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Macrophage or reticuloendothelial (RE) 
participation in host defense has been clearly 
demonstrated (1).  This physiological func- 
tion of the reticuloendothelial system (RES) 
has been reported in bacterial infection (2, 
3) ,  neoplastic disease (4-6), and a variety of 
immunologic events (7 ,  8) .  These observa- 
tions not only focus attention on RE cells as 
a mechanism of resistance, but clearly 
demonstrate the necessity to understand the 
biologic factors which regulate its activity in 
both normal and pathological states. 

Several studies have documented a state of 
RE depression following surgery. In  this re- 
gard, surgical manipulation of humans (9) 
and animals (10) will induce an alteration of 
RE phagocytic activity as demonstrated by 
delayed clearance from the vascular space 
and decreased hepatic uptake of foreign par- 
ticulate matter. RE depression following sur- 
gery (9, 1.0) appears to be mediated by a 
decrease in circulating plasma opsonic activi- 
ty (1 1 ) which serves as a physiologic regula- 
tor for intravascular phagocytosis. This rela- 
tionship between opsonic activity and RE 
function has been emphasized as a potential 
factor mediating the postoperative state of 
host resistance (1  1). Support for this poten- 
tial functional relationship between opsonins 
and resistance is the observation that colloid 
induced “RE blockade,” which is due to a 
depletion of opsonin (12), will decrease host 

resistance ( 1, 1 3 ) .  Furthermore, a depletion 
of serum opsonic activity exists in humans 
with neoplastic disease (14, 15), an abnormal 
state in which the defense mechanism is 
definitely altered. 

While correlations between opsonin and 
RE changes after surgery have been made, 
the basis for the postsurgery depression in 
the opsonic system has not been delineated. 
Recent studies have demonstrated that the 
vascular entrance of foreign colloids will in- 
duce a significant but transient leukopenia 
which is temporally related to a transient 
depletion in the serum opsonin level (16). 
This response is not particle specific in that 
leukopenia has also been noted following in- 
travenous injection of various foreign colloids 
(16, 1 7 )  and bacterial preparations (18). 

Since opsonin depletion has been demon- 
strated during leukopenic states, and since 
postsurgery opsonin changes can be related to 
the level of hepatic phagocytosis, the follow- 
ing study was undertaken to delineate the 
relationship between the peripheral leukocyte 
level and the plasma opsonic and hepatic 
phagocytic alterations following surgery. Fur- 
thermore, since hepatic blood flow is a major 
factor limiting the degree of hepatic particle 
clearance ( 2 2 ) ,  the potential involvement of 
hepatic blood flow changes in the hepatic 
clearance alterations following surgery was 
also evaluated. 

Materials and Methods. Male Holtzman 
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closed with 9 mm stainless steel clips. All 
surgical procedures were performed after 
shaving and scrubbing of the abdomen under 
light ether anesthesia, and controls were 
anesthetized in a similar manner. 

Hepatic phagocytosis was evaluated by an 
isotopic colloid uptake technique in which 
the degree of hepatic phagocytosis following 
intravenous colloid injection was determined. 
This method is based on the ability of the 
RES to phagocytize circulating foreign col- 
loids and has been used extensively to evalu- 
ate RE function (3 ,  20, 2 2 ) .  The test colloid 
employed was a radioiodinated lipid emulsion 
referred to as the geIatinized “RE test lipid 
emulsion” ( 19). This emulsion is exclusively 
removed from the vascular compartment by 
the cells of the RES, especially the hepatic 
Icupffer cells (1 2, 19) as confirmed by elec- 
tron microscopy (21). The test emulsion was 
prepared as an anhydrous base with glycerol, 
1311 labeled triolein (Mallinckrodt Nuclear, 
St. Louis) and soya lecithin in a ratio of 
10:10:1 by weight, respectively. Prior to in- 
jection, 0.3 % gelatin supplemented sterile 5 % 
dlextrose and water solution was added to the 
amhydrous lipid base to provide 10% emul- 
sion ( 10-1 2). All emulsion preparations were 
incubated a t  37”  for 20 min prior to in- 
travenous injection to effect gelatinization. 

