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Abstract

glycerol.

that involves products consumed by human or animals.

Background: Biodiesel has gained an increased popularity as a good alternative for fossil fuel because of its
unusual qualities as a biodegradable, nontoxic, and renewable diesel fuel. Hence, the economic utilization of the
accumulated bioglycerol byproduct became critically important for the sustainability of biodiesel industry. The
purified bioglycerol might be used as a valuable industrial stock in cosmetic, medical, and food industries. However,
if the purified product is going to be used in food, drug, or any industry that involves its ingestion or skin contact
by human or animals, the product should be thoroughly tested on animal models.

Results: The present study investigated the acute toxicity, anti-inflammatory, histopathological, and genotoxic effects
of zeolite-purified biogylcerol on different animal models. All the previous tests proved the ability of the purification
process to improve the qualities of the crude bioglycerol to a degree comparable to the pharmaceutical grade

Conclusion: In other words, it could be concluded that zeolite-purified bioglycerol can be used in different industries

Keywords: Acute toxicity, Anti-inflammatory, Bioglycerol, Carrageenan, Histopathology, Genotoxicity

Background

The increased risk of extinction of worldwide reserve of
fossil fuels during the past few decades has aggravated
the need for an alternative source of fuel due to environ-
mental, socioeconomic and energy security concerns [1].
Biodiesel has already gained an increased popularity as a
good alternative for fossil fuel because of its unusual
qualities as a biodegradable, nontoxic, and renewable
diesel fuel [2].

Bioglycerol is accumulated as a primary byproduct
during the manufacture of biodiesel, accounting for
about 20% of the total weight of the product [3, 4]. The
sustainability of biodiesel industry requires the
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redirection and utilization of this huge amount of biogly-
cerol in another industries [5]. Unfortunately, bioglycerol
is produced in a crude form that contains various im-
purities (organic and inorganic salts, soap, alcohol, traces
of glycerides, and vegetable color) which limits its poten-
tial applications as a feedstock in different industries,
hence lowering the chances of proper reuse [6-9]. On
the other hand, the purified form is required as a valu-
able industrial feedstock especially in chemical indus-
tries; purified bioglycerol might have over than 2000
different applications, especially in the fields of food,
cosmetics, and personal care products’ industries [10]. It
might also be used in the manufacture of drugs, medi-
cine, and pharmaceuticals [11, 12]. Several procedures
are currently applied to purify crude bioglycerol includ-
ing distillation, filtration, and adsorption (using activated
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zeolite) and ion-exchange [13]. In the zeolite method,
the crude bioglycerol fraction is reacted with an acid
(such as phosphoric acid) to convert the alkoxide salts
and fatty acids to the corresponding alcohol and carb-
oxylate salts, respectively. The resulting free fatty acid is
removed by adsorption using zeolite or bleaching clay
which offers easy, low operating cost and high efficiency
method [12].

After the completion of purification process, standard
physical and chemical properties (color, odor, water con-
tent, density, pH, free fatty acid content, and glycerol
content) are measured to ensure that the purity has
already reached above 90%. Degree of correlation be-
tween the purified bioglycerol and a standard pharma-
ceutical grade glycerol is usually confirmed via infrared
(IR) spectroscopy [8].

If the purified product is going to be used in food,
drug, or any industry that involves its ingestion by hu-
man or animals, the toxicity of the product should be
thoroughly tested. Acute toxicity that results either from
a single or multiple exposure was proved to be a very ef-
fective criterion to describe the toxic effects of a given
substance in a short period of time [14]. Common signs
of poisoning include unusual vocalization, tears, diar-
rhea, discharge, and bleeding from the eyes or mouth
and convulsions [15, 16]. Mice and rats are always per-
fect choices as animal models for testing chemicals and
drugs due to the similarities between their genome to
that of the human, both containing 25,000-30,000
protein-coding genes [17, 18]. Moreover, approximately
80% of the rat genes have been reported to have ortho-
logs in humans [19]. Most importantly, almost every hu-
man gene discovered to be associated with disease has
an ortholog in the rat genome [20, 21]. Previous studies
on oral acute toxicity revealed that the LD50 for glycerol
was found to be more than 5ml/kg in rats and mice
where the oral lethal dose was 13-29 ml/kg and 15-38
ml/kg, respectively [22, 23]. Previous studies were also
performed by Hashish et al. [24] and Hegazy et al. [25],
in which they found that 25% of glycerol has a nephro-
toxicity effect on rat models.

