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A B S T R A C T

The Pheroid® drug delivery system is now on the threshold of progressing into human clinical trials for various
patented pharmaceutical applications and a systematic investigation of its toxicological properties in vitro and in
vivo is thus a priority. Colloidal dispersions (nano- and microemulsions) demonstrate the ability to be adapted to
accommodate either lipophilic, hydrophilic or amphiphilic drug molecules. The colloidal dispersions in-
vestigated during this evaluation has a general size of 200 nm - 2 μm, a zeta-potential of -25mV and the main
ingredient was ethyl esters of essential fatty acids.

The Ames mutagenicity assay was performed on selected Salmonella thyphimurium strains TA98, TA100 and
TA102. The Ames assay included S9 metabolic activation and no mutagenicity was present during the assay. The
effect of acute and subchronic administration on a biological system was investigated in two species of rodent
(BALB/c mice and Sprague-Dawley rats). Observations focused on the physical condition, blood biochemical
analysis and the haematological profiles. Gross necropsy was performed on all the test animals. Organ weights
followed by histopathology of selected organ tissues were recorded.

During the acute evaluation animals showed tolerance of the maximum prescribed dose of 2000mg/kg
(according to OECD guidelines) in two rodent species after intravenous administration (absolute bioavaibility).
The oral formulation was tolerated without incidents in both acute and subchronic studies. Although valuable
baseline safety data was obtained regarding the Pheroid® system, future studies with the entrapped active
pharmaceutical ingredients is necessary to provide a definitive safety profile.

1. Introduction

The advantages of colloidal dispersions (micro- and nanoemulsions)
as carrier systems include thermodynamic stability, straightforward
manufacturing processes and the ability to entrap either lipophilic,
hydrophilic or amphiphilic drug molecules. The oil-in-water emulsions
are optimal due to a longer shelf-life compared to other nanoparticulate
systems as well as having an accepted regulatory status. Furthermore,
these structures are not broken down when they are diluted by a bio-
logical aqueous phase upon administration [1]. In this investigation the
emulsion system evaluated for toxicity can fall in the nanoemulsion
category (see for example formulation C evaluated in this study, com-
pared to formulation B) or the microemulsion category based on the
method of manufacturing and it is therefore important to clearly in-
dicate size and morphology characteristics as pertaining to a set of
safety data. If so desired, the addition of the C20 unsaturated fatty acid

ethyl esters (eicosapentaenoic acid and docosahexaenonic acid) as
component during the manufacturing of the emulsion (as done in for-
mulation A) leads to the formation of microemulsion vesicles which can
sometimes be more desired in the case of the oral delivery of phar-
maceutical ingredients due to increased stability and shelf-life [2]. It is
important to note that the incorporation of C20 unsaturated fatty acids
in emulsion formulations has been shown to afford cytoprotection in
the case of nephrotoxic drugs and therefore inclusion can allow a re-
duction in toxicity of API’s incorporated in emulsion-type systems [3].

The Pheroid® system targets the active pharmaceutical ingredient
(API) to the organ of interest (during parenteral or oral administration)
in a more effective manner reducing the exposure of healthy tissue. It is
a micro-or nanoemulsion and consists of three phases namely an oil-
phase (fatty acid based), aqueous-phase and a gas-phase (nitrous oxide
gas). The nitrous oxide gas phase is added to the system by saturating
both the oil-phase and the water-phase with gas before manufacturing
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(Fig. 1). When the oil-phase is saturated with nitrous oxide gas, it can
be used (without the addition of the gassed water phase) as the self-
assembly form of the technology (pro-Pheroid®) which was developed
to accommodate pharmaceutical entities labile to moisture. The for-
mation of Pheroid® vesicles and concomitant entrapment in the emul-
sion vesicles, occurs spontaneously in vitro when the pro-Pheroid® is
exposed to the gastric contents. For human use, the pro-Pheroid® would
be packaged in hard gel liquid capsules. The Pheroid® emulsions are
manufactured by adding the required amount of gassed oil-phase (pro-
Pheroid®) to nitrous oxide saturated water with the addition of external
energy (homogenization) to result in a micro- or nanoemulsion en-
trapping the API [2,4].

All Pheroid® formulations are manufactured from non-toxic in-
gredients that is generally regarded as safe (not including the API) in a
process designed to be environmentally safe with minimal waste pro-
duction. The effects on the immune system of the various components
used in the manufacturing of the nanoemulsions are presented in
Table 1. The individual components of the formulation have been se-
lected to be non-toxic based on individual characteristics.

The aim of this study was to evaluate the safety of Pheroid® tech-
nology (both self-assembly macro- and nanoemulsion formulations)
taking into account the foreseen applications thereof (Fig. 2). Hereby,
genotoxicity was evaluated in vitro by the AMES test [15]. The orga-
nization for Economic Co-operation and Development (OECD)

guidelines employed in this study are more humane than the LD50

(lethal dose) procedure and incorporates the ethical principles of re-
duce, refine and replace during toxicity evaluations. This approach
avoids using death of animals as an endpoint and instead relies on the
observation of clear signs of toxicity at fixed dose levels [16,17].