Hepatic Kupff er cell phagocytosis of the 
intravenously injected colloid was determined 
by taking randomly spaced liver samples 15 
min following colloid injection at  a dose of 50 
mg/100 g body weight (11, 12). The liver 
uptake was calculated as the percentage of 
the injected dose (%ID) removed on a total 
organ uptake basis in both normal rats and in 
rats over a 4 day postsurgery interval. 

Hepatic blood flow was determined by an 
isotopic clearance technique utilizing the 
“fractional clearance rate” ( k )  as an index of 
hepatic sinusoidal blood flow (22). In  this 
technique, the test colloid having a specific 
activity of 0.05 pCi/mg was injected in- 
travenously at  a tracer dose of 5 mg/100 g 
body weight. At this tracer dose the rate 
limiting factor for the clearance of the colloid 
is liver blood flow (22). The “fractional 
clearance rate” ( k )  can be calculated from 
the expression; k = 0.693/t,, where k rep- 

resents the fraction of the blood volume 
which is cleared of the test colloid per minute 
and t% represents the half-time for the bio- 
logic disappearance of the test colloid from 
the vascular space. The fractional clearance 
rate ( k )  multiplied by the blood volume is a 
measure of hepatic sinusoidal blood flow 
(22). Blood volume was determined by ex- 
trapolation of the disappearance curve to zero 
time and applying the dilution principle. He- 
patic blood flow was expressed as ml/min, 
ml/min/lO g body weight, and ml/min/g 
liver weight. 

The serum opsonic activity was determined 
by an in vitro bioassay technique which has 
been previously described ( 12). Liver slices 
were prepared from normal rats and incu- 
bated in a medium containing 1 ml of the 
experimental serum, 2 ml of Krebs-Ringer 
phosphate buffered to pH 7.4, 100 USP units 
of heparin and 2000 pg of the gelatinized 
lI3lI “RE test lipid emulsion” (1 % emulsion; 
0.1 % gelatin). Incubation was carried out 
under a gas phase of 95% 0 2  and 5% C02 in 
a Dubnoff metabolic shaker at 37”  for 30 
min. Following incubation, the liver tissue 
slices were removed, washed in cold isotonic 
saline, weighed and analyzed for 1311 colloid 
uptake with a Nuclear-Chicago Autogamma 
crystal scintillation system. Serum opsonic 
activity was evaluated in terms of its ability 
to stimulate Kupffer cell phagocytosis as pre- 
viously described (12) and control levels rep- 
resent levels in nonsurgically stressed anes- 
thetized rats. 

The peripheral leukocyte levels were deter- 
mined using standard hematologic techniques, 
In this regard, timed peripheral blood ali- 
quots obtained from the tail were diluted 
with 0.1 N HCl prior to cell count determi- 
nations in an A 0  Bright-Line hemacytome- 
ter. Leukocyte (WBC) levels were expressed 
as total WBC counts/mm3 and as percent- 
age of control (presurgery level). All data 
were statistically analyzed with Student’s t 
test employing a confidence limit of 5 %  and 
correlation coefficient ( I )  was also deter- 
mined for the relationship of the variables 
evaluated. 

Results. As presented in Fig. 1, the hepatic 
uptake of the intravenously injected RE test 
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FIG. 1. Hepatic phagocytic activity and peripheral 
leukocyte level following surgery. Data are all 
expressed as the percentage (%) of presurgery con- 
trol level. Total liver uptake is the percentage of the 
injected dose (% ID) cleared by the liver by 15 
min postinjection using a standard 50 mg/100 g 
intravenous test dose of colloid. In absolute 
terms, the control liver uptake was 63.71 -f- 3.68% 
ID as determined in 16 rats. Control leukocyte level 
was 17,963 2 417 cells/mm3 as determined in 28 
rats. Each postsurgery group had a total of 6 rats 
for liver uptake and leukocyte determinations. For 
all points the correlation coefficient r = 0.9801 ( p  < 
.001). 

lipid emulsion was significantly depressed ( p  
< .OS) during the initial 3-4 hr interval fol- 
lowing surgery with the point of maximum 
2270 depression at  60 min. Recovery of hepat- 
ic phagocytic activity and an apparent en- 
hanced liver phagocytic activity existed by 
24 and 48 hr. The close temporal relationship 
between the liver phagocytic activity and 
the peripheral leukocyte level over the 4 day 
postsurgery interval ( p  < .OOl) is depicted. 
In this regard, hepatic uptake depression 
( 2 2 % ) was related to a leukopenic state ( 2 5 % 
decrease) while recovery of the leukocyte 
level was reflected in a restoration of hepatic 
uptake. 

