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Abstract. Plasma fibronectin has a high affinity for denatured collagen (gelatin) and exerts 
an opsonic influence on phagocytosis of test colloids and clearance of tissue debris by 
macrophages. This study evaluated the effect of in vitro and in vivo interaction of gelatin 
with plasma on measurable bioassayable opsonic activity and immunoreactive fibronectin. 
Incubation of human, dog, sheep, and rat plasma with gelatin prior to in vitro assay de- 
creased (P < 0.05) the ability of plasma to augment particle uptake in the liver slice bioassay. 
Incubation of plasma with gelatin also decreased the concentration of fibronectin that could 
be detected by electroimmunoassay. Intravenous infusion of gelatin into rats, dogs, and 
sheep resulted in an acute depression in both bioassayable and immunoreactive opsonic 
fibronectin for several hours, followed by restoration of both parameters within 24 hr. These 
observations suggest that deficits of opsonic fibronectin as documented in injured patients 
by bioassay and electroimmunoassay may not be exclusively related to actual depletion of 
fibronectin from blood but may be, in part, due to binding of fibronectin to blood-borne 
material post-trauma, i.e., collagenous tissue debris, whose presence in plasma may limit its 
detection by both assays. 

Reticuloendothelial clearance of blood- 
borne nonbacterial particulate matter, such 
as gelatin-coated test colloids, fibrin aggre- 
gates, injured cells, and collagenous tissue 
debris appears to be modulated by opsonic 
glycoprotein (3,4, 14, 28-30). This opsonic 
glycoprotein has been isolated from animal 
and human plasma and shown to be identi- 
cal to a high-molecular-weight dimeric gly- 
coprotein called plasma fibronectin or 
cold-insoluble globulin (4, 30, 33, 37). Op- 

This study was supported by USPHS Grant GM- 
21447. The authors wish to acknowledge the technical 
assistance of Vera Gray and Pina Cardarelli as well as 
the secretarial assistance of Maureen Davis, Donna 
Squadere, Debbie Moran, and Lisa Erickson. 

Gary D. Niehaus, Ph.D., and Bruce C. Dillon, 
M.D., are Postdoctoral Fellows supported by T32- 
GM-07033. Dr. Dillon is additionally supported by the 
Eleanor B. Pillsbury Resident Trust Fund, University 
of Illinois Hospital, Chicago. 

Paul T. Schumacker, Ph.D., was a Predoctoral 
NRSA Trainee supported by T32-HL-07194. 

* To whom requests for reprints should be sent at: 
Department of Physiology, Albany Medical College of 
Union University, 47 New Scotland Ave., Albany, 
N.Y. 12208. 

sonic deficiency as documented by liver 
slice bioassay (3 1) and electroimmunoassay 
(3) correlates with impaired hepatic Kupffer 
cell phagocytic clearance of blood-borne 
test particulates and is associated with an 
increased extrahepatic localization espe- 
cially in the lungs and spleen (16, 23). 
Purified plasma fibronectin will stimulate 
the binding and ingestion of gelatin-coated 
test particles by peritoneal macrophages in 
vitro as recently documented with isotopic 
and electronmicroscopic techniques (8, 14, 
21), as well as stimulate particle phagocyto- 
sis in vivo (32). 

Septic surgical, trauma, and burn pa- 
tients demonstrate a persistent opsonic fi- 
bronectin deficiency which is correlated with 
organ failure such as pulmonary insuffi- 
ciency (29, 33, 34). Based on determina- 
tions of opsonic activity by liver slice bioas- 
say as well as electroimmunoassay , clinical 
studies (29, 33, 34) have been initiated to 
reverse opsonic fibronectin deficiency by 
infusion of plasma cryoprecipitate whose 
concentration of plasma fibronectin is typi- 
cally 8- 12 times that of plasma. Reversal of 
opsonic fibronectin deficiency in septic-in- 
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jured patients results in an improvement in 
pulmonary function, limb blood flow, limb 
oxygen consumption, and endogenous cre- 
atinine clearance (33, 34). 

