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Abstract

Previously, we developed a solid lipid nanoparticle (SLN) formulation of 4-(A)-docosahexaenoyl
2’, 2’-difluorodeoxycytidine (DHA-dFdC), a compound with promising antitumor activity.
Herein, we studied the feasibility of administering the DHA-dFdC by the oral route using the
solid lipid nanopatrticles (i.e. DHA-dFdC-SLNSs). In simulated gastrointestinal fluids, the DHA-
dFdC-SLNs did not aggregate. The release of the DHA-dFdC from the solid lipid nanoparticles

in simulated gastrointestinal fluid was slow, but was slightly faster in simulated intestinal fluid
than in simulated gastric fluid. In mice orally administered with DHA-dFdC-SLNSs, plasma DHA-
dFdC concentration vs. time curve has a Ty 0f ~1.7 h and a Cjax 0f 17.01 pg/mL. The

absolute oral bioavailability of DHA-dFdC when given as DHA-dFdC-SLNs was ~68% (based
on AUC .4  values), while the relative oral bioavailability DHA-dFdC (compared to DHA-dFdC
in a Tween 80/ethanol-in-water solution) was 126%. Finally, in mice with pre-establish B16-F10
murine melanoma, oral DHA-dFdC-SLNs increased their survival significantly, as compared to
oral administration of the DHA-dFdC solution. It is concluded that the solid lipid nanoparticle
formulation increased the bioavailability of the DHA-dFdC upon oral administration, as compared
to the DHA-dFdC solution.
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INTRODUCTION

Oral route is preferred for drug administration due to advantages such as painlessness,
easiness for self-administration, flexibility in dosage regimen, convenience, and high
patient compliance (1, 2). Furthermore, oral product manufacturing does not require sterile
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conditions that are necessary for products intended for parenteral administration (1). In
cancer chemotherapy, there are data showing that cancer patients prefer oral administration
to intravenous infusion, especially when the chemotherapy is a palliative treatment and/or
given chronically (2-4). However, developing oral dosage forms of cancer chemotherapeutic
agents is not without challenges, in part because the gastrointestinal (GI) tract presents
various physiological, enzymatic, and chemical barriers, hindering efficient oral absorption
(2, 5). In addition, factors such as low solubility and intestinal permeability of many

drugs and high level of P-glycoprotein (P-gp) expressed by enterocytes also limit the

oral bioavailability of many cancer chemotherapeutic agents (e.g. paclitaxel, docetaxel,
doxorubicin, etc.) (2). Nanocarriers such as solid lipid nanoparticles (SLNs), liposomes,
nanoemulsions, micelles, nanocrystals, and polymeric nanoparticles have shown promise in
improving the oral delivery of anticancer drugs due to their ability to increase the apparent
solubility of drugs, reduce degradation of drugs within the Gl tract, and increase drug
absorption (1, 2, 5).

Previously, we developed an SLN formulation of DHA-dFdC, DHA-dFdC-SLNs, to
improve the apparent solubility and stability of DHA-dFdC, a compound synthesized

by conjugating docosahexaenoic acid (DHA), an omega-3 polyunsaturated fatty acid, to
27,2’ -difluorodeoxycytidine (dFdC) on the 4-NH, position (6). DHA-dFdC showed strong
antitumor activity against pancreatic tumor cells /n vitro and tumors in vivo (6). In addition,
studies with NCI DTP-60 human cell lines showed that DHA-dFdC was effective against
leukemia cells, non-small cell lung cancer cells, renal cancer cells, and melanoma cells (6).
DHA-dFdC-SLNs were prepared by encapsulating DHA-dFdC into SLNs engineered with
lecithin and glycerol monostearate (GMS)-in-water emulsions emulsified with Tween 20
and D-a-tocopherol polyethylene glycol 1000 succinate (vitamin E TPGS or TPGS) (7).
DHA-dFdC-SLNs were ~100 nm in diameter, increased the apparent water solubility of
DHA-dFdC by ~200-fold, and improved the chemical stability of DHA-dFAC (7). In the
present work, the bioavailability of DHA-dFdC when it was administered orally as DHA-
dFdC-SLNs in suspension were evaluated and compared to when it was administered orally
as a DHA-dFdC in Tween 80/ethanol-in-water solution. The effect of the DHA-dFdC-SLNs
after oral administration on the survival of mice with pre-established B16-F10 tumors was
also evaluated and compared to that of oral DHA-dFdC solution.

