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ABSTRACT. Purpose: Recently, the P-407-treated
mouse was established as a useful animal model of hyperlipidemia and atherosclerosis. The present study was aimed
to determine whether P-407-induced hyperlipidemia in the
rat is associated with alterations in the activities of
enzymes responsible for lipid metabolism. Methods and
Results: Rats were made hyperlipidemic by i.p. injection
of 1.0 g/kg P-407 and blood samples collected 24 h after
administration of P-407. Plasma from P-407-treated rats
demonstrated 7- and 13-fold increases in cholesterol and
triglycerides, respectively (p < 0.001). The plasma lecithin
cholesterol acyl transferase (LCAT) activity in these animals was 4-5-fold greater than control animals (p < 0.05).
Further, the plasma cholesteryl ester transfer protein
(CETP) activity in P-407-treated rats was increased by
~25%, which was inhibited by > 50% in the presence of
TP2, a monoclonal anti-CETP antibody (27.03 ± 3.16 vs.
10.87 ± 3.23; p < 0.05). The plasma CETP protein levels
were also increased by 5-6-fold in P-407-treated animals
(control 0.35 ± 0.17 vs. P-407 treated 1.87 ± 0.35 ug/ml, p
< 0.05). However, the plasma hepatic lipase (HL) (control
49.2 ± 3.1 vs. P-407-treated 2.0 ± 0.38 umol/ml/h; p <
0.001) and lipoprotein lipase (LPL) (control 45.9 +/- 0.09
vs. P-407-treated 2.03 ± 0.38 µmol/ml/hr; p<0.001) activities in these animals were significantly inhibited. Conclusions: In summary, P-407-induced hyperlipidemia in rats
is associated with alterations in plasma LCAT, CETP, HL
and LPL activities.
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INTRODUCTION
In recent years, there has been a gradual increase in mortality due to coronary heart disease (CHD) in North
America (1-3). Traditionally, factors such as hypercholesterolemia, cigarette smoking, diabetes mellitus and sedentary life style have been implicated in the development of
hyperlipidemia and atherosclerotic cardiovascular disease
(2). However, it is now becoming increasingly evident that
certain chemicals, such as surface-active agents (detergents) also have the potential to cause hyperlipidemia,
should they be consumed over an extended period. One
such example, Poloxamer 407 (Pluronic F-127, P-407),
has been shown to cause significant elevations in plasma
cholesterol and triglycerides in various animal models,
including rats (4-6), mice (7-10) and rabbits (11). In rats
and mice, the elevation in plasma triglycerides appears to
be more sensitive to the effects of P-407 when compared
to plasma cholesterol (4). However, to date the mechanisms by which P-407 modifies plasma lipid concentrations remains unknown.
P-407 is a hydrophilic non-ionic surface-active agent with a
low degree of toxicity and an LD50 greater than 15g/kg
and 1.8 g/kg following intraperitoneal (i.p.) administration
in rabbits and mice, respectively (6, 11-12). P-407 has been
used as an excipient for sustained delivery of water-soluble
drugs delivered extravascularly (12-14). In addition to its
effects on plasma cholesterol and triglycerides, P-407 has
been demonstrated to cause significant inhibition of
plasma lipoprotein lipase (LPL), both in vitro and in vivo
accompanied by an increase in tissue LPL activity (5). The
accumulation of plasma triglycerides following the administration of P-407 has, therefore, been suggested to be due
to inhibition of capillary-bound LPL activity. Other studies
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have indicated that, in rats, the increase in plasma cholesterol following P-407 i.p. administration may be due to
inhibition of cholesterol 7α-hydroxylase, but not stimulation of 3-hydroxy-3-methylglutaryl coenzyme A (HMG
CoA) reductase (10). Histological evaluation of aortic
valves from C57BL/6 mice exposed to P-407 showed progressively increasing atherosclerotic lesion size following
16-20 weeks of exposure (7-9). Taken together, these
observations suggest that chronic exposure to P-407 result
in hyperlipidemia, which may lead to atheroma formation
in animal models that are traditionally regarded as difficult
to induce hyperlipidemia and atherosclerosis.
A number of enzymes are responsible for the metabolism
and subsequent removal of plasma cholesterol and triglycerides for the systemic circulation (15, 19, 20, 21). Lecithin
cholesterol acyl transferase (LCAT) is an enzyme responsible for the conversion of cholesterol-to-cholesterol esters
on the surface of high-density lipoproteins (HDL) (16).