2. Materials and methods

2.1. Materials

The fatty acids used in the preparation the Pheroid® and the pro-
Pheroid® formulations were obtained as vitamin F ethyl ester CLR (CLR
Chemisches Laboratorium, IMCD), PEG 400 (Sigma-Aldrich, South
Africa), Incromega E3322 and E7010 (Croda Chemicals, South Africa).
Other ingredients included dl-Alpha tocopherol (Chempure, South
Africa), Kolliphor EL (BASF, Germany), preservatives (methylparaben
and propylparaben, Sigma-Aldrich) and the antioxidants (butyla-
tedhydroxyanisole and butylatedhydroxytoluene, Sigma Aldrich, South
Africa). The formulations were gassed with nitrous oxide gas obtained
from Afrox (South Africa).

The supplier for most of the chemicals used in the mutagenicity
assay (mutagens 2-acetylaminofluoroene, aflatoxin B1, biotin, histidine,
nicotinamide adenine dinucleotide phosphate, glucose-6-phosphate and
glucose-6-phosphate dehydrogenase) was Sigma Chemical Co (South

Fig. 1. Description of pro-Pheroid® and Pheroid® technology.

Table 1
Overview of the various components of the Pheroid® delivery system.

Commercial
products

Immune system effects FDA category Other effects Ref

Kolliphor EL (Polyoxyl 35 castor oil) IV Tacol™
IV Valstar™

Taxol formulation* has risk for acute
hypersensitivity reaction

Inactive ingredient Inactive [6]

Polyethylene Glycol 400 IV Ativan™
Oral Agenerase®

↓ cytokine production in vitro and in
vivo

Inactive ingredient Inactive [6–8]

DL-α-tocopherol IV Amphotericin B® Immunomodulator
↓ chronic inflammation
↓Reactive oxidative species

Inactive ingredient Not to be administered in
vitamin K deficiency

[6,9–11]

Essential fatty acids EPA & DHA
(Incromega®)

IV Intralipid® ↓IL-1, IL-2, IL-6 and TNFα Component in FDA approved
intravenous products

Essential for the survival of
humans

[12]

Ethyl esters of essential fatty acids
(Vitamin F ethyl ester)

IV Lovaza® ↓ cytokine production
↓nitric oxidase synthase
↓COX-2
Resolve inflammation

Component in FDA approved
intravenous products

Cardiovascular protective
effects

[13,14]

*Taxol® is a FDA approved intravenous formulation containing paclitaxel, Kolliphor EL and 50% ethanol.
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Africa). The mutagen cumolhydroperoxide was obtained from Merck
(United States), dimethyl sulfoxide was brought from BDH Laboratory
suppliers (Kuwait), Bacto® Agar was sourced from Difco® Laboratories
(United States) and Oxoid nutrient broth #2 was purchased from Oxoid
(United Kingdom).

2.2. Methods

2.2.1. Study design
An illustration of the study design is provided in Fig. 3. Three for-

mulations (pro-Pheroid® formulation A, Pheroid® formulations B and C)
used for the different evaluations were modified as described in the
OECD guidelines to take into account the route of administration and
the unique characteristics required by each [16,17].

2.2.2. Formulation preparation and characterization
The characterization of test formulations is important to ensure

repeatability between batches of administered formulations. The par-
ticle sizes of the vesicles of the different formulations and the overall
distribution were determined by laser diffraction (Malvern Mastersizer
Hydro 2000, Malvern Instruments, Worcestershire, United Kingdom)
and are indicated as the polydispersity index. Each sample was mea-
sured six times and the mean and standard deviation were determined.
The Zeta-potential of the samples was measured using the Malvern
Zetasizer Nano ZSP (Malvern Instruments, Worcestershire, United
Kingdom). Morphological conformation was determined by confocal
laser scanning electron microscopy (CLSM, Nikon D-eclipse C1 confocal
scanning microscope, United States) as per the method outlined by
Slabbert et al,. The self-emulsifying formulation was prepared for
physical characterization by mixing it with a 0.1 N hydrochloric acid
diluent, to simulate the acidic environment of the stomach [27,28]. The
presence of bacterial endotoxins in the raw materials was determined
using the point-of-use Endosafe®-PTS™ System (Charles River Labora-
tories, United States).

The composition of the test formulations (formulation A, B and C) is
provided in Table 2. The different ingredients for each formulation
were heated by microwave and added in a stepwise process depending
on thermo-stability. All the formulations were subjected to gassing with
nitrous oxide for a total of 4 days. For the Pheroid® formulations (B and
C), the water gassed with nitrous oxide (± 170 kPa) was mixed with
the oil phase by homogenization (13,500 rpm with a HeidolphDiax 600
homogenizer, Labotec South Africa) for 4min. Prior to intravenous
administration, formulations were filtered through a series of filters –
the smallest having a pore size of 0.22 μm to prepare a safe nanoe-
mulsion.

