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Summary

Background: The aim of this study was to test whether or
not infusion of triglycerides containing ®-3 fatty acids (FAs)
modifies immune function in terms of systemic clearance
and organ distribution of injected Escherichia coli in a rabbit
model. Materials and Methods: In groups of 6 rabbits each,
a defined number of E. coli (1.3 x 108 colony-forming units,
CFU) was injected intravenously after 3 days of infusion
with a lipid emulsion prepared from fish oil (Omega-
venos®10%, 1.5 g/lkg body weight/day), a soy oil preparation
(Lipovenos®10%, 1.5 g/kg body weight/day), or after isoton-
ic saline application (control). In order to compare dose-de-
pendent effects, in a second experimental design a lower
dose of each lipid emulsion (0.5 g/kg body weight) was in-
fused over a 4-hour period before applicating E. coli. Para-
meters monitored were arterial pressure and rates of bacte-
rial elimination from the blood. The animals were killed 3 h
and 6 h after bacterial infection, respectively, and tissue
samples of liver, spleen, lung, and kidney were collected for
microbiological examinations. Results: Lipovends infusion
produced a significant delay in blood clearance compared
with saline and Omegavenos treatment. The diminished
systemic bacterial elimination after Lipovenos infusion was
accompanied by increased numbers af viable bacteria in
lung and spleen. In contrast to this, in the Omegavenos
group bacterial counts in the lung did not increase and
smaller amounts of viable bacteria were detected in organ
homogenates 6 h after injection of E. coli. Conclusion: Com-
pared with the soy oil preparation, ®-3 FAs induce improved
bacterial clearance from the blood that is associated with
significantly lower numbers of E. coli in the lung. Thus, ap-
propriate nutrition providing ®-3 FA might serve as a phar-
macological tool to improve host defence against bacterial
infection in critically ill patients.

Schliisselwérter
Bakterielle Clearance - Fischol - o-3-Fettsauren - Sepsis -
Sojaol

Zusammenfassung

Hintergrund: Zur Abklarung von EinfluBfaktoren, die zu
einer Verbesserung der Fahigkeit des Organismus zur
Klarung von Bakterien (Escherichia coli) aus dem Blut sowie
zur Verbesserung der Phagozytosekapazitat des retiku-
loendothelialen Systems fuhren, wurde diese Studie am Ka-
ninchenmodell durchgefuhrt. Material und Methoden: Je 6
Versuchstieren wurde Uber einen Zeitraum von 3 Tagen in
einer Gruppe eine Fettemulsion mit einem hohen Anteil an
o-3-Fettsduren (FS) auf Basis eines Fischols (Omega-
venos®10%, 1,5 glkg Korpergewicht/Tag), ein Sojaol-Prapa-
rat (Lipovenos®10%, 1,5 g/lkg Korpergewicht/Tag), bzw. 0,9%
NaCl infundiert. Zum Vergleich dosisabhangiger Effekte
wurde einmalig Uber einen Zeitraum von 4 h eine niedrigere
Dosis Omegavenos10% (0,5 g/kg Korpergewicht, n = 6) bzw.
Lipovenos 10% (0,5 g/kg Korpergewicht, n = 6) infundiert.
Nach Beendigung der Infusion wurde unter kontinuierlicher
Messung des arteriellen Drucks und der Blutgase 1,3 x 108
koloniebildende Einheiten (CFU) E. coli i.v. appliziert und
wahrend der folgenden Stunden Blutkulturen sowie 3 bzw.
6 h nach Bakteriengabe Gewebeproben von Leber, Milz,
Lunge und Niere zur mikrobiologischen Aufarbeitung ent-
nommen. Ergebnisse: In den mit Lipoven6s10% behandel-
ten Gruppen kam es im Vergleich zu den Kontrollen und
den Omegavenos-Gruppen zu einer deutlichen Verlédnge-
rung der Elimination der Bakterien aus der Blutbahn, ver-
bunden mit einer Zunahme der Bakterien in Lunge und Milz.
Im Gegensatz dazu waren in den Omegaveno6s-Gruppen kei-
ne vermehrten Bakterienzahlen in der Lunge anzuchtbar,
und es wurden in allen Gewebehomogenaten nach 6 h eine
insgesamt niedrigere Bakterienzahl gefunden. SchiuBfoige-
rung: »-3-FS scheinen die Bakterienelimination aus dem
Blut gunstig zu beeinflussen sowie eine unter Infusion mit
-6-FS auftretende Bakteridmie der Lunge zu verhindern.
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Universitatsklinik fir Anéasthesiologie
Universitat Ulm

SteinhovelstraBe 9, D-89075 Ulm (Germany)
Tel. +49 731 502 79-11, Fax -16
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Fig. 1. Influence of AA and EPA on immune
function.

