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ABSTRACT

The goal of this study is to improve the oral bioavailability of Clindipine (CLD) by converting it into a nano-micellar (NM) dosage form,
which will improve its dissolving rate. Nanocarriers such as Soluplus (SLP), D-a-tocopherol polyethylene glycol 1000 succinate (TPGS),
Poloxamer (POL 188), and Tween-80 were used to prepare CLD as nano-micellar dispersion (CLD-NM) with one polymer in 1:2, 1:4,
1:6, and 1:8 ratios or with a polymer combination in 1:4:1 and 1:4:2 ratios using the thin film hydration method. Thirteen formulas
were produced and principally tested for their physical stability. They were then tested for particle size (P size), polydispersity (PDI),
entrapment efficiency (EE%), and drug loading (DL%), followed by in vitro and ex vivo tests. Only the selected formula was studied in
terms of morphology and compatibility. The drug-loaded nano-micelles of the selected formula coded (F12) were analyzed and
determined to be: micelle size (43.7610.3 nm), PDI (0.2899£0.02), EE% (99.99%0.2%), and DL% (16.710.1%). An in vitro release
research was carried out, and the results revealed that the chosen formula CLD released the entire amount of medication in 45 minutes,
as opposed to just 19% for the pure drug. Ex vivo experiments revealed that F12 increased flow by approximately 4.2 times as compared
to CLD suspensions.
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Introduction structure of micelles prevents the penetration and presence of

water in its inner core. This key feature of micelles creates a

suitable environment for the encapsulated drug in comparison
In order to increase the solubility and improve the stability and P & P
. with the free drug [5]. Some advantages presented by micelles as

oral biological availability of poorly water-soluble compounds,
] drug carriers include easy development, affordable costs,

several strategies have been suggested. One is using nano-
) S ) facilitated transport of cargo across biological barriers, improved

micelles that have emerged as efficient tools for the encapsulation
] N solubility in aqueous media including the unstirred water layer of

of drugs with low aqueous solubility [1-4]. The core—shell
the intestine, a controlled release profile, and protection against

Access this article online ‘ degradation [6]. The bioavailability of class II drugs and the

desired clinical efficacy. Increased apparent solubility in water
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was achieved through the formulation of nano-micelles using

large molecular weight molecules that self-assembled into

vesicle-like structures with an outer hydrophilic shell and an
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inner lipophilic core [7, 8]. Cilnidipine is a BCS Class-II substance

an extremely low oral bioavailability in humans (13%). It also

This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-Non Commercial-
ShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is
given and the new creations are licensed under the identical terms.

© 2025 Journal of Advanced Pharmacy Education & Research | Published by MERAL Publication


file:///E:/template/105/www.japer.in
https://doi.org/10.51847/1G3ULXpAon

Tamer et al.: Improving the dissolution rate of cilnidipine via nano-micellar formulation aided with In-vitro characterization and Ex-vivo

permeation

exhibits low water solubility and slow dissolution [10]. CLD with
half-life (2.5 h) [11]. Both L-type voltage-gated calcium channels
in vascular smooth muscle and N-type calcium channels in
sympathetic nerve terminals that supply the blood vessels are
blocked by cilnidipine. Ceasing the activity of N-type calcium
channels could potentially serve as a novel treatment strategy for
cardiovascular disorders [12-15]. Administration of cilnidipine,
which shows a reduction in cardiovascular outcomes, reduced
the incidence of cardiovascular disease and target organ damage
[16]. This research aims to enhance the oral bioavailability of
cilnidipine by formulating it into a nano-micellar (NM) dosage

form, thereby improving its dissolution rate.

Materials and Methods

CLD and TPGS were purchased from Hangzhou Hyper
Chemicals Limited. SLP was purchased from BASF in Germany.
Tween-80 and Poloxamer-188 were purchased from Fluka
Chemical. Methanol was purchased from Loba Chemie Pvt. Ltd.,

India. Deionized water (DW) and the other chemicals and
reagents were of analytical grade [17, 18].

