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Covid-19 was mainly treated by a broad-spectrum antiviral called Remdesivir. A
truncated cone molecular structure of Hydroxypropyl-8-cyclodextrin can enhance the solubility
and cellular uptake of the poorly soluble drug's through biological membranes. This study aimed
to synthesize, characterize, observe cellular uptake and evaluate the cytotoxicity of remdesivir-
hydroxypropyl-B-cyclodextrin (RDV-HPBCD) inclusion complex. The RDV-HPSCD inclusion
complex was synthesized by the solvent evaporation method. Furthermore, the inclusion
complex characteristic was evaluated by ultraviolet-visible (UV-Vis) spectrophotometry; particle
size analyzer (PSA); Fourier infrared spectrophotometry (FTIR); X-ray diffraction (XRD); and
differential scanning calorimetry (DSC). Further, fluorescence microscopy was used to evaluate
the cellular uptake and 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay was used in the cytotoxicity study. In the UV-Vis spectrum, both the inclusion complex
and pure remdesivir showed a maximum peak at 246 nm. The inclusion complex has a particle
size of 1697 + 738.02 nm with -22.4 * 1.58 mV of zeta potential. Shifted FTIR spectrum, broad
XRD peak, and broad DSC thermogram peak at 72.93 °C indicated the successful formation of
the RDV-HPBCD inclusion complex. Furthermore, cellular uptake observation of RDV-HPRCD
inclusion complex conjugated to FITC showed better intensity inside the Vero cell than pure
remdesivir conjugated to FITC. Further, Inclusion complex showed higher cell viability than
pure remdesivir at a certain concentration.

Keywords: Cellular Uptake; Cytotoxicity; Hydroxypropyl-B8-Cyclodextrin;
Inclusion Complex; MTT assay; Remdesivir.

Broad-spectrum antiviral called remdesivir
was mainly used to treated Ebola virus infection'.
An active nucleoside triphosphate derivative
was processed from monophosphate derivatives
that previously were a prodrug called remdesivir
which metabolized in the cell to become an alanine
metabolites’>. SARS, MERS, and SARS-CoV-2 was
RdRp coronaviruses whose viral RNA synthesis
can be inhibited by a specific mechanism, which is
in delaying chain termination by triphosphate form
of remdesivir’. Hospitalized COVID-19 patients,

both adult and pediatric are treated with remdesivir,
which has been granted permission for use by the
Food and Drug Administration (FDA)*.

From commercial preparation, remdesivir
was known to be insoluble in water, in the form
of a lyophilized powder injection dosage form at
a dose of 100 mg per vial, it is necessary to add
sulfobutylether-a-cyclodextrin (SBECD) as a
solubility enhancer with complex formation®. The
presence of SBECD in remdesivir preparations
may result in the accumulation of SBECD sodium
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salts so it is not recommended for patients with
a glomerular filtration rate (GFR) of less than
30 mL/min>*¢. When administered intravenously,
remdesivir will distribute to tissues and blood
cells through passive diffusion’. Remdesivir is a
nucleotide analog that has poor cell permeability,
when it is inside the cell it must undergo several
phosphorylation processes to become the active
form of the nucleoside triphosphate.

High polarity and was not diffuse back
into the cell membrane or be trapped inside the cell
was the characteristic of monophosphate derivative
of remdesivir. While nucleoside triphosphate form
which has a half-life of 14 to 24 hours was trapped
in the cell because it has a negative charge®’.
Antiviral activity of remdesivir may be achieved
when nucleoside triphosphate accumulates in cells
at high amounts.

Hydroxypropyl-a-cyclodextrin (HP4CD)
has a very good solubility of 600 mg/mL, low
price, and low toxicity®. Enhancing drug solubility,
dissolution rate, bioavailability, and; decreasing
side effects, and also contributing to stabilizing the
pharmaceutical formulations were the advantages
of HPACD?. HPACD was a cyclodextrin derivative
that has a structure that looks like a truncated cone-
like which consists of hydrophilic molecules on the
outer surface and lipophilic molecules on the inner
cavity. This structure makes it possible to carry
drug molecules in the cavity resulting in inclusion
complex'. The drug/HPACD complex formed
can enhance drug solubility in water, improve
chemical and physical stability, and improve
drug delivery through biological membranes''.
In addition, the solubility increase was caused by
the increased frequency of partitioning into the
plasma membrane due to the formation of inclusion
complexes'?.