2.2.3. In vitro toxicity assay
The mutagenic effects of the pro-Pheroid® (formulation A) were

tested on Salmonella typhimurium strains TA98, TA100 and TA102 ac-
cording to the method proposed by Maron and Ames (1983) [15]. The
assumption is made that due to the fact that the only additional in-
gredient differentiating pro-Pheroid® from Pheroid® is water, that the
data can be extrapolated for all three formulations. Undiluted for-
mulation A (100 μL per plate) as well as various dilutions with sterile
water (20 μL, 10 μL per plate) were evaluated. The mutagens used as
the positive control were cumol-hydroperoxide (100 ng/plate for
TA102), 2-acetylaminofluoroene (5 μg per plate for TA98) and aflatoxin
B1 (10 ng/plate for TA100). Aflatoxin B1 is a compound known to be
metabolised by enzyme oxidase by cytochrome P450 of the microsomes
located in hepatocytes to human carcinogens [29]. Culture tubes were

Fig. 2. The current preclinical applications of the Pheroid® and pro-Pheroid®
technology under investigation [5,18–26].

Fig. 3. The study design followed to evaluate the safety of the micro- and nanoemulsion delivery systems (both self-assembly and assembled versions).
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filled with 2ml of the top agar, 0.1ml of a fresh overnight culture of
one of the strains of bacteria and 0.1ml of the test formulation.
Counting of colonies was performed in the absence (-S9; 0.5 ml water)
or presence (+0.5ml S9) of the metabolic activator S9 - a liver
homogenate obtained from Aroclor 1254-induced male Fisher rats, as
described by Maron and Ames (1983), to provide cytochrome P450
enzyme activity [15]. The addition of P450 enzyme activity allows for
the prediction of the effect of metabolism on the toxicity of a for-
mulation. The final mixture in each culture tube was transferred onto
sterile growth media plates and incubated for 3 days at 37 °C.

2.2.4. In vivo toxicity assays
The animals (Sprague-Dawley rats and BALB/c mice) were obtained

from and housed in an Association for Assessment and Accreditation of
Laboratory Animal Care (AAALAC) -accredited Vivarium (Department
of Science and Technology/North-West University Preclinical Drug
Development Platform). The animals were housed in group cages
(based on treatment and dose received) with maintenance of an artifi-
cial 12 -h day / night cycle and ad libitum access to a conventional ro-
dent diet and water. Temperature was kept at 21 ± 2 °C and a relative
humidity of 55 ± 10% was maintained prior and throughout the study.
The ethical aspects of this study were approved by the AnimCare
Committee of the North-West University (NWU-00493-16-A5) and the
Ethical Committee of the North-West University (06D01). Animals was
selected to weigh within a±20% of the mean weight of all study an-
imals enrolled of that particular species. All animals were euthanized at
the end of the appropriate evaluation time through overdose of iso-
flurane, followed by decapitation and a gross necropsy.

All animals underwent blood sampling on which the following
haematological parameters were analysed: haemoglobin, white cell
count and the red blood cell count. For clinical biochemistry the fol-
lowing parameters were measured: liver function proteins (total serum
protein, bilirubin, albumin, globulin), hepatic enzymes (alanine trans-
aminase [ALT], alkaline phosphatase [ALP], aspartate transaminase
[AST]), electrolyte levels (sodium, potassium, calcium); indicators of
kidney function (urea, creatinine); amylase, glucose and a lipid profile
(triglycerides, low-density lipoprotein, high-density lipoproteins and

cholesterol) [11]. After euthanasia, the organs were removed during
the gross necropsy in a manner that ensured the integrity of the organs,
but also provided for the removal of any irrelevant tissue that could
influence the weight. Organs dedicated to histopathology were stored
in 10% formalin and embedded in paraffin wax, sectioned at 5 μm and
stained with Haematoxylin and Eosin (H & E). After fixation, digital
images of the samples were investigated with a model PCM 2000
confocal laser scanning microscope connected to a Nikon TE300 in-
verted microscope equipped (United States) with a Nikon 60x/1.40 Apo
Planar oil objective and/or a Nikon 40X/0.75 dry objective. A Nikon
DXM 1200 digital camera (United States) in combination with ACT-1
software was used to capture images. The H & E stained sample was
excited with the helium-neon ion and argon ion lasers and a neutral
density filter was utilized to obtain distinction between the different
regions of the sample. Photobleaching was reduced to the minimum
with a pinhole size of ¼ airy units.