Introduction

Sepsis continues to be an important clinical problem associat-
ed with a high mortality rate. Shock and trauma predispose
the host to an increased susceptibility to infection, which of-
ten leads to the adult respiratory distress syndrome or multi-
ple organ failure [1].

The fact that a transient but profound depression of the reti-
culoendothelial system (RES) as well as intestinal barrier dys-
function has been observed after injury or surgical trauma
suggests that the RES plays a major role in the pathogenesis
of septic events. The reported pathomechanisms suggest that
the incidence of septic complications may be initiated by a
loss of gut barrier function, with invasion of great amounts of
bacteria and endotoxin and may be due to an impairment of
clearance functions that may be caused by reduced phagocy-
tosis and the lysis capability of the RES. Recently, dietary en-
richment of polymorphonuclear leukocytes (PMN) phospho-
lipid pools with n-3 fatty acids (FAs), in particular with eicos-
apentaenoic acid (EPA), has attracted attention as a putative
therapeutic regimen for dampening PMN- and eicosanoid-re-
lated inflammatory events.

IF ®-3 FAs are included in the diet, EPA (C20:5n-3) competes
with arachidonic acid (AA, C20:4n-6) on the cyclooxygenase
and on the 5-lipoxygenase pathways. The metabolization of
EPA results in a reduced generation of diene prostanoids (e.g.
PGE;, PGI;, TXA:?) and of tetraene leukotrienes (e.g. LTBy),
derived from AA in favor of the corresponding triene
prostanoids (e.g. PGEs3, PGI;, TXA3) and pentaene
leukotriene (LTBs5) derived from EPA [2]. Examination of the
EPA/AA ratio in several cells, i.e. erythrocytes [3], neu-
trophils [4, 5] platelets [6, 7] endothelial cells, monocytes as
well as brain and liver cells [8], revealed that ®-3 FAs are
preferentially incorporated into membranes, resulting in an
enhanced release of EPA-derived products with an attenuat-
ed spectrum of biological activity instead of those derived
from AA [9-12], (fig. 1).

Our group recently demonstrated that, even after short-term
infusion of a fish oil emulsion, ®-3 FAs are metabolized and
integrated into the phospholipid pool of cell membranes,
therefore, leading to dampened inflammatory events [13-15].
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Thus, modulation of eicosanoid synthesis may attenuate un-
controlled inflammatory reactions which ultimately may lead
to organ failure. However, regulation of eicosanoid produc-
tion is also of importance for maintenance of the systemic and
cellular defense in the case of infection. When comparing nu-
tritional solutions containing increased amounts of -6 FAs
with those containing ®-3 FAs, a significant increase in cellu-
lar immune functions, e.g. opsonization index, was found fol-
lowing administration of ®-3 FAs [16]. Thus, in a chronic mod-
el of sepsis, mortality was significantly reduced using diets
supplemented with ®-3 FAs [17]. The idea that the cellular
and humoral defense might be impaired under preferential ®-
6 FA application has been supported by in vitro experiments
demonstrating that ®-6 FA supplementation results in re-
duced phagocytosis activity and mitogen-induced prolifera-
tion of lymphocytes as well as suppressed synthesis of immun-
globulins [18]. Based on these and other observations, appro-
priate nutritional support with ®-3 FA-containing lipid emul-
sion may ameliorate the impaired immune functions after in-
jury thus reducing the risk of sepsis. In case of sepsis ®-3 FAs
may also reduce the severity of the systemic inflammatory re-
sponse to infection.