MATERIALS AND METHODS

Materials and cell lines

Soy lecithin was from Alfa Aesar (Ward Hill, MA). GMS, mannitol, Tween 20, TPGS,
sodium chloride (NaCl), hydrochloric acid (HCI, 37 %), monobasic potassium phosphate
(KH2POy), sodium hydroxide (NaOH), and Tween 80 were from Sigma-Aldrich (St.

Louis, MO). Gemcitabine HCI was from Biotang, Inc. (Lexington, MA). DHA-dFdC was
synthesized as previously described (6). Ethyl acetate, tetrahydrofuran, isopropanol, and
methanol were from Thermo Fisher Scientific (Waltham, MA). Float-A-Lyzer®G?2 dialysis
device with a molecular weight cutoff (MWCO) of 50 kDa was from Spectrum Chemicals &
Laboratory Products (New Brunswick, NJ). B16-F10 murine melanoma cells were from the
American Type Culture Collection (Manassas, VA) and were grown in Dulbecco’s Modified
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Eagle Medium (DMEM) supplemented with fetal bovine serum (FBS, 10%, v/v), penicillin
(100 U/mL), and streptomycin (100 pg/mL), all from Invitrogen Corporation (Carlsbad,
CA).

Preparation and characterization of DHA-dFdC-SLNs

DHA-dFdC-SLNs were prepared as previously described (7). The nanoparticles, in 1 mL,
comprised of 5.2 mg of DHA-dFdC, 3.5 mg of soy lecithin, 0.5 mg of GMS, 0.875 mg

of TPGS, and 10 mg of Tween 20. The particle size (by intensity), polydispersity index
(PDI), and zeta potential of the nanoparticles were determined by dynamic light scattering
(DLS) using a Malvern Zetasizer Nano ZS (Westborough, MA). The content of DHA-dFdC
within the nanoparticles was determined using HPLC after extraction with isopropanol and
ethyl acetate as previously described (6). The encapsulation efficiency of DHA-dFdC in the
nanoparticles was also determined by an ultracentrifugation method as previously described

(6).

Stability of DHA-dFAC-SLNs in stimulated gastrointestinal fluids

Simulated gastric fluid (SGF, pH 1.2) and simulated intestine fluid (SIF, pH 6.8) without
enzymes were prepared according USP XXVI and as previously described (8). DHA-dFdC-
SLNs were incubated in SGF or SIF at 37°C under agitation. At various time points, samples
were withdrawn and diluted in water to measure particle size, PDI, and zeta potential. As

a control, DHA-dFdC-SLNs were also incubated in phosphate-buffered saline (PBS, 10
mM, pH 7.4). The experiments were repeated three times. The size and morphology of

the nanoparticles before and after incubation in SGF and SIF were also examined using a
transmission electron microscope (TEM) as previously described (9).

In vitro release in simulated gastrointestinal fluids

The release behavior of DHA-dFdC from the DHA-dFAC-SLNs in SGF and SIF was studied
as previously described (6), except that the amount of DHA-dFdC placed in the dialysis
tube was 151 pg, and the release medium, 13 mL, was SGF or SIF, with 2.5% of Tween

20. As a control, 151 pg of DHA-dFAC in 1 mL of 2.5% of Tween 20 (i.e. DHA-dFdC

in Tween 20 micelles, particle size, 8.6 £ 0.1 nm, n = 3) was placed in dialysis tube to
examine the release of DHA-dFdC from the Tween 20 micelles and its diffusion across the
dialysis membrane to make sure that the release profiles obtained with the DHA-dFdC-SLNs
represent the release of the DHA-dFdC from the DHA-dFdC-SLNs (6). Finally, to confirm
that the diffusion of DHA-dFdC across the dialysis membrane was not the rate-limiting step,
the diffusion of the DHA-dFdC in a 90% (v/v) ethanol in water solution acrossthe
dialysismembraneinto 13 mL of 90% ethanol solution was also examined.