This study aimed to obtain the RDV-
HPACD inclusion complex which has better
solubility, cellular uptake than pure remdesivir. The
RDV-HPaCD inclusion complex formed will be
characterized by performing UV-Vis spectroscopic
analysis, particle size, PDI, zeta potential, chemical
structure, and functional groups using FTIR, XRD,
and DSC. Then, the cellular uptake evaluation of
the Remdesivir-HPaCD inclusion complex was
carried out in Vero cells which were analyzed using
fluorescence microscope and determine resulting
cytotoxic activity against HeLa cancer cells.

MATERIALS AND METHODS

Reagents and instruments

Remdesivir (Glentham Life Sciences),
Hydroxypropyl-a-cyclodextrin (Shaanxi Ciyuan
Biotech Co., Ltd), Dimethyl sulfoxide (Merck,
Germany), Vero (ATCC® CCL-81™) normal kidney
epithelial cell line from African green monkey,
Dulbecco’s modified eagle medium (DMEM) that
enriched by 10% fetal bovine serum (FBS), 1%
penicillin-streptomycin; HeLa (ATCC® CCL-2™)
from human cervical cancer cell line, fluorescein
isothiocyanate (FITC), [3-(4,5-Dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide] (MTT)
0,5%, Dulbecco’s phosphate buffered saline
(DPBS), phosphate-buffered saline (PBS).
Methods
Synthesis of the inclusion complex

The RDV-HPACD inclusion complex was
prepared with a molar ratio of Remdesivir: HPACD
(1:1) by the solvent evaporation method 3. To
prepare the remdesivir solution the remdesivir
powder was dissolved into the water for injection
that contains 10% DMSO. HPaCD solution was
prepared by dissolving the HPACD powder in
water for injection. Then each solution was stirred
slowly with a spin bar on a magneti stirrer until it
dissolved. Remdesivir solution was added to the
HPACD solution little by little and the mixture
was stirred by a magnetic stirrer at 250 rpm for 10
minutes. After that, to collect inclusion complex
powder the mixture was evaporated. The inclusion
complex then was stored at 4°C and kept away from
light.
UV-Vis absorption analysis

The UV-Vis absorption spectrum of
pure redeliver, HPACD, and Remdesivir-HPaCD
inclusion complex in water for injection solution
was acquired using Shimadzu UV-1800 UV-
Vis spectrophotometer (Japan) at a wavelength
between 200 to 400 nm.
Particle size, PDI, and zeta potential
measurement

1 mL of pure remdesivir, HPACD, and
inclusion complex RDV-HPACD was prepared to
see the particle size, PDI, and zeta potential at 25°C
using NANO-ZS series from Malvern Zetasizer
(UK).
FTIR analysis

The infrared spectrum of pure remdesivir,
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HPACD, and inclusion complex RDV-HPaCD was
recorded using FTIR spectrophotometer 8400
(Shimadzu, Japan). FT-IR spectrum was obtained
at 4000-400 cm’'.
X-ray Diffraction (XRD) analysis

X-ray diffraction patterns of pure
remdesivir, HPACD, and inclusion complex RDV-
HPaCD were obtained by an X-ray diffractometer
with CuKa radiation. The voltage set of 30 mA, a
current 30 kV and 2° min™' of the scan rate with 2¢
or diffraction angle in the range of 5-50°. The data
was processed using OriginLab.
Differential Scanning Calorimetry (DSC)
analysis

DSC thermogram of pure remdesivir,
HPAaCD, and inclusion complex RDV-HPaCD was
performed using Shimadzu Differential Scanning
Calorimetry type 60 (Japan) under N, stream that
heated from 25 °C to 450 °C with a heating rate of
10 °C min™.
Cellular uptake study