Fibronectin is known to interact with and 
bind denatured collagen (gelatin) (5, 6, 9, 
10). Indeed, a binding site on fibronectin 
with respect to its interaction with gelatin 
has been documented (22). Verification of 
this interaction is indirectly shown by the 
ability to isolate fibronectin from plasma or 
serum by affinity chromatography with 
gelatin-Sepharose columns (9), as well as 
the rapid opsonization of gelatin-coated test 
particles by fibronectin prior to mac- 
rophage ingestion (14, 33). Since collagen- 
ous debris may be elaborated into the cir- 
culation of patients after massive soft tissue 
trauma and/or burn injury, it is possible that 
the opsonic fibronectin deficiency as de- 
tected by bioassay and/or electroimmunoas- 
say in such patients reflects the complexing 
of opsonic fibronectin to such blood-borne 
material. This complex may be removed 
slowly from the circulation as opposed to 
earlier suspicions of rapid clearance from 
the blood (33, 34). The presence of such 
collagenous debris in plasma may alter the 
detection of opsonic fibronectin by bioas- 
say or immunoassay. 

In order to evaluate this concept as well 
as to further illuminate the mechanisms by 
which opsonic deficiency can develop, the 
present study evaluated the influence of 
gelatin (denatured collagen) on bioassay- 
able and immunoreactive opsonic fibronec- 
tin under in vitro and in vivo conditions. A 
comparative species analysis was com- 
pleted in order to document the species 
specificity of this response. 

Methods. Plasma collection. Healthy 
adult sheep (25-50 kg), male Sprague- 
Dawley rats (250-300 g), and mongrel dogs 
(10-15 kg) maintained on food and water 
ad libitum served as donors for the collec- 
tion of heparinized blood. Human blood 
was collected by venipuncture into hepa- 
rinized syringes from four healthy volun- 
teers (28-37 years). Samples withdrawn 
from in vivo animal studies also consisted of 
heparinized blood samples. Plasma samples 
were obtained after centrifugation of the 
heparinized whole blood. The pattern ob- 

served with plasma or serum is essentially 
similar except the absolute level of opsonic 
fibronectin in serum is lower than that ob- 
served in plasma (22, 33), due to the cova- 
lent binding of fibronectin to fibrin (22). 
Im m u n o rea c t ive op son ic f i  bron ec t i n .  

Electroimmunoassay or rocket immuno- 
electrophoresis was used to quantitate op- 
sonic fibronectin levels (3, 33). Briefly, 
agarose (Seakem) was dissolved in 0.07 M 
barbital buffer (pH 8.6, 2 mM Ca-lactate) 
to a concentration of 1% by careful heating 
at loo" while stirring. The 1% agarose was 
allowed to cool to 63" and warmed mono- 
specific antiserum was added to yield a final 
antiserum concentration of 0.6% (varies 
with antibody titer). A 60-ml volume of the 
agarose - antiserum solution was poured 
onto a clear, warm, level 5 x 10-in. glass 
plate yielding a gel thickness of about 1.8 
mm. After the agarose had hardened, 3-mm 
wells were cut into the agarose 1 cm apart 
and 2 cm from one edge of the plate. Serum 
or plasma was diluted to 10% with saline 
and 10-pl aliquots were pipetted into each 
well. The antigen was electrophoretically 
moved toward the anode at a voltage of 7.5 
V/cm at 4" for 22 hr using a LKB multiphore 
system. 

The electroimmunoassay plates were 
washed, pressed, dried, and stained as pre- 
viously described (3). Rocket heights were 
used as a quantitative index of immuno- 
reactive opsonic fibronectin. A double re- 
ciprocal plot of rocket height in millimeters 
vs micrograms fibronectin was defined using 
serum of known fibronectin concentrations 
(3). Immunoreactive opsonic fibronectin 
was expressed as micrograms per milliliter. 

