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Panax notoginseng saponins (PNS) extracted from the root of Panax notoginseng (Burk.) F. H. Chen are the
main biologically active substances. However, PNS have low permeability and degradation in the acid gastric
environment, leading to their limited bioavailability. This study aimed to determine the acute toxicity of PNS in
zebrafish larvae and prepare enteric-coated pellets of PNS to enhance their permeability and stability. The survival
proportion, the morphological abnormalities, and the heartbeat of zebrafish embryos were performed at treated
doses of PNS ranging from 0.01 to 50 g/ml. Administration of PNS at doses greater than 10 g/ml may result
significantly in morphological alterations such as pericardial edema and curved tail. The core pellets containing
PNS, polyethylene glycols, and absorption enhancers were fabricated by the dripping method. Then, the dripping
pellets were coated using Eudragit L100 as an enteric coating polymer. The characterizations of core pellets and
enteric-coated pellets were evaluated. The produced dripping pellets showed advantageous features, such as ease of
preparation, excellent uniformity, notable friability, high dissolution rate, and good stability. In addition, absorption
enhancers were successfully incorporated into the core pellets to improve the permeability of PNS. Differential
scanning calorimetry, X-ray powder diffraction, and Fourier-transform infrared spectroscopy profiles revealed that
the drug was maintained in an amorphous state and did not interact with the excipients during the pellet preparation
process. Histological evaluation showed that dripping pellets caused a minor effect on the surface of the jejunal
mucosa. The enteric-coated pellets displayed smooth surface morphology, desirable sphericity, good flowability,
uniform content, and stability in an acidic pH 1.2 environment and rapid drug release in a pH 6.8 buffer solution.
Based on the findings, the enteric-coated pellets may improve the absorption and stability of PNS.

INTRODUCTION

Zebrafish (Danio rerio) has emerged as a widely used

toxicity test is becoming increasingly popular since it provides
a clearly defined developmental period for vertebrate embryos

animal model in recent years to discover and develop drugs
for various disorders and is used as a high-throughput drug
screening system [1]. Zebrafish have been demonstrated to have
morphological and physiological similarities in the nervous,
cardiovascular, and digestive systems as well as genomic
phylogeny compared to humans [2]. The zebrafish embryo
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and enables the study of early developmental stages [3]. The
zebrafish model can be extremely valuable for intermediate
toxicity testing due to its cost-effectiveness, speed, and ease
of use. The benefits of the zebrafish model are the reason for
the popularity of using this model as an alternative to some
vertebrate animal toxicity testing models [4].

Panax notoginseng (PNG) (Burk.) F. H. Chen is a
highly valued herb of the Araliaceae family, which has been
used in traditional Chinese medicine for more than 400 years
[5]. Panax notoginseng saponins (PNS) play a crucial role in the
important pharmacological effects of PNG. Numerous studies
have demonstrated that PNS possess significant biological
activities, including anti-cerebrovascular ischemic properties,
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anti-arrhythmic effects, vasodilatory effects, improvement
of blood rheology and microcirculation, inhibition of platelet
aggregation, and anti-thrombotic effects [6].

However, it is still concerned about the toxicity of
saponin such as hemolytic toxicity. It is reported that many
saponins maintain harmful hemolytic toxicity that causes the
lysis of erythrocytes [7]. The harmful effects of saponins might
be the reason for the research on the toxicity test of saponins
which has been done [8,9]. To reduce the harmful effects of
saponins and identify the dose of saponins for animals and
humans, the acute toxicity test of PNS using a zebrafish
model has been designed and then evaluated for the safety of
phytochemical compounds.

The five main saponins in PNG are notoginsenoside R,
(7% 10%), ginsenoside Rb1 (30% 36%), Rgl (20% 40%), Rd
(5% 8.4%), and Re (3.9% 6%). Among them, ginsenoside Rb1,
ginsenoside Rg1, and notoginsenoside R1 have been selected as
the standard compounds to evaluate the quality of PNG [10].
PNS have high aqueous solubility but low permeability, so
PNS belong to class Il in the biopharmaceutics classification
system [11 13]. Moreover, PNS are unstable in the pH acidic
environment [6,14]. At a 1.2 pH, PNS underwent a degradation
rate of approximately 50% after 1 hour for notoginsenoside
R1 and ginsenoside Rg1, and after 4 hours for ginsenoside Re,
ginsenoside Rb1, and ginsenoside Rd [15]. These factors lead to
the poor oral bioavailability of PNS.