For the oral acute study, the control group received 300 μL of
normal drinking water administered through oral gavage. For the oral
evaluation of toxicity formulation A were used. The Sprague-Dawley
rats were seven weeks old at enrolment in the study and three treatment
groups (n= 20 per group) with equal members of both sexes of animals
were composed by random selection. The different treatments were
administered through oral gavage and the animals were observed
multiple times (with special emphasis during the first 4 h) for clinical
signs of adverse events during the first 24 h post administration. The
dose of 50mg/kg of the pro-Pheroid® oil-phase components (not the
emulsion) was selected. Due to the fact that this system is the oil-phase
only (pro-Pheroid®) and this dose is higher than the upper limit fore-
seen for administration in any of the applications. The functional as-
sessments performed during these observations included changes in
physical condition (skin, fur, eyes, and mucous membranes), cardio-
vascular systems (respiratory and circulatory), excretion (presence of
abnormal urinary symptoms and diarrhoea) as well as behavioural
changes. The Humane Endpoints Guidance Document was adhered to
during the performance of this study [30]. For the subsequent 14 days
these observations were performed daily, as well as daily weighing and
food consumption monitoring. Blood samples were collected in EDTA

Table 2
The specification of the formulations evaluated for toxicity.

Formulation components Particle Size Distribution Additional information CLSM (Morphology)

Formulation A: Oral pro-Pheroid® Particle size span: 2.22 μm
Median particle size: 0.93 μm
Distribution of 80% of vesicles:
0.22 μm-1.7 μm
Zeta-potential: -23.3 ± 0.8mV
Endotoxin levels: < 5 EU/ml
pH measured: 6.05

• Vitamin F Ethyl Ester (65%)

• Kolliphor El (22%)

• Polyethylene glycol 400 (10%)

• Incromega E3322 (1%)

• Incromega E7101SR (1%)

• Dl-Alpha Tocopherol (1%)

Formulation B: Intravenous Pheroid® Particle size span: 1.53 μm
Median particle size: 0.37 μm
Distribution of 80% of vesicles:
0.18 μm- 0.65 μm
Zeta-potential: -21.1 ± 1.1mV
Endotoxin levels: < 5 EU/ml
pH measured: 6.45

• Vitamin F ethyl Ester (14%)

• Kolliphor EL (5%)

• Dl-Alpha tocopherol (1%)

• Nitrous oxide water (40%)

• Saline (40%)

Formulation C: Intravenous Pheroid® Particle size span: 0.88 μm
Median particle size: 0.23 μm
Distribution of 80% of vesicles:
0.15 μm-0.33 μm
Zeta-Potential -24.2 ± 0.6 mV
Endotoxin levels: < 5 EU/ml
pH measured: 6.35

• Vitamin F ethyl Ester (2.8%)

• Kolliphor EL (1.2%)

• Dl-Alpha tocopherol

• (0,2%)Nitrous oxide water (96%)
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and lithium-heparin tubes 24 h after the administration of formulation
A. Animals were sacrificed on day 14, a gross necropsy was performed
on each animal and organ weights (brain, thyroid, heart, lungs, sto-
mach, liver, spleen, kidneys) were determined [14]. The method fol-
lowed (dosages administered, evaluation time frame and observations
performed) is also consistent with current literature [31–34].

The Formulations B and C (Pheroid®) were evaluated during the
acute intravenous toxicity assay. All intravenous formulations were
evaluated as completely formed emulsions and that due to safety as-
pects (particle size and risks of embolism); it is not feasible to ever
administered pro-Pheroid® intravenously. As per the OECD guidelines,
only female Sprague Dawley rats with ages ranging from 8 to 10 weeks
were selected, since female rats are generally more susceptible to ad-
verse reactions (unless previous data indicates otherwise for a specific
compounds). Animals were randomly selected and acclimatized in
study housing for 5 days prior to administration of test formulations. A
control group (n=5) was injected with saline to provide a baseline for
general conditions as well as the influence of the injection procedure. A
dose of 2000mg/kg (n= 5) of the final emulsion for each test for-
mulation was evaluated; this is the highest dose prescribed by the OECD
guidelines. Animals were monitored 3 times in the first 15min and
hourly thereafter for the first 8 h. Daily monitoring was performed as
described for the oral acute study for a span of 2 weeks where after
animals were euthanized and a gross necropsy (including measuring of
organ weights) was performed. This study was repeated on BALB/c
mice (also 2000mg/kg and n=5) with blood samples only collected
from the rats due to the small blood pool of mice. Organs obtained from
all animals (both rats and mice) were preserved in a 10% formalin
solution to allow for histopathology if gross necropsy findings or hae-
matological and biochemical analysis were to be deemed abnormal
[16].

For the oral sub-chronic study, the control group received 300 μl of
normal drinking water administered through oral gavage. For the oral
evaluation of toxicity formulation A were used, this is the oil-phase only
(not the emulsion). The duration of the subchronic evaluation was 90
days according to the procedure prescribed by the OECD guidelines
[17]. Literature also indicates that 90 days is appropriate for repeated
dose studies [31–40]. This study was performed on Sprague Dawley rats
and only pro-Pheroid® (formulation A - Table 2) was administered. The
control group and the treatment group (formulation A) contained 30
animals (male n=15, female n=15). Animals were randomly as-
signed to treatment groups and received 50mg/kg formulation A as
daily dose, diluted to 300 μl with water as treatment, or just the control
water (300 μl) through oral gavage. Body-weight determination of the
animals as well as functional assessments of overall health was per-
formed prior to enrolment and at least once a week during the span of
the study. Food consumption was measured weekly per group cages;
additional feed administered between formal weighing times was taken
into account. After 90 days, animals were euthanized, organs were re-
moved and whole blood was collected. The rats enrolled in the sub-
chronic study group were individually placed in metabolic cages (prior
fasted for 12 h) for urinalysis. Urine was collected overnight between
days 81–85. The samples were kept cold and analysed the following day

