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Summary

The nonionic surfactant poloxamer 407, NF (Pluronic® F-127, NF) has previously been shown to produce marked hyperlipi-
demia in rats at a dose of 1.5 g/kg for greater than 96 h following a single intraperitoneal (i.p.) injection (Wout et al., /. Parenter.
Sci. Technol, 46 (1992) 192-200). In an effort to characterize any potential toxicity of the polymeric vehicle to various organ
systems in the rat following multiple i.p. injections, a dose of (.33 g/kg per day (10% w/w solution) or 1.0 g /kg per day (30% w /w
solution) of poloxamer 407 was administered once daily for 4 consecutive days. When compared to control (non-injected) animals,
rats injected with 0.33 g /kg per day of poloxamer 407 did not show a significant ( p > 0.05) increase or decrease in spleen, liver, or
total body weight. A complete blood count (CBC) with a white blood cell (WBC) differential was performed on blood samples
collected on day five from rats injected with poloxamer 407 at both doses. The CBC with WBC differential was conducted to assess
any changes in the WBC count, percent lymphocytes (LY), percent monocytes (MO), percent granulocytes (GR), red blood cell
(RBC) count, hemoglobin (HGB), percent hematocrit (HCT), and the mean corpuscular volume (MCV) following administration of
poloxamer 407. Rats injected i.p. with a dose of 0.33 g/kg per day of poloxamer 407 for 4 days demonstrated a significant
(p < 0.05) increase in the number of MO when compared to controls. Administration of 1.0 g /kg per day of poloxamer 407 to rats
for 4 days demonstrated distinct splenomegaly when compared to non-injected control animals. In addition, a significant (p < 0.05)
reduction in body weight and significant { p < 0.05) decrease in the percent LY, RBCs, HGB, and percent HCT were noted. Lastly,
a significant { p < 0.05) increase in the number of WBCs and the percent MO was observed in this same group of rats, However,
rats administered 1.0 g/kg per day of poloxamer 407 for 4 days were observed to have no detectable changes in the values of the
MCV, the percent GR, or liver-to-body weight ratio when compared to control animals. Thus, repetitive i.p. injections of
poloxamer 407 to rats at a dose of 1.0 g/kg per day for four days results in splenomegaly and a reduction in total body weight.
Splenomegaly in rats administered poloxamer 407 at a dose of 1.0 g /kg per day resulted from red pulp expansion due to infiltration
of macrophages which contained phagocytized lipids.
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nics™) are a family of block copolymers com-
posed of repeating poly(oxyethylene) and
poly(oxypropylene) units and function as rela-
tively inert, nonionic surface active agents. One
member of the poloxamer family, specifically
poloxamer 407, NF (Pluronic™ F-127, NF) has
been shown to be inert with regard to lysis of cell
membranes (Johnston and Miller, 1985). In par-
ticular, poloxamer 407 does not rupture crythro-
cyte, hepatocyte, myocyte, and lymphocyte mem-
branes when included in in vitro cell cultures or
injected in vivo (Johnston and Miller, 1985;
Atkinson et al., 1988; Muller, 1991; Johnston et
al., 1992; Pec et al., 1992). Moreover, poloxamer
407 at a concentration of 30% (w/w) undergoes
reverse thermal gelation at approx. 11°C; that is,
the polymeric vehicle changes from a viscous mo-
bile liquid to a semisolid gel (Wang and Johnston,
1991). Poloxamer 407 has found usc in various
parenteral protein formulations which are cur-
rently approved by the Food and Drug Adminis-
tration since inclusion of the poloxamer has been
shown to stabilize various proteins (Wang and
Hanson, 1988; Johnston et al., 1992; Pec ct al.,
1992). It has been reported that poloxamer 407
did not irreversibly denature either a model non-
recombinant protein (urcase) or recombinant-de-
rived protein (interleukin-2) when both proteins
were incubated in vitro with the nonionic surfac-
tant at temperatures less than or equal to 37°C
(Fults and Johnston, 1990; Johnston et al., 1992;
Pec et al., 1992). In addition, the biological activ-
ity of urease and interleukin-2 was still evident
when either protein was homogencously dis-
persed in poloxamer 407 and injected intraperi-
toneally (i.p.) to rats and mice, respectively (John-
ston et al., 1992; Pec et al., 1992). Thus, the
potential exists for formulating both recombinant
and nonrecombinant therapeutic proteins with
poloxamer 407 to achieve sustained release of the
protein from the semisolid polymer matrix follow-
ing extravascular administration.