Method of preparation of CLD -NM

Twenty mg of CLD was dissolved in 5 mL of an organic solvent
(absolute methanol). The required quantities of each polymer
(SLP, TPGS, Tween 80, and poloxamer 188) according to the
specified ratios [(1:2), (1:4), (1:6), (1:8), (1:4:1), and (1:4:2)]
were dissolved in 5 mL of the same organic solvent. Both solvents
were mixed and stirred in a round-bottom flask over a magnetic
stirrer at 45°C for 15 minutes. The solvent mixture was then
evaporated for 10 minutes at 60 °C using a rotary evaporator
(Bibby Scientific Limited - UK). Afterward, the flask was left
overnight to allow any remaining solvent to drain. A magnetic
stirrer at 300 rpm was used for two hours to hydrate the film by
adding 10 mL of deionized water (DW) [19, 20].

Table 1 shows that thirteen formulas were prepared, seven of
which are single polymeric NM, and the others are mixed NM.

All were subjected to in-vitro Characterization and evaluation.

Table 1. Composition of CLD Nano-Micellar Liquid Dispersions

NM Code CLD (mg) D-P ratio Solvent Type SLP (mg) TPGS (mg) TWN 80 (mg) Polo 188 (mg) DW q.s to (ml)
F1 20 1:2 METH 40 10
F2 20 1:4 METH 80 10
F3 20 1:6 METH 120 10
F4 20 1:8 METH 160 10
F5 20 1:4 METH 80 10
F6 20 1:6 METH 120 10
F7 20 1:8 METH 180 10
F8 20 1:4:1 METH 80 20 10
F9 20 1:4:2 METH 80 40 10
F10 20 1:4:1 METH 80 20 10
F11 20 1:4:2 METH 80 40 10
F12 20 1:4:2 METH 80 40 10
F13 20 1:4:2 METH 80 40 10

Characterization of CLD nano-micelles

micelles size determination

The micelle size, polydispersity index (PDI), and zeta potential
of the diluted formulation were determined using a Zetasizer

(Malvern Instruments Ltd, United Kingdom) [21].

Entrapment efficiency and drug loading

capacity
Drug loading capacity (DL) and entrapment efficiency (EE) were
computed indirectly. An ultrafiltration tube (Amicon MWCO

10000 D, Millipore Co., USA) was filled with a polymeric
micelle dispersion, and the tubes were centrifuged for 30
minutes at 6000 rpm. Using the calibration curve for CLD in
methanol and UV spectrophotometry with a wavelength of 242
nm, the amount of unincorporated CLD in the supernatant was
measured. The unloaded CLD may be deducted from the first
added CLD in order to get the loaded CLD quantity. The (EE%)
and (DL%) were then computed using Eqs. 1 and 2 [22, 23]. This
technique guarantees precise measurement of drug loading and

encapsulation in nanomicellar systems.
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EE weight of drug encapsulated in micelle
0 =

theoretical weight of Amisulpride added 1)
X 100

cweight of drug encapsulated in micelle

DL% = - - - -
Total weight of micelle (Amisulpride + polymer 2)

X 100

Determination of the CLD solubility in

different media

After adding an excess amount of CLD to a fixed volume of each
PBS (pH 6.8), methanol, and distilled water, the mixture was
incubated for 48 hours at 37°Cin a shaking water bath to reach
equilibrium. The suspension was centrifuged for 30 minutes at
6000 rpm and then passed through a 0.45 Um pore membrane
filter. The calibration curve of CLD in each of the media
mentioned above was used to determine the concentration of
CLD in the filtrate. The experiment was conducted in three

duplicates, and the mean +SD was determined [22].

In-vitro release of CLD from the prepared

NM dispersion
The in-vitro release profile of CLD-loaded nano micelles (CLD-

NMs) was evaluated using a dialysis membrane bag (cellulose
membrane with a molecular weight cutoff of 8,000—14,000 Da)
and phosphate-buffered saline (PBS at pH 6.8, containing 1%
SLS) as the release medium. Before the experiment, the dialysis
bag was soaked overnight in PBS (pH 6.8). Then, 2.5 mL of the
CLD-NM dispersion, containing the equivalent of 5 mg of CLD,
was placed inside the bag, as well as 2.5 mL containing only 5 mg
of pure CLD drug suspended in DW. Each bag was then
repeatedly submerged in 900 mL of release medium maintained
at 37°C and stirred at 100 rpm using a USP dissolution apparatus
type 11, following the FDA's recommended dissolution protocol
for CLD oral tablets. Samples of 5 ml were withdrawn at
predetermined intervals (5, 10, 15, 30, 45, 60 min). An equal
volume of fresh dissolution medium was replenished. The
amount of CLD released was measured spectrophotometrically
at 242 nm [24].

