogenizing solution, was added to one ho- 
mogenate and the other lot was treated with 
homogenizing solution. At various intervals, 
samples were removed and analyzed for gly- 
cogen and glucose. 

The procedure for extraction of glycogen 
from liver homogenates was based on known 
methods ( 17-19). 

The method of Johnson and Fusaro (20) 
was used for the enzymatic hydrolysis and 
assay of glycogen; however, double strength 
glucosidase reagent (PGO) (Sigma Chemical 
Co., St. Louis, MO) was substituted for the 
Worthington glucosidase reagent. 

Protein was removed from tissue homoge- 
nates by the procedure described by Ashwell 
(21 )  prior to measurement of glucose and 
lactate. 

Glucose was analyzed by two methods (i) 
PGO glucose kits of Sigma Chemical Co. (St. 
Louis, MO) and (ii) the Glucostat Special 
kits of Worthington Biochemical Co. (Free- 
hold, N.J.) . Lactic acid was measured by the 
method of Barker (22). 

Total glucose phosphates were determined 

by measuring the phosphate released in glu- 
cose samples hydrolyzed with 0.5 ml 10.0 N 
H2S04/ml test solution for 30 min at 100" 
(23, 24). 

Thin layer chromatography. Tissue ho- 
mogenates were deproteinized (2 1 ) , concen- 
trated by lyophilization, and reconstituted to 
one-seventh the original volume with water. 
Forty microliters of the test solutions and 20 
pI of the standards were placed on thin layer 
chromatography plates of Absorbosil-1 (Ap- 
plied Science Laboratories, State College, PA) 
impregnated with 0.2 M sodium acetate. 

The solvent system was butano1:acetic 
acid : H20 ( 5 : 4 : 1 ) . The chromatograms were 
sprayed with diphenylamineaniline and de- 
veloped by heating at 120' for 15 min. 

Dry weight determination. Dry weights of 
liver homogenates mere determined by add- 
ing a known volume of homogenate to a 
tared aluminum dish. After 24 hr at l l O o ,  
the dishes were cooled and weighed. Correc- 
tions were made for buffer, endotoxin, or 
other substances added to the liver homoge- 
nates. 

Statistics. Data were analyzed by analysis 
of variance ( 2 5 ) .  

Results. Figure 1 shows that the endotoxin- 
treated liver homogenate lost glycogen faster 
than the control homogenate. Analysis of 
variance shows that there was a significant 
difference between treatments, time, and dif- 
ferent homogenate pools. There was not a 
significant interaction between time and 
treatments. Data in Fig. 1 show that all of 
the glycogen lost was recovered as glucose 
when analyzed by the PGO method (Sigma) 
indicating an effect of endotoxin only on the 
glycogenolytic enzymes. Because of contami- 
nation of the Sigma product with maltase, 
the glucose levels in the homogenates were 
measured enzymatically with an assay which 
measured only free glucose (Worthington 
Glucostat Special). Results in Fig. 1 show 
no difference in glucose levels between the 
two homogenates and suggests that the effect 
of endotoxin was not limited to the glyco- 
genolytic enzymes. The differences between 
the two methods may have been due to malt- 
ase degrading maltose moieties in glycogen 
or oligosaccharide present in the glucose sam- 
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FIG. 2.  Thin layer chromatogram of glucose sam- 
ples at 0, 5, and 10 min. (E 0) endotoxin-treated, 
0 time; (S 0) control, 0 time; (E 5)  endotoxin- 
treated, 5 min; (S 5)  control, 5 min; (E 10) endo- 
toxin-treated, 10 min; and (S 10) control, 10 min. 

ple. Addition of maltase to the Worthington 
product yielded results similar to that ob- 
tained with the Sigma product. There was 
no glycogen present in the glucose samples 
nor was there any glucose phosphates. The 
possibility of phosphatase acting on the glu- 
cose phosphates was eliminated because the 
glucose samples were deproteinized. 