Inflammation is involved in the pathogenesis of many
diseases and other life-threatening and debilitating disor-
ders including aging, cancer, and cardiovascular dysfunc-
tion [26]. A well-known acute model of inflammation that
is widely used for screening novel anti-inflammatory com-
pounds in animals is the carrageenan-induced paw edema
[27-29]. In a previous study, the properties of glycerol as
an anti-inflammatory agent were tested by evaluation of
ear swelling (by measuring thickness and weight) in 12-O-
tetradecanoylphorbol-13-acetate-induced  irritation in
dehaired mice where the glycerol pretreatment prevented
ear swelling in a non-dose-dependent manner [30]. In an-
other review study, glycerol was used as a topical anti-

(2020) 18:61

Page 2 of 11

inflammatory agent either solely or combined with other
agents, in both cases; improvement in human dry skin was
observed [31].

Along with its hydrating properties, glycerol was also
found to prevent the phase transition of the stratum cor-
neum (SC) lipids from liquid to solid crystalline struc-
ture, thus preventing water loss and improving skin
barrier properties [32]. The extensive usage of glycerol
as an indispensable component in almost all kinds of
topical dermatological preparations implies a histopatho-
logical evaluation on the effect of purified bioglycerol on
skin before using it as an ingredient in dermatological
industries [30]. Histopathology is a valuable method for
microscopic examination of tissue in order to study the
manifestations of disease or experimenting a new drug
or chemical [33, 34]. In a previous study, glycerol has
been proved to be an effective skin-conditioning agent
when incorporated into a lotion at concentration of 5%
[35], which might be attributed to multiple positive ef-
fects on the physical properties of the skin, including in-
creased hydration and improving elasticity. In another
study, a formulation containing glycerol (5%) and xylitol
(5%) was examined to study its effects on the hydration,
barrier function, and morphological parameters of the
skin [30]. In a recent study, a prepared chitosan-glycerol
gel enhanced skin tissue regeneration and wound healing
factors in acute full-thickness skin wounds in mouse ani-
mal models [36].

Genotoxicity is an important area of science which
studies the genotoxic effects of a chemical agent to
which the organism is exposed, using multiple available
assays to assess the damage that these agents may cause
to the DNA [37]. The use of alternative small animal
models in both genotoxicity and toxicology has gained
tremendous popularity in the last decade. Drosophila
melanogaster was a premier model for developmental bi-
ologists and geneticists only, but its utility for toxicology
studies has recently shown a wide spread emergence
[38] Currently, Drosophila is being used in studies for a
number of priority contaminants and toxicants [39]. In a
previous study, Hifzur et al. [40] had shown that Dros-
ophila melanogaster is a sensitive and suitable model for
the in vivo assessment of genotoxicity using alkaline
comet assay. The comet assay is being applied to Dros-
ophila melanogaster since around 15 years ago and was
known to be a very useful tool in genotoxicity and DNA
repair testing [41]. It detects DNA strand breaks and al-
kali labile sites by measuring the migration of DNA from
immobilized nuclear DNA [42]. Previous studies on the
effect of glycerol on DNA integrity have shown some
controversial results where the exposure of porcine blas-
tocysts to glycerol and other cryoprotectants decreased
their viability and increased the number of DNA-
fragmented nuclei in the porcine embryos [43]. Another
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study gave opposite results where glycerol and other
cryoprotectants increased nuclear DNA integrity in male
mouse sperms [44].