The present study was designed to investigate clearance func-
tion after parenteral application of a lipid emulsion prepared
from fish oil (Omegavens®) in comparison with that of a soy
oil preparation (Lipovenos®) in a reproducible animal model.
The central question addressed is whether ®©-3 FAs influence
phagocytosis and lysis capacity of the RES and thereby re-
duce bacterial growth in blood and tissue. In order to simulate
bacterial invasion into the intravascular space and to allow
quantitative microbiological determinations, defined numbers
of Escherichia coli (1.3 x 108 colony-forming units, CFU) were
injected intravenously after infusion of lipid emulsions or
saline. The elimination kinetics of bacteria from the blood and
their organ distribution in liver, spleen, kidney, and lung were
studied.

Materials and Methods

This study was approved by the Animal Subject Protection Committee of
the Paculty of Clinical Medicine Mannheim, University of IHeidelberg.
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Care and handling of animals were in accordance with the principles ex-
pressed in the Helsinki Declaration.

Rabbit Model

Standard-breed rabbits of either sex weighing between 2,500 and 3,300 g
were anesthetized with ketamine (50 mg/kg body weight) and xylazine (4
mg/kg body weight) and anticoagulated with heparin-sodium (1,000 U/kg
body weight) injected into an ear vein catheter. The animals were placed
in a supine position on a tempered preparation table. After aseptic place-
ment of a tracheostomy tube, the rabbits were mechanically ventilated
with room air (tidal volume 30 ml, frequency 30 volumes/min) during the
whole observation period by means of a Starling pump (B. Braun, Mel-
sungen, Germany). A polyvinyl chloride catheter (inside diameter 1.4
mm) was inserted into the right carotid artery for arterial pressure mea-
surements and blood sampling. Anesthesia was maintained by continuous
infusion of ketamine (1-3 mg/kg body weight/h) in combination with xy-
lazine (0.1-0.2 mg/kg body weight/h) under hemodynamic monitoring.

Monitoring

Arterial and airway pressure were monitored on-line via Statham strain
gauge transducers connected to a Servomed recorder (Hellige, Freiburg
i.Br., Germany). Blood samples were drawn intermittently for measure-
ments of pH, pOz, pCO;, and HCO3 (ABL 330; Radiometer, Copen-
hagen, Denmark), hemoglobin and Oz saturation (OSM2; Radiometer),
hematocrit (Adams Autokrit centrifuge; Clay-Adams, New York, NY,
USA). Triglycerides were determined by an enzymatic calorimetric test
using the commercial kit Triglyceride GPO-PAP (Boehringer Mannheim
GmbH, Mannheim, Germany).

Experimental protocol

72 rabbits were randomly assigned to different groups of 6 animals each.
Two doses of lipid emulsion ranging between the lowest and highest
dosage usually applied for parenteral nutrition with Lipovenos were cho-
sen to study dose-dependent effects on bacterial clearance.

High-Dose Group

3-Hour Clearance. Animals were pretreated with 1.5 g/kg body
weight/day of a fish oil emulsion (Omegavends, n = 6), a soybean oil
emulsion (Lipovenos, n = 6), or the equivalent volume of 0.9% saline
(control, n = 6) for 3 consecutive days. The administered volume ranged
from 42 to 48 ml, depending on the weight of the animal, and was infused
within 90 min via the ear vein catheter. After termination of the third
lipid or saline infusion a 30-min steady-state period of stable hemody-
namics was followed and then E. coli (1.3 x 108 CFU) were injected via
the ear vein catheter. Arterial blood was aseptically extracted for culture
just before and after bacterial injection at 1,5, 10, 15, 20, 25, 30, 40, 50 and
60 min, and thereafter at 30-min intervals. Blood gases, hematocrit, and
hemoglobin were determined at hourly intervals. Additionally, blood
samples were taken before and after lipid infusion as well as at the end of
the experiments to investigate triglyceride levels. Three hours after bacte-
rial injection, the animals were sacrificed with an overdose of pentobarbi-
tal, and, subsequently, tissue samples of liver, spleen, kidney, and lung
were taken under aseptic conditions for bacterial counts.

6-Hour Clearance. In order to study the time course of bacterial killing in
the blood and tissues, the same protocol as described above was per-
formed, but with a prolonged observation period of 6 h. As described, ar-
terial blood was extracted for culture, blood gases, hematocrit, and hemo-
globin concentration, and finally the tissue samples were drawn 6 h after
E. coli injection.