with Multistix™ test strips (Siemens, Germany) and the ClinitekStatus®
analyser (Siemens, Germany) for the presence of glucose, bilirubin,
ketones, specific gravity, erythrocytes, proteins, pH, nitrites and leu-
kocytes in rat urine (Bayer HealthCare). Differences between the groups
of the same gender were analysed by means of a frequency count of
parameters. Rat blood samples were obtained by tail vein incision and
collected in EDTA tubes (haematological screening), lithium-heparin
tubes (clinical chemistry) and SST tubes (blood glucose levels) followed
by immediate processing and transfer for the analyses.

2.2.5. Statistical analysis
Statistical analyses were performed using Statistica (StatSoft Inc.,

Germany) and Prism (GraphPad, San Diego, CA, USA). Analyses were
performed by one-way ANOVA, with evaluation for normality in dis-
tribution. Statistically significant differences were evaluated using the
Tukey HSD test or Unequal N HSD test. The Bonferroni test permitted
the analysis of weekly bodyweight and food consumption changes
within groups. Abnormality in data was analysed with the Dunnett’s
test or Kruskal-Wallis ANOVA. P-values< 0.05 were considered sta-
tistically significant.

3. Results

3.1. Formulation preparation and characterization

The pro-Pheroid® and Pheroid® formulations (A–C) were prepared
successfully, and Table 2 provides the product characteristics for each
formulation. The medium particle size of A (0.93 μm) was substantially
bigger than that of formulation B and C (0,37 μm and 0,23 μm respec-
tively). The largest population of each formulation was measured to be
below 2 μm, which is typical for colloidal dispersions (200 nm – 5 μm).
The particle size of formulations B and C did not exceed the upper limit
of 5 μm deemed as the maximum safe size of individual emulsion drops,
for intravenous administration. Formulation A and B follows a bimodal
distribution with formulation C demonstrating a unimodal biodis-
tribution, most likely caused by the filtration process. Formulation A
had a slightly but not significant decrease in pH when compared to
formulation B and C. The filtered formulation (formulation C) has a
smaller span of distribution of particles (0,88 μm), a higher zeta-po-
tential (compared to other formulations) and together with the unim-
odal distribution of particle size this indicates a more uniform vesicle
formation throughout.

3.2. In vitro toxicity assay

A pre-incubation assay was performed in the presence of S9 due to
the higher sensitivity of this assay. The positive controls added to the
test strains (Salmonella typhimurium strains TA98, TA100 and TA102)
did provide the expected increased histadine positive revertants under
control conditions (indicated as statistically different, Table 3). The
positive controls therefore provided a good benchmark for positive
mutagenicity. The metabolised derivatives of formulation A (pro-
Pheroid®) did not induce base-pair or frame shift mutagenesis during

Table 3
The specification of the formulations evaluated for toxicity (indicated as revertants per plate).

TA 98 TA100 TA102

-S9 +S9 -S9 +S9 -S9 +S9

DMSO 36.2 ± 7.0 40.2 ± 8.4 136.4 ± 5.3 140 ± 14.4 581.0 ± 24.2 555.5 ± 60.1
Positive control 38.0 ± 5.8 355.6 ± 82.5# 162.4 ± 30.2 355.6 ± 17.5# 1789 ± 356# 2039 ± 219#

Formulation A 10 μL 26.3 ± 3.2 29.3 ± 7.1 88.3 ± 4.6 81.3 ± 8.1 290.7 ± 2.2 318.7 ± 9.0
Formulation A 20 μL 19.3 ± 5.8 25.0 ± 6.1 95.0 ± 17.4 93.7 ± 21.6 324.0 ± 34.9 313.3 ± 4.5
Formulation A 100 μL 18.7 ± 5.7 29.3 ± 5.5 115.3 ± 6.0 111.0 ± 4.1 327.7 ± 9.3 273.3 ± 8.2

#p<0.001, *p < 0.05, significant different from DMSO control groups for each study.
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this analysis.

3.3. In vivo toxicity assays

3.3.1. Food consumption and condition
No animals (Sprague Dawley rats or BALB/c mice) died or exhibited

any adverse events, during any of the 14 day acute (oral and in-
travenous) or the 90 day sub-chronic evaluations. No abnormal changes
in body weight, food consumption, respiration, coat condition, move-
ment and behaviour were present in any of the animals during sched-
uled examinations in all the studies. The initial and final body weights
of animals in different test groups are presented in Table 4.

3.3.2. Organ weights, haematology, clinical biochemistry and urinalysis
The organ weights were determined after euthanasia of all the

subjects included in the different study groups (Table 4). Note that due
to the difficulty of identifying the thyroid of BALB/c mice, this organ
was not isolated during the investigation. The only statically significant
differences present were in weight of the full stomach during the in-
travenous acute administration evaluations in both mice and rats, and
the spleens of the mice receiving treatment B (Pheroid®).

