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Effect of fluorocarbon blood substitute

on neutrophil phagocytic function

XIAO Nan, LU Xi-Chang, CHEN Hui-Sun, YANG Zhi-Huan, TIAN Kun-Lun
(Research Institute of Surgery, The Third Military Medical College, Chongging 630042, China)

ABSTRACT Neutrophils were incubated at 37<C
for 2 h with fluorocarbon blood substitute or its
main components in vitro. Neutrophil phagocyto-
sis was determined by the method of chemilumi-
nescence (CL) and the concentration of intracel-
lular cAMP and ¢cGMP were assessed. The re-
sults showed that the CL was inhibited while the
level of cAMP was elevated. The alteration of
cAMP seemed to be correlated with the inhibi-
tion of CL. Only did the emulsifier Poloxamer
F-68 (F-88) of fluorocarbon blood substitute
have the same effects. It is suggested that fluoro-
carbon blood substitute can inhibit neutrophil
phagocytic function and the emulsifier F-68 may
be responsible for it. The mechanism may be
associated with the elevation of intracellular
cAMP concentration.
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Fluorocarbon bloed substitute (FCBS)
is capable of carrying and delivering sub-
stantial amounts of oxygen. It can perform
the role of red blood.cells in transporting
oxygen throughout the body and has been
applied increasingly in clinical usage(".
However, FCBS had some adverse effects
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on neutrophil phagocytosis, chemotaxis and
even metabolism‘*~*, The present study
was undertaken to investigate whether this
effect was due to FCBS itself or its com-
ponents.

MATERIALS AND METHODS

Fluorocarbons were obtained from
Shanghai Institute of Organic Chemistry,
Chinese Academy of Sciences, and emulsi-
fied with Poloxamer F-68 (F-68) in our
laboratory. The emulsion contained (g/L):
perfluorodecalin (FDC) 14, perfluorctripro-
pylamine (FTPA) 6, F-68 45, glycerol 10,
glucose 1.5, hydroxyethyl starch 30,
NaCl 3.0, KCt ¢.27, CaCl, 0.22, MgCl,
0.15, NaHCO, 0.5, with pH 7.4-7.6.
The average diameter of the emulsion par-
ticles was less than (.1 pum.

Neutrophils were separated from hepa-
rinized blood of healthy donors using a
modified method of gradient centrifugation®.
Neutrophil suspensions were washed and
then suspended in Hank’s solution at
a concentration of 2Xx10° neutrophils/ml
prior to incubation. Over 90% of neutro-
phils was yielded by microscope screening:.
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and the mean cell viability was 96.6%; by
the method of trypan blue dye exclusion.
Neutrophil suspension was incubated with
FCBS emulsion or its main components
(FDC, FTPA and F-68) respectively at a
volume ratio of 10:1 at 37%C for 2h.
Because FDC and FTPA are immiscible
and so the suspension must be stirred dur-
ing incubation. Control was treated with
Hank’s solution.

Neutrophil phagocytic function was
determined by the method of chemilumi-
nescence (CL)®, The intracellular cAMP
and ¢cGMP concentration were measured by
radioimmunoassay (" ¥..

RESULTS

The CL of neutrophils was depressed
when exposed to FCBS. Compared to con-
trol, it was decreased 34.09% (32.3+SD
2.6 vs 49.0+5.1 mV, P<0.01) at 1 h
and 21.5% (41.,6+2.4 vs 52,9+4.6 mV,
P<0,05) at 2 h of incubation but it was
increased 28.59% more than the value at
1h (P<0.05). In order to investigate the
critical cause affecting the CL, the main
components of FCBS. F-68, FDC and
FTPA were incubated separately with neu-
trophil suspension in the same condijtion
as the FCBS. In this experiment, the CL
{(mV) of the neutrophils incubated with
F-68, FDC or FTPA was 28.4+2.3,
52.0+2.6 or 56.5+3.6 respectively at
1 h. Compared to control (48.9-+3.6 mV),
the CL of neutrophils exposed to F-68
was decreased 41.8% (P<C0.01) while
those exposed to FDC or FTPA did not
change. At 2h, however, the CL of the
neutrophils incubated with F-68 increased
34.59% (38.1+3.1 vs 28.442.3mV, P
0.05) but was still 34.1% lower (P<
(0.01) than that of the control (57.9+
2.6 mV),

At 1 h of incubation with FCBS or
F-68, the intracellular cAMP concentration
increased significantly and was 15,0 or

15.5 times of the control, respectively. At
2h, cAMP dropped but was still 3.9 or
3.7 times of the control, respectively.
There was no difference between the results
incubated with FCBS and F-63. The intra-
cellular cGMP concentration did not change
throughout the experiment (Tab 1).

Tab 1, Etfect of fluorocarbon blood substitute
and Poloxamer F-§8 on neutrophil intracellular
¢AMP and ¢GMP concentration (pmol) at 1 and
2 h of incubation. n=9, X+SD, *P>(0.05,***P<
0.01 vs control; P>0,05, t"P<0.01 vs 1h.

Contro} FCBS F-58

cAMP
1h 0.6+0.1 9.1+1.1%** 9.4+1.1%"

2h  0.92-0.21 3.3£0.4%**Mt 3 140,450t
cGMP

1h 0.6+0.1 0.7%0.1*
2h 0.440.1' 0.61+0.2%

0.8+0.1*
0.540.1%

DISCUSSION

The present study showed that FCBS
could depress the neutrophil chemilumines-
cence, so it is confirmed that FCBS has an
inhibitory effect on neutrophil phagocytic
function, although it was not irreversible
for the chemiluminescence of neutrophil
with a significant increase at 2 h of incu-
bation. On account for the analysis of in-
hibition effect of several main components
of FCBS on neutrophil, we found that it
was the emulsifier F-68 that inhibit the
neutrophil phagocytic function.

The mechanism of the inhibition of
neutrophil phagocytosis by FCBS and F-68
is not clear so far. It is known that the
cAMP can inhibit leukocyte function and
metabolism while cGMP enhance them’,
This study showed that the intracellular
cAMP concentration of the neutrophil
incubated with FCBS or F-68 increased
significantly while ¢cGMP did not change.
The results suggested that the inhibition
of neutrophil phagocytosis caused by F-68
may be associated with the elevation of
intracellular cAMP concentration, although



we were unable to carry on the experiment
for much longer time.

Fluorocarbon blood substitute, as an
oxygen carrier, is very valuable in clinical
practice, for instance, in shock resuscita-
tion and infusion instead of part of blood
transfusion during operation. Since there
are some adverse reaction in fluorocarbon
usage'® 11, further study is necessary to
search for a new emulsifier better than F-
68 with the same emulsifying result and
less side effects in order to be benifit for
the applications of FCBS.
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