Objectives

The present study aims at determination of in vivo
evaluation of the toxicity, genotoxicity, histopathological,
and anti-inflammatory effects of the purified bioglycerol
byproduct in biodiesel industry

Methods

Animal stock

All experiments and procedures were consented by the
Institutional Animal Care and Use Committee (IACUC)
with approval number (CUFS.S.Cell.Bio.35-15) from the
ethical point of view and according to animal welfare act
of the Ministry of Agriculture in Egypt that enforces the
humane treatment of animals.

The Institutional Animal Care and Use Committee
(IACUC) is organized and operated according to the World
Organization for Animal Health (OIE) and Guide for the
Care and Use of Laboratory Animals 8th Edition 2011.

Sprague Dawley rats’ strain

A total of 36 Sprague Dawley rats (18 males and 18 fe-
males) of 103-112g were obtained from the animal
house colony of the National Research Centre, Dokki,
Giza, Egypt, and were kept separated in stainless steel
cages at room temperatures of 25 + 2°C and a relative
humidity of about 55%. Water and food were given ad
libitum.

Swiss Albino mouse strain

A total of 30 Swiss Albino mice of 20-30 g body weight
(15 males and 15 females) were obtained from the ani-
mal house colony of the National Research Centre,
Dokki, Giza, Egypt. The animals were housed in stand-
ard metal cages in an air-conditioned room at 22 + 3°C,
55 + 5% humidity, and provided with standard labora-
tory diet and water ad libitum.

Drosophila melanogaster strain (w'''® strain)

The used Drosophila strain w'''® was obtained from
well-established colonies at the genetics department,
Faculty of Agriculture, Ain-Shams University, Egypt.
The strain was originated from Bloomington Drosophila
stock center (stock no. 5905, FlyBase ID: FBst0005905).

Chemicals
Bioglycerol was prepared by transesterification process
as described by Cunha et al. [45] followed by purification
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using acidification process and filtration step using acti-
vated zeolite [8].

Standard physical and chemical tests

Purified bioglycerol color and odor were manually exam-
ined. Cold oxidation of the bioglycerol was performed
using sodium periodate in a strong acid medium; the
produced formic acid was titrated with standard volu-
metric sodium hydroxide solution to determine the con-
centration and purity according to (ISO 2879-1975).
Water content was determined by Karl Fischer titration
technique according to (ASTM E203), and the density
was measured according to (ASTM D4052) specification.
Free fatty acid (FFA) content was measured by titration
according to (ASTM D1980), and pH was determined
using pH meter. The chemical bonding of purified bio-
glycerol was verified and compared to that of the
pharmaceutical glycerol using Fourier Transform Infra-
red Spectroscopy (FTIR), model BRUKER Alpha II. The
light source was adjusted to the middle range infrared
(4000-500cm™}) and 4cm™! resolution according to
(ASTM E1252 - 98) specifications.

Acute oral toxicity study

Twenty-four rats were randomly divided into 2 groups of
12 rats each (6 males and 6 females). Limit acute toxicity
test was performed on the two groups; control group re-
ceived 5 ml/kg of distilled water, while treated group re-
ceived 5ml/kg of zeolite-purified bioglycerol orally
administered by stomach tube [46]. Rats were observed
for 14 days for any signs of acute toxicity and changes in
the skin, fur’s color, and texture, respiratory, circulatory
system, and abnormal somato-motor activity or behavior
pattern during the propagation of test. Changes in specific
organs’ weight (liver, kidney and heart) were recorded as
means and standard deviations [47].

Anti-inflammatory and acute inflammation (carrageenan-
induced paw edema method)

Twelve rats were randomly divided into two groups of 6
rats each (3 males and 3 females). The left hind paw of
the rats in the treated group was topically treated with
the purified bioglycerol (5%), while paws of those in the
control group were treated with 0.9% NaCl solution
under the same experimental conditions [48]. One hour
after the application of the tested materials, each rat re-
ceived a 0.1-ml subplanter injection of 1% carrageenan
suspension (Sigma, USA) in the same paw. The thick-
ness of the paw of each rat was measured at 1-, 2-, 3-,
and 4-h intervals after the injection of the inflammatory
agent. The degree of inflammation was calculated by
subtracting the thickness of foot before inflammation
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from that of the inflamed foot at the different times in-
tervals, and then the inhibition effect of the bioglycerol
was calculated according to Lanhers et al. [48] by the
following equation:

ion % — control inflamed area thickness mean - sample inflamed area thickness mean