To enhance the oral bioavailability of PNS, recent
studies have been performed such as enteric coating pellet
[14,16], enteric microcapsule [17], bio-adhesive pellet [18],
micro-porous osmotic pump tablet [19], osmotic pump capsule
[20,21], controlled-release tablet [22], and bio-adhesive tablet
[23]. Among various solid dosage forms, pellets offer several
benefits, including reduced irritation of the gastrointestinal
tract, decreased risk of side effects, improved dosage form
integrity, and simplified coating [24]. The freeze pelletization
technique is a simple approach for preparing matrix pellets.
In the dripping method, drugs are dissolved or dispersed
in the molten mixture containing carriers such as polymers
producing droplets that are rapidly cooled to form spherical
pellets [25]. This method offers several advantages including
simplicity, ease of preparation, great dissolution rate, high
bioavailability, high stability, solvent-free pharmaceutical
manufacturing processes, and uniform dosage in each pellet
[26].

To quickly release PNS, we prepared core pellets using
polyethylene glycols (PEGS) as carriers by the dripping method.
Absorption enhancers were added to the pellet formulation to
enhance the drug s permeability. Then, enteric-coated pellets
were developed to minimize drug degradation in the stomach.

MATERIALS AND METHODS

Materials

PNS extract containing 6.34% of notoginsenoside
R1, 31.29% of ginsenoside Rgl, 3.21% of ginsenoside Re,
31.17% of ginsenoside Rb1, and 8.45% of ginsenoside Rd
were extracted from the radix of PNG in the laboratory. PEG
4,000 and 6,000 were purchased from TNJ Chemical Industry

Co., Ltd. (China). Sodium lauryl sulfate (SLS) was bought
from Emery Oleochemicals Marketing Sdn Bhd (Malaysia).
-cyclodextrin ( -CD) was purchased from Roquette company
(France). Hydroxypropyl methylcellulose (HPMC) E6 was
provided by Handong Head Co., Ltd. (China). Triethyl citrate
(TEC) was purchased from Shanghai Macklin Biochemical
Co., Ltd. (China). Eudragit L100 was purchased from Riyuexin
Chemical Industrial Co., Ltd. (China). Talc was supplied by
Hua Mei Industrial Co., Ltd (China). Titanium dioxide (TiO,)
and ethanol were purchased from Xilong Scientific Co., Ltd
(China). High performance liquid chromatography (HPLC)-
grade acetonitrile and methanol were obtained from Merck
(Germany). Purified water was obtained using a GenPure UV-
TOC system (Thermo Scientific, Germany). Other substances
meet pharmaceutical standards.

Zebrafish

Fish maintenance

Wild-type zebrafish (Danio rerio) were provided by
a local vendor specializing in ornamental fish. The care and
maintenance of the zebrafish were carried out in accordance
with internationally recognized guidelines [27]. The zebrafish
were raised in a recirculating tank system with water quality
control by changing water, remaining food, and removing feces
daily. The temperature and pH of the living environment were
maintained at 27 C — 1 C and 7.0 C — 0.1 C, respectively.
Lighting conditions were regulated through the use of electric
lamps set to a constant 14-hour light/10-hour dark cycle.

Breeding conditions and egg production

The zebrafish aged 3 months were selected for
natural breeding. A pair of male fish and female fish were
placed in a spawning tank and separated by a glass partition
in the late afternoon, to be left overnight. The following day,
the partition was removed and the fish were allowed to mate,
spawn, fertilize, and produce eggs. Embryos were thoroughly
washed, collected, and transferred to a petri dish containing 10
ml of a nurturing solution for fish (E3 media) (NaCl, 13.7 mM;
KCI, 0.54 mM; MgSO,, 1.0 mM; CaCl,, 1.3 mM; Na,HPO,,
0.025 mM; KH,PO,, 0.044 mM; and NaHCO,, 4.2 mM).
The nurturing condition was renewed daily and placed in an
incubator at approximately 28.5 C — 0.5 C until used [28].
The age of the fish eggs was hours post-fertilization (hpf). In
addition, unfertilized or abnormally developed embryos or
larvae were removed.

