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Abstract

Aim: To investigate how different formulations of Amphotericin-B (Amp-B) affect the activity of phospho-
lipid transfer protein (PLTP) when incubated with hyperlipidemic and normolipidemic plasma at physio-
logical temperature (37°C). Methods: Six hyperlipidemic and six normolipidemic plasma samples were
collected and tested for protein concentration. Equivalent protein levels (25 p1g) were then tested for PLTP
activity using an in vitro established kit at physiological temperature (37°C). Increasing concentrations of
different Amp-B formulations (1, 2, and 5 pug/mL) in the pharmacological range were then added to the
plasma and tested for activity from 5 to 90 minutes. The Amp-B formulations used in the study were
Fungizone®, Abelcet®, and AmBisome®. Results: In normolipidemic plasma, PLTP activity was found to be
increased by Abelcet® and AmBisome® but inhibited by Fungizone®. In hyperlipidemic plasma, PLTP
activity was found to be increased by Abelcet® and AmBisome® but not changed by Fungizone®. The Vm
value for Abelcet® and AmBisome® was higher than Fungizone®; although, no difference was observed in the
Km values between formulations. Conclusions: Findings suggest that lipid-based formulations of Amp-B
promote the transfer of Amp-B into high-density lipoprotein fractions at a degree of increase inversely

proportional to the lipid levels in the plasma.
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Introduction

Plasma phospholipid transfer protein (PLTP) is a
protein that in plasma transfers phospholipids from
triglyceride-rich lipoproteins such as very low-density
lipoproteins and low-density lipoproteins (VLDL/LDL)
to high-density lipoproteins (HDL). It also functions in
the remodeling of HDL of which along with cholesteryl
ester transfer protein (CETP) aid in the reverse choles-
terol transport pathway! ™,

The molecular model for PLTP shows two barrel
domains that contain hydrophobic pockets: the N-
terminal pocket being responsible for PLTP activity and
the C-terminal pocket being responsible for HDL

remodeling (Figure 1). The PLTP molecule while still
largely not well understood because of not having a
defined crystallization structure, is known to contain
many O- and N-type glycosylation sites that naturally
increase its molecular weight in plasma over the recom-
binant molecular weight size of 72.64 kDal"°.

PLTP is distributed as a combination of high-activity
PLTP (HA-PLTP) and low-activity PLTP (LA-PLTP) in
human plasma®. HA-PLTP is associated with the major-
ity of all PLTP activity and its functioning and has been
found to be associated with Apolipoprotein-Al (through
apolipoprotein adsorption studies)®. The binding of
Apolipoprotein-Al with PLTP is widely seen as the point
of transfer for lipolytic surface remnants into pre-B-HDL
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Figure 1. Molecular model of PLTP showing the molecules ability for N- and O-type glycosylation and both the N-terminal and C-terminal

pocket of which are responsible for PLTPs main actions®.

and signifies HA-PLTPs classification change into
LA-PLTP. Currently not much is known about the func-
tioning of LA-PLTP, but it is known that it has a much
higher molecular weight because of extra binding asso-
ciations and that it can become activated to a greater
extent through binding to Apolipoprotein-E’.

This basic model for PLTP suggests a mechanism
that is antiatherogenic in action with PLTP transferring
lipolytic surface remnants into pre-B-HDL"®°. How-
ever, research has revealed that while the basic nature
of PLTP is antiatherogenic its mechanisms are also asso-
ciated with inflammatory markers and especially an
increase in the expression of Apolipoprotein-B (Apo-B) of
which are key proatherogenic markers'1%!3, This athero-
genic nature of PLTP is attributed only to plasma PLTP at
present with macrophage-derived PLTP typically being
considered antiatherogenic because of it corresponding
to Apo-E release® %1%, It is also possible that the distribu-
tion profile of HA-PLTP to LA-PLTP plays just as big a role
in overall PLTP effects in the body as changing activity
levels from HA-PLTP, but for this to be shown more work
on revealing LA-PLTP functioning is needed®.