RDV-HPAaC-Fluorescein isothiocyanate
(RDV-HPAaC-FITC) and Remdesivir-Fluorescein
isothiocyanate (FITC) were prepared (1:1) by
dissolving 1 mL of FITC (10 g/mL) in 1 mL of
RDV-HPaC-FITC and pure remdesivir solutions.
These mixtures were incubated overnight in the
dark at 4°C." The Vero cells were cultured in 500
ul of DMEM as a growth medium with 10* density
per well in an 8-well slide chamber, then incubated
under 5% CO, stream at 37°C for 24 hours. The
sample (RDV-HPAC-FITC, Remdesivir-FITC,
and FITC) was prepared according to the desired
concentration. The cell medium was discarded,
then rinsed with phosphate-buffered saline (PBS)
once and sterile PBS three times. After that, 4%
formaldehyde was added and incubated at 25°C
for an hour. Formaldehyde was taken out and
the slide chamber was washout with PBS once
and sterile PBS three times. Sample + FITC was
added to the cells as much as 500 pl and incubated
under 5% CO, stream at 37°C. The slide chamber
was washout with sterile PBS three times. The
slide chamber was dried and observed under a
fluorescence microscope.
Cytotoxicity study

Using MTT assay the cytotoxicity of
RDV-HPAaCD inclusion complex against HeLa cells
(human cervical cancer cell lines) was obtained. In
96-wells HeLa cells were seeded (5 x 10%), then

incubated under 5% CO, stream at 37°C, overnight.
The DMEM medium was discarded, and with
DPBS the cell were washed. Then, RDV-HPaCD
inclusion complex and pure remdesivir were added
to cells that has reached 50% confluency, triplicate,
after that for additional 24 hours the cells were
incubated. After the medium was disposed of, then
the cells were washout with PBS once, and to each
well 10 iL MTT reagent was added, including the
control medium (without cells). Until formazan
crystal was formed, the cells were incubated in an
incubator for 4 hours under a 5% CO2 stream with
the temperature at 37°C. To the formazan crystals,
the sodium dodecyl sulfate was added which was
a stop solution, then incubated overnight in a
dark place at 25°C and covered with aluminum
foil. When the wrapping was opened, the plate
was inserted into the ELISA reader and at 595
nm the absorbance was read for each sample.'>"’
The percentage of cell viability resulting from the
cytotoxic test according to the following formula:

Cell viability (%) = —osamplecelis y 10
Deontrol cells

where ODSample <1, Were the optical density
of cells treated with pure remdesivir or RDV-
HPaCD inclusion complex and OD were

the optical density of untreated cells.

control cells

RESULT AND DISCUSSION

Synthesis of the inclusion complex

The stability of remdesivir was affected
by its poor solubility in water. To overcome this
problem, an inclusion complex between remdesivir
and HPaCD was formed by solvent evaporation
method with 1:1 molar ratio'"'®. The 1:1 ratio molar
was chosen because of the success of previous
studies with the hope that every drug molecule,
namely remdesivir, enters the HPACD'".

The physical stability of the RDV-HPaCD
inclusion complex was evaluated for 24 hours at
25°C. The inclusion complex was observed in
clear-stated conditions (figure 1C dan 1D), Figure
1(D) explained that the inclusion complex can
increase the solubility and maintain the dispersion
of remdesivir. The poor solubility of remdesivir
in water affects its stability. However, at pure
remdesivir solution, remdesivir powder became
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settled at the bottom of the solution after 24 hours
as shown in figure 1B".

Particle size, Polydispersity Index (PDI), and
Zeta potential measurement

The particle size, PDI, and zeta potential
of pure remdesivir, pure HPACD, and the RDV-
HPACD inclusion complex was measured using a
Malvern Particle Size Analyzer and the result was
shown in table 1, respectively.

It was known that pure remdesivir, pure
HPACD, and the RDV-HPACD inclusion complex
each have the average particle size of 1191 + 189.95
nm, 650.5 + 123.81 nm, and 1697 = 738.02 nm (n
= 3). For the polydispersity index (PDI) value of
remdesivir, HPACD and RDV-HPACD inclusion
complex were 0.850+0.28,0.632 +0.09, and 0.028
+0.08, respectively. PDI is an index that calculates
the heterogeneous particle size of substances in an
aqueous solution. The smaller PDI value, the lower
possibility of the complex forming aggregates
814 Since the obtained PDI value of the RDV-
HPAaCD inclusion complex was smaller than 0.5,
this indicated that the particle size of the inclusion
complex was distributed homogeneously but not
with pure remdesivir and HPACD'®. Meanwhile,
the negative zeta potential values of remdesivir
(-20+2.08 mv), HPaCD (-29,1 + 3,66), and RDV-
HPAaCD inclusion complexes (-22,4 + 1,58) were

observed. The negative value may result from the
presence of hydroxyl (OH ), phosphate (PO, ) and
cyano (CaN) groups from remdesivir and hydroxyl
(OH ") group of HPACD.