Acute toxicity of PNS using zebrafish model

10 embryos were distributed into each Petri dish.
PNS was dissolved in E3 media to obtain corresponding
concentrations of 0.01, 0.05, 0.1, 0.5, 1, 5, 10, and 50 g/ml.
Then, the embryos were exposed to each 10 ml of PNS sample
on a petri dish and the control group was replaced with E3 media.
The experimental samples were investigated under a light
stereo microscope (LEIKA, Germany). Survival embryonic rate
was recorded at 24, 48, 72, 96, and 120 hpf [29]. In addition,
the morphological abnormalities and the heartbeat of zebrafish
were observed at 120 hpf. The 50% lethal concentration (LC,)
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value of PNS was calculated using GraphPad Prism 9 software.
The experiment was repeated three times.

HPLC analysis

The concentration of notoginsenoside R1, ginsenoside
Rg1, ginsenoside Re, ginsenoside Rb1, and ginsenoside Rd in
the samples was determined by HPLC method according to the
Chinese Pharmacopoeia 2015. HPLC Agilent 1,260 Infinity
system was connected with DAD Detector G1315D. An Agilent
Cl18column (4.6 250 mm;5 m)was used. The mobile phase
consisted of a mixture of acetonitrile (A) and purified water (B)
in various proportions, with a gradient elution program: 0 20
minutes (20% A), 20 45 minutes (25% 46% A), 45 55 minutes
(46% 55% A), and 55 60 minutes (55% A). A UV detector was
set up at 203 nm. The column temperature was maintained at
25 C - 0.1 C. The flow rate was set at 1.5 ml/minute and the
injection volume was 20 .

Preparation of enteric-coated pellets of PNS

Core pellets

PEGs are commonly employed in industrial
manufacturing processes due to hydrophilicity and low melting
point [30,31]. Therefore, PEGs were chosen as carriers. PEG
4000 and PEG 6000 with various ratios were selected as carriers
in the pellet formulations. SLS and -CD were used as absorption
enhancers. The composition of formulations P1, P2, P3, P4,
P5, P6, P7, and P8 was provided in Table 1. Core pellets were
prepared by the dropping method. First, -CD and SLS were
finely ground in a porcelain mortar and sieved through a 125

m mesh sieve. PEGs were melted in a beaker at 80 C using
a hot water bath, and then, PNS, -CD, and SLS (if used) were
dispersed in the melt. Finally, the mixture was stirred with a glass
rod for 5 minutes until it became homogeneous. Using a self-
made device (Fig. 1), the liquid mixture was poured into a metal
tube connected to a needle with a 1 mm diameter. The molten
matrix was maintained at a stable temperature by being immersed
in a hot water bath with a thermostat and dropped into cold liquid
paraffin to form pellets. The dripping and cooling temperatures
were checked every 5 minutes. The prepared pellets were dried
with soft paper and stored in a desiccator at room temperature.

Barrier layer

The barrier layer plays a role in protecting the active
ingredients from direct contact with the enteric layer [32]. The
formulation of the barrier layer is shown in Table 2. HPMC
E6 and PEG 6000 were dissolved in approximately 150 ml of
purified water in a beaker equipped with a magnetic stirrer to

Table 1. The composition of pellets using various carriers.

obtain a polymeric solution. Talc and TiO, were finely ground
and passed through a 125 m mesh sieve, then mixed well to
form a powder mixture and dispersed in the polymeric solution.
Purified water was added to an adequate volume of 200 ml. The
technological parameters of the barrier coating process were
presented in Table 3 using a mini coater drier (MCD-2, Caleva,
England). The core pellets were coated to achieve a weight gain
of 5% wi/w.

Enteric-coated layer

The formulation of the enteric-coated layer is shown in
Table 2. Initially, Eudragit L100 was dissolved in approximately
150 ml of 70% ethanol in a beaker. Then, TEC was added and
stirred to obtain a polymeric solution. After that, micronized
Talc and TiO, were dispersed into this polymeric solution to
form a homogeneous suspension. Finally, 70% ethanol was
added to make a total volume of 200 ml. The technological
parameters used for the enteric coating process are shown in
Table 3 using a mini coater drier (MCD-2, Caleva, England).
The enteric-coated pellets were coated to achieve a weight gain
of 25% w/w compared to the barrier-coated pellets.

Evaluation of pellets
Core pellets

Roundness and average diameter

Ten pellets were randomly selected and their diameters
were measured using a micrometer caliper with a minimum
division of 0.01 mm. The average diameter and relative standard
deviation (RSD) were then calculated. In addition, the ratio of
the longest diameter and the shortest diameter of the pellets was
also determined.