Pharmacokinetic (PK) studies

The Institutional Animal Care and Use Committee at The University of Texas at Austin
approved the animal protocol. Female C57BL/6 mice (6-8 weeks) were from Charles
River Laboratories, Wilmington, MA). Water was allowed ad /ibitum. Mice were fasted
for 3 h and then orally gavaged with DHA-dFdC dissolved in a Tween 80/ethanol-in-water
vehicle solution (i.e. Tween 80 (10%, w/v), ethanol (5.2% v/v), and mannitol (5%, w/v) in
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sterile water) (6, 10) or in the DHA-dFdC-SLNs suspended in a sterile mannitol solution
(5%, w/v), or intravenously injected with the DHA-dFdC-SLNs suspended in a sterile
mannitol solution (5%, w/v). Mice that were i.v. injected with the DHA-dFdC-SLNs were
not fasted. The dose of DHA-dFdC was 2 mg per mouse. Mice (n = 3) were euthanized

at various time points to collect blood. DHA-dFdC concentration in plasma samples were
extracted and measured using HPLC as previously described (6). The 4-(/\)-stearoyl 2”,2"-
difluorodeoxycytidine (C18-dFdC) was used as an internal control during the extraction
(11). Data were analyzed using the PK Solver®, assuming a two-compartmental model (12).

The effect of orally administered DHA-dFdC-SLNs on the survival of B16-F10 tumor-
bearing mice

To establish tumors, B16-F10 (5 x 10° cells/mouse) were subcutaneously (s.c.) injected in
the right flank of female C57BL/6 mice (18-20 g) on day 0. Mice were randomized into

4 groups (n = 7-8) on day 7 and orally gavaged with DHA-dFdC-SLNs (250 pug/mouse of
DHA) dispersed in a mannitol solution (5%, w/v), DHA-dFdC (250 pg/mouse) dissolved in
a Tween 80/ethanol-in-water solution with 5% (w/v) of mannitol (6, 10), or DHA-dFdC-free
SLNs dispersed in a 5% mannitol solution. Mice in the control group were left untreated.
Treatment was repeated every day until day 11. Mice were allowed to rest for two days,
and treatment was resumed on day 13 and continued until day 20. Mice were monitored
daily, and the endpoints include death, tumor size reaching 15 mm, tumor ulceration

and/or bleeding, body weight loss of more than 20%, or other signs of severe distress and
discomfort.

Statistical analysis

ANOVA followed by a Bonferroni post hoc test were completed to analyze data. The
Mantel-Cox log-rank method was used to compare mouse survival curves. A p value of
< 0.05 was considered significant (2-tail). The analyses were performed with Excel or
GraphPad Prism (GraphPad Software, Inc., La Jolla, CA).

RESULTS AND DISCUSSION

SLNs as carriers for oral drug delivery have several advantages, such as improving the
stability and enhancing the bioavailability of drugs (5, 13-16). Previously, we engineered
DHA-dFdC-SLNs by encapsulating DHA-dFdC into SLNs comprised of soy lecithin,
GMS, TPGS, and Tween 20 (6). The mean diameter of the nanoparticles was 100 +