Bioassa ya ble opsonic activity. Bioassay- 
able opsonic activity of plasma or serum 
was determined by its ability to support 
uptake of the gelatinized 1311-reticuloendo- 
thelium(RE) test lipid emulsion using the 
liver slice bioassay as previously used in 
animal (4, 31, 32) and clinical studies (29, 
33, 34). With this assay, opsonic activity is 
decreased after RE blockade (31) and trau- 
ma (16) with restoration of opsonic activity 
correlating with RES phagocytic recovery. 
Selective RE cell localization of the gela- 
tinized RE test lipid emulsion in such in vivo 
studies has been confirmed by electron- 
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microscopic analysis (35) and similar studies 
with the lipid particle have been completed 
with the liver slice assay (15). The ability of 
affinity-purified animal and human plasma 
fibronectin to express opsonic activity as 
tested in the liver slice bioassay has been 
extended to observations with isolated peri- 
toneal macrophages where the kinetics of 
phagocytosis as well as particle internaliza- 
tion as studied by electronmicroscopy has 
been documented (8, 14). The lipid base for 
the test emulsion was prepared by blend- 
erizing glycerol, 13*I-triolein (Mallinckrodt 
Nuclear, St. Louis, Mo.) and lecithin in a 
ratio of 10: 10: 1,  respectively. When used in 
the assay the anhydrous base was mixed 
with 0.1% gelatin-supplemented 5% dex- 
trose and water solution (pH 7.4) to yield a 
1% emulsion (31). The assay medium con- 
sisted of 1.0 ml plasma, 2.0 ml Krebs- 
Ringer phosphate buffer, and 100 USP units 
of heparin. Liver slices (200-300 mg) were 
prepared from normal rat livers utilizing a 
Stadie-Riggs tissue slicer. The flasks con- 
taining the liver slices and medium were 
supplemented with 2.0 mg of the 1% emul- 
sion and incubated at 37" under 95% 0, and 
5% CO, for 30 min in a Dubnoff metabolic 
shaker. After incubation, the slices were 
isotopically evaluated for particle uptake as 
previously described (3, 4, 31, 34). Bioas- 
sayable opsonic activity was expressed as a 
percentage of the emulsion dose removed 
per 100 mg of wet liver (%ID/100 mg). 

In vitro gelatin preincubation. The effect 
of preincubation of sheep, human, dog, or 
rat plasma with gelatin (Nutritional Bio- 
chemical Corp.) on its opsonic activity, as 
tested by liver slice bioassay and its fi- 
bronectin concentration, as tested by elec- 
troimmunoassay, was studied. Fresh rat, 
dog, human, and sheep plasma was divided 
into 1.0-ml aliquots. Each aliquot was 
supplemented with varying concentrations 
of gelatin prepared to a fixed volume of 300 
pl to avoid variations due to dilutional dif- 
ferences. The plasma-gelatin mixture was 
incubated for 15 min at 37" prior to func- 
tional and immunological analysis. 

Preincubation of rat liver slice in gelatin- 
rich solutions. The possibility that gelatin 
directly affects Kupffer cell function as op- 
posed to binding to fibronectin was tested 

by a modification of the rat liver slice tech- 
nique. Liver slices of uniform size (290.1 * 
7.8 mg) were prepared from normal rat liv- 
ers utilizing a Stadie- Riggs tissue slicer. 
Each slice was placed in a 25-ml Erlenmeyer 
flask containing 3.0 ml of Krebs-Ringer 
phosphate buffer supplemented with 0, 100, 
200, or 300 pg of gelatin and incubated under 
a gas phase of 95% O2 and 5% CO, for 15 
min at 37" in a Dubnoff metabolic shaker. 
Following incubation, the slices were rinsed 
in cold saline and utilized in the standard 
bioassay with pooled normal rat plasma and 
the gelatinized I3lI RE test lipid emulsion. 
The uptake by these slices after a 30-min 
incubation period was again expressed as 
the percentage of the emulsion dose re- 
moved per 100 mg of wet liver (%ID/100 mg). 

In vivo gelatin challenge. Circulating 
bioassayable and immunoreactive opsonic 
activity in the rat, dog, and sheep were 
evaluated at various time intervals after in- 
travenous infusion of soluble gelatin. In 
view of marked differences in levels of op- 
sonic fibronectin in these three species, as 
previously determined by immunoassay 
(25), the gelatin challenge was varied so 
that the circulating ge1atin:fibronectin ratio 
was approximately equal. The gelatin (Nu- 
tritional Biochem. Corp.; ICN Pharm.) was 
suspended in sterile 5% dextrose and water 
and adjusted to pH 7.4 prior to injection. 
The gelatin doses were: 8.7 mg/kg in sheep; 
10.6 mg/kg in rats; and 50.0 mg/kg in dogs. 
These doses were used to provide esti- 
mated zero time levels of gelatin equivalent 
to 200, 300, and 1000 pg/ml of estimated 
plasma volume in the sheep, rats, and dogs, 
respectively. Their plasma fibronectin 
levels by immunoassay typically range 
between 200 and 250 pg/ml for sheep; 300 
and 450 pg/ml for rats; and 900 and 1200 
pg/ml for dogs. Blood samples were col- 
lected prior to and over a 24-hr postinjec- 
tion period in order to define the pattern for 
restoration of opsonic activity. In rats, sep- 
arate animals were needed at each time 
interval, since the large volume of blood 
needed for the bioassay necessitated ex- 
sanguination and sacrifice of the rats. In 
dogs and sheep, each animal acted as its 
own control. 