Hematologic analysis demonstrated no statistical significant
changes in blood parameters in any of the treatments (Supplement A).
The white blood cell count was however increased in all of the animals
(both control and test groups) included in the acute study of the oral
administration of formulation A (pro-Pheroid®). The white blood cell
counts of all the animals in intravenous acute evaluation and the oral
sub-chronic evaluations were normal.

Clinical chemistry indicated a statistically significant decrease in
ALT for the animals that received formula C during the acute in-
travenous evaluation (Fig. 4). Whilst an increase in ALT is associated
with liver damage and the destruction of hepatocytes, a decrease is
associated with healthy liver function.

Urea was also lower (7.5 ± 0.4 mmol/L compared to the control
value of 8.6 ± 0.5 mmol/L) in the animals receiving formulation B
(Fig. 5) during the acute intravenous dosing. This is not considered
significant in terms of toxicity since an increase is usually associated
with malfunction. In the subchronic study group creatinine (Fig. 5) was
statistically significantly increased (1.2 fold) for the female test ani-
mals, indicating a lowered clearance of creatinine by the kidneys. To
evaluate whether test formulation related renal toxicity was present,
histopathology and urine analysis was included in this study. This

increase in creatinine was not present in any other test group and all the
histopathology reports came back as negative for treatment-related
toxicity with no malfunction of organs present. Fig. 6 provides a se-
lection of microscopy images of major organs (including kidney tissue)
removed from animals in the formulation A (pro-Pheroid®) treatment
group part of the sub-chronic study.

No significant differences were present in the results from ur-
inalysis. All urine samples tested negative for glucose and no significant
levels of bilirubin were present in those samples. The levels of ketones,
specific gravity of samples, erythrocytes, pH levels, proteins, nitrites
and leukocytes in the samples from all test groups and control animals
similarly showed normal distribution with no disparities bearing any
statistical significance. A full summary of biochemistry and haemato-
logical data is referred to in Supplement 2. The frequency table of the
results is displayed in Supplement 3.

4. Discussion

The Pheroid® and pro-Pheroid® systems both contain the same oil
components, which differ from that of liposomes by the absence of
phospholipids and cholesterol. Pro-Pheroid® is a precursor self-as-
sembly form of the system, with the only difference from Pheroid®
being the lack of the water phase.

The recently published recommendations by Siegerst and co-
workers (2018) were taken into account where a step-by-step evalua-
tion was done on this delivery system [41]. The physicochemical
identity (particle size, distribution and endotoxin contamination) was
characterized taking into account the constraints of the current drug
delivery system with the aim of providing clear parameters for future
products for intravenous administration. To provide a reflection of the
stability of the formulation, Zeta-potential was measured to ensure that
the product is stable and that larger emulsion droplets will not form
making it dangerous for in vivo administration. The shape and internal
structure of the formed emulsions was determined by CLSM. Particle
size was measured through both a quantitative analysis (particle size
distribution) and visualization (CLSM). The presence of endotoxins as
possible impurities was determined. A step-wise increased dose eva-
luation (as prescribed by the OECD guidelines) was followed to allow
for a predictive dosimetry for the evaluated systems.

All the formulations evaluated during this study demonstrated
emulsion particles mostly smaller than 1 μm in diameter with none
exceeding 5 μm. Individual emulsion particles with a size above the

Table 4
The body weights and organ weights (mean ± SD) of animals during acute and subchronic toxicological evaluations.

Acute Sprague Dawley rats 2000mg/kg IV
Pheroid®

Acute BALB/c mice 2000mg/kg IV Pheroid® Subchronic Sprague Dawley rats 50mg/kg oral pro-Pheroid®

Control
(n=5) ♀

Formulation B
(n=5) ♀

Formulation C
(n=5) ♀

Control
(n=5) ♀

Formulation B
(n= 5) ♀

Formulation C
(n= 5) ♀

Control
(n= 15) ♀

Formulation A
(n= 15) ♀

Control
(n= 15) ♂

Formulation A
(n= 15) ♂

Body weight
Initial 202.6 ± 6.6 205.8 ± 8.9 205.5 ± 8.6 19.9 ± 1.3 19.5 ± 1.4 20.1 ± 0.6 137.8 ± 4.6 136.0 ± 8.4 113.6 ± 7.2 114.3 ± 5.3
Terminal 227.8 ± 3.4 226.4 ± 7.6 228.5 ± 8.6 20.8 ± 0.7 20.2 ± 0.9 20.1 ± 0.9 219.6 ± 12.8 222.1 ± 12.5 131.6 ± 10.0 147.6 ± 23.1
Organ weights as % of final body weight
Brain 0.7 ± 0.1 0.7 ± 0.0 0.7 ± 0.1 1.8 ± 0.2 1.6 ± 0.2 2.0 ± 0.2 0.6 ± 0.1 0.5 ± 0.1 0.7 ± 0.1 1.2 ± 0.9
Heart 0.4 ± 0.1 0.4 ± 0.0 0.4 ± 0.0 1.0 ± 0.2 0.7 ± 0.2 0.8 ± 0.1 0.4 ± 0.1 0.4 ± 0.0 0.4 ± 0.0 0.6 ± 0.4
Kidney