UV-Vis Analysis

Figure 2 presents the UV-Vis absorption
spectrum of pure remdesivir, pure HPACD, and
the RDV-HPAaCD inclusion complex at 220-290
nm wavelength. Pure HPACD did not show an
absorption peak because HPACD was a molecule
without chromophores®. According to the existing
literature, remdesivir shows the highest absorption
peak at a wavelength of 246 nm®.

After remdesivir binds to HPACD, the
absorption peak of remdesivir which has formed
an inclusion complex is still visible at the same
wavelength as pure remdesivir, which is at a
wavelength of 246 nm. This corresponds to the
formation of hydrogen bonds, where a bond is
formed between the two molecules, resulting in a
decrease in the electron density of remdesivir and a
change in the electron transition level®!. Therefore,
it is presumed that the RDV-HPACD inclusion
complex has been formed.

FTIR Analysis

FTIR was a technique that can be used
to ensure that an inclusion complex between the
active substance and the cyclodextrin that has been

Table 1. The particle size, PDI, and zeta potential value of pure remdesivir,
HPBCD, and Remdesivir-HPBCD inclusion complexes

Particle size PDI*+ SD Zeta Potential

+ SD (nm) +SD (mV)
Remdesivir 1191 +189.95 0.850 +0.28 -20.0 +2.08
HPBCD 650.5 + 123.81 0.632 +0.09 -29.1+£3.66
Remdesivir-HPBCD Inclusion Complex 1697 + 738.02 0.028 £0.08 -22.4+1.58

Each experiment were performed in triplicate. *PDI means polydispersity index

(A) (B)

(C) (D)

Fig. 1. (A) Remdesivir solution 0 hours, (B) Remdesivir solution after 24 hours,
(C) Inclusion complex solution 0 hours, and (D) Inclusion complex solution after 24 hours
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prepared has been formed. The infrared spectrum  indicate the formation of inclusion complexes.
can be used to predict what kind of bond is formed  This can occur due to a reduction in the stretching
from the strain vibration band of the pure compound  vibration of the active substance molecules that
and the cyclodextrin changes in the complexation ~ have moved into the cyclodextrin cavity or it can
mechanism. The presence of changes, widening, be said that there has been a weak interatomic
loss of peak intensity, and displacement can  bond . Figure 3 shows the infrared spectrum of

1,000

0,000

220,00 255,00 290,00
A,

Fig. 2. UV-Vis Spectrum of Pure HPBCD (green), Pure Remdesivir (blue),
and RDV-HPBCD Inclusion Complex (red)

T T Lo = T = e BB e T =TT |
&000 3600 1200 00 2400 2000 1800 1800 1400 1200 1000 sOD L= ]

Fig. 3. FTIR spectrum of pure Remdesivir (blue), pure HPBCD (black),
and RDV-HPBCD inclusion complex (red)
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pure remdesivir, pure HPACD, and RDV-HPaCD
inclusion complex.

The infrared spectrum of pure remdesivir
(Figure 3, blue line) showed the presence of nitrile
group (Ca”N) in the range 2260-2240 cm™' and
the absorption peak was seen at 2260.65 cm™. In
the range of 2000-1650 cm' there was C-H of the
aromatic group which shows a peak at 1859.44
cm™. In the range 1690-1640 cm™ there was C=N

722

vibrations which shows a peak at 1662.69 cm™. In
the range 1680-1600 cm! there was C=C vibrations
which shows a peak at 1604.83 cm™. In the range of
1350-1000 cm! there were C-N vibrations, which
showed a peak at 1010.73 cm™ %,

The pure HPACD infrared spectrum
(Figure 3, black line) shows a wide band in the
range of 3600-3200 cm™ which was the O-H of the
hydroxyl group and shows an absorption peak at
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Fig. 4. The XRD patterns of pure HPBCD (blue), pure remdesivir (red), and RDV-HPBCD inclusion complex
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A
A0
- P S
200 End 42 22w
Paak i b
-, vl ARG
2 --‘-h Eedesi  434H1C
200 I I B i g
o i Mg O00mW
Grsmt MO
[ T E
400 s L]
P £ D
800 h
ey
+o0- 100.00 TTaedes T 20000 a0diog
Temp ]