Selection of the optimum formula

The best formula was chosen based on the characterization's in-
vitro results (particle size, PDI, EE%, and DL%), as well as the
cumulative percentage released of CLD over 180 minutes. The
proposed formula was further studied, including morphological
determination using field-emission scanning electron microscopy
(FESEM) and differential scanning calorimetry (DSC), to
confirm that AMS was entrapped within the generated
nanomaterial (NM). In addition, FTIR analysis was performed on
the improved formula to ensure that the medication and

excipient are compatible.

Ex-vivo intestinal absorption — non-everted

sac method

Ex-vivo investigations were performed using the non-everted
intestinal sac technique on male Wistar rats weighing 250—300
g. The University of Baghdad's College of Pharmacy provided the
animals for its animal house. The Research Ethics Committee of
the University of Baghdad College of Pharmacy formally
approved the study. The animal was sedated with ethyl ether,
allowed to fast for the entire night with unfettered access to
water, and had a 4 to 5 cm longitudinal abdominal incision
performed. After removing the small intestine, the mesentery
was manually scraped and then thoroughly cleaned out with cold
normal saline solution using a blunt-ended syringe. One milliliter
of the selected NM, containing two milligrams of medication,
was placed in each of the equal-length, 10-cm-long sacs made
from clean intestine, which were then knotted at the other end
to form a sac [25]. Two milligrams of pure CLD powder
suspended in 2.5 mL of deionized water (DW) was used as a
control [26-29]. The duodenum was 2.21 * 0.04 mm in
diameter [30]. At 37°C £ 2, the sac was submerged in 300 mL
of phosphate-buffered saline solution (pH 7.4) after being
attached to the paddle of a dissolution device type II. At intervals
of 5, 10, 15, 30, 45, 60, 90, and 120 minutes, samples of a 5 mL
solution were withdrawn and replaced with a phosphate-buffered
saline solution (pH 7.4). Using a UV spectrophotometer and a
calibration curve of CLD in phosphate-buffered saline (pH 7.4)
at an absorption wavelength of 242 nm, the drug concentration
in the aliquot portion was assessed. The research was carried out
in triplicate, and the data was analyzed using the mean  SD. The
permeability coefficient was determined using the following

equations [31]:
PC=FSAXxC° 3)
SA=2mrh “

The permeation flow (F) was calculated by calculating the slope
of the linear section of the plot, where (r) represents the
intestinal radius (cm) and (h) represents the intestinal segment
length (cm). The flux reflects the permeability coefficient (PC,
cm/min) (F, ug/min/cm?), intestinal sac area (SA, cm?), and

initial drug concentration (Co).

Morphological characterization

Field  emission scanning electron

microscope(FESEM)

FESEM was utilized to study the morphology of the CLD nano-
micelles formulation (FESEM S-4160, Hitachi, Japan). Sample
preparation is an essential stage in the imaging of samples with a
Field Emission Scanning Electron Microscope (FESEM). The

quality of the sample preparation substantially determines the
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quality of the pictures obtained from the FESEM. The sample
preparation comprises carefully collecting nano-micelles to avoid
contamination or damage, sample fixation in which the structural
integrity of the formula is preserved, and dehydration of the
formula to remove water from nano-micelles. Critical point
drying is a technique used to remove the solvent from the
formula without damaging the morphology of the nano-micelles.
The formula is mounted on a stub using a conductive adhesive
carbon tape and coated to prevent charging and improve image
quality. The nano-micelles formula was coated with a conductive
material, platinum, and finally imaged; the nano-micelles

formula is now ready to be imaged using the FESEM [21].

Crystallinity specification

Differential scanning calorimetry (DSC)

The formulation was subjected to a DSC thermal analysis of the
CLD, the physical mixture and the optimum CLD-NM formula.
Under a flow of nitrogen gas, each sample was carefully weighed
and stored in aluminum pans. Then, they were heated at a rate
of 10°C/min and cooled at a rate of 40°C/min. In the research,

an empty aluminum baking pan served as a control [32].