CETP is a molecule similar to PLTP; CETP is predomi-
nantly bound to HDL and redistributes cholesteryl esters
from HDL to triglyceride-rich lipoproteins and triglycer-
ides from triglyceride-rich lipoproteins to LDL and
HDL!’. It has been found that CETP activity is inhibited
by lipid formulations of Amphotericin-B (Amp-B)*’.

Amp-B is a polyene macrolide antibiotic drug most
often used in the hospital setting to treat systemic fungal
infections'®. Fungizone® is a micellar Amp-B dispersion
that is distributed in lipid-deficient plasma fractions.
However, Fungizone® is associated with a high incidence
of dose-dependent nephrotoxicity because of its distribu-
tion profile in the body'®. Thus, other formulations of
Amp-B (lipid-based) have been developed so as to limit
the nephrotoxicity of Amp-B by changing its distribution
profile and thus allowing for greater concentration of
drug to be delivered to patients.

Abelcet® is one such Amp-B formulation and is a
lipid-complex of dimyristoylphosphatidyl choline and

dimyristoylphosphatidyl glycerol (DMPC and DMPG in
a 7:3 molar ratio) that becomes bound to HDL and has
been shown to inhibit cholesteryl ester and Amp-B
transfer in a unidirectional manner from HDL to LDL as
was found in a previous study in our laboratory!2,

AmBisome® another Amp-B formulation is also
available, consisting of a lipid-complex that uses hydro-
genated soy phosphatidylcholine (HSPC), cholesterol,
and distearoyl phosphatidyl glycerol (HSPC, DSPG, and
cholesterol in a 2:1:0.8 molar ratio)'8.

It has previously been shown that Amp-B is taken up
into PLTP and distributed on a fractional basis to HDL
of which is the location of HA-PLTP and essentially the
majority of PLTP’s measurable activity'®. Thus, it was
hypothesized that the action of Amp-B uptake into
PLTP may reduce the activity of PLTP because of
increased binding.

In a recent study by our laboratory, Patankar et al.'®
found that PLTP may play a role in the distribution profile
of Amp-B following the incubation of Abelcet® and in
particular distribute Amp-B to HDL fractions of
plasma. It was therefore hypothesized that as HA-
PLTP is seen to correspond with HDL fractions in its
mechanism that Amp-B formulations are being taken
up by the HA-PLTP fraction of PLTP. If the lipid for-
mulation of Amp-B aided in transportation of Amp-B
into HDL fractions in the plasma then this could be a
significant reason why liposomal forms of Amp-B are
less nephrotoxic.

Materials and methods

Chemicals and plasma

Abelcet® (ABLC; Enzon Pharmaceuticals Inc., Piscataway,
NJ, USA), AmBisome®, and Fungizone® (Bristol Myers
Squibb, Nutley, NJ, USA) were purchased from the
Vancouver General Hospital Department of Pharmacy
Services (Vancouver, BC, Canada). Human plasma sam-
ples were obtained after quantification of cholesterol and



triglyceride levels from Bioreclamation (East Meadow,
NY, USA). PLTP Activity Assay Kits were obtained from
Roar Biomedical (New York, NY, USA). Recombinant
PLTP was purchased from Abnova Corporation (Niehu,
Taipei, Taiwan).

Plasma samples

Protein levels quantification

Twelve different human plasma samples were obtained
from donors representing both normolipidemic plasma
(n = 6) and hyperlipidemic plasma (rn = 6) (Table 1)
based on the standards set by the Ministry of Health
and Welfare of Japan (cholesterol <220 mg/dL and trig-
lycerides <150 mg/dL)". This measure of hyperlipi-
demic plasma was used over North American standards
primarily because the Japanese model uses the lower
triglyceride levels. This is because higher triglyceride
levels have been shown to correlate with PLTP distribu-
tion disturbance in human plasma between HA and LA
PLTP and could thus cause greater initial variability in
plasma sample PLTP activity. Indeed, in North Ameri-
can standards a triglyceride level of between 150 and
200 mg/dL is considered to be elevated, although still in
the normolipidemic range.