Thin layer chromatography (Fig. 2 )  
showed the presence of oligosaccharides of 
the maltose series in the glucose samples. 
These results and the absence of a difference 
in lactate levels between the control and en- 
dotoxin-treated homogenates also suggested 
that the endotoxin effect was limited to the 
glycogenolytic enzymes. 

To compare the in vitro effect of endotoxin 
on glycogen metabolism with endotoxin tox- 
icity in vivo the effects of S. typhimurium 
and S .  marcescens endotoxin and S .  marces- 
cens endo toxoid on glycogen metabolism 
were measured (Fig. 3 ) .  The S. typhimurium 
endotoxin caused a faster glycogen depletion 
than did the S. marcescens endotoxin and en- 
dotoxoid. Both the endotoxoid and endotoxin 
caused a more rapid depletion of glycogen 
than occurred in the control. No difference 
between the S. marcescens endotoxoid and 
endotoxin was observed. 

Discussion. Zweifach, Nagler and Thomas 
(14) proposed an indirect effect of endotoxin 
mediated by released epinephrine, but Berry, 
Smythe and Young ( 3 )  did not find a rela- 

tionship between epinephrine release and gly- 
cogen loss. Other studies (4) minimize the 
role of epinephrine in hepatic glycogen loss 
but they do not exclude the possibility that 
endotoxin may mimic the action of epineph- 
rine. 

The advantage of the model employed in 
this paper is that the level of endogenous 
substances, such as epinephrine, would be 
the same in both the control and endotoxin- 
treated homogenates. Thus, a method is pro- 
vided to determine if the action of endotoxin 
is direct or indirect. The results reported 
here, also minimize the role of epinephrine 
as a major factor in the endotoxin-mediated 
loss of liver glycogen. Although it  is not pos- 
sible to rule out any effect of epinephrine in 
intact animals treated with endotoxin, these 
effects appear to be secondary responses to 
stress. Moreover, Hamosh and Shapiro (4) 
found that muscle glycogenolysis was marked- 
ly reduced in adrenalectomized rats treated 
with endotoxin. 

In  our study potassium methylate treat- 
ment of endotoxin (endotoxoid) did not abol- 
ish the accelerated glycogen loss produced by 
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FIG. 3. Comparison of the effects of endotoxin 

from S. typhimurium with endotoxin and endotoxoid 
from S. marcescens on glycogen metabolism. (0-) 
Untrmted control, (A-) endotoxin from S. 
marcescens, ( A-) endmotoxoid from S. marcescens, 
(0- )  endotoxin from S. typhimurium. 
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endotoxin in the in vitro system. The toxoid 
was as effective, or more so, than the parent 
toxin in accelerating glycogen loss. But po- 
tassium methylate “endotoxoid” unlike endo- 
toxin, does not prevent cortisone-induced 
glyconeogenesis, and “endotoxoid” is inactive 
in altering enzyme activity in vivo (26) .  
Skarnes (2  7 )  proposed that circulating plas- 
ma is the major site of endotoxin detoxifica- 
tion and it is possible that further detoxifica- 
tion of the “endotoxoid” may take place in 
vivo. It is equally possible that the loss of 
glycogen is not related to endotoxin toxicity. 

Summary. An in vitro model employing 
homogenates of mouse liver was developed 
to study the effects of endotoxin from Sal- 
monella typhimurium on glycogen metabo- 
lism. Studies with this model showed that en- 
dotoxin can act directly and that the acceler- 
ated loss of glycogen was not related to an 
increased release of epinephrine. These re- 
sults indicated that endotoxin acts on the 
glycogenolytic enzymes. 

Endotoxin from Serratia marcescens also 
caused a rapid loss of glycogen in the in vitro 
model but was not as effective as the typhi- 
murium endotoxin. Potassium methylate 
treatment of the S. marcescens endotoxin did 
not eliminate the ability of the endotoxin to 
deplete glycogen. 
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