Previous research from our laboratory had also
demonstrated that spleens from mice injected
daily for 3 days by ip. injection with an rlL-
2 /poloxamer formulation containing 33% (w/w)
poloxamer 407 (dose of poloxamer =25 g/kg
per day) were slightly enlarged (Johnston et al.,

1992). Splenic enlargement was hypothesized to
occur from inclusion of poloxamer 407 in the
IL-2 /poloxamer formulation since mice injected
i.p. with an equal dose of poloxamer 407 alone
also appeared to exhibit splenomegaly (Johnston
et al., 1992). Thus, the present study was con-
ducted to determine the effects of poloxamer 407
on overall body weight as well as the weight of
the liver and spleen in rats injected i.p. with
poloxamer 407 once per day for 4 days at a dose
of either 0.33 or 1.0 g /kg per day. In addition, we
evaluated whether multiple i.p. injections of
poloxamer 407 in rats using these doses altered
various hematological parameters. This study was
significant in defining any potential toxicity asso-
ciated with acute, high-dose administration of
poloxamer 407 since poloxamer 407 has recently
been reported to be used in several obstetric and
gynecological surgical procedures in experimental
animal models (Leach and Henry, 1990; Steinleit-
ner et al., 1991).

Poloxamer 407, NF was obtained from the
BASF company (Parsippany, NJ) and was used as
received. All injectable poloxamer 407 formula-
tions were prepared with sterile normal saline
(Elkins-Sinn, Inc., Cherry Hill, NJ). Injections
were performed using a | ml tuberculin syringe
fitted with a 19 G, 1.5 inch needle (Becton Dick-
inson and Co., Rutherford, NJ). The animals
used were male, Sprague Dawley rats (300-325 g)
obtained from Harlan Sprague Dawley Laborato-
ries (Indianapolis, IN). Male rats were selected so
that results from this study could be compared to
findings in previous investigations (Johnston et
al., 1992; Pec et al., 1992). Blood samples were
collected into polypropylene tubes containing
EDTA (Microtainer, Becton Dickinson and Co.,
Rutherford, NJ). Rats were euthanized in a CO,
chamber and splenectomies and hepatectomies
were performed using a scalpel fitted with a no.
20 scalpel blade (American Scientific Products,
Chicago, IL). The spleens werc placed in pre-
weighed polypropylene tubes purchased from
Corning, Inc. (Park Ridge, IL) and weighed on a
Mettler AE 240 analytical balance (Hightstown,
NJ). Excised livers were weighed using the same
balance in tared plastic weigh boats (Fisher Sci-
entific, Chicago, IL). 3 mm thick sections of



splenic and hepatic tissue were placed in 10%
neutral buffered formalin obtained from Sigma
Scientific Co. (St Louis, MO) and additional simi-
larly sized representative tissue specimens from
each organ immediately frozen in liquid nitrogen
and stored at — 70°C until the time of histological
evaluation.

Injectable poloxamer 407 solutions were pre-
pared by weighing 2.5 and 7.5 g of poloxamer 407
in separate tarred glass containers and bringing
each container to a final weight of 25.0 g with
normal saline to vield a 10 and 30% {(w,/w) polox-
amer 407 solution, respectively. The solutions
were then placed on ice overnight to facilitate
dissolution of the polymer according to the ‘cold
method’ of incorporation (Schmolka, 1991).

Rats were randomly divided into three groups
of five rats each. Each rat in each group was
weighed on a 700 series triple beam balance
(Ohaus, Inc., Florham Park, NJ) prior to polox-
amer administration. All rats in each group were
allowed food and water ad libitum during the
4-day study. Rats in groups 1 and 2 were injected
ip. with 1 ml/day for 4 days with either 10 or
30% (w /w) poloxamer 407 solutions which corre-
sponds to a dose of (.33 or 1.0 g/kg per day,
respectively, Group 3 {controls) consisted of rats
which did not receive either an injection of polox-
amer 407 or a sham-injection of normal saline. It
was arbitrarily decided prior to the study that
neither normal saline (sham-injected controls) nor
injection trauma was likely to result in changes to
the parameters evaluated. On the fifth day, 0.5
mi blood samples were collected from each rat in
each group using a tail-clipping technique into
EDTA containing collection tubes and gently in-
verted 15 times. A complete blood count (CBC)
with a white blood cell differential was immedi-
ately performed on all collected blood samples
using a JT series, model 682 Coulter counter
(Coulter Electronics, Inc., Hialeah, FL).

All rats were euthanized on the fifth day and
weighed on the same balance used to obtain
whole body weights prior to i.p. injections of
poloxamer 407. Splenectomies and hepatectomies
were performed on all rats as described above.
Additional sections of spleen {(0.5-1.0 mm thick)
were obtained at the time of killing and were
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Fig. 1. Effect of repetitive i.p. injections of poloxamer 407

{(P-407) on overall body weight at the time of death {day 5).