PRIYONO et al., Biomed. & Pharmacol. J, Vol. 15(2), 717-727 (2022)

-‘m!E _ i
I ""-\-\_\_\_\_\_ .._.' '.I
""ul ¢ \
l_.‘|I r-\""-\-\.\__ _P/ |I
| Bt STy \ Slart 22 Ofiemin
Erd 1ama | \ End 22 Timin
Peak 13498 | i kAR
D 188 185 Cormet THRTEE
P Eta 225 | Mk ‘midian
st Tag | et 1078
. Hagh  ASEmW I Heght G
|
|
|
|
10.00 \\
N [T ] T 300.00 BT
Tamp C]
10
200 s
ftars 1 i
End 15.17min
[
1.0 Ol 48850 J
Enisl 1080
Faat Ansy
Heght W ol
oo 7
\ — . —
Yy - B b _.-"J
e
'\" J__r"
.00 /
L
100.00 20000 300.00 a0
Temp iG]

Fig. 5. DSC thermogram of HPBCD (A), Remdesivir (B), and RDV-HPBCD inclusion complex (C)

3381.33 cm. There were C-H and CH, vibrations
in the range of 3100-2800 cm™ which shows an
absorption peak at 2928.04 cm™'. There was H-O-H
vibrations in the range 1651-1646 cm™', and the
peak shows at 1647.26 cm™ . There was a C-O-C
bond in the range 1200-1030 cm™ which shows an
absorption peak at 1201.69 cm™ . There was C-O
vibration of the ether group in the range of 1150-

1085 cm! and the absorption peak is at 1155.4 cm™!
225 There was a vibration at + 855 which was an

a-glycosidase bond that represents the glucose unit
of HPACD and shows an absorption peak at 856.42
cm-l 21,25,26.

Meanwhile, in the RDV-HPACD inclusion
complex infrared spectrum (figure 3, red line),
absorption peaks are seen as similar to those of
the pure HPACD spectrum. There was a wide
peak in the range of 3600-3200 cm™ centered on
3381.33 cm! which is O-H. There were C-H and
CH, vibrations in the range of 3100-2800 cm

723
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which shows a peak at 2926.11 cm™'. There was
H-O-H in the range 1651-1646 cm™ which shows
a peak at 1645.33 cm™'. There was C-O-C in the
range of 1200-1030 cm™ which shows a peak at
1209.41 cm™. C-O from the ether group shows a
peak at 1153.47 cm™. There was an a-glycosidase
bond which is the unit of HPACD at + 855 cm™ and
shows a peak at 852.56 cm™.

When the electron-rich cavity of
the HPACD is penetrated by the hydrophobic
remdesivir, the increase in electron density was due
to the increase in frequency. The stable inclusion
complex was caused by hydrogen bonds and
non-covalent forces associated with the shifted
absorbance frequency between the inclusion
complex and pure remdesivir. The success of

Fig. 6. Fluorescence microscopy images of control (A), Remdesivir (B), and RDV-HPBCD inclusion complex
(C) in Vero cells

% Cell Viability Remdesivir vs Remdesivir-HPBCD inclusion
complex

% Cell Viability
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Fig. 7. Cell viability (%) of pure remdesivir and RDV-HPBCD inclusion complex in HeLa cells using MTT assay
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remdesivir entering the HPACD cavity to form an
inclusion complex can be proved by FTIR analysis
19,21
XRD Analysis

The inclusion complex formation can be
confirmed by the XRD method. When the guest
molecule has formed an inclusion complex by
entering the cyclodextrin cavity, it is no longer
in crystal form because the guest molecule is
separated from each other by the cyclodextrin®’.

From figure 4 the HPACD XRD pattern
did not show a clear peak or can be said to be flat,
this is a characteristic of amorphous compounds
because of the absence of crystallinity properties.
Meanwhile, in the XRD pattern of remdesivir, 6
peaks were quite sharp, namely at (20) = 5.37°,
8.45°, 12.61°, 14.45°, 16.05°, and 22.20°. sharp
peaks indicate that remdesivir is pure crystalline'*.