Statistical analysis of data .  Bioassay 
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data were analyzed using the unpaired Stu- 
dent's t test, while the paired Student's t 
test was applied to the immunoassay data. 
The confidence level was placed at  90%. 
Data are expressed as mean 2 SE of the 
mean. 

Results. Preincubation of either dog, rat, 
human, o r  sheep plasma with gelatin re- 
sulted in a significant decrease in bioassay- 
able opsonic activity (Fig. 1). Moreover, in 
contrast to rat, human, or  sheep plasma, 
which required only a small amount of 
gelatin to initiate this inhibiting response, it 
was observed that dog plasma with known 
high concentrations of fibronectin was only 
inhibited when the gelatin concentration 
was increased to  a range of 300-1000 
pg/ml. Analysis of the plasma prior to and 
after preincubation with gelatin by elec- 
troimmunoassay was also conducted. As 
indicated in Fig. 2, the detectable concen- 
tration of fibronectin was also significantly 
reduced (P < 0.05) when tested by this 
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FIG. 2. The effect of preincubation of dog, rat, 
human, and sheep plasma with varying concentrations 
of gelatin on immunoassayable opsonic fibronectin as 
determined by electroimmunoassay . Each point repre- 
sents the mean & SE of four assays. Samples were 
preincubated for 15 min at 37". 

method. However, the level detectable in 
dog plasma after gelatin preincubation is 
still relatively high in agreement with the 
bioassay data. The findings in Fig. 2 do not 
distinguish between the influence that gela- 
tin may have on the mobility of fibronectin 
in an electric field through the agarose used 
in the electroimmunoassay procedure and 
the possibility that gelatin may bind impor- 
tant sites on the fibronectin which make the 
molecule less immunoreactive. These un- 
expected findings indicate that fibronectin 
can be present in a plasma sample but its 
detection by either a functional phagocytic 
assay or  rocket immunoelectrophoresis can 
be significantly compromised by the pres- 
ence of denatured collagen (gelatin). 

The temporal alterations of immunoreac- 
tive and bioassayable opsonic activity in 
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FIG. I .  The effect of preincubation of dog, rat, 

human, and sheep plasma with varying concentrations 
of gelatin on the bioassayable opsonic activity of 
plasma as determined by uptake of the gelatinized I 3 l I  

RE test lipid emulsion in the liver slice assay. Each 
point represents the mean ? SE of three to nine as- 
says. Samples were preincubated for 15 min at 37". 
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vivo in the three species following gelatin 
injection are presented in Figs. 3-5. Op- 
sonic activity in rats was markedly (P < 
0.001) decreased at 1 hr with recovery to 
70% of control activity 3 hr. Restoration to 
prechallenge levels was evident within 24 
hr. Similar to the response in the rat, there 
was a parallel decrease in immunoreactive 
and bioassayable opsonic fibronectin activ- 
ity following gelatin infusion in sheep and 
dogs (Figs. 3 and 4). Restoration of biologi- 
cally active and immunoreactive opsonic 
fibronectin was minimal, however, in the 
dog and sheep during the initial 3 hr of the 
evaluation period. In all three species op- 
sonic fibronectin returned to prechallenge 
levels within 24 hr after gelatin challenge. 