{Empty bars) Non-injected control animals, (hatched bars)

033 g/kg per day for 4 days, and {cross-hatched barsy 1.0

g/kg per day for 4 days. * Significant difference {p < 0.05}

compared to the controls and rats receiving 0.3 g /kg per day
of P-407 for 4 days.

immediately fixed in a cacodylate-buffered 2.5%
glutaraldehyde-2% paraformaldehyde solution
buffered at pH 7.2 for 24 h and then dehydrated
in graded ethanol solutions (Karnovsky, 1963).
The spleen specimens were then stained with
hematoxylin and eosin and examined with a model
410 Reichert-Jung light microscope {Fisher Scien-
tific, Chicago, IL) to assess any changes in mor-
phology. Similarly, liver specimens were also ob-
tained as described above for spleens for light
microscopic evaluation. In addition, splenic tissue
specimens were stained with the lipid-soluble dye
oil Red O. The weight of each excised organ from
a given rat was then expressed as a percent of the
total body weight at death. The mean value of the
percent of body weight that each organ repre-
sented for each group of rats was then compared
for statistical significance using one-way analysis
of variance (ANOVA) coupled with the method
of Scheffe’.

The effect of repetitive i.p. injections of polox-
amer 407 on overall body weight at the time of
killing is shown in Fig. 1. Administration of
poloxamer 407 at a dose of 1.0 g/kg per day
(30% w /w group) for 4 days resulted in a signifi-
cant {p < 0.05) reduction in the mean value of
the total body weight at death compared to non-
injected control animals and rats injected with 0.3
g/kg per day of P-407 for 4 days. However, in
contrast to total body weight at the time of death,
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Fig. 2. Effect of repetitive i.p. injections of poloxamer 407
(P-407) on spleen weight at the time of death (day 5) ex-
pressed as a percent of the total body weight at death. (Empty
bars) Non-injected control animals, (hatched bars) 0.33 g/kg
per day for 4 days, and {(cross-hatched bars) 1.0 g /kg per day
for 4 days. * Significant difference ( p < 0.05) compared to the
controls and rats receiving 0.3 g/kg per day of P-407 for 4
days.

the mean values of the weights of the excised
spleens expressed as a percentage of the total
body weight at death were significantly (p < 0.05)
increased in animals administered poloxamer 407
at a dose of 1.0 g /kg per day for 4 days compared
to controls (Fig. 2). While there appeared to be a
reduction in the mean values of the weights of
the excised livers expressed as a percentage of
the terminal body weight as the dose of polox-
amer 407 was increased, no statistically signifi-
cant difference between the three groups was
determined (Fig. 3).
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Fig. 3. Effect of repetitive i.p. injections of poloxamer 407

(P-407) on liver weight at the time of death (day 5) expressed

as a percent of the total body weight at death. (Empty bars)

Non-injected control animals, (hatched bars) 0.33 g/kg per

day for 4 days, and (cross-hatched bars) 1.0 g /kg per day for 4
days.

TABLE |

Pertinent hematological parameters following repetitive in-
traperitoneal injections of poloxamer 407 (P-407) in rats

Blood parameter  Control 10% P-407  30% P-407
033g/ke) (1.0 g/kg)
WBC (x10%/ul)  84+10  63+07 1144204
LY (%) 92.0+2.8 91.1+33 88.4+1.6°
MO (%) 49+13 6.2+2.1° 81+21%
GR (%) 3.0+0.6 27+04 3.6+08
RBC (x10%/uD) 6.74+0.5 63+0.6 39+1.0%
(g/dD 142413 141415 76+21%
HCT (%) 398433 374+38 229+54¢%
MCV (f) 585+1.0 58.7%09 60.0+2.8

All tabulated values are means+8.D.
2 Indicates a significant ( p < 0.05) difference from the mean
value for controls using ANOVA.

Examination of hepatic tissue obtained and
stained post-mortem was unremarkable. How-
ever, splenic tissue evaluated by light microscopy
displayed red-pulp expansion (micrographs not
shown). In addition, oil Red O was incorporated
into macrophages contained in the red pulp of
splenic tissue indicating phagocytosis of lipids
(micrographs not shown). Expansion of splenic
red pulp was more noticeable in rats adminis-
tered poloxamer 407 at a dose of 1.0 g/kg per
day for 4 days than for rats administered 0.33
g/kg per day for the same time period.

With the exception of the percent MO ob-
served, i.p. injection of 0.33 g/kg per day of
poloxamer 407 (total dose after 4 days=04 g)
did not result in a significant increase or decrease
in the mean values of the various hematological
parameters compared to the same parameters in
control (no poloxamer injection) animals as listed
in Table 1. However, all the parameters except
the percent GR and MCV were significantly (p
< 0.05) different in rats administered 1.0 g/kg
per day of poloxamer 407 for 4 days by i.p.
injection when compared to the same hematolog-
ical parameters for control animals. Of particular
note were the number of RBCs, HGB, and per-
cent HCT which were approximately one-half of
control values. In contrast, there was a significant
{p <0.05) increase in the number of WBCs and



the percent MO following injection of 1.0 g/kg
per day of poloxamer 407 to rats for 4 days.