Abelcet® and AmBisome®

Abelcet®: Ribbon-like complex with diameter between

1 and 10 um and of a fluid phospholipid nature®.
AmBisome®: Unilamellar liposome with diameter

less than 0.1 um and of a rigid phospholipid cholesterol

naturezo.

HDL and LDL Level Quantification

Plasma samples were tested for HDL using a standard-
ized assay and LDL levels were then quantified using
the equation: LDL C = Total C - [HDL C + (Total TG)/5].

Table 1. Triglyceride and cholesterol levels of 12 plasma samples
used in the study.

Normolipidemic plasma Hyperlipidemic plasma
sample sample
Total Total Total Total

Plasma  cholesterol triglycerides cholesterol triglycerides
sample (mg/dL) (mg/dL) (mg/dL) (mg/dL)
1 142 142 264 269
2 101 54 391 945
3 155 107 225 204
4 117 77 237 216
5 111 30 242 240
6 166 61 267 691
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Western blot analysis and densitometry
and PLTP quantification

A series of western blots using 7% polyacrylamide gels
were carried out in which a primary PLTP antibody
quantified recombinant PLTP of known concentrations
alongside plasma samples of known protein concentra-
tion. Thus, an indirect measure of protein concentration
to PLTP concentration in plasma was established.

PLTP Assay

Each plasma sample was tested for PLTP activity using
an activity assay that measures in vitro phospholipid
transfer activity. Initially, the PLTP activity test was
studied for optimum loading parameters of plasma pro-
tein and was decided to be 25 pg. The PLTP activity kit
was used at a set protein concentration in plasma
(25 ug) and three pharmacological concentrations of
Amp-B drug formulations (Fungizone®, Abelcet®, and
AmBisome®) at pharmacological levels of 1, 2, and 5 pg/
mL?. Controls were added in the form of a picomole
standard to quantify PLTP florescence levels, a blank
control with only buffer, and a control with drug only.
Measurements were taken for six different plasma sam-
ples in the hyperlipidemic range and six different
plasma samples in the normolipidemic range. These
samples were done in duplicate on each 96-well test
plate, and each test plate was repeated at least twice for
each plasma sample.

Statistical analysis

The groups tested in this study were compared against
each other by applying a repeated measure analysis of
variance (ANOVA) test and blocking results in set
plasmas to account for base PLTP activity variance.
Statistical differences in the data were considered sig-
nificant only if the P value found was <0.05. Data
added for each plasma measure consisted of an n = 6
of which each n itself had at least a replicate value of 2
done in two different plates of which itself used at least
two measurements per plate to limit testing error in
samples.

Results

The study began with the quantification of the protein
levels in 12 different human plasma samples [hyperlipi-
demic (n = 6) and normolipidemic (n = 6)]. These
protein levels were quantified using a BSA standard as a
control of which allowed for plasma protein levels to be
controlled for in future tests via adjusting plasma
volume additions.
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Figure 2. Plasma samples were tested for activity at different protein
levels ranging from 0 to 50 Lg protein to determine maximal PLTP
activity levels. These tests resulted in a 0- to 30-ug protein range
increasing in 5-ug increments in which the 25-ug protein level was
determined as having maximal PLTP activity at physiological tem-
perature. It has been shown in tests that elevation of temperature
will increase activity but not change activity pattern.

After finding the protein concentration levels in the
12 plasma samples, assays were run to determine an
appropriate amount of protein that would achieve max-
imal PLTP activity. This amount was measured at the
incubation time points of 30, 60, and 90 minutes with the
60-minute time point showing maximal effect. At this
time point it can be determined that the plasma protein
concentration of approximately 25 ug protein produces
a maximal amount of PLTP activity; as seen in (Figure 2).