Plasma LCAT secreted by liver hepatocytes is a 63 KDa
protein containing 416 amino acids and four N-linked glycosylation sites, which catalyzes the transfer of fatty acids
from the sn-2 position of lecithin to the free hydroxyl
group of cholesterol to form cholesteryl ester and lysophospholipid (17). Cholesteryl esters formed because of
LCAT-mediated cholesterol esterification, triglycerides and
to a lesser extent, phospholipids are redistributed between
plasma lipoproteins by cholesteryl ester transfer protein
(CETP), a 74 KDa hydrophobic glycoprotein containing
476 amino acids (22-23). CETP (24-30) is primarily
secreted from the liver and adipose tissue and circulates in
the plasma, bound mainly to HDL (24).
Triglycerides are hydrolyzed by lipoprotein lipase (LPL), an
enzyme found in two distinct pools in the tissue (31). The
fraction responsible for the hydrolysis of plasma lipoprotein triglycerides is localized on the surface of endothelial
cells and is readily released upon perfusion with heparin. A
second pool of LPL remains in the tissue after perfusion
and is thought to represent a precursor or intracellular
storage pool for the endothelium-bound enzyme. Measurement of capillary-bound enzyme activity provides an
estimate of the ability of LPL to clear circulating triglycerides. Measurement of heparin-releasable LPL is the best
indicator of the amount of capillary-bound enzyme (5, 32).
Hepatic lipase (HL) (35-44) is another enzyme involved in
the metabolism of triglycerides. Specifically, HL hydrolyzes
phospholipids and triglycerides in all lipoprotein classes
(33-34).
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Since each of these enzymes plays a vital role in the metabolism and subsequent removal of plasma cholesterol and
triglyceride the objective of the study was to determine
whether P-407-induced hyperlipidemia is associated with
alterations in plasma LCAT, CETP, HL and LPL activity in
rats. We hypothesized that P-407 induced hyperlipidemia
may be due to P-407’s stimulatory effect on LCAT and
CETP activity resulting in evaluated plasma cholesterol
levels and P-407’s inhibitory effect on LPL and HL resulting in evaluated plasma triglyceride levels.
MATERIALS AND METHODS
Materials
Twenty, male Sprague-Dawley rats (225-250 g) were
obtained from Charles River Inc. (Wilmington, MA). Ten
of the animals were used for harvesting blood 24 hours
after receiving an i.p injection of Poloxamer 407 (Pluronic® F-127; BASF Corporation; Mount Olive, NJ,
USA), six were purchased with a cannula having already
been placed in the external jugular vein and were used to
collect post-heparin plasma for HL activity determinations, and four rats were used as controls and blood collected 24 hours after an i.p. injection of normal saline. All
animals had free access to food and water and were maintained in a temperature-controlled room (22°C) on a 12:12
h light:dark cycle. Assay kits for the measurement of total
and free plasma cholesterol and triglycerides were obtained
from Sigma (St. Louis, MO, U.S.A). Plasma protein concentration was measured according to the Bradford
method using a BioRad protein assay kit (Bio-Rad Laboratories, Hercules, CA). P-407 (Pluronic F-127; BASF
Corporation; Parsipanny, NJ, U.S.A) solution for intraperitoneal (i.p.) injection was prepared by combining the agent
with sterile water for injection U.S.P., and refrigerated overnight to facilitate dissolution of P-407 by the cold method
of incorporation (45). Normolipidemic fasted human plasmas (total plasma cholesterol concentrations range, 135150 mg/dl) were obtained from Bioreclaimation Inc.
(Hicksville, NY). Purified CETP was a generous gift from
Dr. Richard E. Morton (Cleveland Clinic, OH). The monoclonal antibody raised up against rabbit CETP, TP2, was
obtained from the Ottawa Heart Institute (Ottawa,
Ontario, Canada). [3H]cholesterol (1Ci/mmol) and
([1α,2α(n)-3H] cholesteryl oleate (specific activity,
7.39mCi/mg) were purchased from Amersham Pharmacia
Biotech (Oakville, Ontario, Canada). Unlabeled cholesterol, cholesteryl oleate and 5,5’-dithio-bis(2-nitrobenzoic
acid) (DTNB) were obtained from Sigma Chemical (St.
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Louis, Mo, USA). TLC plates (20 x 20cm) were purchased
from VWR (Ontario, Canada). Solvents for the development of TLC plates were purchased from Fisher Scientific
(Ontario, Canada). Diethyl ether was purchased locally. All
other chemicals were of reagent grade and obtained from
Sigma Chemical (St. Louis, MO, USA).

