ChemComm

Accepted Manuscript

This is an Accepted Manuscript, which has been through the
Royal Society of Chemistry peer review process and has been

accepted for publication.
ChemComm

Accepted Manuscripts are published online shortly after
acceptance, before technical editing, formatting and proof reading.
Using this free service, authors can make their results available

to the community, in citable form, before we publish the edited
article. We will replace this Accepted Manuscript with the edited
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the
Information for Authors.

Please note that technical editing may introduce minor changes

to the text and/or graphics, which may alter content. The journal's

standard Terms & Conditions and the Ethical guidelines still

g;HEm apply. In no event shall the Royal Society of Chemistry be held
responsible for any errors or omissions in this Accepted Manuscript

or any consequences arising from the use of any information it

contains.

ROYAL SOCIETY
OF CHEMISTRY WwWW.rsc.org/chemcomm


http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/

HlEEs «ChemEommi =1 ek

ChemComm

COMMUNICATION

ROYAL SOCIETY

OF CHEMIS

A Supramolecular Hydrogel Based on Carbamazepinet

Ylng Zhou®, Hongjlng Cui®

Received 00th January 20xx, and Wenying Zhong ac

Accepted 00th January 20xx
DOI: 10.1039/x0xx00000x

www.rsc.org/

In this communication we report the first supramolecular hydrogel
based on an antiepileptic drug carbamazepine (CBZ). CBZ plays the
dual role of drug molecule and aromatic capping group in this self-
delivery system.

Supramolecular hydrogel formed by self-assembly of small
molecules is an emerging and appealing research area in the
field of drug delivery.l'4 It is widely used to enhance
hydrophobic drugs’ aqueous s.olubility‘r"6 and to achieve
sustained release profile of drugs’ "8 Moreover, hydrogel is
also used to obtain injection administration on account of its
inherent thixotropy and reversibility.5"6' o1 Peptide-based
supramolecular hydrogel has been extensively explored as it is
easier to modify and more susceptible to degradation
compared with other hydrogels.l’ 1213 |0 the process of self-
assembly, aromatic capping groups play a pivotal role for their
strong tendency to form aromatic stackings”’”. In previous
researches, many excellent aromatic capping groups were
found, such as fluorene (Fmoc),ls'19 naphthalene (Nap),zo'22
phenothiazine (PT2)*® derivatives. However, as foreign
substances without treatment effect, these capping groups
may cause different degrees of side effect. Therefore, finding a
capping group derivated from a drug has great significance.
Carbamazepine is one of widely used antiepileptic drugs
(AEDs), especially for the treatment of partial and generalized
tonic-clonic epileptic seizures. Unfortunately, CBZ has poor
aqueous solubility (120 pg/mL, 25 °C), which leads to
incomplete  bioavailability  and hampers  parenteral
administration of the drug. In addition, due to its narrow
therapeutic window (4-12 pg/mL), regular blood concentration
monitoring is required for clinical application.u"26 In terms of
CBZ’s poly aromatic ring structure, we speculate that it is a
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Scheme 1. Schematic illustration of the formation of gel.

useful capping group to facilitate the gelation of peptide-baseu
gelator. Therefore, in this article, we intend to take the
advantages of hydrogel to increase solubility of CBZ, obtai~
sustained release profile and realize other administratio:
routes of the drug. Based on the above elucidation, w~»
designed and synthesized a drug-peptide-based
supramolecular gelator (CBZ-FFG) via covalently connectir.>
CBZ to a short peptide (FFG), and we expected that it wou. 1
eventually generate a gel (Scheme 1).

After successfully synthesized the compound, we tested i’ .
gelling ability. A stable opaque gel was formed by sonicatio.
and heating-cooling process with minimum gelat' .n
concentration (MGC) of about 1.5 wt%, confirmed by ial
inversion. The microscopic structure of the gel was examined
by transmission electron microscope (TEM) and scannir 3
electron microscope (SEM). As shown in Fig. 1, nanoribbor »
are present with the widths in the range of 18-50 nm anu
several micrometers in length. The local amplified image (ins¢ .
of Fig. 1) reveals that nanofibrils’ densely alignment builds up
the nanoribbons. Its corresponding SEM image shows th .
growth of nanofibers, consistent with the results of TEM. Tt
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Fig. 1 TEM image (A) and SEM image (B) of the formed gel. The
inset photo is the local amplified image.

gel without disturbance is stable at room temperature for
several months by visual observation and it is furtherly
observed by TEM. As shown in Fig. S-3A, the nanofibers
aggregate into bundles after 3 months storage and the average
width of the fibers is measured to be 30 nm. Moreover, we
display the TEM image of the gel after releasing drug for 5 days
which also offers us an opportunity to catch a glimpse of the
internal structure of the gel. As shown in Fig. S-3B, the long
nanostructures degrade into short fragments after treatment
with PBS buffer. This degradation confirms that the chemical
bond has been broken up although the hydrogel matrix
remains stiff.