RDV-HPAaCD inclusion complex and
remdesivir XRD pattern were different because
there was a lack of crystallinity of remdesivir. i.e.
no sharp peak was seen so it could be said that the
inclusion complex had no crystallinity. The lack of
crystallinity can be used as a reference to presume
that the inclusion complex has been formed, where
the crystalline remdesivir molecule turns into an
amorphous form or it can be said that remdesivir
molecules are dispersed in the HPACD cavity in an
amorphous state'’.
DSC Analysis

DSC was a useful method for determining
the thermodynamic properties of inclusion
complexes during the complexation process,
such as crystallization characteristics, thermal
stability, melting point, and others*®*°. Figure 5
shows the DSC thermogram of hydroxypropyl-a-
Cyclodextrin, remdesivir, and the RDV-HPaCD
inclusion complex.

The DSC thermogram of HPACD (figure
5.A) showed 2 peaks, the first endothermic peak
(upwards) was at 274.29 °C and the second was the
exothermic peak (downwards) at 389.56 °C. The
DSC thermogram of the Remdesivir (figure 5.B)
showed 2 exothermic peaks (downward) at 138.98
°C and 239.05 °C. The sharpness of the visible
peak indicates that remdesivir is crystalline. The
DSC thermogram of the RDV-HPACD inclusion
complex (figure 5.C) only showed one broad
peak, at 72.93 °C, and no sharp peak was seen
from remdesivir From that, we can conclude that

remdesivir which was in the HPACD cavity will
no longer be seen or a shift of peak occurs and it
can also be said that remdesivir which was in the
inclusion complex was already in an amorphous
form?’

Cellular Uptake study

A cellular uptake study was done to
decide the capability of the RDV-HPACD inclusion
complexes, pure remdesivir, and control to
penetrate into Vero cells. Vero cells were typical
cells from African green monkey kidney *'. The
green color seen under the fluorescein microscopy
was from the fluorescein isothiocyanate (FITC)
stain conjugated to each sample. The Observation
was carried out qualitatively which only compared
the visible intensity.

Figure 6 showed the intensity of Vero
cells that were conjugated to FITC. Control cells
contained Vero cells that were treated only with
FITC (Figure 6A). cellular uptake of RDV-HPaCD
inclusion complex conjugated to FITC in Vero
cells showed better intensity than pure remdesivir
conjugated to FITC. Hence, the formation of the
RDV-HPaCD inclusion complex can enhance the
cellular uptake of remdesivir'%

Cytotoxicity analysis

The cell viability that was investigated
by MTT assay was to show the influence of
complexation with HPACD in the cytotoxicity
activity of remdesivir. Figure 7 shows the
viability of HeLa the human cervical cancer cell
line that was influenced by pure remdesivir and
RDV-HPaCD inclusion complex. The cells were
incubated with pure remdesivir and inclusion
complex at a certain concentration (ranging
between 0 and 14 iM) for 24 h. Reduction in cell
viability of both samples (pure remdesivir and
RDV-HPAaCD inclusion complex) was observed
in a dose-dependent manner. Pure remdesivir
showed a reduction of cell viability starting from
the lowest dose. Meanwhile, the RDV-HPACD
inclusion complex showed maximum cell viability
at a concentration of 1.75iM at 179.52% =+ 6,31 but
at higher concentrations, there was a reduction in
cell viability. The significant improvement of HeLa
cell viability was due to the solubilizing effect of
the HPACD inclusion complex, which validated its
superiority as a carrier. When the concentration at
14iM it showed the lowest cell viability (52,82% +
2,69) of inclusion complex. But inclusion complex
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had a higher viability cell than pure remdesivir.
Therefore, both pure remdesivir and inclusion
complex were not toxic at HeLa cells®.

CONCLUSION

The RDV-HPaCD inclusion complex
with molar ratio (1:1) had been successfully
synthesized using the solvent evaporation method
as it was confirmed by physical characterization
using UV-Vis, XRD, DSC, and FTIR. Further,
the complexation of RDV- HPACD was proved
to enhance remdesivir solubility and chemical
stability as observed by a clear-state solution of
inclusion complex and the presence of remdesivir
peak at 246 nm in inclusion complex UV-Vis
spectrum after 24 hours incubation, transformation
of crystalline structure into an amorphous form
that can be seen from XRD pattern, a broad DSC
thermogram of inclusion complex at 72.93 °C
and the intermolecular hydrogen bonds occurred
between HPAaCD and remdesivir from FTIR. In
addition, the RDV-HPBCD inclusion complex
improved the cellular uptake at the Vero cell and
better Hela cell viability.
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