Drug content

Approximately 300 mg of ground uncoated pellet
sample was accurately weighed in a 50 ml volumetric flask.
After adding 40 ml of 70% methanol, the mixture was sonicated
for 30 minutes. The volume was then adjusted to 50 ml with

Ingredients (g) P1 P2 P3 P4 P5 P6 P7 P8

PNS 44 44 44 44 44 44 44 44
PEG 4000 - 25 40 50 60 75 100 75
PEG 6000 00 75 60 50 40 25 - 25
-CD - - - - - - 022
SLS - - - - - 0088

®

@ Water bath

@ Metal tube

(® Electric heating element

(@ Molten matrix

(® Neddle with 0.1mm diameter
(® Cold paraffin liquid

@ Cooling system

Figure 1. The design of using a self-made device.
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Table 2. Formulations of the barrier layer and enteric-coated layer.

Barrier layer Enteric layer

Ingredients Amount (g) Ingredients Amount (g)
HPMC E6 10 Eudragit L100 15
PEG 6000 2 TEC 45
Talc 1 Talc 5.6
Tio, 35 TiO, 1.87
Purified water g.s 200 mi Ethanol 70% g.s 200 ml
Core pellets 20 Barrier coated pellets 20

q.s: a sufficient quantity.

Table 3. Process parameters of barrier coating pellets and enteric-
coating pellets.

Process parameters Barrier coating Enteric coating

Agitation rate (Hz) 10 10
Air flow rate (m/s) 6 6

Inlet air temperature ( C) 45 40
Spray rate (ml/hour) 30 35
Spray air pressure (bar) 1 15

70% methanol and the obtained solution was filtered through
a 0.2 m filter membrane. The content of notoginsenoside
R1, ginsenoside Rgl, ginsenoside Rbl, ginsenoside Rd, and
ginsenoside Re was determined using the HPLC method. Then,
the content of the PNS was calculated.

Weight variation

Twenty core pellets were accurately weighed, and
then the average weight was determined.

Friability

Approximately 3 g of pellets were accurately weighed
and placed into a TAR 120 Erweka (Germany) friability test
apparatus. The process was carried out for 100 cycles at 25 —
1 rpm. The pellets were then withdrawn and re-weighed. The
friability was determined as the percentage of weight loss
compared to the initial weight of the pellet [33].

In vitro dissolution testing

In vitro dissolution studies were conducted using
Dissolution Apparatus 708 DS (Agilent) with a USP 44 type-
I paddle apparatus. Pellets equivalent to 60 mg of PNS were
placed in 900 ml of pH 6.8 phosphate buffer solution and stirred
at 100 rpm. The temperature of the dissolution medium was
maintained at 37 C—0.5 C. After 5, 10, 15, 30, and 45 minutes,
the samples were withdrawn and filtered through filter paper,
and the same volume of the medium was added. 10 ml samples
of the dissolved solution were transferred to a glass test tube
and evaporated to dryness at 60 C under vacuum. The dried
sample was dissolved in 1 ml of 70% methanol, shaken for 2
minutes to ensure complete dissolution, filtered through a 0.2

m filter membrane, and subjected to the HPLC system. The
drug release was measured using the following formula:

Drug release rate (%) = (weight of dissolved PNS/
weight of theoretical PNS)  100.

The weight of PNS was calculated based on the
total weight of five saponins including notoginsenoside R1,
ginsenoside Rgl, ginsenoside Re, ginsenoside Rbl, and
ginsenoside Rd.

Powder X-ray diffraction

The X-ray diffraction patterns of pure PNS, excipient
samples, physical mixture, and core pellet were examined using
a high-resolution X-ray diffractometer (D8 Advance, Bruker,
Germany). The range of diffraction angles (2 ) scanned for the
sample was from 2 to 60 .

Differential scanning calorimetry (DSC) thermal analysis

The thermal properties of PNS, excipients, physical
mixture, and core pellet were assessed using a PT1000 LINSEIS
DSC apparatus (Germany). Samples weighing approximately
5 10 mg were accurately weighed onto an aluminum cup and
subjected to heating from 40 C to 250 C at a rate of 10 C/
minute under argon gas flow at 40 ml/minute.

Fourier-transform infrared spectroscopy (FTIR) spectrum

An Agilent Cary 630 FT-IR spectrophotometer
(USA) was employed to perform FTIR spectroscopy on
PNS, excipients, physical mixture, and core pellet samples. A
quantity of 10 20 mg of the sample was deposited directly onto
a diamond surface. The spectrum was obtained using an FTIR
infrared spectrophotometer with a resolution of 0.4 cm ! and a
wavelength range of 4,000 600 cm 1.