Low-Dose Group

In a second experimental design low doses (0.5 g/kg of body weight) of
Omegavenos, Lipovenos and saline, respectively, was given once prior to
bacterial injection. The administered volume ranged from 12.5 to 16.5 ml
and was infused over a 4-hour period via the ear vein catheter. Analo-
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Fig. 2. Time course of bacterial elimination from blood after injection of
E. coli (1.3 x 108 CFU) in the groups pretreated with high doses of lipids
(1.5 g/kg body weight for 3 days). * = p < 0.05 versus all other groups
(ANOVA).

gously to the other groups, bacteria (1.3 x 108 CFU E. coli) were injected
and subsequently blood samples were drawn for bacterial counts. Tissue
samples were taken 3 and 6 h after . coli injection, respectively.

Quantitative Microbiology

Immediately after organ collection, cooled blood and tissue samples were
prepared for bacterial culture. Blood samples were diluted by serial dilu-
tion into defined volumes of sterile saline. 100 pl of each dilution were
plated in duplicate onto cysteine-lactose electrolyte-deficient agar plates
as described by Sandys [19]. Aseptically collected organs were weighed,
and representative samples (0.8-2 g) of each organ were homogenized in
a mortar with 5 ml sterile saline. Serial dilutions of tissue suspension (50
pl) were plated onto cysteine-lactose electrolyte-deficient agar plates. The
inoculated plates were incubated at 37 °C for 24 h, and bacterial counts,
appearing as CFU, were read. The final bacterial concentrations were cal-
culated as the numbers of colonies/ml blood and of colonies/g harvested
tissue.

Materials

The lipid emulsions Omegavenos 10% prepared from fish oil and
Lipovenos 10% produced from soy oil were gifts from Fresenius AG
(Bad Homburg, Germany). Both are 10% FA emulsions. The used batch-
es of Omegavenos10%, rich in long-chain ®-3 FAs, yielded the following
final concentrations in the emulsion: EPA (C20:5n3) 19 mg/ml, docosa-
hexaenoic acid (C22:6n3) 25 mg/ml, palmitic acid (C16:0) 12 mg/ml,
stearic acid (C18:0) 2.5 mg/ml, oleic acid (C18:1n9) 14 mg/ml, linoleic acid
(C18:2n6) 2.7 mg/ml, linolenic acid (C18:3n3) 0.7 mg/ml, AA (C20:4n6)
2.2 mg/ml, and other FAs 27.3 mg/ml. The major components of
Lipovendos 109, rich in ©-6 FAs, were linoleic acid 51 mg/ml, linolenic
acid 7.2 mg/ml, oleic acid 22.4 mg/ml, palmitic acid 12 mg/ml, stearic acid
4 mg/ml, and other FAs 10 mg/ml.

Bacterial Inoculum

E. coli - an encapsulated, serum-resistant, nonhemolytic strain freshly
isolated from blood culture of a septicemic patient — were cultivated on
blood agar plates. The grown colonies were scraped from the plates, care-
fully homogenized by vortexing in tryptic soy broth, serially diluted, and
adjusted to a density of 1.3 x 108 CFU/ml. They were stored in a freezer
until use. The amount of exogenous E. coli used was based on pilot exper-
iments, investigating the clearance and organ distribution of different
doses of E. coli (101, 108, 106 CFU). For this study, a dose was chosen
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Fig. 4. Time course of bacterial elimination from blood after injection of
E. coli (1.3 x 108 CFU) in the groups pretreated with low doses of lipids
(0.5 g/kg body weight).

which showed easily reproducible elimination kinetics, but did not induce
severe hemodynamic changes influencing clearance function by tissue hy-
poperfusion. The applied dose of 1.3 x 108 E. coli was completely elimi-
nated during a time period of 60-90 min in control animals and allowed
registration of slight decreases as well as slight increases in elimination ki-
netics during the observation period. Delayed clearance at higher doses
might be due to the measured depression of hemodynamics with in-
creased vascular resistance, which was not the object of the present study.
Shock-induced immunosuppression has been reported in previous studies
[20, 21]. Experiments with lower doses, however, demonstrated such a
rapid bacterial elimination (within 10-15 min) that possible minor in-
creases in clearance function were not detectable. In order to exclude the
possibility of bacterial translocation induced solely by soy oil or fish oil
emulsion infusion in the absence of injected bacteria, experiments with-
out exogenous bacteria were performed.