8 nm, with a PDI value of 0.22 £ 0.02. Nanoparticle size significantly affects the
gastrointestinal absorption, and nanoparticles smaller than 300 nm are good candidate

for oral administration (2, 17). Indeed, an evaluation of the cellular uptake of polymeric
nanoparticles by Caco-2 cells in culture showed that the most desirable particle size is about
100-200 nm (17). The surface properties of the nanoparticles are important for the cellular
uptake of the nanoparticles; surface modification of nanoparticles with vitamin E TPGS is
known to improve the cellular uptake of the nanoparticles (17). The zeta potential of the
DHA-dFdC-SLNs was —41 £+ 2 mV, indicating that they are stable in an agqueous suspension
(17, 18). Finally, the encapsulation efficiency of the DHA-dFdC in the DHA-dFdC-SLNs
was 94.5+9.5% (n=7).
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Stability of DHA-dFAC-SLNSs in stimulated gastrointestinal fluids

Shown in Figure 1A-C are the particle size, PDI, zeta potential values of DHA-dFdC-SLNs
as a function of time when incubated in SGF or SIF. As a control, the stability of the
DHA-dFdC-SLNs in PBS (10 mM, pH 7.4) was also studied. The particle size, PDI, and
zeta potential values of the DHA-dFdC-SLNs, as measured by DLS, did not increase during
a 6 h incubation in SGF or SIF. The particle size actually decreased slightly (i.e. ~5.4%

in SIF and 6.1% in SGF, as compared to in PBS) (Fig. 1A). As expected, the medium

in which the DHA-dFdC-SLNSs were dispersed to significantly affected the zeta potential

of the nanoparticles (Fig. 1C). Shown in Fig. 1D-I are representative TEM images of

the nanoparticles before and after 6 h of incubation in SGF or SIF. Overall, the shape

of the nanoparticles did not change significantly after the incubation; however, after 6

h of incubation in SIF, the surface of the DHA-dFdC-SLNs appeared rough (Fig. 1G,
inset), which is not the case after the DHA-dFdC-SLNs were incubated in SGF (Fig.

11, inset). Studies examining the degradation of SLNs in Gl fluids showed that their
degradation induces a decrease in particle size due to the loss of surface active agents
coated on the nanoparticles, which ultimately led to an increase in the particle size, because
the nanoparticles aggregate in the absence of the surface active agents (18, 19). It was
reported that non-ionic surfactants such as Tween 20 and polyvinyl alcohol provide steric
stabilization to particles in acidic pH (20). Tween 20 was used as a surface active agent

in the DHA-dFdC-SLNs, which might explain the stability of the DHA-dFdC-SLNS in

the SGF. TPGS is a non-ionic surface active agent as well, and the presence of TPGS in

the DHA-dFdC-SLNs may have also contributed to the stability of the nanoparticles in
simulated Gl fluids. It is worth noting that the SGF and SIF used in this study did not
contain enzymes. The nanoparticles would likely be less stable if enzymes were included in
the fluids, as when the SLNs are in the Gl tract after oral administration.

In vitro release in simulated gastrointestinal fluids

The release profiles of DHA-dFdC from the DHA-dFdC-SLNs in simulated Gl fluids are
shown in Fig. 2. After 6 h, the cumulative release of DHA-dFdC reached ~ 8.9% and

~ 3.2% in SIF and SIG, respectively. Similar to the stability study mentioned above, the
release of DHA-dFdC from the DHA-dFdC-SLNs was monitored for 6 h only, because it
was reported that the Gl transition time in mice is 6-8 h (21). As shown in Fig. 1G inset,