(L)
0.3 ± 0.1 0.3 ± 0.0 0.4 ± 0.0 0.9 ± 0.1 0.9 ± 0.1 0.9 ± 0.2 0.5 ± 0.1 0.5 ± 0.1 0.4 ± 0.1 0.6 ± 0.3

Kidney
(R)

0.3 ± 0.1 0.4 ± 0.0 0.4 ± 0.0 1.0 ± 0.3 0.8 ± 0.2 0.9 ± 0.2 0.5 ± 0.0 0.5 ± 0.1 0.5 ± 0.2 0.7 ± 0.4

Liver 3.3 ± 0.4 3.5 ± 0.1 3.5 ± 0.2 5.8 ± 0.7 5.3 ± 0.4 5.3 ± 0.8 2.3 ± 0.2 2.3 ± 0.2 2.1 ± 0.4 4.1 ± 1.9
Lungs 0.6 ± 0.1 0.6 ± 0.1 0.8 ± 0.1 1.1 ± 0.2 0.8 ± 0.3 1.0 ± 0.2 0.5 ± 0.1 0.5 ± 0.2 0.6 ± 0.1 1.1 ± 0.8
Spleen 0.3 ± 0.0 0.3 ± 0.0 0.3 ± 0.1 0.8 ± 0.2 0.5 ± 0.1* 0.6 ± 0.2 0.4 ± 0.1 0.3 ± 0.1 0.4 ± 0.0 0.5 ± 0.3
Stomach

(full)
1.9 ± 0.5 2.0 ± 0.2* 1.7 ± 0.3 1.9 ± 0.3 1.4 ± 0.3* 1.1 ± 0.2* 0.6 ± 0.2 0.5 ± 0.1 0.6 ± 0.0 1.2 ± 0.7

Thyroid 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.0 - - - 0.2 ± 0.1 0.1 ± 0.0 0.2 ± 0.1 0.3 ± 0.2

* p < 0.05 significant different from control groups for each study.

J. Kleynhans, et al. Toxicology Reports 6 (2019) 940–950

945



safety parameters can cause emboli blocking small blood vessels with
lethal results. The total volume of the emulsion administered as well as
the concentration of large particles present in these formulations is
important contributors to the incidence of adverse events [42]. To focus
only on a reduction of particle size will therefore not guarantee the
safety of the formulation. Traditionally 5 μm is considered as the upper
limit (no more of 0.05% of the formulation may exceed this) allowed
for particle size of intravenous emulsion preparations, and is indicated
as such in older versions of the British Pharmacopoeia. It was contra-
dictorily determined that commercially available total parenteral nu-
tritional formulations do not always conform to these parameters since
it was demonstrated that emulsion droplets of larger diameters (ex-
ceeding 7.5 μm) may deform and pass through pulmonary blood vessels
depending on their consistency. During this study it was demonstrated
that the Pheroid® delivery system allows filtrations by normal 0,22 μm
filters and is therefore an uncomplicated system to adapt for in-
travenous administration. It was postulated by Koster and co-workers
(1996) that the individual characteristics or components of the for-
mulation may contribute to the degree of toxicity associated with larger
particle size [43]. No agreement on the influence of particle size on
adverse events or the exact ranges that intravenous emulsions should
abide by, are available in literature [42–44]. Our aim was to restrict the
particle size of the intravenous formulations in this study to the smallest
possible, economically viable particle size, while concomitantly fil-
tering formulations to provide sterility. Although the Zeta-potential
measured for the formulations is lower than the± 25mV stated in

literature as beneficial, the formulations did demonstrate sufficient
stability based on particle size distributions evaluated over a 7-day
period with significant changes measured [45]. We do suggest that the
formulations should be filtered just before administration to ensure that
the particle sizes are narrowly restricted (below 1 μm) and sterility is
maintained. Another option to ensure sterility would be the use of
gamma irradiation providing the emulsion is stable during this process.
Additionally, the API can be sensitive to degradation by gamma irra-
diation and this can also be a factor. The pH of the formulations as well
as presence of bacterial endotoxins were monitored to ensure adequate
formulations for intravenous administration. CLSM demonstrated that
satisfactory emulsion formation presenting with internal structure and
the correct morphology.

The pro-Pheroid® component did not demonstrate mutagenic effects
in the AMES test. Formulations containing similar fatty acid ingredients
in literature also were void of mutagenicity [46–48]. Another compo-
nent of the delivery system, alpha-tocopherol, also demonstrated no
mutagenicity in a study by Karekar and co-workers [49]. The testing for
mutagenicity in the presence of cytochrome P450 enzymes (S9) de-
monstrated that both the original system as well as any breakdown
products are safe bearing no effect on the structural integrity of cellular
DNA.