Control mean
% 100

Histopathological study on the skin

Thirty mice were randomly divided into 5 groups, each
containing 6 individuals, 3 males and 3 females as fol-
lows: unpurified bioglycerol group, partially purified bio-
glycerol group (after 1st zeolite’s adsorption), completely
purified bioglycerol group (after 3rd zeolite adsorption),
pharmaceutical glycerol group, and a control group
(sterile distilled water). The hair in an area of approxi-
mately 3 x 2 cm on the abdomen was trimmed, using
scissors, carefully not to damage the skin. Mice with any
visible sign of skin damage were excluded. Glycerol and
bioglycerol used in this treatment were prepared as 5%
solution in a volume of 1 ml, then applied to the exposed
abdominal skin, and were spread evenly over the entire
area. This was repeated once daily for 2 weeks; then, the
animals were sacrificed by decapitation at the end of the
14th day. Treated skin areas from all animals were im-
mediately removed and fixed for 72h in 10% neutral-
buffered formalin. They were then washed under run-
ning tap water for half an hour, dehydrated, cleared, and
embedded in paraffin [49]. Serial sections of 6 um thick
were cut using microtome (PFM Medical ™) and
stained with hematoxylin and eosin (Sigma-Aldrich) for
histopathological investigation [50].

Assessment of DNA fragmentation by comet assay (single
cell gel electrophoresis, SCGE)

All crosses of normal and treated Drosophila were
reared at 25°C on a standard Drosophila rearing
medium [51]. The mixture was poured into rearing
bottles (12 cm height x 6 cm diameter) and left to so-
lidify at 25°C to an experienced consistency suitable
for rearing. Parental flies of the isogenic strain
w'"8were checked for any phenotypic abnormalities.
Only clean flies were used for oviposition. The
hatched larvae were left to grow and develop to the
3rd instar and collected after 96h post oviposition
(72 h after hatching) by floating over 20% glycerol so-
lution. The collected larvae were briefly washed with
tap water, dried on filter paper and transferred into
five groups of new rearing bottles where the rearing
medium was mixed with the tested compounds; dis-
tilled water as a control sample, 5% of each: unpuri-
fied bioglycerol, partially purified bioglycerol,
completely purified bioglycerol, and pharmaceutical
grade glycerol. The larvae were left to feed on the
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treated medium for 24 h. The treated larvae were
floated from the treatment medium with 20% glycerol,
briefly rinsed with tap water, dried on filter paper,
and transferred to a new bottle containing a normal
rearing medium (no addition included) until pupation
and adult emergence. Extent of DNA strand breaks in
all types of cells of Drosophila adult were then
assessed using the alkaline comet assay [52]. Adult
flies were frozen in liquid nitrogen, around 100 flies
were gently homogenized into powder, and then an
alkaline comet assay was performed [53].

Results

Standard physical and chemical tests

The physical and chemical properties of the purified bio-
glycerol—odor, color, water content, density, and pH—
were compared to both the unpurified form and the
pharmaceutical grade glycerol. Unlike the unpurified
bioglycerol, after purification the bioglycerol properties
were highly similar to that of the pharmaceutical gly-
cerol (Table 1). A Fourier-transform infrared spectrum
of pharmaceutical grade glycerol was almost identical to
that of the purified bioglycerol with a correlation up to
99.84%. The FTIR spectrum of the purified bioglycerol
showed the absence of peaks at 1580 cm and 1740 cm ™
indicating the complete removal of impurities like free
fatty acid and methyl ester compounds (Fig. 1).