Additionally, work was done to further quantify the
plasma samples themselves by analyzing the PLTP
activity of each plasma sample at set time points of
incubation. The HDL and LDL of each plasma sample
was measured either by quantification by Bioreclama-
tion or by using a standardized HDL assay and quantify-
ing for LDL using the equation: LDL C = Total C - [HDL
C+(Total TG)/5]. Table 2 demonstrates the net result of
these measurements.

Plasma samples analysis

PLTP western blots were then done on various plasma
samples so as to compare PLTP concentrations in each
plasma sample with set amount of plasma protein

loaded (40 ug) (Figure 3 and Table 3). This was done
with the addition of looking at recombinant PLTP at
known concentrations of 400, 800, and 1200 ng. The
recombinant PLTP densitometry results were com-
pared with PLTP densitometry results with plasma sam-
ples using the same polyacrylamide gel. The recombinant
PLTP on western blot analysis displayed a size consis-
tent with its literature reported value of 72.65 kDa. How-
ever, the resulting molecular weights of the PLTP in the
plasma samples were substantially higher (130-170 kDa

(A) (B)

Figure 3. (A) Western blot showing PLTP bands with background
noise via the addition of primary and secondary antibodies. Each
lane represents a different plasma sample loaded with 40 ug of
plasma protein. (B) Western blot to confirm that band seen in
Figure 5A were indeed PLTP. This western blot was used to find just
the background noise by only using secondary antibody.

Table 3. PLTP concentration in each plasma sample
(containing 25 pug/mL protein) from western blot data that
quantified recombinant PLTP bands and increasing con-
centrations of PLTP of 400, 800, and 1200 ng. This western
blot contained a control plasma band for PLTP so as to
compare different western blots.

Normolipidemic Hyperlipidemic

Plasma plasma plasma
sample PLTP (ng) PLTP (ng)

1 0.83 0.27

2 0.91 0.55

3 1.08 0.90

4 1.13 1.07

5 1.15 1.26

6 1.33 0.91

Table 2. PLTP activity analysis of 12 plasma samples using the same numeral schematic as in Table 1.

Normolipidemic plasma sample

Hyperlipidemic plasma sample

Plasma PLTP activity HDL Calculated LDL PLTP activity HDL Calculated LDL
sample (60 minutes) (pmol) (mg/dL) (mg/dL) (60 minutes) (pmol) (mg/dL) (mg/dL)

1 38.82 28 85 12.61 88 122

2 42.58 49 41 25.50 82 121

3 50.35 23 110 41.87 32 152

4 52.52 26 76 49.82 46 148

5 53.85 50 55 58.63 55 139

6 62.07 39 114 42.58 36 87




as opposed to 72.64 kDa from the recombinant PLTP)
than were seen in the recombinant PLTP. This increase
was predicted with the many O- and N-type glycosyla-
tions that occur in plasma and is supported by other lit-
erature reports'. The PLTP mass also corresponded
with the reported size of HA-PLTP and not the LA-PLTP
fraction. Because HA-PLTP is responsible for substan-
tially all PLTP activity, the level of PLTP in each plasma
sample loaded can be quantified to an approximate
level for all plasma samples. Although, when testing net
activity in plasma groups, it was decided to use protein
levels of plasma instead of relying on PLTP level
approximation due to protein levels being more accu-
rately quantified and due to this approach not limiting
potential secondary reactions with other proteins in the
system that are known to play a significant role in PLTP
activity.

Once all the plasma samples had been properly
quantified, assay tests on the samples’ PLTP activity
with the addition of Amp-B formulations (Fungizone®,
Abelcet®, and AmBisome®) were carried out. Amp-B
additions at pharmacological concentrations of 1, 2,
and 5pug/mL to the plasma samples when put into
PLTP activity assay kit revealed statistically significant
differences. These differences occurred over time as

z

Activity (pmol)
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PLTP was incubated for 90 minutes at physiological
temperature of 37°C. The most profound changes
occurred to PLTP as both drug concentrations and
incubation time increased.