Drug- excipient compatibility study
Fourier transform infrared spectroscopy

(FTIR)

FTIR spectroscopy in conjunction with the attenuated total
reflectance (ATR) approach was utilized to detect any potential
contact or complexation between the active ingredient and
selected excipients, as well as AMS-excipient compatibility.
CLD, in the form of mined powder with the selected CLD-NM
formulae, was introduced directly into the crystal arca without
prior processing. The pressure arm was then placed above the

sample and scanned throughout a wavelength range of 4000 - 400
cm™! [33].

Statistical analysis

The results of the experiments are presented as the mean SD of
triplicate models, and the significance of the observed changes in
the applied components was determined using one-way analysis

of variance (ANOVA) at the 0.05 level of significance [34].

Results and Discussion

Effect of polymer type and concentration on

the In-vitro characterization of ANM-NM

It is evident from the CLD-NM characterization results in Table
2 that a direct decrease (significantly decreased P<0.05) in
particle sizes (108.1 + 0.6, 85.28 £ 0.4, 83.36 £ 0.6, and 47.82

T 0.4, respectively) is linked to increasing the concentration of
SLP from 1:2, 1:4, 1:6, and 1:8. Particle size and PDI values are
significantly impacted by SLP concentration as it rises from 0.4%
w/v (F1) to 1.6% w/v. The hydrophobic tails of many surfactant
molecules combine to form an oil-like core, which is a
representation of the surfactant action of SLP and results in
micelle characteristics. This core's most stable form made no
touch with water. Because of its amphiphilic nature, SLP has been
shown to form self-assembled spherical micelles in an aqueous
environment above a CMC of 7.6 mg/L, with the polyethylene
glycol backbone acting as the hydrophilic component and the
vinyl caprolactam/vinyl acetate side chains acting as the
lipophilic component. As a result, the solubility of poorly soluble
medications can be greatly increased. In the current
investigation, all SLP dispersion concentrations tested were over
the CMC [35].

The PDI of the CLD-NM dispersion prepared with SLP is
between 0.161£0.002 to 0.2387%0.001, which indicates the
nano micelles are very uniform in size, with almost no variation
between particles, i.e., a highly monodispersed system, which
was very important to ensure predictable drug release and
improve stability of the formulations [36].

The findings of particle size estimate for the formulations made
with TPGS show that the average diameter of NM increases as
the TPGS concentration increases. When the concentration of
TPGS increases from 0.8% w/v (F1) to 1.6% w/v (F5 - F7), the
influence on particle size is significant but not on PDI values. The
same result was seen with SLP/TPGS silymarin nanomicelles;
increasing the concentration of TPGS resulted in larger particle
sizes [37]. Figure 1 and Table 2 show that EE% and DL% were
measured for all of the prepared mixed polymeric NMs, ranging
from F1 to F7, with no significant changes (P>0.05) and a high

value for these two parameters.

Effect of polymer combination on the in-

vitro characterization of ANM-NM

Based on the in vitro characterization of the SLP-NM and TPGS
-NM dispersions (F1 —F7), the drug-polymer ratio (1:4) was
selected for the preparation of mixed polymeric NM via (1:4:1)
and (1:4:2) ratios with SLP- TWN 80 (F8 and F9), TPGS - TWN
80 (F10 and F11), SLP- POL-188 (F12), and TPGS - POL-188
(F13), as declared in Figure 1 and Table 2 indicate that particle
size, PDI, EE% and DL% were measured for all the prepared
mixed polymeric NMs, showing no significant changes (P >
0.05) in EE%, and DL%, except for F10 and F13, which were
excluded from this test due to their significant high particle size
and PDI. The particle size of SLP/TWN 80 nanomicelles is
smaller than that of SLP/TPGS. SLP has amphiphilic
characteristics due to copolymer grafting. The backbone of
polyethylene glycol stands in for the hydrophilic component,
while the side chains of vinyl caprolactam and vinyl acetate
represent the hydrophobic component. The hydrophobic

segments of SLP constitute the central region of the micelle,

Journal of Advanced Pharmacy Education & Research | Oct — Dec 2025 | Vol 15 | Issue 4