the surface of the DHA-dFdC-SLNSs is not smooth after 6 h of incubation in SIF, suggesting
erosion of the particles, which may explain the relatively faster release of DHA-dFdC from
the DHA-dFAC-SLNs in SIF than in SGF. The release of the DHA-dFdC out of the DHA-
dFdC in Tween 20 micelles was much faster than the release of the DHA-dFdC from the
DHA-dFdC-SLNs (Fig. 2), indicating that the release profiles of the DHA-dFdC from the
DHA-dFdC-SLNSs truly represent the release, not the diffusion of the DHA-dFdC released
from the SLNs across the dialysis membrane and its re-partition into Tween 20 micelles in
the release medium. Finally, when the diffusion of DHA-dFdC across the dialysis membrane
was measured with a DHA-dFdC in an ethanol in water solution (90, v/v), more than 20%
the DHA-dFdC diffused out the dialysis device within 60 min (Fig. 2), close to 100% in 2 h
(data not shown), much faster that the release of DHA-dFdC from the DHA-dFdC-SLNs
or out of the DHA-dFdC in Tween 20 micelles. Taken together, it isclear that the
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release profiles shown in Figure 2 truly represented thein vitro release of DHA-dFdC
from the DHA-dFAC-SLNsin simulated Gl fluids.

Oral bioavailability of DHA-dFdC

The plasma concentrations of DHA-dFdC at different time points after oral administration
or intravenous injection of the DHA-dFdC-SLNSs in suspension are shown in Fig. 3.
Selected PK parameters of DHA-dFdC are summarized in Table 1. The plasma DHA-dFdC
concentration vs. time curve after intravenous injection of the DHF-dFdC-SLNs in healthy
mice was fitted in a two-compartment model, resulting an AUCq_o4 1, value of 210.58
pg*h/mL when calculated using PK Solver (213.0 with a 95% confident interval (CF)

of 183.1-242.8, when calculated using GraphPad Prism,). On the other hand, the plasma
DHA-dFdC level in mice after oral administration of the DHA-dFdC-SLNs followed an
adsorption phase and then a clearance phase, with a Cpax 0f 17.01 pg/mL, Tynax 0f 1.73

h, and AUC.o4 1, value of 143.44 ug*h/mL (144.3 with a 95% CI of 119.0-169.6, when
calculated using GraphPad Prism). The absolute oral bioavailability of DHA-dFdC in the
DHA-dFdC-solid lipid nanoparticle formulation was calculated to be 68.12% based on the
AUC_24 , Values shown in Table 1.

For a comparison, the plasma concentration of DHA-dFdC vs. time curve of the DHA-dFdC
after it was orally administered in a Tween 80/ethanol-in-water solution was also showed

in Fig. 3 as well. The Ty was ~1.7 h, similar to that of the oral DHA-dFdC-SLNs

(Table 1). However, the Cpax and AUCq.o4 1, values of the DHA-dFdC solution were 10.50
pg/mL and 113.55 pg*h/mL (114.3 with a 95% CI of 104.6-124.0, when calculated using
GraphPad Prism), respectively. Therefore, the bioavailability of DHA-dFdC orally given as
the DHA-dFdC-SLNSs, relative to in solution, was 126.4%.

The exact mechanism by which the DHA-dFdC in the DHA-dFdC-SLNs was absorbed after
oral administration is unknown. In general, orally administered SLNs may be absorbed as
intact particles through the microfold cells in the Peyer’s patches and then transported to

the lymphatic system (22). However, others suggested that SLNs suffer from digestion or
degradation in the Gl tract, and only a very small fraction, if any, of orally administered
SLNs can reach the blood circulation intact (23). Of course, DHA-dFdC may also be
released from the DHA-dFAC-SLNs in the Gl tract, especially in the presence of lipases and
co-lipases from pancreas, and then absorbed by passive diffusion or with the help of bile in
the Gl tract (24, 25).

As to the higher oral bioavailability of DHA-dFdC when given as DHA-dFdC-SLNs

in suspension, relative to DHA-dFdC in solution, the DHA-dFdC in solution may be
susceptible to degradation and/or precipitation when orally administered, which can lead

to a decrease in its bioavailability (6). It was also thought that the exogenous lipids released
from SLNs after digestion (i.e. exogenous solubilizing components) may lead to a change
in the Gl fluid (25), and we suspect that the change in the GI fluid may have helped