Statistical Analysis

Data are presented as arithmetic means + standard error (SEM). The log-
arithm of the quantitative bacterial count was used for statistical compar-
ison. Differences between groups were tested by one-way analysis of vari-
ance and subsequently verified by LSD multiple comparison procedure.
Significance was accepted at p < 0.05.

Results

Measurements of mean arterial pressure, blood gases (pOz,
pCO:z2, Oy saturation, pH) as well as hematocrit and hemoglo-
bin did not differ significantly from baseline values through-
out the study period in the controls, Omegavenos- and
Lipovenos-treated rabbits. The serum triglyceride levels did
not increase in the groups treated with low doses of lipid
emulsions (42-120 mg/dl), but were significantly elevated dur-
ing high-dose infusion of Lipovends and Omegavends (up to
1,910 mg/dl and 2,820 mg/dl, respectively). This increases in
triglyceride levels during lipid infusion were followed by de-
creasing levels reaching baseline values within the following
360 min.

No bacterial translocation into the circulating blood could be
found after treatment with the various dosages of lipid emul-
sions and before E. coli injection as suggested by sterile cul-
tures. In additional pilot experiments, we tested whether or
not Lipovenos or Omegavenos treatment itself leads to inva-
sion of E. coli, particularly from the gut, into the blood and
other organs during the observation period. Sterile blood and
organ cultures were found after soy oil and fish oil emulsion
treatment without subsequent E. coli injection after either 3-
hour and 6-hour observation periods, respectively. Conse-
quently, the data obtained represent the decreasing number
of circulating E. coli resulting exclusively from clearance func-
tion which is not falsified by measurements of incalculable al-
terations due to translocated endogenous E. coli.

High-Dose Lipid Infusion

Concerning high-dose lipid emulsion, the elimination kinetics
of bacteria from the circulating blood differed significantly
between the groups (fig. 1). The rapid decrease of bacteria
within the first 20 min, which was observed in all groups, was
followed by a delayed clearance with persisting numbers of E.
coli in the Lipovends and Omegavends groups. In contrast to
the controls in which blood cultures were sterile 50 min after
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E. coli injection, bacteria could be grown from blood samples
up to 180 min after E. coli injection in the Omegavenos-treat-
ed rabbits. However, in the Lipovenos-infused animals a de-
layed clearance with persisting numbers of E. coli could be
observed lasting up to 300 min (fig. 2).

The examination of organ homogenates revealed differences
in the distribution pattern of viable bacteria in the various
groups. Cultures from tissues of the control groups showed
the highest bacterial numbers in the liver (234 x 10® CFU/g),
whereas lower counts were found in the spleen (12 x 10°
CFU/g). Only minor bacterial counts could be detected in
lung (3 x 10* CFU/g) and kidney (0.5 x 10° CFU/g). In con-
trast to this pattern, significantly higher (p < 0.05) amounts
were found in the spleen after high-dose lipid infusion (fig.
3a). Three hours after E. coli injection bacterial counts up to
150 x 10% CFU/g in the Lipovenés group and up to 203 x 10°
CFU/g in the Omegavends group were found (fig. 3). Even 6
h after bacteria injection, 3-fold higher numbers of E. coli
(130 x 10° CFU/g) were noted in the Lipovends group com-
pared with the control values, whereas only 66 x 103CFU/g
could be detected in the spleen of Omegavenos-treated rab-
bits. The high colonization of the spleen after treatment with
soybean oil emulsion was associated with significantly in-
creased (p < 0.01) amounts of bacteria in the lung (29 x 103
CFU/g) 6 h after bacteria application. Infusion with fish oil
emulsion resulted in markedly decreased numbers of E. coli
in the lung (<1.5 x 103 CFU/g, p < 0.02) and liver (148 x 10°
CFU/g, p < 0.05). In these animals, lower numbers of bacteria
were found in all four organs (216 x 10° CFU/g), differing sig-
nificantly (p < 0.05) from those numbers obtained 6 h after F.
coli injection in the control (411 x 10° CFU/g) and in the
Lipovengs-treated animals (408 x 10° CFU/g). The examina-
tion of kidney homogenates demonstrated no significant al-
terations in all groups.