Tamer et al.: Improving the dissolution rate of cilnidipine via nano-micellar formulation aided with In-vitro characterization and Ex-vivo

permeation

which acts as a microenvironment for the inclusion and
integration of the lipophilic molecules. The inclusion of TPGS in
nanomicelles has an adverse impact. This phenomenon is likely
attributed to the fact that TPGS can reduce the hydrophobic
contacts between the polymer chains within the micellar core
[38]. If there is insufficient affinity between the drug and the
copolymer within the core, the drug will not be effectively
loaded into the micelle. As a result, the likelihood of interactions
between hydrophilic and hydrophobic segments increases,
causing changes in the hydrophobic nature of the core and,
subsequently, affecting its ability to encapsulate the drug. This
can clarify the phenomenon of particle size enlargement with

increasing TPGS [39, 40]. Oral administration of nanomicelles

with an average hydrodynamic diameter below 100 nm can
enhance intestinal medication absorption [37].

Micelles having particle sizes of 100 nm or smaller and acceptable
technological parameters were chosen for further study. The
particle size was reduced for F9 and F11, which were made using
a drug-mixed polymeric ratio of 1:4:2, as compared to F8 and
F10 with a ratio of 1:4:1, as shown in Table 2 and Figure 1, so
the ratio of 1:4:2 was chosen for further formulations. The effect
of POL-188 as a copolymer was demonstrated in the
measurement of particle size for F12, a nonionic surfactant with
a reasonably high HLB that produced nanomicelles with the

smallest size when compared to the other formulations [41].

Table 2. In-vitro Characterization of CLD-NM (Particle size analysis, polydispersity index (PDI), entrapment efficiency (EE%),
and drug loading (DL%).

NM Code Drug-Polymer Ratio Physical appearance particle size (nm) PDI EE% DL%
F1 1:2 Light Blue 108.1 £ 0.6 0.2387 +0.001 98 0.2 32.7+1.09
F2 1:4 Light Blue 85.28 £ 0.4 0.161£0.002 98.810.1 10.99 +0.09
F3 1:6 Light Blue 83.36 £ 0.6 0.226810.004 99.6 +0.1 13.81£0.89
F4 1:8 Light Blue 47.82 10.4 0.2073 +0.001 99.8 £0.25 11.04%1.3
F5 1:4 Light Blue 105.3 +0.8 0.3245 +0.012 99.4 £0.2 14.21£.0.88
F6 1:6 Light Blue 119.7 £0.82 0.3599 +0.13 99.6 10.1 12.4912.2
F7 1:8 Light Blue 147.5 £0.52 0.3869 +0.04 99.710.1 11.11£1.2
F8 1:4:1 Light Blue 58.59 £0.98 0.299 +0.01 98.6 0.2 16.671£0.99
Fo* 1:4:2 Light Blue 54.09 £0.5 0.2688 + 0.28 99.9210.1 14.2710.8
F10 1:4:1 Light Blue 646.8 £0.95 0.6658 +0.01 -
F11 1:4:2 Light Blue 76.68 0.5 0.4642 +0.08 90£0.5 12.910.6
F12* 1:4:2 Light Blue 43.7610.3 0.2899+0.02 99.99%0.2 16.7£0.1
F13 1:4:2 Light Blue 589.8 0.7 0.8871 £0.12 —
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Figure 1. The Effect of polymer type, concentration and
polymer combination on particle size, EE% and DL% (mean+
SD, n=3).
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Figure 2. a) The release profile of CLD from F9, F12, and pure
drug in PBS (pH 6.8) at 37°C, b) Ex-vivo intestinal absorption of
CLD using the non-everted intestinal sac method
e)

Figure 3. (a) FTIR spectra of CLD as a pure drug (b) FTIR
spectra of CLD-NM (F12), (c) DSC thermogram of CLD,
(d) DSC thermogram of physical mixture, (¢) DSC
thermogram of the selected formula (F12).