Presented in Fig. 2 is the effect of surgery 
on the peripheral leukocyte level in relation- 
ship to the plasma opsonic activity. As com- 
pared to the control white blood cell count of 
17,963 cells/mm3, the leukocyte levels at 
30, 60, 90, 120, and 240 min were significant- 
ly (@ < .05) depressed to approximately 
7540% of control. The plasma opsonic activi- 
ty was also significantly ( p  < .05) depressed 

at  the same time intervals following surgery 
with a 40% reduction at  60 min. The poten- 
tial association between plasma opsonic activ- 
ity and peripheral leukocyte level is further 
reflected in their close temporal relationship 
( p  < .Ol) over the 4 day interval (Fig. 2). 
However, the apparent drop in opsonic activ- 
ity a t  72 hr was significant ( p  < .05) and 
consistently observed even in the presence of 
no leukopenia. 

Evidence to support the concept that the 
depression in hepatic clearance capacity was 
not merely related to an impaired vascular 
perfusion of the liver is presented in Table I. 
In this regard, while maximum RE changes 
were observed a t  60 min and 48 hr postsur- 
gery, it can be seen that no signimficant 
changes were apparent in hepatic sinusoidal 
blood flow at  60, 180 min, and 48 hr follow- 
ing surgery compared to liver blood flow in 
the nonsurgically stressed controls (Table I )  
on either a total flow (ml/min) or per gram 
(ml/min/g) basis. 

Discussion. In  the present study, changes 
in the peripheral leukocyte level were evalu- 
ated in relationship to the serum opsonin 
level and hepatic clearance capacity following 
surgery. The findings demonstrate an associ- 
ation between these three parameters follow- 
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FIG. 2. Circulating opsonin and leukocyte levels 

following surgery. Data are expressed as the percen- 
tage (%) of presurgery control level. Control opsonin 
level in terms of phagocytosis was 11.44 -f- 0.82 
% ID/,lOO mg tissue as determined in 22 separate 
determinations. Control leukocyte level was 17,963 
& 417 cells/mm3 as determined in 28 rats. Relative 
to opsonin levels each postsurgery point represents 
5-12 determinations. For all points the correlation 
coefficient I = 0.8028 ( p  < .Ol). 



LEUKOCYTES AND HEPATIC PHAGOCYTOSIS 1213 

TABLE I. Liver Sinusoidal Blood Flow" During Periods of RE Depression, and RE Hyper- 
activity Following Laparotomy and Intestinal Manipulation. 

Experimentalb Nonsurgically stressed group Postsurgery experimental group 
parameter (controls) (hr) :  1 3 48 
~~ ~~ 

ml/min 

ml/min/g 

ml/min/100 g 

13.13 
&1.54 

1.14 
2 0 . 1 5  

4.48 
1 0 . 5 1  

14.80 
1 0.53 2 1.00 +3.80 

1.19 1.23 1.64 
-I- 0.07 k 0.13 -I- 0.49 

4.60 4.82 5.92 * 0.22 0.37 2 1.52 

12.65 13.30 

~ 

"All  data are expressed as mean k SE of the mean with 4 rats assessed a t  each time in- 

'Liver sinusoidal blood flow ils presented as ml/min of total flow, ml/min/g of liver tissue, 
terval. 

and ml/rnin/100 g of body weight. 

ing surgery. Whether the concomitant fall in 
peripheral leukocyte level is temporally or 
causally related to the diminution in opsonic 
activity and RE phagocytic function can only 
be speculated at  this time. However, recent 
findings clearly demonstrated the intimate 
role played by serum or plasma factors called 
opsonins or "recognition factors" in the reg- 
ulation of RE cell phagocytosis (1, 12, 14, 
1 5 ) .  Decreased circulating opsonic activity 
during a period of RE depression following 
surgery as indiscated by this finding supports 
the concept of an opsonin deficit as a major 
factor mediating the postsurgery phagocytic 
depression ( 1  1, 2 3 ) .  The lack of a change in 
liver blood flow during the period of postsur- 
gery hepatic clearance depression is in con- 
trast to the findings of Donovan (9) which 
suggest a critical role for hepatic vascular 
impairment in the postsurgery RE depression 
observed in humans. This observation does, 
however, confirm previous data by Saba and 
DiLuzio (10) on the stability of liver blood 
flow following celiotomy in the rat. 