Histological evaluation

Pigs were slaughtered at a local abattoir. Tissue
samples of jejunum were excised immediately after slaughter,
then cleaned with ice-cold KBR (120 mM NaCl, 5.5 mM KCl,
2.5 mM CaCl,, 1.2 mM MgCl,, 1.2 mM NaH,PO,, 20 mM
NaHCO,, and 11 mM glucose; pH 7.4). 3 3 cm pieces were
collected and exposed to the PNS solution and the dissolved
pellet solution in a pH 7.4 phosphate buffer with a corresponding
PNS concentration of 100 g/ml for 2 hours. These samples
were subjected to dehydration using a 10% buffered
formaldehyde solution. The dehydrated specimens were then
embedded in paraffin wax and stained with hematoxylin and
eosin. Slides were imaged under a light microscope (MT5300L
Meiji, Japan). Microphotographs were acquired using a digital
camera equipped with software (Meiji Techno HD1500MET
Color HD).

Enteric-coated pellets

SEM analysis

The morphology of coated pellets was observed
using the FE-SEM S-4800 scanning electron microscope
(Hitachi, Japan) at an acceleration voltage of 10 kV. The
samples were affixed onto an aluminum stub using double-
sided adhesive tape and subjected to gold coating under
vacuum conditions.
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Bulk density and tapped density

An accurate amount of pellets (M) was placed in a
measuring cylinder and the bulk volume (V) was recorded.
The cylinder was then tapped for 5 minutes to obtain the tapped
volume (V,). The bulk density (D,) and tapped density (D,) were
calculated using the following formulas: D, = M /V, D, = M/
V.. Carr s index (CI) was determined as below: CI =100 (D,-
D,)/D, (%).

Flowability

The flowability of pellets was measured using a GTL
Erweka (Germany) flowability tester with a funnel diameter
of 10 mm. The flow rate was calculated using the following
formula: V = m/t, where V is the flow rate of the pellets (g/s), m
is the weight of the pellets (g), and t is the flow time (s).

Drug content

An appropriate amount of enteric-coating pellets
was pulverized and dissolved in 70% methanol. The samples
were filtered through a 0.2 m filter membrane. The resulting
supernatant was subjected to HPLC analysis under the described
conditions.

In vitro dissolution testing

In vitro drug release studies were performed according
to the dissolution criteria of delayed-released dosage forms
(Method A) in USP 44. Pellet samples equivalent to 60 mg of
PNS were placed in 750 ml of 0.1 N hydrochloric acid medium.
The dissolution medium was maintained at a temperature of
37 C — 0.5 C with a stirring rate of 100 rpm. After 15 and
120 minutes, the amount of drug released in the acid medium
was calculated. Then, 250 ml of 0.2 mol/I trisodium phosphate
buffer solution was added to the mixture and dissolution was
continued for an additional 45 minutes. After 5, 10, 15, 30,
and 45 minutes, the samples were treated and quantified by the
HPLC method as described in the previous section.

RESULTS AND DISCUSSION

Acute toxicity of PNS in zebrafish

Survival and abnormal rates of embryos

As shown in Figure 2A, the survival embryonic rate
and abnormal embryonic rate of zebrafish larvae depended on
the concentration of PNS with increasing toxicity observed
at high concentrations. After 48 hpf of exposure, the survival
embryos significantly decreased compared to 24 hpf. At 96
hpf, the percentages of survival eggs at PNS concentrations
of 5, 10, and 50 g/ml were less than 50% compared to the
control sample. The survival rates of zebrafish embryos
treated with 10 and 50 g/ml of PNS declined to zero at
120 hpf (Fig. 2B). Based on the survival rate, the LC, value
of PNS was calculated to be 0.9671 g/ml. Moreover, at
this time, the percentage of embryonic abnormality treated
with 10 and 50 g/ml of PNS also reached a peak of 100%,
which increased significantly compared to the control group
(p < 0.001) (Fig. 2C). Morphological defects of embryos

including pericardial edema and curved tail could be seen
in Figure 3.

Heartbeat of zebrafish embryos

Figure 2D showed the heartbeat of zebrafish at 120 hpf
with various levels. The normal heartbeat range for zebrafish
embryos is between 120 and 180 beats per minute (bpm) [34].
There was no statistically significant difference in heart rate
between the treatment groups receiving PNS concentrations
ranging from 0.01 to 1 g/ml and the control group. However,
it could be observed that embryos treated with 10 g/ml of PNS
died at 120 hpf due to no heartbeat.