In order to delineate the specificity of this 
response, the blood level of other common 
proteins as well as the total serum protein 
was studied in one of the larger species, 
i.e., sheep. This species was selected since 
the decrease of fibronectin was rather pro- 
nounced and adequate volumes (10 ml) of 
blood can be removed serially with unde- 

TIME AFTER GELATIN INJECTION (hrs )  

FIG. 3. Circulating bioassayable and immunoreac- 
tive plasma opsonic fibronectin in rats after intrave- 
nous infusion of gelatin. The gelatin dose was 10.6 
mg/kg body wt. Data are represented as the mean 2 
SE with five to six rats at each point. The acute de- 
crease was highly significant (P < 0.001). 
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FIG. 4. Circulating bioassayable and immunoreac- 
tive plasma opsonic fibronectin in sheep after intrave- 
nous infusion of gelatin. The gelatin dose was 8.7 
mg/kg body wt. Data are represented as the mean f. 
SE with three to seven sheep at each point. The de- 
crease in immunoreactive opsonic fibronectin was sig- 
nificant (f < 0.005). 

tectable cardiopulmonary influence. As in- 
dicated in Table I, there was no change in 
total protein as determined by modified 
Biuret after intravenous challenge with the 
small dose of gelatin. More importantly, al- 
bumin, by cellulose acetate electrophoresis 
(Microzone 110, Beckman Inst.) and fibrin- 
ogen as determined by immunoassay were 
unaltered. 

The effect of preincubation of liver slices 
with gelatin on their subsequent phagocytic 
activity in normal rat plasma, is presented 
in Table 11. The uptake observed at all 
gelatin levels was not different (P > 0.05) 
from that of controls incubated in a gela- 
tin-free medium or nonincubated slices 
used fresh. 

Discussion. Recent studies by Saba et al. 
(30) and Blumenstock et al. (4) have demon- 
strated that plasma fibronectin or cold- 
insoluble globulin (27, 37) is identical to op- 
sonic a2 surface binding (SB) glycoprotein 
in animals and humans. They have the same 
molecular weight and amino acid composi- 
tion (4, 30). The ability for plasma fi- 
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FIG. 5 .  Circulating bioassayable and immunoreac- 
tive plasma opsonic fibronectin in dogs after intrave- 
nous infusion of gelatin. The gelatin dose was 50.0 
mg/kg body wt. Data are represented as the mean t 
SE with five to eight dogs at each point. The depres- 
sion in bioassayable and immunoreactive opsonic fi- 
bronectin was significant ( P  < 0.02 and P < 0.001, re- 
spectively). 

bronectin to act as an opsonin for gelatin- 
coated particles has been confirmed by 
Molnar r t  al. (21), Doran rt al. (8), and 
Gudewicz et al. (14) using peritoneal mac- 
rophages and recently reviewed in detail by 
Mosher (22). Such studies include isotopi- 
cally labeled particle uptake and elec- 
tromicroscopic data confirming binding and 
internalization. Moreover, the findings with 
the liver slice assay and the isolated 

peritoneal macrophages are similar in terms 
of response to plasma fibronectin (2). While 
most test colloids used have been gelatin- 
coated, the documentation of binding of fi- 
bronectin to Staphylococcus aureus (19) as 
well as the localization of this binding site 
to a 27-kdalton fragment of fibronectin (23) 
coupled with the increased bacterial phago- 
cytosis by neutrophils due to fibronectin 
(20,22) emphasizes the potential importance 
of fibronectin in antibacterial defense (33). 
This protein interacts with foreign and ef- 
fete particulates to facilitate their removal 
from the blood and tissue spaces by RE 
cells, a process viewed as critical to sys- 
temic defense against organ microembolism 
during post-trauma sepsis or disseminated 
intravascular coagulation (24, 33). 

Clinical studies in septic burn and trauma 
patients have documented a profound defi- 
ciency of this protein in the early postinjury 
period as well as during subsequent sepsis 
in association with multiple organ failure 
(29, 30, 33, 34). Reversal of opsonic defi- 
ciency can be accomplished in patients by 
the infusion of fibronectin-rich plasma 
cryoprecipitate (29). Reversal with the 
purified protein and/or cryoprecipitate in 
animals after surgery will also improve RES 
function (32). In such studies, the degree of 
deficiency as well as the response of the 
plasma fibronectin to cryoprecipitate infu- 
sion has been assessed by liver slice bioas- 
say as well as electroimmunoassay (29, 34). 