Acute oral toxicity test

Glycerol is generally classified as safe by the FDA and is
extensively used in food and drug industries as a humec-
tant or solvent. The safety of oral ingestion of the puri-
fied bioglycerol was tested by limit toxicity test in
Sprague Dawley rats. No mortality or signs of deleterious
effects were recorded at the tested dose (5 ml/kg) till the
completion of the experiment period. No physical
changes—tremors, convulsions, salivation, or lethargy—
were detected throughout the testing period. Animals in
the bioglycerol-treated group had shown a slightly
change in the mean organs weight compared to the con-
trol group. In conclusion, the current study has proved
the safety of the purified bioglycerol by revealing neither
deaths nor toxic side effects or impactful big changes in
the targeted organs weight with the tested dose (5 ml/
kg) during a study period of 14 days (Table 2).

Anti-inflammatory effect and acute inflammation study

The carrageenan-induced paw edema method was
proved to be one of the most feasible methods to screen
anti-inflammatory agents. In a previous study, glycerol
pretreatment prevented ear swelling in a non-dose
dependent manner. Hence, in the present study, the
anti-inflammatory effect of one dose of the purified bio-
glycerol (5%) was tested on carrageenan-induced edema
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Table 1 Comparison between some chemical and physical properties of the unpurified bioglycerol, purified bioglycerol by activated

zeolite, and standard or pharmaceutical grade glycerol

Tests Unpurified bioglycerol  Purified bioglycerol by activated zeolite ~ Standard or Pharmaceutical grade glycerol
Odor Fatty odor Odorless Odorless

Color and appearance  Brownish black Transparent Transparent

Glycerol % 65.42 99.21 99.92

Water % 13 0.29 0.28

Density % 1.24 1.26 1.26

pH 11.21 6.96 7.01

Free fatty acid% 8.53 0.78 0.05

as an inflammatory agent. The results of the current
study clearly showed significant anti-inflammatory prop-
erties of the tested bioglycerol (5%) and established the
ability of the purified bioglycerol to inhibit the
carrageenan-induced rat paw edema and reduce the
mean paw volume starting from the end of the second
hour by 7% to the end of fourth hour by 35% (Table 5).
The anti-inflammatory action of the bioglycerol started
against acute inflammation of carrageenan by inhibiting
some of the mediators released after carrageenan injec-
tion till the end of 4th hour. It could be concluded that
the purified bioglycerol at the used concentration is ef-
fective in inducing an anti-inflammatory activity by re-
ducing the acute inflammation response by 35%
compared to control (Tables 3, 4, and 5).

Skin histopathological study

A histopathological study of skin sections treated with
sterile distilled water, pharmaceutical glycerol, unpuri-
fied bioglycerol, partially purified bioglycerol, and puri-
fied bioglycerol was employed to detect any changes in
the skin layers during a period of 14 days experiment
(Fig. 2). The control group skin sections showed a nor-
mal histological appearance exhibiting a normal intact
stratified squamous epidermis and dermis layer with
abundant capillaries and connective tissue cells. In the
unpurified bioglycerol group, the treated skin area be-
came extensively dried starting the second day of treat-
ment with the appearance of multiple ulcerated spots on
the treated area that can be easily detected by naked eye.
Upon examination under light microscope, a severe
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Table 2 Effect of 5 ml/kg dose of purified bioglycerol on some organs weight in male and female Sprague Dawley rats. Number of

used rats (n = 24)

Parameters Control (distilled water) Bioglycerol dose (5 ml/kg)

Male Female Male Female
Mean Liver weight (g) 2.20% + 0.20 2.24° + 0.41 2.25° + 0.46 2.29° + 0.54
Mean Kidney weight (g) 0.33% + 0.05 0.31% + 0.06 0.39° + 0.03 0.35° + 0.05
Mean Heart weight (g) 0.30% + 0.06 0.31% + 0.06 0.31° + 0.02 0.33° + 0.02