Infrared spectroscopy (IR), fluorescence spectroscopy and
circular dichroism (CD) were employed to understand the
internal molecular arrangement in the formed gel. IR is a
powerful tool to confirm the presence of hydrogen bonding. IR
spectrum of the xerogel (Fig. S-4) shows a strong C=0
stretching peak at 1670 cm™ while the peaks at 3414 cm™ and
1542 cm™are due to the N-H stretching vibration and N-H
bending vibration, respectively. Compared with the IR
spectrum of CBZ-FFG, a slight red-shift for C=0 stretching peak
indicates hydrogen bonding formation. A fluorescence
emission experiment was performed to investigate the aroma-
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Fig. 2 CD spectrum of the gel (A, 2.0 wt%). Dynamic strain
sweep of the gel (B, 2.0 wt%). Dynamic frequency sweep of the
gel (C, 2 wt%). Dynamic time sweep of the gel (D, 2.0 wt%).
The experiment was performed at 37 C.
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tic m—mt stacking in the formed gel. As shown in Fig. S-5, u :
gelator solution exhibits a peak centered at 393 nm and tk .
peak is shifted to 434 nm in the gel. This shift suggests tt
existence of m—t stacking in the gel.”’30 The negative bani’ i~
197 nm in the CD spectrum (Fig. 2A) suggests that random cc |
nanostructures are largely existent in the formed gel.
According to the above spectroscopic characterization, we cz
conclude that the formation of the gel is driven by the
cooperative interactions of weak non-covalent interactior s
such as hydrogen bonds, n—t interactions, hydrophobic forces
and nonspecific Van der Waals forces. Herein, we display a
schematic illustration of the internal self-assembly of thc
gelator (Fig. S-6).

Mechanical properties of the gel were measured
rheology study. According to the dynamic strain sweep (Fir
2B), the values of the storage modulus (G’) dominate the los
modulus (G”) and the critical strain value of the gel is high
to 6.56%, indicating a relatively strong gel formation. The ge:
exhibits a weak dependence on the frequency in the regio -*
0.1-100 rad/s in dynamic frequency sweep (Fig. 2C).
Furthermore, the dynamic time sweep mode was carried ~*
to characterize its reversibility. Before the measurement, w »
transformed the gel into its solution state by mechanical
stirring indicated by the higher values of G” than the values ( f
G’ at the beginning in Fig. 2D. Then the gel displays a slow
recovery with G’ becoming higher than G”. These resui.s
demonstrate good thixotropy and reversibility of the gel, thu ,
making it a promising candidate for injectable therapies.

The release profile of CBZ from the gel at physiologicr.
temperature and physiological pH in vitro was studied. W<
used a LCMS-20AD to quantify the free CBZ. As shown in Fig. 7,
the gel exhibits a two stage release profile of CBZ. It release.
CBZ at a rate of about 2.06 pg per hour for the first 5 hour .
and then at a rate of about 0.22 pg per hour from the 5th t.
the 24th hour during experiment period. The accumulating
release percentage of CBZ from gel in the 24 h period is ak 't
1.04%. The release rate of drug from a hydrogel carrier
involves two decisive processes. One is the regulated gel-sol
transition which governs the leakage or diffusion of the drug.

This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins




Page 3 of 5

Accumulative release
(-2}
L

T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24

Time (h)
Fig. 3 In vitro release profile of CBZ from gel (37 C, pH=7.4,

n=3).

The other is the chemical bond breaking process which is
required for a self-delivery hydrogel to generate the original
drug.B’ 3132 The result shows faster release of CBZ in the first 5
hours. It is reasonable that the drug molecules at the interface
between PBS solution and gel can be quickly released into the
PBS buffer since the chemical bond degradation is the mainly
rate-limiting step. We also observed that the gel was still rigid
after treated with PBS buffer for 10 days. This indicats the
potent sustained release of the drug from the gel.

In this paper, the biocompatibility of the hydrogel was
studied at the same time. As shown in Fig. S-10, after being
incubated with the gelators at 500 uM for 24 h, almost 96%
cells remain alive through the MTT assay. The result exhibits
the excellent biocompatibility of the gel and implies its potent
application in drug delivery system.

To the best of our knowledge, among the reported drug-
peptide-based
focused on

supramolecular hydrogels, researches usually

. 6, 33-36 37-40
anticancer ,

anti-inflammatory
antibacteria® and antiviral® drugs. In this article we
demonstrate the first example of a drug-peptide-based
supramolecular hydrogel from an antiepileptic drug. This self-
delivery system with high water solubility and sustained
release profile will have an excellent prospect since it will
reduce the necessary dosage and frequency of dosing and
probably reduce undesired side effect of CBZ. It can be served
as a subcutaneous implant or intravenous injection dispersion.
Moreover, as a new capping agent based gel, it can be used to
encapsulate other drugs to achieve synergistic therapy of
epilepsy. However, more effort is needed to make this kind of
hydrogel into practical application, for instance, more detailed
in vitro and in vivo experiments.
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In this communication we report the first supramolecular hydrogel based on an antiepileptic drug carbamazepine
(CBZ). CBZ plays a dual role in this self-delivery system, drug molecule and aromatic capping group.
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