Low Dose Lipid Infusion
Experiments with low doses of both lipid emulsions (0.5 g/kg
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body weight) demonstrated no significant alteration of bacte-
rial clearance from the blood compared to control. Blood cul-
tures of samples drawn 120 and 150 min after bacterial infec-
tion were sterile in the Omegavends- and Lipovenos-treated
group, respectively (fig. 4). However, compared to controls
significantly higher amounts of E. coli were found in the
spleen in both lipid treated groups 3 h after E. coli injection
(72 x 103 CFU/g in the Lipovends group, 68 x 103 CFU/g in
the Omegavenos group, fig. 5a). Analogously to the high-dose
Lipovenés infusion, the low-dose challenge was accompanied
by significantly higher (p < 0.01) numbers of bacteria in the
lung (18 x 10% CFU/g), whereas lung bacterial counts in fish
oil-treated animals did not differ significantly from controls
(fig. 5b).

Six hours after E. coli injection, markedly reduced bacterial
numbers were evident in the liver of Omegavenés- (67 x 10°
CFU/g, p < 0.01 versus control group) and Lipovenos-treated
animals (74 x 103 CFU/g, p<0.01 versus control group). The
numbers of bacteria in spleen, lung, and kidney of lipid emul-
sion-pretreated animals were not significantly different from
those obtained in the organs of the controls.

Discussion

Considering clinical and experimental evidence that dietary in-
take of ®-3 FAs may influence the immune function of the RES
and circulating phagocytes [22], we investigated whether or not
blood clearance and organ distribution of systemically applied
E. coli might be improved after infusion of lipid emulsions en-
riched with ®-3 FAs in comparison to that of clinically applied
-6 FA emulsions. For this purpose, blood and organ clearance
of bacteria were examined in rabbits treated with saline, fish oil
(Omegavenos), or soybean emulsion (Lipovends).

The intravenous administration of E. coli was chosen as a cor-
relate of bacterial invasion from various origins, e.g. the gut,
the urogenital tract, wounds or implanted catheters, into the



circulating blood. In order to enable quantification of the
clearance process, a defined number of E. coli was injected in-
to the circulation. To exclude possible miscalculations result-
ing from incalculable numbers of bacteria being translocated
from the gut, blood samples were taken prior to E. coli injec-
tion, and additional experiments were performed to deter-
mine whether or not Lipovends or Omegavenos treatment it-
self leads to invasion of E. coli, particularly from the gut, into
the blood and other organs during the observation period.
These experiments revealed no invasion of endogenous E.coli
into the blood, as evidenced by sterile cultures in our model.
Hence, additional translocation of intestinal E. coli which may
mask the effects of bacterial clearance function and tissue dis-
tribution could be ruled out. Thus, alterations in clearance
function due to the applied lipid emulsions could be account-
ed for the differences in numbers of detected bacteria count-
ed as CFU.

Clearance of bacteria followed a biphasic time course starting
with a rapid phase described by an exponential-like decrease
of CFU in the first few minutes. Afterwards, the clearance
from blood became progressively slower. The rapid phase was
identical in all groups, whereas the slow phase was significant-
ly prolonged after pretreatment with high doses of Lipovendos
and to a lesser extent in rabbits pretreated with high doses of
Omegavenos. A possible explanation for the failure to com-
pletely remove bacteria from the circulation may be due to a
RES blockade by the previously applied lipid emulsions, with
consequently reduced phagocytosis and lysis capacity. One
hint supporting this explanation are the increased levels of
triglycerides in the sera of rabbits pretreated with high doses
of soy or fish oil emulsion. The hypertriglyceridemia (about
2,000 mg/dl) was obviously due to the high infusion rate (1
g/kg body weight/h). In contrast, parenteral nutrition in hu-
man is restricted to a maximum rate of 0.2 g/kg body weight/h,
thus avoiding triglyceride concentrations above 500 mg/dl.
Due to the high intake of triglycerides, the reticuloendothelial
cells may be saturated with lipids, which might result in a di-
minished clearance of bacteria. An interrelationship must be
assumed between reticuloendothelial clearance and host de-
fense against sepsis, since it has been repeatedly documented
that there is a transient period of severe RES phagocytic de-
pression following the clearance of large doses of foreign test
colloids [23, 24] and coagulation products [25] which is associ-
ated with diminished hepatic phagocytosis and augmented ex-
trahepatic localization of the systemically injected bacteria.