The highest dose prescribed by OECD guideline 420 (2000mg/kg)
was reached during the acute evaluation of the intravenously ad-
ministered formulations B and C, with no adverse events identified.
During intravenous administration to BALB/c mice and Sprague Dawley

Fig. 4. Hepatic enzyme levels of Sprague-Dawley rats during a) acute oral and intravenous evaluations [female only-male data in supplementary text] and b) oral
sub-chronic study (male and female)(*p < 0.05 significant different from control group).
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rats, particular care was taken to monitor animals intensely for acute
shock symptoms due to intravenous administration and animals were
unhindered by this administration. Animals were in good health during
all the scheduled examinations of both the acute and sub-chronic stu-
dies; final body weights in all the groups were characteristic for these
animal species. During these studies the aim was mainly to compare the
parameters of the control groups with that of the test groups and not
comparing them with literature values. It was demonstrated that
housing, breeding and biological rhythm of animals housed in animal
facilities has a large influence on haematology and blood chemistry
levels [50]. Our studies therefore relied on the differences between the
control groups and the test groups to increase accuracy, although none
of the parameters evaluated was abnormal to the extent that indicates
disease or distress.

The following differences were noted when compared with the
control values.

(1) The increased white blood cell count in control and test groups of
the acute oral study (pro-Pheroid®) was determined not to be re-
lated to treatment with the systems. This phenomenon was present

in all four groups evaluated during the study and not the tests
groups only. Furthermore, it was not present in any of the acute
intravenous study test groups (with the formulation being 100%
bioavailable) or the sub-chronic study (with continuous adminis-
tration). No other significant changes in haematology were present.

(2) The decrease in ALT demonstrated as statistically significant during
the blood chemistry analysis of acutely intravenously treated ani-
mals (Pheroid® formulation C) is not associated with any disease
process. A positive correlation between lowered cholesterol and
ALT also exist, with high levels of cholesterol and fatty liver disease
associated with high levels of ALT. It is notable, that the system
incorporates essential fatty acids, which is well known for the
treatment of distorted lipid profiles.

(3) The decrease in cholesterol levels was therefore not an unexpected
result, which was present in the male group of the oral acute study-
although it would be unwise to assume this to be a therapeutic
effect.

(4) The statistical significant increase in creatinine levels in the sub-
chronic study for the female treatment group is noteworthy. To
investigate this phenomena, histopathology examinations as well as

Fig. 5. Urea and creatinine levels of Sprague-Dawley rats during a) acute oral and intravenous evaluations [female only-male data in supplementary text] and b) oral
sub-chronic study (male and female)(*p < 0.05 significant different from control group).
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the urine analysis were performed, which are indicators of struc-
tural integrity. Both urine analysis and morphology demonstrated
normal function. There was an absence of any pathology related
differences in organ weights determined after termination of ani-
mals. No treatment related pathology was identified as present in
any of the histopathology examinations of removed organs.

Emulsion type systems containing essential fatty acids has been
proven to be non-toxic and biocompatible and even sometimes have the
ability to negate the toxicity that is imposed by the API’s packaged in
them [51,52]. There are also additional oil-phase components (such as
a Silybum marianum extract proposed by Kalantari et al) that can be
added to enhance the hepatoprotective effects of emulsions in the case
of particularly toxic compounds which clearly demonstrates the
adaptability of these systems [51,53].

5. Conclusion

This evaluation did not identify any risk factors present for toxicity
during oral or intravenous administration of the tested formulations
during acute or repeated dosing. The maximum dose tested in Sprague
Dawley rats and BALB/c mice was 2000mg/kg of Pheroid® formula-
tions B and C and 50mg/kg of the pro-Pheroid® formulation A. It is
important that normal precautions for intravenous safety of emulsions
(particle size, bacterial endotoxin measurement and sterility) have to be
adhered to. Future studies might be needed to determine the sub-
chronic adequateness of the intravenous administered formulations

should the need arise for multiple intravenous administrations. It would
also be good scientific practice to evaluate the toxicity and safety
pharmacology of the API incorporated in the Pheroid® or pro-Pheroid®
system in a larger animal model following the envisioned route of ad-
ministration. The effect of the system on the developing animal foetus
should be evaluated prior to administration during pregnancy and
lactation.

It is hypothesised that the Pheroid® delivery system will inherently
contribute less toxicity (compared to other lipid-based drug delivery
systems) based on the non-toxic ingredients used during manufacturing.
Due to the non-rigid characteristics of emulsions and in particular also
Pheroid® (when compared to liposomes for instance) that allows for the
may deformation and passage through smaller blood vessels, it is en-
visioned that this system will allow a higher safety margin than other
lipid-based drug delivery systems.

It is also critically important to evaluate the toxicity of the drug
delivery system with the selected pharmaceutical entities entrapped to
ensure that alterations in biodistribution and possible slow release
mechanisms brought about by the system does not alter the toxicity
profile of the pharmaceutical ingredient itself in a negative way.
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