Figures 4A-5B illustrate the results of these Amp-B
additions to plasma samples (# = 6) in both hyperlipi-
demic and normolipidemic plasma. The activity rate
of change data is calculated by subtracting basal
activity at start of incubation from activity at a given
incubation time point. It shows that in normolipi-
demic and hyperlipidemic plasma both the Abelcet®
and the AmBisome™ have increased PLTP activity
and that they have similar effects. It should be noted
that Abelcet® and AmBisome® appeared to have
much more similar activity profiles in hyperlipidemic
than normolipidemic plasma in which there were
cases of statistical difference with other groups for
one of the lipid formulations but not from the other.
As far as Fungizone® is concerned, it had a very dif-
ferent profile from both Abelcet® and AmBisome® in
normolipidemic and hyperlipidemic plasma. Fungi-
zone® addition showed a decrease in activity from
the plasma control in normolipidemic plasma but
showed no change in activity from plasma with
hyperlipidemic plasma.

PLTP activity 5ug/mL in normolipidemic plasma
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Figure 4. (A) Normolipidemic plasma that has been incubated at 37°C with 5 ug/mL Amp-B formulations. The graph illustrates the PLTP activity
level at set time points of incubation (mean * SEM, n = 6). (B) Normolipidemic plasma that has been incubated at 37°C with 1 ug/mL Amp-B for-
mulations. The graph illustrates the PLTP activity rate of change at set time points of incubation from starting activity level (mean + SEM, n = 6).
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Figure 5. (A) Hyperlipidemic plasma that has been incubated at 37°C with 5 ig/mL Amp-B formulations. The graph illustrates the PLTP activity
level at set time points of incubation (mean + SEM, n=6). (B) Hyperlipidemic plasma that has been incubated at 37°C with 5 jg/mL Amp-B for-
mulations. The graph illustrates the PLTP activity rate of change at set time points of incubation from starting activity level (mean + SEM, n = 6).

The main differences found in this study come from
data with the longest incubation time and highest drug
addition to plasma.

At 90 minutes with 5 ug/mL of Amp-B addition to
normolipidemic plasma, an increase in PLTP activity
occurred from plasma baseline in Abelcet® (P<0.01,
+14.1%, +9.7 pmol; n = 6) and AmBisome® (P<0.001,
+21.8%, +15.03 pmol; n = 6), and a decrease occurred
in Fungizone® (P<0.01, -12.2%, -8.40 pmol; n=6).
The same pattern was also present in the PLTP activity
rate of change over the 90 minutes of incubation
(Abelcet®; P<0.01, +11.6%; n=6, AmBisome®;
P <0.001, +19.3%; n = 6, and Fungizone®; P <0.001,
-15.5%; n = 6, respectively).

At 90 minutes with 5 ug/mL of Amp-B addition to
hyperlipidemic plasma, an increase in PLTP activity
occurred from plasma baseline in Abelcet® (P<0.001,
+25.0%, +12.90 pmol; n=6) and AmBisome®
(P<0.001, +23.7%, +12.23 pmol; n = 6), and a decrease
occurred in Fungizone® (P> 0.05, +2.1%, +1.10 pmol;
n = 6). The same pattern was also present in the PLTP
activity rate of change over the 90 minutes of incuba-
tion (Abelcet®; P < 0.001, +24.3%; n = 6, AmBisome®;
P< 0.001, +23.1%; n = 6, and Fungizone®; P > 0.05,
+0.3%; n = 6, respectively).

Kinetics

The results for PLTP activity rate of change also allowed
kinetic data to be analyzed on the effect of the Amp-B
formulations on PLTP at a dose-dependent level.

Table 4 summarizes the pharmacokinetic data for
Amp-B binding to PLTP at the 60-minute time point of
incubation of which was chosen, as at this time point
maximal effect was observed. Abelcet® and AmBisome®
had an increased Vm over Fungizone® in both normo-
lipidemic plasma and hyperlipidemic plasma but to a
greater degree in normolipidemic plasma. In normolip-
idemic plasma, Abelcet® had a 30.9% (P<0.01)
increase over Fungizone® and AmBisome® had a 38.2%
(P < 0.001) increase over Fungizone®. In hyperlipidemic
plasma, Abelcet® had a 15.7% (P < 0.05) increase over
Fungizone® and AmBisome® had a 16.9% (P < 0.01)

increase over Fungizone®.