Plasma fibronectin exhibits affinity for 
fibrin and fibrinogen complexes (27), 
gelatin-coated colloids (3) as well as native 
and denatured collagen (9, 10). Fibronectin 
binds with actin (17) and may thus facilitate 

TABLE I. CIRCULATING PLASMA TOTAL PROTEIN, ALBUMIN, FIBRINOGEN, A N D  OPSONIC FIBRONECTIN I N  
SHEEP PRIOR TO A N D  FOLLOWING INTRAVENOUS INFUSION OF GELATIN 

Time after Total protein" Fibrinogen" Fibronectin" 

0 6.99 ? 0.45 2.46 & 0.32 6.51 -t 0.65 237.0 & 44.0 
1 6.83 * 0.50 2.39 ? 0.38 6.68 2 1.18 88.5 k 8 9  
2 6.64 * 0.47 2.42 -t 0.29 6.33 t 0.87 57.7 k 8.3b 
3 6.48 k 0.45 2.56 t 0.21 6.33 2 1.13 75.1 & 13.7b 
4 6.47 k 0.50 2.46 t 0.36 6.68 t 1.18 45.5 & 12.7b 

gelatin (hr) A1 bumin" (g%) (mdml) (E.Lg/ml) 

" A separate group of three sheep was evaluated. Gelatin was infused at a dose of 8.7 mg/kg. Each point 
represents the mean * SE. Total protein was measured by the modified Biuret method; albumin by cellulose 
acetate electrophoresis; fibrinogen by radial immunodiffusion; and opsonic fibronectin by electroimmunoassay. 

Significantly decreased as compared to control level. 
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TABLE II.  I N  VITRO KUPFFER CELL PHAGOCYTIC 
ACTIVITY FOLLOWING INCUBATION OF RAT LIVER 

SLICES FOR 15 MIN AT 37" IN VARYING 

BY LIVER SLICE BIOASSAY 
CONCENTRATIONS OF GELATIN AS MEASURED 

Percentage Significance 
Group ID/IOO mg (PI  

ControP 13.82 * 2.40 - 
No gelatin (diluent)b 12.30 * 1.55 0.61 
100 pg gelatinb 13.90 * 0.87 0.97 
200 pg gelatinb 15.68 k 2.15 0.58 
300 pg gelatid 17.42 -+ 2.20 0.29 

The six control liver slices were not preincubated 
prior to their use in the assay. 

Each point represents mean k SE of six assays 
with a mean liver slice weight of 290.1 * 7.8. Each 
sample was supplemented with 300 p1 of either vehicle 
or varying concentrations of gelatin in vehicle. 

clearance of actin from the blood after tis- 
sue injury, especially skeletal muscle 
trauma. Fibronectin appears to have a 
higher affinity for gelatin (denatured colla- 
gen) than for native collagen (6, 9), which 
suggests that denaturation may expose 
binding sites which are masked in the native 
state. Transient RE blockade can be ac- 
complished by injection of particulate mat- 
ter such as gelatinized colloidal carbon (I), 
gelatinized RE test lipid emulsion (3, 3 l ) ,  or 
denatured microaggregated human serum 
albumin (36). RE blockade is apparently re- 
lated to a parallel opsonic deficiency (3, 31) 
and not exclusively saturation of the Kupf- 
fer cells (3) as previously reviewed (28). 

In the present study, the incubation of 
gelatin with plasma from sheep, rat, dog, 
and human results in a significant depres- 
sion in the ability of the plasma to augment 
particle phagocytosis. This response was 
somewhat dose dependent although the 
dose dependency was not very striking by 
bioassay. This finding extends the observa- 
tion of Filkins and Di Luzio ( 1 1 )  using 
gelatin-coated radiogold. Parallel determi- 
nations by electroimmunoassay also reveal 
this pronounced inhibitory influence of 
gelatin on immunodetectable fibronectin. 
Consistent with these in vitro findings was 
the observation that circulating bioassay- 
able and immunoreac tive opsonic fibronec- 
tin was also depressed in vivo in rats, 
sheep, and dogs after infusion of gelatin. 

Furthermore, species differences existed, 
such that dogs with high endogenous 
plasma fibronectin concentrations of 1050 
* 70 pg/ml required a greater amount of 
gelatin to produce opsonic depression than 
did sheep with much lower fibronectin 
levels of 184 k 13 pg/ml. These observa- 
tions collectively suggest that gelatin may 
bind to plasma fibronectin and that this in- 
teraction is responsible for the altered 
bioassayable opsonic activity and im- 
munodetectable activity of the plasma as 
determined by electroimmunoassay. Whether 
gelatin binding to fibronectin alters its mo- 
bility in an electric field as used in Laurel1 
rocket immunoelectrophoresis or blocks 
immunoreactive sites on the fibronectin is 
unknown. 