In each horizontal row and same sex, means with different letters are significantly different (p < 0.05)

shrinkage, erosion, and cellular degeneration in some
spots of the epidermis accompanied by degeneration of
dermis were detected. In the skin sections collected from
partially purified bioglycerol group, there was a slight
shrinkage of epidermis in some spots and a normal ap-
pearance in others, while the dermal layer appeared to-
tally unaffected. An increase in thickness of the
epidermal and the dermal layers was observed in the
skin sections of both pharmaceutical glycerol (5%) and
purified bioglycerol (5%) groups. They penetrated the
skin and created a “reservoir” in the depth of stratum
corneum SC, which is the outermost layer of the epider-
mis, within the lipid bilayers without disruption of liquid
crystallinity or lamellar structure. They also caused an
obvious intracellular expansion of the corneocytes and
intercellular expansion between corneocytes and are
suggested to enhance skin barrier properties to improve
the water-holding capacity of SC resulting in more
moisturization of the skin. The observed results backed
up the safety of zeolite purified bioglycerol and proved
that its skin care quality can be compared to the
pharmaceutical glycerol. It also proved the efficacy of
the purification process that vanished the harmful effects
realized with the unpurified bioglycerol.

Table 3 Thickness of the inflamed area in hind paws of control
group (mm) (n = 6)

Single-cell gel electrophoresis (comet assay)

DNA damage in cells was detected using a microgel
electrophoresis technique known as single-cell gel elec-
trophoresis or the comet assay. The quantitative estima-
tion of the DNA damage in the whole-body cells of the
control and treated parental adult flies of the isogenic
strain (w'''®) of Drosophila was accomplished by the
single-cell gel electrophoresis under a strong alkaline
condition (pH < 13) (Fig. 3).

The obtained data included the tail length (um), %
DNA concentration in the tail, and the calculated tail
moment (Table 6). Tail moment values for DNA of flies
treated with purified bioglycerol (5%) and pharmaceut-
ical glycerol (5%) were very close and have no significant
difference with the tail moment values obtained from
the DNA of the control flies. On the other hand, the tail
moment values of the DNA of partially purified biogly-
cerol (5%)-treated flies showed a slightly significant dif-
ference compared to the control group. The calculated
tail moment value of the DNA of unpurified bioglycerol
(5%)-treated flies exhibited a highly significant difference
when compared to control group. These results proved
the efficiency of the purification method, as the geno-
toxicity of the bioglycerol was decreased with each

Table 4 Thickness of the inflamed area in hind paws of the
bioglycerol-treated group (mm) (n = 6)

Rat Time (h)
no.

Rat Time (h)
no.

1 2 3 4 1 2 3 4

The thickness of the inflamed area in hind paws (mm) The thickness of the inflamed area in hind paws (mm)
1 0.10 0.15 0.15 0.20 1 0.10 0.10 0.15 0.20
2 0.10 0.10 0.10 0.15 2 0.10 0.20 0.10 0.10
3 0.05 0.10 0.20 0.20 3 0.07 0.15 0.15 0.20
4 0.10 0.15 0.20 0.20 4 0.10 0.15 0.15 0.15
5 0.15 0.20 0.25 0.25 5 0.15 0.15 0.15 0.05
6 0.15 0.15 0.20 0.20 6 0.14 0.05 0.15 0.05
Mean 0.11 0.14 0.18 0.20 Mean 0.1 0.13 0.14 0.13
SD 0.04 0.04 0.05 0.03 SD 0.03 0.05 0.02 0.06
SE 0.02 0.02 0.02 0.01 SE 0.01 0.02 0.01 0.03
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Table 5 The mean of anti-inflammatory activity of the purified bioglycerol sample on carrageenan-induced rat hind paw

Treatment Time (h)

1 2 3 4

The mean thickness of the inflamed area in hind paws (mm)
Control 0.112 £ 0.02 0.142 + 0.02 0.182 + 0.02 0.202 + 0.01
Bioglycerol 5% 0.112 + 0.03 0.13° + 0.02 0.14° + 0.03 0.13° + 0.04
Inhibition % 0 7 22 35

The statistical analysis was done using one-way ANOVA to compare groups at the different time intervals. Data is expressed as mean values + standard error. In

each column, means with different letters are significantly different (p < 0.05).

purification step rendering the purified bioglycerol safe
to use.