to enhance the solubility of DHA-dFdC. Nonetheless, the DHA-dFdC solution contains
Tween 80, which may explain the relatively high oral bioavailability of DHA-dFdC in the
solution (26). Tween 80 may be digested by intestinal cells to release oleic acid, which

was shown to increase the basolateral secretion of triglyceride-rich lipoproteins such as
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chylomicrons, increasing the lymphatic uptake of lipophilic compounds (26). In addition,

it was reported that TGPS as emulsifier in a paclitaxel-polymeric nanoparticle formulation
helped to increase the oral bioavailability of paclitaxel by 10-fold, as compared to oral Taxol
(21). TPGS-emulsified SLNs were also shown to improve the relative oral bioavailability

of docetaxel in rats (29). Therefore, the high oral bioavailability of DHA-dFdC in the
DHA-dFdC-SLNs may be attributed in part to the presence of TPGS in the formulation.

Effect of DHA-dFdC-SLNs on the survival of B16-F10 tumor-bearing mice

The effect of the DHA-dFdC-SLNSs on the survival of mice with tumor was also evaluated.
Previously, we reported that DHA-dFdC-SLNs significantly inhibited the growth of B16-
F10 tumor cells in culture as well as in a mouse model when given intravenously (7).
Consequently, B16-F10 tumor-bearing mice were used to test the effect of DHA-dFdC-
SLNs on mouse survival when given orally. DHA-dFdC-SLNSs were orally gavaged at a dose
of 250 pug of DHA-dFdC per mouse daily for a total of 12 days (with a two-day rest in

the middle). As shown in Fig. 4, 50% of mice in the untreated group reached the endpoints
on day 16. Oral DHA-dFdC-SLNs significantly improved the survival of the tumor-bearing
mice, as compared to the untreated group (p < 0.05). Oral DHA-dFC in solution did not
significantly affect mouse survival as compared to mice left untreated, which is surprising
because the DHA-dFdC was also orally available when given as the DHA-dFdC in Tween
80/ethanol-in-water solution (Table 1, Fig. 3). Adverse reactions associated with the DHA-
dFdC solution were likely related to the lack of survival advantage of the oral DHA-dFdC
solution over untreated mice, as 62.5% of mice orally gavaged with the DHA-dFdC solution,
at the dosing regimen tested, showed signs of adverse effects such as a body weight decrease
of more than 20% (in one mouse) or severe tumor ulceration/bleeding (in four mice) and had
to be euthanized. The exact reasons underlying the adverse effects caused by the DHA-dFdC
in Tween 80/ethanol-in-water solution remains unknown, but should be related to the Tween
80/ethanol-in-water solution formulation, although the amounts of Tween 80 and ethanol
taken by mice from the DHA-dFdC solution were within the normal range recommended
for preclinical animal study. It was reported that a 5% solution of ethanol given orally to
mice for one month was well tolerated, and in rats, Tween 80 given orally at 5 ml/kg for

4 weeks was well tolerated (30, 31). It is speculated that when mice were gavaged with

the DHA-dFdC in the Tween 80/ethanol-in-water solution, the GI tract of the mice was
exposed to a high concentration of free DHA-dFdC immediately. In contrast, when mice
were gavaged with the same amount of DHA-dFdC in the DHA-dFdC-SLNSs, it took a
longer time for the DHA-dFdC to be released from the DHA-dFdC-SLNs, and thus the Gl
tract of the mice at any time point was only directly exposed to the DHA-dFdC released
from the nanoparticles.