Intravenous infusion of large doses of 
gelatin results in depression in particle 
clearance from the circulation by the RES 
(12, 26). Such gelatin challenge will also in- 
hibit RES function in sheep and increase 
the degree of lung vascular injury seen with 
bacterial sepsis ( 2 5 ) .  The present data 
suggest that this depressed RES function 
may be due to a gelatin-induced depression 
in opsonic activity due to binding with fi- 
bronectin as opposed to early speculation of 
Koenig et al. (18) that gelatin may have 
some direct inhibitor effect on hepatic 
Kupffer cells. The present study indicates 
that a direct inhibitory effect is not very 
important in that preincubation of rat liver 
slices with increasing concentrations of 
gelatin in buffered Krebs-Ringer phos- 
phate results in no decrease in liver slice 
phagocytic capacity. These findings com- 
bined with the in vivo and in vitro acute 
depletion of fibronectin by gelatin strongly 
suggest that gelatin's effect is directly on 
the opsonic fibronectin. The requirement 
for such a humoral opsonic factor for nor- 
mal clearance of gelatinized colloidal car- 
bon by Kupffer cells of the perfused rat 
liver has been documented (13). The pres- 
ent observations on the in vitro influence of 
gelatin on opsonic activity of human plasma 
also suggests that the suppression of RES 
phagocytic function in humans after intra- 
venous gelatin infusion (36) may be medi- 
ated, in part, by its previously unsuspected 
binding to plasma fibronectin. Indeed, the 
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use of gelatin as a plasma expander in shock 
patients warrants careful reevaluation, espe- 
cially in view of the relationship between 
RES depression, opsonic deficiency, and 
susceptibility to shock and trauma (33). 

While significant opsonic recovery was 
seen in the rat by 3 hr, a slower recovery 
was seen in the dogs and sheep. The ob- 
served recovery of opsonic activity in the 
dog and sheep may be related to residual 
gelatin in the circulation. Gelatin is cleared 
very slowly from the blood (18) and also 
distributes throughout the extracellular 
space. Thus, relatively large amounts may 
continue to circulate and complex with 
newly synthesized and/or released opsonic 
fibronectin. While this prolonged depres- 
sant effect suggests that gelatin infusion 
may be a useful approach to inhibit opsonic 
activity and RES function, one needs to be 
cautious in this approach. If  the op- 
sonin-gelatin complex remains in the 
blood for a prolonged interval, then the fi- 
bronectin could conceivably be available to 
opsonize other blood-borne particles de- 
pending on their affinity for fibronectin re- 
sulting in less RE depression than ex- 
pected. In support of this possibility is the 
finding that the increased canine intestinal 
lymph flow during sepsis after particle- 
induced fibronectin depletion is not ob- 
served after infusion of soluble gelatin (7). 

The immunoreactive opsonic fibronectin 
levels in the dog, rat, human, and sheep 
vary in decreasing concentrations, respec- 
tively, in these species (25). Accordingly, 
one might expect bioassayable opsonic ac- 
tivity to be greatest in the dog and progres- 
sively decrease in the rat, human, and sheep. 
However, since the bioassay employs a rat 
liver slice, the system’s sensitivity may have 
been greatest for homologous rat plasma 
and then vary with heterologous plasma ac- 
cording to its concentration. Bioassayable 
opsonic activity was high for rat plasma and 
progressively decreased for dog and human 
plasma. However, bioassayable opsonic 
activity in sheep was higher than anticipated 
but the basis is unclear. 

Opsonic fibronectin deficiency seen in 
septic injured patients or disseminated in- 

be due to the consumptive utilization of fi- 
bronectin during RE clearance of blood- 
borne particulates as previously postulated. 
However, the present data suggest that de- 
ficiency may also be due to the binding of 
fibronectin to sites of vascular injury and 
collagen exposure or the presence of col- 
lagenous debris in the blood after soft tis- 
sue injury, which may alter detection of fi- 
bronectin by standard bioassay or elec- 
troimmunoassay . 
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