Discussion

Standard physical and chemical tests

In a previous study, an FTIR analysis compared between
an unpurified bioglycerol, purified bioglycerol, and a
pharmaceutical grade glycerol to determine the presence

or absence of different functional groups. The results
showed the presence of peaks (1580 cm ‘and 1740 cm ™)
in the unpurified bioglycerol and the absence of those
peaks in both purified bioglycerol and pharmaceutical
grade glycerol [54]. The absorbance peak at 1580 cm™
indicates the presence of impurities containing carboxyl-
ate ions (COO-), and the peak at 1740 cm ! indicates
the presence of carbonyl group (C=0) of an ester or car-
boxylic acids [54].

Fig. 2 Photomicrograph of vertical sections in skin of all tested groups. a Normalappearance in both epidermis E and dermis D in control group.
b Notable increase in thickness of epidermis E in pharmaceutical glycerol (5%) group. ¢, d Ulcers (black arrow) and shrinkage in the epidermis
layer and degeneration of dermis (stars) was noticeable in the unpurified bioglycerol group (5%) (black stars). e Slight shrinkage and irregularity of
epidermal layer accompanied by normal appearance of dermis in partially purified bioglycerol group (5%) (after 1st zeolite's adsorption). f Notable
increase in thickness of epidermis and dermis of purified bioglycerol group (5%) (red arrow)
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Fig. 3 Comet assay images representing DNA damage in adult Drosophila whole body cells: a DNA damage in adult Drosophila whole body cells
of isogenic strain of Drosophila (w1118) exposed to sterile distilled water (control), b pharmaceutical glycerol (5%), ¢ unpurified bioglycerol (5%),
d partially purified bioglycerol (5%)(after 1st zeolite’s adsorption), and e purified bioglycerol (5%)

Acute oral toxicity test

Most of the orally administered glycerol (nearly 80%)
occurs in the liver as binding with free fatty acids to
form triglycerides (lipogenesis) that can be distributed
to adipose tissues [55]. Glycerol could also be incor-
porated into body fats, metabolized by glycerokinase
to water and carbon dioxide, or it is utilized in glu-
cose or glycogen synthesis, and approximately the rest

10-20% of the administered glycerol is utilized in the
kidney [55]. This might be the reason for absence of
statistically significant differences in the organs’
weight between rats of the control group treated with
distilled water and those of the bioglycerol treated
group. Glycerol in general is not toxic after ingestion,
but it becomes toxic at high doses which are usually
between 70 and 105 g [56].

Table 6 Quantitative estimation of the DNA damage by the comet assay, expressed as tail moment and tail length in whole body

cells of parental adult of an isogenic strain (w'''®) of Drosophila

Group Tailed % Untailed % Tails length pm  Tail DNA%  Tail moment
Distilled water (xontrol) 15 98.5 1.32 +0.12 148 1.95
Pharmaceutical glycerol (5%) 25 97.5 2.02 + 0.26 1.81 3.66
Unpurified glycerol (5%) 13 87 5.7 + 0.19* 409 23.31
Partially purified bioglycerol (after 1st zeolite’s adsorption) (5%) 4.8 952 3.63 £ 0.19 257 9.33

Purified bioglycerol (5%) 2.7 97.3 2.16 = 0.16 1.88 4.06

*Highly significant difference from the control group (P < 0.05)
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Anti-inflammatory effect and acute inflammation study