In summary, the results showed that exposure
of zebrafish embryos to oral administration of PNS at
concentrations higher than 1 g/ml may induce acute toxicity
with morphological changes such as pericardial edema and
curved tail. This finding is consistent with a previous study.
Wang et al. [35] indicated that following 21 days of daily oral
administration, decocted extract of PNG at levels of 0.5, 1.5,
and 5.0 g/ml was found to decrease the body weight, body
length, and vertebral count of zebrafish embryos, indicating the
presence of developmental toxicity. The toxicity mechanism
of high-dose PNS could be associated with the dysregulation
of lipid metabolism, amino acid metabolism, and energy
metabolism [36]. However, Xiong et al. [37] revealed that there
was no observed toxicity on the survival of zebrafish larvae
in the treated groups with raw PNG powder at 50 g/ml; raw
PNG extract at 50 g/ml; steamed PNG powder at 50 g/ml;
and steamed PNG extract at 50 g/ml. In this research, the
investigation of the toxicity of PNS was necessary. Based on
the result of the developmental toxicity, it can be identified the
dose of PNS for the next research using the zebrafish as a study
model. In this research, we also prepared the pellets containing
PNS to enhance the absorption and permeability of PNS.
Thus, we can use the safe dose to determine the activity of the
phytochemical compound and compare it to new formulations.
In addition, these findings revealed that it could be careful when
administering different types of dosage forms containing PNS
for children [35].

Preparation of pellets by the dripping method

The fabrication of pellets containing PNS could be
influenced by various factors: the ratio of excipients, melting
point temperature, cold fluid temperature, the distance of
dripping, and the height of cold fluid. The roundness (the
ratio of the largest diameter and the smallest diameter
of the pellets) was used as an indicator to evaluate pellet
preparation.

The effect of ingredients on the preparation of pellets

The ratio of PEGs

The effect of various amounts of PEGs on the
roundness of pellets was shown in Figure 4A. The result
showed that pellet shape in all formulations except for P4 could
be considered round with roundness values ranging from 1.1
to 1.2 and RSD ranging from 1.2 to 3.0. P6 formulation (PEG
4000/PEG 6000: 3/1, w/w) was chosen for further studies.
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Figure 2. The effect of PNS various levels on (A B) survival embryonic rate, (C) Abnormal embryonic rate, and (D) Embryonic heart rate. The data were shown
as means — SD (n = 3); ns: not significant, *** p < 0.001 compared with the control group, one-way ANOVA, and Tukey post-hoc analysis.

Absorption enhancers

Cyclodextrins are effective in enhancing the
bioavailability of numerous drugs [38], including ginsenosides
extracted from Panax ginseng [39,40]. SLS is an anionic
surfactant that enhances drug permeation across the membrane
by solubilizing the intestinal mucosa, thereby releasing the
proteins and phospholipids of the mucosal layer [41]. Therefore,
from our preliminary experimental research (data not shown),

-CD and SLS were used in a corresponding ratio of 5% and
2% (w/w) relative to PNS to improve the permeability of PNS.
The addition of absorption enhancers was found to not affect
the shape of the pellets. Therefore, the best formulation of
pellets was selected as follows: PNS, 4.4 g; PEG 4000, 7.5 g;
PEG 6000, 2.5¢g; -CD, 0.22; and SLS, 0.088 g.

The effect of parameters on the preparation of pellets

Melting point temperature

Figure 4B displayed the influence of melting liquid
temperature on the formation of pellets. The results indicated
that a higher temperature may lead to a rounder shape with a
roundness value closer to one. However, to stabilize the drug,
the optimal temperature was determined to be 80 C.

Cold fluid temperature

As shown in Figure 4C, at temperatures below 0 C, the
pellets were spherical and uniform. However, at temperatures
above 0 C, elongated droplets were formed, which resulted
in non-spherical pellets. In particular, as the temperature
increased, the pellets tended to elongate droplets at the bottom
of the container. The appropriate condensate temperature of
paraffin liquid was from 5 Cto 0 C.

The distance of dripping

The effect of the distance of dripping on forming
pellets was presented in Figure 4D. When the distance was
too short, the droplets were prone to floating and condensing
on the surface of the paraffin due to the surface tension, which
deformed the pellets. When the distance was too long, owing to
the gravity of the droplets, a part of the droplets was broken into
small particles. They contacted the surface of the paraffin liquid,
affecting the mass and efficiency of pellet formation. A dripping
distance of 13 cm was selected for further research studies.