Lipid analysis

Induction of hyperlipidemia

Cholesterol esterification rate

All animals were made hyperlipidemic by an i.p. injection
of a 1.0 gm/kg dose of P-407. All syringes were placed on
ice prior to P-407 administration to maintain the polymer
in a mobile viscous state during the injection, since P-407
solutions at concentrations greater than about 23% w/w
exhibit reverse thermal gelatin properties.

The endogenous cholesterol esterification rate was measured as a function of plasma LCAT activity as described
by Dobiasova and Frohlich (46) with slight modifications.
Briefly, Whatman no. 1 filter paper discs containing trace
amount (0.25µCi) of [3H]cholesterol were added to
100µl plasma and incubated overnight at 4°C to allow
incorporation of the radiolabel into plasma lipoproteins
without esterification. Fifty microliters of plasma containing [3H]cholesterol was incubated at 37°C for 60 min and
the reaction stopped with 1ml of 95% ethanol. The precipitate formed was separated by centrifugation at 4,200 rpm
for 20 min, the supernatant dried under nitrogen and the
dried extract reconstituted with 50µl chloroform. Twenty
microliters of the reconstituted extract was applied onto a
TLC plate and the cholesterol and cholesteryl ester separated using hexane:diethyl ether:acetic acid (85:15:1). After
developing in iodine, the bands corresponding to unesterified cholesterol and cholesteryl ester were scraped and the
radioactivity measured by liquid scintillation counting.
DNTB, a known inhibitor of LCAT, was used as a positive
control in these experiments.

Collection of blood
For animals without cannulas in the external jugular vein,
blood was collected from the descending abdominal aorta
into heparinized (100 units/ml) glass tubes at exactly 24 hr
after receiving either a dose of P-407 or normal saline.
Briefly, each animal was lightly anesthetized and then the
peritoneal cavity opened, the descending abdominal aorta
isolated, and the blood sample (approx. 8 mL) obtained.
The animal was then immediately sacrificed while under
anesthesia. The blood samples were then centrifuged at
10,000 g for 10 min at 4° C, the plasma harvested, and the
plasma sample frozen at -80° until the time of analysis.
Animals used for the collection of post-heparin plasma
(pre-cannulated rats) were administered 2000 Units of
heparin through the indwelling cannula in the left external
jugular vein exactly 24 hr following i.p. administration of
either P-407 or normal saline. Two minutes later, four, 1
ml blood samples were collected into 1.5 ml polypropylene
microcentrifuge tubes, the tubes centrifuged at 10,000 g
for 10 min at 4° C, the plasma obtained, and the samples
frozen at -80° C until the time of HL activity determination. Heparin was administered to release tissue bound
LPL and HL.
All procedures for P-407 administration and subsequent
blood collection were in accordance with the institution’s
guide for the care and use of laboratory animals, and the
treatment protocol was approved by the Animal Care and
Use Committee at the University of Missouri-Kansas City
and the University of British Columbia.
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The control and P-407-treated plasma samples were analyzed for total cholesterol and triglycerides according to
the procedure described in the Sigma Infinity® cholesterol
and triglycerides assay kits (Sigma Chemical, St. Louis,
MO, USA).

Separation of plasma lipoproteins
Prior to separation of lipoproteins, the plasma was incubated for 24 h at 37°C with (3H) cholesteryl oleate for
incorporation of radiolabel into plasma lipoproteins. The
high- and low-density lipoproteins, HDL and LDL were
separated from the radiolabeled plasma by sodium bromide density gradient ultracentrifugation (47-48).
CETP activity assay
The transfer of radiolabeled cholesteryl esters between
HDL and LDL was measured using delipidated rat plasma
as the source of CETP according to the procedure
described by Morton and Zilversmit (49,50). In these
experiments (3H) CE-enriched LDL was incubated with
the corresponding unlabeled HDL, along with delipidated
rat plasma in a buffer containing Tris-HCl 50 mM, NaCl
150 mM, sodium azide 0.02%, disodium ETDA 0.01%,
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pH 7.4. In some experiments, delipidated plasma was coincubated for 90 min at 37° C with a monoclonal antibody directed against CETP, TP2 (4µg protein) prior to
studying the transfer of cholesteryl esters between lipoproteins as described above. Lipid transfer between lipoproteins was measured by liquid scintillation counting and
CETP activity was calculated using the following equation
kt = -ln (1-At/Do)