In all groups pretreated with lipid emulsion, it seems that
within 3 h after bacteria injection an increased amount of in-
jected bacteria is filtered out in the spleen. This increment
might be related to induction of increased extrahepatic up-
take of bacteria as a consequence of a decreased hepatic
clearance rate. Additionally, an augmented recovery of inject-
ed bacteria was found in the lung of Lipovenos-treated rab-
bits. The reason for this cannot be discerned from our results,
but alterations of leukocyte functions such as chemotaxis,

phagocytosis, adherence and release of bactericidal enzymes
has to be considered. The increased uptake of bacteria from
extrahepatic organs, e.g. the lung, observed in the Lipovenos-
treated animals might reflect a state of hyperphagocytotic ac-
tivity. Accumulation and enhanced sticking of leukocytes and
macrophages are well-known phenomena, which were ob-
served in other experimental studies concerning depressed
vascular clearance in cases of traumatic shock and surgical
trauma [26-28]. In contrast to this, supplementation with ©-3
FAs could improve RES phagocytosis, as suggested by an en-
hanced bacterial clearance from the blood and a significantly
lower number of bacteria in the lung. The decreased amount
of bacteria in the lung might be due to a reduced lung neu-
trophil recruitment in response to bacterial clearance in the
presence of -3 FAs. The reason for this could be a preven-
tion of leukocyte/endothelium interaction through the inhibi-
tion of LTB4 biosynthesis and enhanced generation of anti-
adhesive forces after intake of ®-3 FA-supplemented diet [4].
LTBs generated in EPA-enriched PMN possesses a more than
10-fold reduced chemotactic and PMN activiting capacity
compared to LTBy4 [12]. A decreased pulmonary number of
bacteria can also be explained by a decreased number of cir-
culating bacteria, possibly resulting from improved phagocy-
tosis and lysis of bacteria in liver and spleen. ®-3 FAs might
affect phagocytic cell function by means of changes in mem-
brane phospholipid content and reduced production of PGE,.
EPA competes with PGE; precursor AA for binding at the
active site of cyclooxygenase, thus resulting in reduced pro-
duction of PGE;, which is probably one important mediator
of immunosuppression that follows major injury. Recent stud-
ies have shown that PGE; suppresses various aspects of the
immune response, including lymphocyte proliferation, lym-
phokine secretion, and phagocyte function [29-32], (fig. 1).

A series of functional alterations induced by diets enriched
with ®-3 FAs might contribute to the described effects, i.e. an
increased production of cytokines [33], increases of cell-medi-
ated immunity [16] and opsonization index [16] as well as an
increase of antigen-induced lymphocyte generation [34, 35].
In animal experiments, Ertel et al. [36] observed an increased
cytokine production (II-1, IL-2), a reduced PGEz release from
macrophages, and an improvement in both the capacitiy of
antigen presentation and splenocyte proliferation following
hemorrhagic shock in those animals which had been fed ®-3
FAs instead of -6 FAs. These results are in line with prelimi-
nary data of two clinical trials in which fish oil diets were
shown to have restorative effects on the depressed cellular
immunity of patients in intensive care units [37] and after ma-
jor surgery [38]. However, a significant decrease in infectious
complications or mortality in these patients could not be
demonstrated. Nonetheless, a prospective clinical study in
burned patients by Alexander et al. [39] showed that the use
of a diet containing fish oil significantly reduced wound infec-
tion, shortened hospital stay, and reduced mortality compared
with other standard enteral formulation.



In conclusion, the present study suggests that the use of ®-3

FAs seems to be a promising therapeutical approach for the

improvement of immune function, thus reducing bacterial in-
fection. However, further clinical studies are required to eval-
uate the effects of ®-3 FAs in critically ill patients.
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