The height of cold fluid

Figure 4E showed that at a height of 20 cm in the
cold column, the pellet particles are deformed. However, at
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heights above 20 cm from 25 to 40 cm, the pellet particles have
a spherical shape, even surface and smooth texture. In fact, as
the height of the paraffin column increased, the pellet particles
became more uniformly spherical. In addition, the longer the
moving time of the pellets inside the column, the more perfectly
round their shape becomes. A height of 35 cm for the cooled
paraffin column was suitable for this study.

In conclusion, the optimal parameters for preparing
pellets were chosen as follows: melting point temperature:
80 C; cold fluid temperature: 5 C 0 C; the distance of
dripping: 13 cm; and the height of cold fluid: 35 cm.

Characterization of pellets
Dripping pellets

Average diameter, drug content, weight variation, friability, and in
vitro dissolution study

The prepared pellets displayed a mean weight of
32.1 — 0.6 mg with low weight variation and a mean particle
diameter of 3.60 — 0.05 mm (Table 4, Fig. 5A). The drug content
in the dripping pellets was 29.86% — 0.58% (w/w) equivalent
to 9.59 — 0.19 mg of PNS in each dripping pellet, the HPLC
chromatograms of PNS was shown in Figure 5B. Friability
is a crucial criterion for pellets that are used for coating. The
friability of pellets was less than 1%, which indicated that
pellets may be considered acceptable for the coating process
according to USP 44. It could be seen that the drug was released
rapidly due to the presence of PEGs in the formulation [42,43].
More than 90% of the drug was dissolved after 15 minutes of
dissolution testing (Fig. 6D), which revealed that pellets could
be released quickly in a pH 6.8 buffer solution.

X-ray powder diffraction (XRPD) analysis

The XRPD patterns of PNS, excipients, physical
mixture, and dripping pellets were presented in Figure 6A. The
XRPD data of PNS showed no shape peak, suggesting that PNS
may exist as an amorphous form [44,45]. The XRPD pattern of
SLS had characteristic diffraction peaks intensely at 2.2, 4.3,
and 6.6 [46]. PEGs had diffraction peaks at 19.1 and 23.2,

Table 4. The characteristics of dripping pellets: average diameter,
drug content, weight variation and friability (n = 3).

Average diameter Drug content (mg/ . Friability
(mm) pellet) Weight (mg) o)
3.60 —0.05 9.59 -0.19 321-06 0.17-0.01

Figure 3. Morphological defects of embryos at 120 hpf.

which was consistent with previous studies [47,48]. Meanwhile,
the X-ray diffraction (XRD) spectra of the physical mixture
and dripping pellet had diffraction peaks that were similar to
those of PEGs due to the high proportion of PEGs in the pellet
formulation (nearly 70%) and no strange diffraction peak was
observed. This may demonstrate that the drug still existed in an
amorphous state after the pellet manufacturing stages.

DSC analysis

The DSC thermogram of PNS exhibited an endothermic
peak at 210 C (Fig. 6B), which might be the melting point of the
PNS [49]. PEG 4000 and PEG 6000 showed sharp respective
endothermic peaks at 64 C and 65 C, which corresponded to
their respective melting points [50,51]. The melting peak of

-CD was 102 C [52]. The dripping pellet and the physical
mixture showed similar endothermic peaks at 64 C, which
corresponded to the presence of PEGs in the formulation. In
addition, the peak area of the pellet samples (corresponding to
a heat of fusion value of 161.79 J/g) was found to be similar
to that of the physical mixture (corresponding to a heat of
fusion value of 163.11 J/g), which suggested that the drug still
remained in an amorphous form and dispersed uniformly in the
carrier mixture.

FTIR spectroscopy

FTIR spectroscopy of samples was shown in Figure
6C. The FTIR spectrum of PNS is characterized by bands at
3,228 cm ! (O-H bonds), 2,929 cm ! (C-H bonds), and 1,252
cm 1, 1,088 cm ¢, and 1,047 cm- * (C-O bonds) [15]. The FT-IR
spectra of PEGs are characterized by strong vibration bands at
2,881 cm1?, 1,465 cm? 1,341 cm?, 1,278 cm %, 1,238 cm 1,
958 cm %, and 842 cm ! (C-H bond) and 1,100 cm ! (C-O-C
bond) [47,53]. These peaks were found on the spectra of the
physical mixture and dripping pellet. In addition, no peak shift
was found in the pellet formulation. From the results of X-ray
analysis, DSC analysis and FTIR spectroscopy, it could be
concluded that the drug remained in an amorphous state and
there was no interaction between the drug and excipients in the
preparation of pellets.