where Do and At are the radioactivities of the donor at
time 0 and the acceptor at time t, respectively. The constant k is the fraction of label transferred per unit time (t).
Acceptor radioactivity in the absence of CETP (usually <
2-3%) was subtracted before calculating kt values. Calculations assume steady-state conditions where all lipid and
drug transfer are in an exchange process (49,50).
Measurement of CETP protein
Plasma CETP protein concentration was measured by an
enzyme-linked immunosorbent assay (ELISA) using an
enzymatic assay kit obtained from Wako Pure Chemical
Industries Ltd. (Osaka, Japan). The CETP protein concentration was expressed as µg/ml.
Lipase assay
Hepatic lipase (HL; EC 3.1.1.3) was assayed in post-heparin plasma according to a modified assay as originally
described by Hocquette et al. (51). This measures total post
heparin lipolytic activity. HL is specifically assessed by performing the assay in high salt (1 M NaCl). In this assay, HL
activity was measured by quantifying the amount of fatty
acid produced from the enzyme-catalyzed hydrolysis of an
intralipid emulsion radiolabeled with [3H]triolein. The substrate emulsion contained 10% Intralipid (120 mM of
TG; Baxter Corp., Chicago, IL, USA) into which a trace
amount of [H3]triolein (approximately 14MBq) had been
incorporated by sonication on ice (50% pulse,100 W, 10
min) using a Braun-Sonic U Type 853973/1 sonicator. The
incubation medium was prepared from 10 ul intralipid
emulsion, 10 ul heat-inactivated serum as a source of apolipoprotein CII, 60 ul of de-ionzed water and 100 ul of incubation buffer which contained 12% fatty acid free bovine
serum albumin, 0.2% standard heparin, 1.0 M NaCl and
0.3 Tris-HCL, pH 8.5. To initiate LPL inhibition, 5 ul of
rat post-heparin plasma was incubated in 1.0 M NaCl for 5
minutes prior to adding the incubation medium. Each
assay tube contained a total volume of 200 ul and a final
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concentration of 1 M NaCl. The samples were incubated
in triplicates at 25oC for 60 minutes and the reaction
stopped by adding 3.5 mL of methanol:chloroform:heptane (56:50:40 v:v:v). The liberated fatty acid was isolated
from the unhydrolysed triglyceride by a selective extraction
procedure in which 1 ml of borate buffer was added, the
tubes vigorously vortexed and then centrifuged at 2000
rpm for 20 min at 4 oC in a Beckman Coulter AllegraTM
6KR centrifuge. The fatty acid product was then quantitated by scintillation counting a 1.0 ml aliquot of the aqueous phase in 3.5 ml of EcoscintTM H scintillation fluid
(National Diagnostics LS-275) for 1 min in a Beckmann
LS 7500 scintillation counter (Fullerton, CA). Hepatic
lipase activity was then calculated in terms of specific
activity based on the volume of PHP as µmol FFA liberated/ml/ hour.
LPL activity was determined by subtracting HL activity
from post heparin lipolytic activity. This was measured as
described above but without inclusion of the high salt
buffer.
Data analysis
Data is expressed as mean ± S.E.M. All the data, except
LCAT activity was analyzed by student ‘t’ test. LCAT
activity data was analyzed by one-way analysis of variance
(ANOVA) followed by Bonferroni post hoc test. Data was
considered to be statistically significant if p < 0.05.
RESULTS
Plasma lipids
48 hours after a single i.p. injection of P-407, the plasma
from the P-407-treated rats exhibited marked hyperlipidemia, as demonstrated by a 7-8-fold increase in total cholesterol (459.1 ± 51.8 vs. 67.1 ± 3.8 mg/dl, p < 0.001)
(Figure 1) and 12-13-fold increase in total plasma triglycerides (926.2 ± 73.9 vs. 72.5 ± 9 mg/dl, p < 0.001) (Figure
2) compared to saline-treated control rat plasma.
Enzyme activities
Plasma obtained from P-407-treated rats also displayed
elevated LCAT activity, as demonstrated by a significant
increase in endogenous cholesterol esterification rate
(138.3 ± 31.4 nmol/ml/h) compared to the control rat
plasma (29.8 ± 11.3 nmol/ml/h; p < 0.05) (Figure 3).
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exhibited 27% CETP activity, which was blocked by TP2
to the extent of ∼60% (p < 0.05) (Figure 4).

