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During the acute phase of inflammation 
the liver shows increased rates of synthesis 
of a number of carbohydrate-containing 
proteins (1, 2) .  Although years ago sterile 
pus ( 3 )  and products of tissue disintegra- 
tion (4) were suggested as mediators, the 
humoral mechanisms involved in inflamma- 
tion are still unknown ( 1, 5). Recently it 
was shown that injections of leukocytic 
endogenous mediator (LEM) increased the 
serum levels of a-macrofetoprotein (6),  
ceruloplasmin (7),  and glycoproteins ( 8). 
It was suggested that LEM, a low molecular 
weight protein, from phagocytic cells may 
be the mediator for the synthesis of many 
of these acute phase proteins (6, 7). 

The present investigation was undertaken 
to determine whether LEM would increase 
the serum levels of fibrinogen and hapto- 
globin and to investigate the possibility that 
LEM acted directly upon the liver to alter 
the synthesis of these proteins. 

Materials and Methods. Animals. Female 
Holtzman rats weighing 180-200 g were fed 
Rockland rat diet and water ad libitum. 
They were routinely maintained at 72°F 
with 12 hr of light and 12 hr of darkness. 
New Zealand white rabbits weighing 3-4 kg 
were purchased locally. 

Preparation of leukocytic endogenous 
mediator. LEM was prepared from rabbit 
peritoneal granulocytes (9),  and the crude 
material was partially purified by the 
method of Rafter et al. (10). Doses em- 
ployed are expressed in terms of the number 
of granulocytes in the original preparation. 
Partially purified LEM from 1 X lo7 
granulocytes contained approximately 12 
pg of protein. The endotoxin source was 
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Escherichia coli 055 : B5, lot 5241 8 1, pur- 
chased from Difco Laboratories, Detroit, 
Michigan. 

Determination of fibrinogen and hapto- 
globin. In the in vitro synthesis experiments 
fibrinogen was determined by the colori- 
metric method of Ratnoff and Menzie ( 1 1  ). 
During in vivo experiments plasma fibrin- 
ogen was measured by a heat turbidity 
method (12). The resulting turbidity was 
plotted vs the concentration of fibrinogen 
determined by the colorimetric method. 
Serum haptoglobin was determined by the 
method of Roy et al. (13). Cyanmethe- 
moglobin was prepared from washed 
defibrinated rat red blood cells. The hemo- 
globin versatol reagent was prepared by 
adding freshly drawn rat plasma to 
cyanmethemoglobin. 

Fibrinogen biosynthesis in vitro. The rate 
of glycine incorporation into fibrinogen was 
based on slight modifications of the method 
of Pilgeram and Pickart (14). Slices of rat 
liver weighing 100-300 mg were incubated 
4 to 6 hr in 2 ml of freshly drawn, hepari- 
nized plasma from rats containing 1.25 pCi 
of glycine-2-I4C, specific activity 30 mCi/ 
mM (CalAtomic, Los Angeles, California). 
After incubation, the slices were removed, 
the loose debris was separated by centrifu- 
gation, and the fibrinogen precipitated with 
25 % (NH,) $0,. Precipitated fibrinogen 
was dissolved in citratesaline buffer at pH 
6.0. Fibrin was precipitated by adding 8 
units of thrombin (Parke-Davis) and the 
resulting clot collected on a small glass stir- 
ring rod. The clot was thoroughly washed 
with and dialyzed overnight against distilled 
water, then placed in 1 ml of 10% NaOH 
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and heated at 80" for 10 min. Fibrinogen 
was determined on one 0.5 ml aliquot and 
the other aliquot was adjusted to approxi- 
mately pH 7 and diluted with a xylene, 
dioxane, cellosolve cocktail ( 15 ) . Radio- 
activity was determined by liquid-scintilla- 
tion counting with quenching corrected by 
the channels-ratio method (16). The spe- 
cific activity was calculated (14) and the 
results expressed as a percent of the normal 
samples which were run at the same time. 

Results. The effects of injecting varying 
doses of LEM on the plasma levels of 
fibrinogen and haptoglobin in the rat are 
shown in Table I. The concentration of 
both proteins increased at the smallest dose 
tested, and further increases were observed 
as the amount of injected LEM was 
increased. 

The time course of increased fibrinogen 
after LEM or endotoxin injections is pre- 
sented in Fig. 1. Doses of endotoxin and 
LEM were selected so they gave approxi- 
mately equal elevations in plasma fibrinogen 
24 hr after injection. When endotoxin was 
injected ip into rats, a slight increase in 
serum fibrinogen was observed 6 hr after in- 
jection. There was a significant increase in 
fibrinogen 4 hr after LEM and the maxi- 
mum seemed to occur before 24 hr. 

The influence of LEM or endotoxin in- 

TABLE I. Fibrinogen and Haptoglobin Concen- 
tration in the Plasma of Rats 24 Hr  after an ip 

Injection of LEM. 