CONCLUSION

DHA-dFdC is a new compound with strong antitumor activity. Previously, we developed

a solid lipid nanoparticle formulation of DHA-dFdC to improve its water solubility and
chemical stability. In the present study, we reported that the solid lipid nanoparticle
formulation also enabled the DHA-dFdC to be administered by the oral route by increasing
the oral bioavailability of DHA-dFdC in a mouse model. Encapsulation of DHA-dFdC into a
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solid lipid nanoparticle formulation represents a viable strategy to increase its apparent water
solubility, chemical stability, and oral bioavailability.
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Figure 1.
Stability of DHA-dFdC-SLNSs in simulated gastrointestinal fluids. DHA-dFdC-SLNs were

incubated with SGF (pH 1.2) or SIF (pH 6.8) at 37°C. Samples were collected at 0, 1, 2,

4 and 6 h to measure the particle size (A), PDI (B), and zeta potential (C). As a control,
DHA-dFdC-SLNs were also incubated with PBS. Data shown are mean = SD (7= 3). D-I.
Representative TEM images of DHA-dFdC-SLNs incubated with PBS (D-E at 0 and 6 h,
respectively), SIF (F-G at 0 and 6 h, respectively), and SGF (H-I at 0 and 6 h, respectively).
Bar = 500 nm. Shown in insets are selected nanoparticles in a higher magnification (bar =
200 nm).

AAPS PharmSciTech. Author manuscript; available in PMC 2021 September 25.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Valdes et al.

% DHA-dFdC released

Page 12

259 -~ DHA-dFdC in micelles (SIF, pH 6.8)
~#- DHA-dFdC in micelles (SGF, pH 1.2)

—+— DHA-dFdC-SLNs (SIF, pH 6.8)
~e— DHA-dFdC-SLNs (SGF, pH 1.2)

20

0 1 1 1
0 1 2 3 4 5

Time (h)

Figure2.
In vitro release profiles of DHA-dFdC from DHA-dFJC-SLNs in simulated gastrointestinal

fluids. As controls, the release of of DHA-dFdC from Tween 20 micelles and then diffusion
across the dialysis membrane were monitored, as well as the diffusion of DHA-dFdC across
the dialysis membrane when dissolved in a 90% ethanol in water solution. Data shown are
mean + SD (n=3).
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Figure 3.
Plasma DHA-dFdC concentration-time curves after oral administration of DHA-dFdC-SLNs

in suspension or DHA-dFdC in Tween 80/ethanol-in-water solution, or i.v. administration
of DHA-dFdC-SLNs in suspension in healthy C57BL/6 mice. The dose of DHA-dFdC was
2 mg per mouse. Data shown are mean = SD (= 3). Data of the i.v. DHA-dFdC-SLNs
group were adapted from reference (7) (we will request for copyright permission upon the
acceptance of this manuscript).
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Figure 4.
Survival curves of B16-F10 tumor-bearing mice after oral treatment with DHA-dFdC-SLNs.

Tumor cells were injected (s.c.) on day 0. On day 7, mice were randomized and orally
gavaged with DHA-dFdC-SLNs in suspension or DHA-dFdC in a Tween 80/ethanol-in-
water solution. As controls, mice received DHA-dFdC-free SLNs (blank-SLNSs) or left
untreated. * p < 0.05, DHA-dFdC-SLNSs vs. all other groups (Log-rank Mantel-Cox test.
Data shown are mean + SD (n=7-8).
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Table 1.

Selected PK parameters of DHA-dFdC in mouse plasma samples after intravenous (i.v.) administration of
DHA-dFdC-SLNs or oral administration of DHA-dFdC in DHA-dFdC-SLNs or in a Tween 80/ethanol-in-
water solution.

Parameter Unit DHA-dFdC-SLNs, | DHA-dFdC-SLNs, DHA-dFdC
iv. p.o. solution, p.o.

Trmax h N/A 1.73 1.75

Crnax pg/mL N/A 17.01 10.50

AUCoan | (ug/mL)*h | 210.58 143.44 113.55

Fab % 68.12

Frel % 126.32

Tmax, time at which the plasma concentration of DHA-dFdC reached the maximum; Cmax, the maximum concentration of DHA-dFdC in mouse
plasma; AUC(-24 h, area under the concentration curve (t = 0-24 h); Fab%, absolute oral bioavailability in percentage; Frel %, relative oral

bioavailability in percentage (as compared to DHA-dFdC solution, p.o.).
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