Figure 1: Plasma total cholesterol levels in saline-treated
control (n=5) and P-407-treated (n=12) rats. * p < 0.001
vs. saline-treated control.

Figure 2: Triglyceride levels in plasma obtained from
saline-treated control (n=4) and P-407-treated (n=9)
rats. * p < 0.001 vs. saline-treated control.

Experiments were also performed to study the effects of
1.5mM DTNB, an inhibitor of plasma LCAT activity. In
control rat plasma, DTNB treatment for 30 min. inhibited
the LCAT activity by ∼60%, whereas P-407-treated rat
plasma exhibited a modest 30% inhibition (Figure 3).
Experiments were performed to measure CETP activity as
described in the methods. When delipidated plasma was
used as the source of CETP, the P-407-treated rat plasma
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Figure 3: LCAT activity in saline-treated control (n=3) and
P-407-treated (n=6) rat plasma and the effect of 1.5 mM
5,5’-dithio-bis(2-nitrobenzoic acid) (DTNB) on plasma
LCAT activity. * p < 0.05 vs. saline-treated control.

Figure 4: CETP-mediated cholesteryl ester (CE) transfer
in P-407-treated rat plasma in the absence (without TP2,
n=3) and presence (with TP2, n=3) of monoclonal antiCETP antibody, TP2 (4µg). No CETP activity was
detected in saline-treated control rat plasma. * p < 0.05
vs. without TP2 .

In saline-treated control rat plasma, CETP activity was not
detected both in the absence or presence of TP2. The
CETP activity measured in P-407-treated rat plasma was
higher than the activity observed with human plasma but
comparable with the rabbit CETP activity (data not
shown). Additional experiments were performed to measure CETP protein levels in the rat plasma. Plasma
obtained from P-407-treated rats exhibited a 6-fold
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increase in CETP protein levels as measured by ELISA
compared to the corresponding saline-treated control rat
plasma (0.35 ± 0.17 vs. 1.87 ± 0.35 µg/ml; p < 0.05)
(Figure 5).

Figure 5: CETP protein levels in saline-treated control
(n=3) and P-407-treated (n=6) rat plasma. * p < 0.05 vs.
saline-treated control.

The activity of LPL and HL in post-heparin plasma 24 hr
after an i.p. injection of P-407 was virtually negligible (1.11
± 0.09 and 2.03 ± 0.38 µmol/ml/hr, respectively)
(p<0.001) when compared to the lipase activity determined for controls [45.9 ± 13.1 (LPL) and 49.2 ± 3.1
(HL) µmol/ml/hr] (Figure 6).