Drise of No. Fibrinogen Haptoglobin 
LEM" rats (mg/100 ml) (mg/100 ml) 

None 4 (3 196 2 G b  16 +- 3 h  

1 x 106 12 235 k 9" 26 * 4" 
I x 10' 7 232 2 7" 49 & 2' 
5 x 107 14 339 * 12' 60 t. 4' 
1 x 10s 14 410 2 14'' 72 t 4" 
2 x lo8 3 430 k 5' 84 +- 6c 
5 x 108 3 457 2 19c 81 t 2' 

~ 3 5 0 .  
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FIG. 1. Time course of changes in plasma 
fibrinogen after injecting either 1 pg of endotoxin 
or leukocytic endogenous mediator (LEM) from 
5 X lo7 granulocytes into normal rats. The num- 
ber of rats used for each time period is shown 
in parentheses. The brackets indicate the standard 
error. 

jected in vivo upon fibrinogen synthesis in 
vitro is shown in Table 11. At varying times 
after injecting either LEM or endotoxin, the 
liver was removed and slices incubated for 
4 hr in the presence of radioactive glycine 
and normal rat plasma. The fibrin was then 
isolated and the specific activity determined. 
One hour after injecting LEM and 2 hr 
after endotoxin, the synthesis of fibrinogen 

TA4BLE 11. Incorporation of Radioactive Glycine 
into Fibrinogen Using Rat Liver Slices Obtained 
at Varying Periods after Injecting LEM or 

Endotoxin." 

yo of Normal 
Time after (cpm/mg fibrin) 
ip injection No. 

rats LEM* Endotoxinh (hr) 

0 26 100 f 14" 
0.5 6 121 k 18 101 2 9 
1 6 171 k 17d 137 2 16 

4 6 217 & 26d 195 2 21d 
2 8 190 f. 24a 194 2 23d 

8 10 279 2 4 3 d  280 +- 488 

a Number of rabbit peritoneal granulocyt-s from 
which the leukocytic endogenous mediator (LEM) 
was derived. The partially purified LEM from 1 x 
lo7 granulocytes had a protein content of approxi- 
1nately 12 pg. 

Mean k SE. 
Significantly different from normal, P < 0.01. 

~~ ~ 

a Liver sliccs incubated 4 hr  with normal rat 
plasma and 1.25 pCi of gly~ine-Z-~~C. 

* Liver slices taken at varying times after inject- 
ing either LEM from 5 x 10' granulocytes or 1 ,@ 

endotoxin. 
Mcan & SE. 
Significantly different from normal P < 0.01. 
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TABLE 111. Incorporation of Gl~cine-Z-~*C into Fibrinogen Using Normal Liver Slices.” 

NO. Additions to % of Normal 
trials Source of rat plasma incubation flask (cpm/mg fibrin) 

~ ~~ ~ ~ _ _ _ _ ~  ~~ 

32 Normal rat None 100 k 4b 
14 Normal rat 1 pg endotoxin 9 7 k  5 
14 Normal rat 1 x lo8 LEM 94+- 5 
7 2 hr after 10 pg endotoxin None 172 k 21” 

12 2 hr after 50 pg endotoxin None 216 k 18“ 
9 2 hr after 1 x 10s LEhf None 133 k 6“ 
7 2 hr after 5 x lo8 LEM None 174 +- 18” 

“Normal liver slices were incubated at 37” in either normal rat plasma or plasma obtained 
2 hr after an ip injection of LEM or endotoxin. 

Mean 5 SE. 
Significantly different from normal P < 0.01. 

was significantly different from the normal 
controls. There was again a suggestion of 
an earlier increase after LEM injection. 

When LEM or endotoxin was added to 
normal liver slices in vitro and incubated 
for 6 hr in normal plasma, the rate of 
glycine incorporation into fibrinogen was 
not increased above normal (Table 111). 
This was also true in a few experiments, not 
shown in the table, in which the whole liver 
was perfused with solutions containing 
either LEM or endotoxin. The in vitro syn- 
thesis of fibrinogen by normal liver slices 
was increased using plasma obtained from 
rats injected 2 hr earlier with either LEM 
or endotoxin (Table 111). 

Discussion. A number of investigators 
have suggested that the stimulation of glyco- 
protein synthesis during cancer, inflamma- 
tion, or infection was due to the release of 
humoral factors from the injured tissue 
( 17-20). The wide variety of stresses 
which will promote a selective increase in 
plasma proteins (1) suggests that a com- 
mon endogenous mediator may be involved. 
A logical choice for a common mediator 
seemed to be LEM, since it has been shown 
to produce many of the “acute phase” reac- 
tions (9, 21). The present investigation 
demonstrates a progressive increase in both 
plasma fibrinogen and haptoglobin in rats 
receiving increasing doses of LEM. The in- 
crease in fibrinogen occurred sooner after 
injections of LEM when compared to endo- 
toxin, suggesting but providing no definitive 
evidence that LEM was an intermediate for 

increased fibrinogen synthesis during stress. 
Previous investigations ( 12) with slightly 
higher doses of endotoxin also showed a 
delay before plasma fibrinogen increased in 
the rat. 

Neither endotoxin nor LEM stimulated 
fibrinogen synthesis when incubated directly 
with the liver in vitro, but both of them 
when injected into the rat caused the rapid 
release of a humoral material into the 
plasma that stimulated in vitro fibrinogen 
synthesis. A number of possible mecha- 
nisms for humoral mediation have been 
suggested, e.g., labilization of lysosomes 
( 1 ), phagocytosis by the reticuloendothelial 
cells (22), movement of amino acids and 
zinc into liver (23), increased plasma fatty 
acids (14), or release of a supernatant pro- 
tein from polymorphonuclear leukocytes 
(24). The liver slice technique seems to be 
a rapid and easy method for checking these 
suggested humoral factors. This in vitro 
technique appears to be free from interfer- 
ence by endotoxin or LEM. 

Summary. A progressive increase in 
plasma fibrinogen and haptoglobin occurred 
in rats receiving increasing doses of leuko- 
cytic endogenous mediator. The increases in 
fibrinogen occurred sooner after injections 
of leukocytic endogenous mediator than 
with endotoxin injections. Neither endo- 
toxin nor leukocytic endogenous mediator 
caused increased radioactive glycine incor- 
poration into fibrinogen when incubated di- 
rectly with the liver in vitro. Both of them 
when injected into the rat caused a rapid 
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release of a humoral material into the 
plasma which stimulated in vitro glycine 
incorporation into fibrinogen. 
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