Discussion

Addition of Amp-B formulations was carried out with
the belief that the lipid-complex formulation would
show inhibition of PLTP as was seen in CETP. However,



Amp-B formulation effects on PLPT 1145

Table 4. Comparison of Vm and Km values at each time point for Fungizone®, Abelcet®, and AmBisome® (at concentration
levels of 1,2, and 5 ug/mL) in normolipidemic and hyperlipidemic plasma, n=6.

60-minute time point

Normolipidemic plasma Hyperlipidemic Plasma
Fungizone® Vm 0.66 (SD=0.089, SEM=0.036) 0.591 (SD=0.256, SEM=0.104)
Abelcet® Vm 0.864 (SD=0.120, SEM=0.049) 0.684 (SD=0.220, SEM=0.090)
AmBisome® Vm 0.912 (SD=0.912, SEM=0.048) 0.691 (SD=0.267, SEM=0.109)
Fungizone® Km —0.093 (SD=0.153, SEM=0.063) 0.085 (SD=0.100, SEM=0.041)
Abelcet® Km 0.13 (SD=0.104, SEM=0.043) 0.186 (SD=0.129, SEM=0.053)
AmBisome® Km 0.176 (SD=0.098, SEM=0.040) 0.149 (SD=0.089, SEM=0.036)

the results of these Amp-B additions showed that in
normolipidemic plasma Fungizone® inhibited PLTP
activity whereas Abelcet® and AmBisome® both
increased PLTP activity. Additionally, in hyperlipidemic
plasma Abelcet® and AmBisome® increased PLTP
activity but Fungizone® showed no change to PLTP
activity over that seen in plasma.

The results of this experiment show that PLTP activ-
ity is increased when lipid formulations of Amp-B
(Abelcet® and AmBisome®) are added to human
plasma. This result could be explained by the fact that
one of PLTP’s main functions is the transfer of
phospholipids**-?*, Thus, this observation would
explain our previous finding by Patankar et al. where
Abelcet® caused the preferential distribution on Amp-B
into HDL fractions of plasma of which is seen to reduce
nephrotoxicity. The slight differences in the effects of
lipid type on PLTP also suggest that the lipid formula-
tion itself has modifiable properties that could change
its impact on PLTP activity. Furthermore, evidence of
this was seen from the kinetic data which showed an
increase in rate (Vm) for lipid Amp-B formulations over
nonlipid Amp-B formulations but without change in
affinity (Km). Thus, it suggests that the total lipids in the
system are important for determining increased effects
on PLTP activity as was also seen by reduced increases
in PLTP activity and Vm as plasma changed from nor-
molipidemic to hyperlipidemic states.

The changes found in this study represent impor-
tance in preventing nephrotoxicity in Amp-B patients as
lipid formulations could be developed that further
increase PLTP activity and thus increase Amp-B distri-
bution into HDL. However, with PLTP in plasma being
proatherogenic an increase in PLTP may have some
harmful results, but this should be mitigated by the fact
that Amp-B therapy itself is only usually given over a
couple of weeks. Although the fact that Fungizione®
decreased PLTP activity could lead to future studies as
the molecular shape may have inhibitory properties on
PLTP of which results over even less than a 10% change
have been shown to result in significant benefits against
atherosclerosis?. It may therefore be possible to formu-
late a drug that is inhibitory to PLTP activity and site

direct it into HA-PLTP by coating the drug into a liposo-
mal formulation.

In conclusion, this study has found that lipid-based
Amp-B formulations work to increase PLTP activity and
as such allow for the distribution of Amp-B on HDL
fractions in plasma of which reduces the level of neph-
rotoxicity.
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