Figure 4. Field emission scan electron microscope of (a)
Drug and (b) The optimized improved formula
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In-vitro release of CLD from the optimized

CLD-NM dispersions

The release of CLD from NM containing Soluplus and Poloxamer
(F12) is generally faster compared to NM formulated with
Soluplus and Tween 80 (F9), as illustrated in Figure 2a. Which
can be attributed to the differing physicochemical properties of
the surfactants and polymers involved. Poloxamer (a nonionic
triblock copolymer) tends to form micelles with relatively looser
hydrophobic cores. It has thermoresponsive gelation properties,
which can facilitate quicker drug diffusion and release from the
NM matrix, while Tween 80 (a nonionic surfactant with a bulky
hydrophilic head) often forms more stable and tighter micellar
structures that can retard drug release, leading to a slower, more
sustained release profile. Both formulas exhibit a significant
improvement in the dissolution rate and extent of CLD. F12
achieves a 100% release, while F9 achieves an 80% release within
45 minutes, compared to the 19% release using an aqueous CLD

drug suspension.

Ex-vivo permeation of CLD from the

optimized CLD-NM dispersions

Ex-vivo permeation studies were carried out using the non-
everted intestinal sac technique. In comparison to the pure CLD
aqueous suspension, Figure 4 illustrates that the total amount of
CLD that penetrated the intestinal mucosa for F12 was almost
2.5 times greater, in which the flux and permeability coefficient
of the selected formula were found to be 3.33% 0.006
pg/cm?2.min and 1.6710.002 (cm/min) ¥10° with a lag time of
520.02 min, while those of the pure drug were 0.8£0.031
pg/cm’ min and 0.420.0028 (cm/min) *10° with a lag time of
20£0.13 min, respectively. The flow and permeability
coefficient values for F12 are significantly (p < 0.05) higher than
those for the pure CLD aqueous suspension, as shown in Figure
2b. Poor water solubility is the primary cause of CLD's restricted
intestinal transfer; however, F12, which stands for CLD-
polymeric NM, can increase the permeability of the drug by
supplying a greater concentration gradient at the barrier interface
as the drug dissolves at higher concentrations [42]. Furthermore,
SLP has been observed to enhance the penetration of insoluble
medications and inhibit the activity of the efflux pump [43].
These results could help clarify how CLD-NM can be utilized as
a novel vehicle for poorly water-soluble medicinal compounds
and how it can be used to enhance the degree of drug release and

penctration, thereby increasing absorption and bioavailability.

Drug-polymer compatibility study

FTIR spectroscopy was utilized to evaluate potential chemical
interactions between CLD and other excipients. Figure 3b
shows the FTIR spectra of the selected NM (F12), which showed
distinct CLD peaks. The majority of the CLD peaks were

maintained, and there was no obvious change in wave number or

other notable disappearances in the spectrum, providing
additional evidence that there were no discernible interactions
between the functional groups of CLD and stabilizers, as well as
strong compatibility between drugs and excipients [44, 45].
Figure 3a displays the FTIR spectra of pure CLD, with the
observed values as: the absorption peaks of N-H stretching
vibration were 3286 and 1697 cm™, c¢=o stretching was 1701
cm!, c=c stretching of aromatic was 1462 cm!, NO, streching
were 1523 and 1346 cm™' and the O=CH3 deformation vibration
and stretching were 1134 and 1623 cm™.

Figure 3c shows that the bulk CLD has a prominent
endothermic melting peak at 111.2°C, which can indicate the
purity of the CLD powder examined. The DSC thermogram of
the physical mixture of CLD as dipected by Figure 3d showed a
melting point with an observed broadened peak, whereas the
thermogram of the selected formula (F12%*) shown by Figure 3e
was highly broadened with reduced intensity and sharpness,
indicating that CLD was transformed to a highly amorphous state
during the preparation of CLD nanomicelles [46, 47].

Field emission scan electron microscope

Figure 4b demonstrates that the optimized improved formula is
spherical and with nano-sized particles compared with CLD
powder that appears in Figure 4a as irregular macro-sized
particles. The shape and size of the nanomicellar particles did not
significantly alter as they accumulated those results were

compatible with those reported by Sulaiman HT [12].

Conclusion

The NMs technique is a promising approach for addressing the
challenges associated with the oral drug delivery system of poorly
soluble drugs. The present study successfully incorporated
cilnidipine into nanomicelles utilizing a thin film hydration
technique. The cilnidipine nanomicelles offers a convenient and
durable method of administering medication with a fast rate of

drug dissolution.
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