Figure 6: Lipoprotein lipase (LPL) and hepatic lipase (HL)
activity in saline-treated control (n=3) and P-407-treated
(n=6) rat plasma. * p < 0.001 vs. saline-treated control
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DISCUSSION
In previous studies, a single i.p. injection of P-407 produced marked hyperlipidemia in rodents (4-10). This was
confirmed in the present study, where the plasma cholesterol and triglyceride levels were significantly elevated in
the P-407-treated animals, compared to the saline-treated
controls (Figures 1 & 2). In addition to hyperlipidemia,
previous studies have also demonstrated that extravascular
administration of P-407 produces atherosclerotic lesions in
mice (7-9). A novel finding from the present study is that,
in rats, P-407-induced hyperlipidemia is also associated
with alterations in the activities of enzymes that are
responsible for cholesterol transport and metabolism.
Plasma LCAT and CETP activities are markedly elevated
in animals that are treated with P-407, whereas, the plasma
LPL and HL activities are significantly inhibited as shown
in Figures 3, 4 and 6. Furthermore, the elevated plasma
CETP activity appears to be due to increased plasma
CETP protein concentration following P-407 administration as shown in Figure 5.
The esterification of cholesterol by LCAT facilitates the
flow of unesterified cholesterol from the peripheral tissues
to the plasma. Thus, LCAT activity has been traditionally
regarded as anti-atherogenic. The increase in LCAT activity observed in this study could, therefore, be a protective
mechanism that counteracts P-407-induced hyperlipidemia. However, it has been suggested that higher LCAT
activity reflected by a higher cholesterol esterification rate
is not necessarily protective or anti-atherogenic (17). It is
also possible that the elevated plasma LCAT activity in the
P-407-treated animals is a compensatory mechanism that
accelerates the metabolism and clearance of cholesterol
from the plasma due to increased esterification of cholesterol. However, observations from a recent in vitro study in
(3H) cholesterol-labeled fibroblasts suggest that the efficiency of cholesterol efflux in LCAT-deficient plasma is
comparable with normal plasma (52). In addition to
LCAT, other factors, such as increased oxidized LDL,
increased pre beta HDL or altered nitric oxide levels and
the generation of oxidative free radicals may be responsible for the development of atherosclerotic lesions in P407-treated rats.
Traditionally, the rat has been regarded as an animal devoid
of CETP activity (53,54). However, in a study by Jiang et
al., CETP-like mRNA was detected by RNase protection
analysis in several rat tissues, namely, heart, skeletal muscle,
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adipose tissue and small intestine (30). An interesting
observation from the present study is the detection of
CETP activity and CETP protein in the P-407-treated rat
plasma. A plausible explanation for this observation is
that, in rats, long-term administration of P-407 causes
posttranscriptional upregulation of CETP protein as well
as the corresponding activity, which would facilitate
increased transfer of cholesteryl esters between plasma
lipoproteins.
Inhibition of HL activity by P-407 was not totally unexpected. Previously, it was shown that a different lipase,
namely, the heparin-releasable fraction of LPL was significantly inhibited following a single i.p. injection of P-407 to
rats compared to controls (5). P-407-mediated inhibition
of HL further supports the results observed by others with
regard to HL activity and atherosclerosis. Jansen et al.
states that in experimental animals that normally have low
plasma CETP activity (e.g., rodents), HL activity is often
inversely associated with atherosclerosis (44). Our model
would tend to support this, since P-407-treated mice
develop extensive aortic atherosclerosis after approximately 16-20 weeks (7,8) despite having an elevated plasma
HDL cholesterol concentration. Jansen et al. further suggest that plasma HDL cholesterol concentration is often a
poor indicator of atherogenic risk in animal models (44).
Again, this would appear to be the case with the P-407induced mouse model of hyperlipidemia and atherosclerosis.
Systemic exposure to P-407 at low concentrations appears
to modulate the activities of CETP, LCAT, LPL and HL in
support of enhanced reverse cholesterol transport.
Although Dietschy and Turley (56) have shown that net
cholesterol flux from peripheral tissues to the liver is not
dependent on the plasma concentrations either HDL-C or
apoA-I, nevertheless, changes in the activities of CETP,
LCAT and HL can and do affect the plasma concentrations of atheroprotective HDL-C (55-57). By increasing
the activity of LCAT with P-407, cholesterol previously
picked up from peripheral cells by nascent HDL would be
esterified at a faster rate. The rate at which newly formed
CE contained in HDL could be transferred to apoB-containing lipoproteins for subsequent elimination would also
be increased due to the P-407-mediated increase in CETP
activity. Lastly, inhibiting the activity of HL would stimulate an increase in the plasma concentration of atheroprotective HDL-C. Taken together, the combined effects of
P-407 on the activities of LCAT, CETP, HL and LPL
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would seem to suggest that the P-407-treated rat is
attempting to clear the plasma cholesterol burden as rapidly as possible. However, the fact that mice develop atherosclerotic lesions after 16-20 weeks would tend to
support either additional pro-atherogenic mechanisms in
this model or suggest an inability of the P-407-treated rat
to completely and efficiently catabolize/eliminate the
increased plasma cholesterol stores.
In conclusion, the results presented in this study suggest
that P-407-induced hyperlipidemia in rats is also associated
with marked alterations in the activities of enzymes that
are responsible for lipid metabolism. These alterations may
provide a mechanistic link for the development of atherosclerosis following systemic exposure to a surface active
agent, such as P-407.
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