Whether mobile phagocytes, i.e., leu- 
kocytes, have a functional regulating influ- 
ence on phagocytosis by fixed macrophages of 
the RES remains to be determined. Grogan 
(24) has noted that the administration of 
antilymphocyte serum resulted not only in 
lymphopenia but also blockade of the RES. 
The blockade was reversed by the adminis- 
tration of normal serum, but not by heated 
serum (24), which suggests a depletion of a 
thermolabile factor (1) possibly opsonin. 

Williams (2 5 )  noted that chronic drainage of 
the thoracic duct lymph resulted in leuko- 
penia and also in depletion of serum opsonic 
factors as reflected in the impaired follicular 
localization of antigen. Blockade of the RES 
following colloid injection (12 )  which causes 
a profound decrease in the peripheral leu- 
kocyte level (16) also results in a concomi- 
tant reduction in plasma opsonic activity 
( 12 ) . During or following various bacterial 
infections in animals and man (3, 21, 26), in 
which polymorphonuclear leukocyte levels 
would alter, there is a marked increase in RE 
phagocytic activity. However, Wagner, Ilio 
and Hornisck (26) could not relate the in- 
creased phagocytosis after infection in man 
to the leukocyte level. 

The mechanism for the leukocyte changes 
following surgery have not been delineated. 
The release of adrenal cortical steroids into 
the plasma in response to tissue trauma as 
well as the leukopenic effect of steroids are 
well known. Schildt and Lijw (27) measured 
corticosterone levels in mice subjected to 
trauma. In  this model, corticosterone or 
ACTH given in amounts to stimulate 
posttrauma levels were found to have a 
significant depressing effect on the clearance 
capacity of the RES. These findings correlate 
well with the study by Wiener et al. (28) 
relative to steroid-induced RE blockade. 
These latter findings concluded that the 
effect of steroids was at  the surface attach- 
ment phase of phagocytosis which would sug- 
gest a possible impairment in opsonin or oth- 



er humoral factors involved in this phase of 
the clearance process. While a previous re- 
port (10) speculated on the potential binding 
of opsonic protein by adrenal steroids, experi- 
mental observations supporting this mecha- 
nism are not available. 

Thus, while the mechanism mediating de- 
pression of both the peripheral leukocyte 
level and circulating opsonin level following 
surgery have not been elucidated, a signifi- 
cant correlation between hepatic phagocyto- 
sis, serum opsonic activity and leukocyte 
level has been demonstrated. In  this regard, 
it is tempting to make an association between 
both leukopenia and depletion of plasma op- 
sonic activity in the etiology of the depressed 
RE phagocytic activity following surgery. 
The significance of these findings to host 
resistance alterations following surgical inter- 
vention or tissue trauma remains to be 
clarified. 

Summary. The peripheral leukocyte level 
and serum opsonic activity were evaluated in 
relationship to the hepatic Kupffer cell clear- 
ance capacity following surgery. Hepatic 
phagocytic clearance was significantly de- 
pressed during the early postsurgery period, 
with recovery and hyperfunction being ap- 
parent by 24 and 48 hr postsurgery. The 
level of RE function after surgery was closely 
related to alterations in both the circulating 
level of opsonins and the peripheral leu- 
kocyte level. However, a significant role for 
hepatic vascular alterations in the host sur- 
gery RE depression was not demonstrated. 
While previous studies demonstrate the im- 
portance of opsonins as a regulator of intra- 
vascular phagocytosis, the present data fur- 
ther suggest a potential relationship of fixed 
RE cell functional activity to the blood leu- 
kocyte level following surgery. The signifi- 
cance of these findings to altered host defense 
mechanisms against bacterial infection and 
tumor growth following surgical intervention 
remains to be clearly established. The evi- 
dence appears to suggest that circulating leu- 
kocytes may be an important factor in the 
regulation of fixed RE cell phagocytic activi- 
ty mediated via the regulation of plasma op- 
sonic activity. 
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