Histology

As shown in Figure 7A, the epithelial tissue cells
in the control group revealed normal morphological features
with no observed instances of exfoliation or loss of membrane
continuity. The jejunum after exposure to PNS maintained a
homogeneous distribution of villi cells (Fig. 7B). This finding
could demonstrate that the oral administration of PNS is safe
owing to no mucosal irritation. The use of permeation enhancers
in the pellet formulation could result in mild disruption of
the mucosal layer (Fig. 7C). However, the submucosal layer
remained intact and the pouches of mucus-secreting cells were
distributed along the villi. These results may also be attributed
to SLS, which altered the surface of the small intestine mucosa,
thereby improving the permeability of PNS. These findings are
consistent with a prior study by Twarog et al. [54] in which
the authors demonstrated that the use of permeation enhancers
including sodium salcaprozate and sodium caprate, resulted in
minor damage to the colonic tissue. However, this disruption
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Figure 7. Histopathological observation of jejunum of pigs. (A) Control group,
(B) Exposure to PNS, and (C) Exposure to dripping pellet.

and damage may be fully restored. Berg et al. [55] observed
erosion of villus epithelial cells after a 10 60 minute exposure
to 300 mM sodium caprate. After 120 minutes, the intestinal
cell layer exhibited recovery with tissue covering the villi under
the mucosa. In this study, the use of permeation enhancers had
a minor impact on the surface of the small intestine mucosa.

Enteric-coated pellets

Appearance

The appearance of enteric-coated pellets is shown in
Figure 8C. Prepared pellets were spherical and uniform.

SEM analysis

The cross-sectional view and surface of the pellets
are shown in Figure 8A and B, respectively. Enteric-coated
pellets were spherical with a smooth surface. The structure of
the dripping pellet exhibited a high degree of compactness. The
homogeneously enteric coating layer was applied uniformly
onto the core pellet.

Bulk density and tapped density

The bulk density, tapped density, and ClI of prepared
pellets were 0.64 g.cm %, 0.70 g.cm !, and 8.57%, respectively.
The prepared pellets had good flowability due to a low CI of
less than 10% [56].

Flowability

The flowability characterization of pellets was good at
a flow rate of 31.1 g.s . Pellets were used as an intermediate
product, subsequently compressed into tablets or formulated into
capsules. The results of flow rate and ClI indicated that pellets
exhibited excellent flowability, which facilitates the filling of
pellets into hard capsules or their compression into tablets [14].
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Figure 8. The SEM images of (A) the cross section and (B) the surface, (C) The
appearance and (D) The drug release of the enteric-coated pellets.

Drug content

The content of PNS in prepared pellets was 22.71%
— 0.76% (w/w) equivalent to 9.57 — 0.21 mg of PNS in each
enteric-coated pellet.

In vitro dissolution testing

As shown in Figure 8D, less than 10% of the drug
(4.1% — 0.9%) was released within 2 hours in the 0.1 N
hydrochloric acid medium, suggesting that the drug could
not be leaked in the acid stage. Meanwhile, more than 80%
of the drug (92.1% — 0.5%) was released within 45 minutes
in the medium of phosphate buffer pH 6.8. These results
revealed that prepared pellets meet the USP 44 dissolution
test for delayed-release dosage forms. Eudragit L100
is a frequently employed polymer in the coating layer of
modified-release drug formulations to impede drug release
in the stomach [57]. The weight gain of enteric polymers
ranged from 15% to 30% [58]. In this study, 25% of the
polymer weight gain was needed to control drug release in
a 0.1 N hydrochloric acid medium after a 2-hour period.
Furthermore, the drug also was released quickly in a pH
6.0 phosphate buffer. These findings are consistent with
previous studies [59,60].

CONCLUSION

The obtained results showed that the acute
toxicity of PNS in zebrafish larvae indicated a potential
risk associated with the clinical use of these substances
in children. The dripping pellets had the characteristics of
easy preparation, good uniformity, great friability, high
dissolution rate, and high stability. Absorption enhancers
were loaded successfully into the core pellets to enhance
the permeability of PNS and caused a small impact on the
surface of the jejunal mucosa via histological observation.
In addition, the enteric-coated pellets exhibited a smooth
surface, good sphericity, flowability, content uniformity,
stability in a pH 1.2 acidic medium, and quick drug release
in a pH 6.8 buffer solution.
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