The results of this preliminary study designed
to evaluate any potential toxic effects of polox-
amer 407 injected i.p. to rats at exaggerated doses
(0.33 and 1.0 g/kg per day) for a period of 4 days
would indicate that splenomegaly was a dose-de-
pendent phenomenon. In general, splenic pulp
may be divided into red and white pulp. The
white pulp is composed of compact lymphatic
tissue arranged around branches of trabecular
arteries (Severin, 1989). The red pulp is com-
posed of vascular sinuses, the cords of Billroth,
and terminal branches of the arterial system, the
penicilliary arterioles. The organization of the
three provides the red pulp with an ideal mecha-
nism for blood filtration (Wolf, 1989). A unique
feature of the spleen is that it has an extraordi-
nary capacity to filter blood and behaves as part
of the reticuloendothelial system (Severin, 1989).

Splenic enlargement is typically associated with
pathology of greatly varied etiology affecting
widely disparate organ systems (Severin, 1989;
Wolf, 1989). Splenomegaly observed in rats fol-
lowing i.p. administration of poloxamer 407 at a
dose of 1.0 g/kg per day for 4 days may poten-
tially be due to either poloxamer-induced prolif-
eration of the lymphocytes contained in the white
pulp of the spleen or by phagocytosis of polymer
and /or lipids by macrophages in the red pulp of
the spleen. Since the lipid-soluble dye was incor-
porated within macrophages of the red pulp and
poloxamer 407 is water-soluble, splenic hypertro-
phy occurred due to sequestration of lipid-con-
taining macrophages within the red pulp. This
histological finding was not surprising when one
considers the enormous increase in plasma lipids
that occurs following a single injection of polox-
amer 407 to rats (Wout et al., 1992).

Splenomegaly due to sequestration of lipid-
containing macrophages within the red pulp of
the spleen may explain our previous qualitative
findings using mice (Johnston et al., 1992). In that
study, spleen enlargement was observed in mice
that were injected i.p. with either an rIL-
2 /poloxamer 407 formulation of poloxamer 407
alone for 3 consecutive days (Johnston et al.,
1992). It has been reported (Ettinghausen et al.,
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1991) that injection of an riL-2 solution alone
does not result in increased spleen weight
(splenomegaly) in rats. It should be noted that
others (Abe et al., 1990) reported severe hepa-
torenal toxicity following i.p. injection of polox-
amer 407 to rabbits and mice. The acute i.p.
administered LDy, of poloxamer 407 in mice was
between 1.7 and 5.0 g /kg body weight (Abe et al.,
1990).

The present investigation aimed at identifica-
tion of hematological parameters that might po-
tentially change following 4 days of repetitive i.p.
injection of poloxamer 407 at a dose of either
0.33 or 1.0 g/kg per day to rats would suggest a
dose-dependent relationship as well. The in-
crease in the WBC count following administra-
tion of 1.0 g/kg per day of poloxamer 407 may
suggest an inflammatory reaction such as an
acute-phase reactive response due to the severe
hyperlipidemia that can be assumed was present
in these rats (Okazaki et al., 1990). It is interest-
ing to note that others using a chemically similar
nonionic surfactant, namely, Triton WR 1339,
observed an increase in the WBC count following
i.p. injection of the surfactant to rats (QOkazaki et
al.,, 1990). However, the reason for the almost
50% decrease in the RBC count, HGB, and per-
cent HCT following high-dose poloxamer 407 ad-
ministration in the present study is still uncertain,
One possibility is that at the higher dose (1.0
g/kg per day), the polymer may cause hemolysis
of red blood cells and subsequently induce the
decrease in the RBC counts and HGB values
{Okazaki et al., 1990). However, this would ap-
pear questionable in view of the fact that polox-
amer 407 has been shown to be devoid of cellular
membrane lytic effects (Johnston and Miller,
1985; Atkinson et al., 1988; Muller, 1991; John-
ston et al., 1992; Pec et al., 1992). Further experi-
mentation is required to elucidate the mechanism
of action of poloxamer 407 on blood parameters.
In addition, future research will be directed at
the reversibility of changes in hematological pa-
rameters following cessation of high-dose polox-
amer 407 administration.

In conclusion, short-term (4 days), high-dose
(1.0 g/kg per day) administration of poloxamer
407 to rats by i.p. injection resulted in a decrease
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in total body weight and splenomegaly. Future
studies will be directed at the effect of high-dose
poloxamer 437 administration on food and water
consumption.
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