Zaman et al. [57] proved the ability of glycerol to reduce
blood flow velocity and vessel diameter of micro-
vasculature and decrease dermal blood flow and other in-
dicators of inflammation. In another study, 5% glycerol
was proved to have an anti-irritant and anti-inflammatory
effects; it stated in the same study that it was able to pre-
vent the inflammation related-increase in blood flow by
reducing the accumulation of neutrophil, granulocytes,
and lymphocytes and moderating the expression of in-
flammatory cytokines [58]. The anti-inflammatory effect
of the bioglycerol might be explained by the same mech-
anism suggested for the anti-inflammatory action of gly-
cerol in a previous study by the inhibition of cornerstone
mediators of inflammatory response, and this happens
when keratinocytes produced cytokines and chemokines
(e.g., IL-1q, IL-1B, TNF-qa, and IL-8) after the inflamma-
tion charge, the cytokines began activating other cell types
(e.g., dendritic, Langerhans, and endothelial cells) whose
cytokine release neutrophil granulocytes, macrophages,
lymphocytes, and mast cells [59]. Both cytokine proteins,
TNEF-a (tumor necrotic factor alfa) and IL-1p (Inrerleu-
kin-1 beta), are responsible for migration of dendritic and
Langerhans cells then activation of these cells respectively
[60]. Glycerol was able to decrease the m-RNA expression
of the inflammatory mediators IL-13 and TNF-a in order
to stop the progress of the irritant mechanism and pre-
vented the continuation of the acute inflammation [58].

Skin histopathological study

The hygroscopic properties of glycerol made it an indis-
pensable component in cosmetics industries especially
skin care products and dermatological preparations
which work effectively against aging and various derma-
tological disorders that are accompanied by dry skin
[30]. The epidermis was the most affected skin layer by
unpurified bioglycerol; epidermal ulcers were previously
attributed to segmental or more extensive loss of the
epidermal layers including the basement membrane
[61-64]. Exposure to the concentrated potassium hy-
droxide and methyl alcohol present as impurities in the
crude bioglycerol might be the main reason for the ap-
pearance of ulcers and some erosion blots. This could be
a good explanation for the thinning and the shrinkage
which happened to the treated epidermal layer. In the
partially purified bioglycerol group, the slight shrinkage
of epidermis in some spots and normal appearance in
others in addition to the unaffected dermal layer might
be attributed to the partially increased purity of the in-
complete purified bioglycerol. The improved appearance
of the skin layers compared to the unpurified glycerol
might also be explained by the beginning of pulling up
water from the deep skin layers towards the epidermal
layer resulting in hydration. The increase in the

(2020) 18:61
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epidermal and the dermal thickness observed in both
pharmaceutical glycerol (5%) and the purified bioglycerol
(5%) groups could be due to the great capability of the
glycerol in moisturizing the skin layers particularly the
epidermal layer by attracting and binding the water from
the deep epidermal layers and effectively hydrating the
skin [30]. It should be noted that the glycerol is one of
the most effective moisturizers that strongly hydrate the
SC [30]. It diffuses and highly accumulates in the entire
thickness of the SC [35, 65-67]. Glycerol was previously
reported to have the ability of causing intracellular ex-
pansion of the corneocytes and intercellular expansion
between corneocytes and is suggested to enhance skin
barrier properties to improve the water-holding capacity
of SC, an effect named “bulking” [65, 68].

Single-cell gel electrophoresis (comet assay)

In consistence with the results obtained in the present
study, pharmaceutical grade glycerol was proved in a
previous work to be non-genotoxic compound in mul-
tiple Ames tests using multiple strains of Salmonella
typhimurium at concentrations up to 50 mg/plate, cyto-
genetic assay, X-linked HGPRT, sister chromatid ex-
change assay, unscheduled DNA synthesis assay, and
chromosome aberration test at concentrations up to 1.0
mg/ml [69]. The deleterious effect of the unpurified bio-
glycerol on the DNA might be attributed to the presence
of some remnants of phosphoric acid and alcohol which
also explains why this effect was totally diminished after
the purification process.

Conclusions

Unpurified bioglycerol cannot be used directly in any of
the industries that involve human or animal consumed
products. The present study proved that the unpurified
bioglycerol has a significant destructive effect on skin
tissue and genotoxic effect on DNA. On the other hand,
zeolite-purified bioglycerol had shown almost similar
characteristics to pharmaceutical grade glycerol with fair
anti-inflammatory effect. The skin destructive and geno-
toxic effects of the unpurified bioglycerol were greatly
diminished by zeolite purification process. It can be
safely concluded that zeolite-purified bioglycerol is suit-
able for use in products consumed by human or
animals.
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