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A novel glycopolymeric ultraviolet absorber
covering UV-A and UV-B ranges†
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In this communication, a novel biocompatible polymeric ultraviolet

absorber (UVA), poly(HAB-co-OAG-co-AMC) (PHOA), covering UV-A

and UV-B ranges was designed and prepared. The photo-antioxidant

tests indicate that there is a synergism between UV-A and UV-B

monomers. The cytotoxic experiments demonstrate that PHOA has

good biocompatibility.
Introduction

The radiation emitted by the sun in the range from 100 to 400
nm is classied into UV-C (100–280 nm), UV-B (280–315 nm)
and UV-A (315–400 nm).1 Almost all UV-C radiation, which is
harmful to organisms, is absorbed by the higher layers of the
atmosphere,2,3 whereas UV-A and UV-B ranges can traverse
through the atmospheric layers. It was reported that the
excessive UV-B radiation could cause premature skin ageing,
sunburns, allergies and even skin cancer.4 However, UV-A
radiation is less harmful, and its overdose can also result in
similar effects as described above. Therefore, human skin has to
be protected against radiation of UV-A and UV-B types. The
studies of ultraviolet absorbers (UVAs) have attracted a great
deal of attention in recent years. To date, most reported UVAs
are small molecules, including benzophenone, cinnamate,
hindered amine and triazine.2,5–8

In general, these small molecules have excellent UV
absorption ability; however, they suffer from several drawbacks,
such as being readily absorbed by skin, being incompatible with
other composites and poor hydrophilicity. In order to overcome
these problems, polymeric UVAs have been developed.9–11 Not
only is the shortcoming of being absorbed easily by skin solved
due to increased molecular weight, but also incompatibility
with other ingredients and poor hydrophilicity are drastically
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improved by introducing hydrophilic monomers, such as acrylic
acid and its derivatives, polyethylene and glycol.

Herein, we aimed to (1) improve the biocompatibility of
polymeric UVA, and (2) cover both UV-A and UV-B ranges. As we
all know, glucose as a carbohydrate has many advantages, i.e.
outstanding biocompatibility, biodegradability and non-
toxicity.12–15 Hence, a novel glycopolymeric UVA was designed
and prepared through the linkage of UV-A, UV-B and glucosyl
monomers by radical copolymerization. The desired polymeric
UVA, poly(HAB-co-OAG-co-AMC) (PHOA), was characterized by
Fourier transform infrared (FT-IR) spectroscopy and 1H NMR.
Its UV absorption performance was investigated by UV-Vis
spectroscopy and photo-antioxidant tests. Cytotoxic activity
experiments were conducted to evaluate its biocompatibility.

UV-A monomer 2-hydroxy-4-acryloxy benzophenone (HAB)
was prepared according to the procedure described in a
previous study16 (Scheme 1a), and the UV-B monomer 4-(acryl-
oxy)methyl cinnamate (AMC) was synthesized by two steps
(Scheme 1b). PHOA was prepared from HAB, AMC and 3-O-allyl-
1,2,5,6-di-O-isopropynylene-a-D-glucose (OAIG) (Scheme 1c).

FT-IR spectra of poly(HAB-co-OAIG-co-AMC) (PHIA) and
PHOA are shown in Fig. 1. It is obvious that the strong peak at
3318 cm�1 can be assigned to the vibration of OH of the glycosyl
group. The presence of this peak reveals that the isopropyl
groups protecting the glycosyl ones were removed by hydrolysis
and PHOA was successfully prepared from PHIA. The peak at
about 1758 cm�1 is assigned to the vibration of the carbonyl
group (C]O). The peaks at 1629 cm�1, 1601 cm�1, 1506 cm�1,
and 1445 cm�1 are ascribed to the absorption of aromatic rings,
and the absorption band at 1100–1250 cm�1 is the typical
vibration of C–O of the ester bond.

From the GPC spectrum (Fig. 2), it is found that the molec-
ular weight of PHOA is about 13 542. Only one peak in GPC and
FT-IR data shows that the three monomers have copolymerized
into PHOA.

The chemical structures of PHIA and PHOA were also char-
acterized by 1H NMR in d6-DMSO (Fig. 3). The spectrum of PHIA
exhibits the typical peaks of protected glycosyl groups at 1.31
RSC Adv., 2014, 4, 22617–22620 | 22617
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Scheme 1 Synthesis of target compounds.

Fig. 1 FT-IR of PHIA and PHOA.

Fig. 2 GPC of PHOA.

Fig. 3 1H NMR of PHIA and PHOA.
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and 1.40 ppm, which are attributed to the protons of isopropyl
groups. The intensities of the peaks at 1.31 and 1.40 ppm
decreased in that of PHOA, which further proves that the
hydrolysis reaction yielded PHOA. The peaks at 6.36–7.63 ppm
are assigned to aromatic rings in HAB and AMC. The peaks at
4.02–5.85 ppm are ascribed to the gylcosyl ring.

The ultraviolet absorption spectra of HAB and 2,4-di-
hydroxybenzophenone (UV-0) are shown in Fig. 4(a). There are
22618 | RSC Adv., 2014, 4, 22617–22620
two main peaks in each curve. The peak at 330 nm of HAB is
ascribed to the n / p* transition of C]O, which is similar to
that of UV-0. A blue shi of the p / p* transition occurred
(HAB: 269 nm, UV-0: 290 nm) because of the decrease in the
electron density of the aromatic ring aer OH (in position 4)
reacted with acryloyl chloride (AC). Fig. 4(b) shows that there is
a blue shi of UV-B type from 318 nm to 280 nm aer the
reaction of OH (position 4) of p-hydroxy-methyl cinnamate
(PHMC) with AC to form an ester bond in AMC. The UV-visible
spectrum of PHOA is shown in Fig. 4(c). PHOA shows absorp-
tion from 260 nm to 350 nm, covering both the UV-A and UV-B
regions. In the PHOA absorption curve, the UV-B absorption
intensity is much greater than that of UV-A, indicating that both
UV monomers exhibit high absorption of UV-B.

The photo-antioxidant abilities of UV monomers and PHOA
are listed in Table 1. The relative oxidation rates (RORs) of HAB
and AMC are slightly higher than those of UV-0 and PHMC,
which indicates that the photo-antioxidant abilities of both UV
monomers decreased aer the introduction of the acryloyl group.
This group weakened the p–p conjugation between the oxygen
atom (position 4) and the phenyl ring, which made electron
transition difficult. Consequently, the molar absorption coeffi-
cient (3) is decreased too. As per our expectation, the ROR of
PHOA is the lowest among the UV monomers, which
This journal is © The Royal Society of Chemistry 2014
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Table 1 Ultraviolet spectra and photo-antioxidant abilities of ultravi-
olet absorbers

UV absorbers lmax ROR (%) 3

UV-0 321 87.2 12 600
HAB 329 89.2 7000
PHMC 312 76.7 27 800
AMC 282 77.4 23 850
PHOA UV-A 320, UV-B 290 70.1

Fig. 4 The UV-Vis absorption spectra of UV-0, HAB, PHC, PHMC,
AMC (7 � 10�5 mol L�1 in ethanol) and PHOA (3 � 10�2 g L�1 in
ethanol).

Fig. 5 In vitro cell viability of L929 cells treated with PHOA at various
concentrations for 24 h.
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demonstrates that there is a synergism between HAB and AMC
during the inhibition of photo-oxidation. This may be attributed
to the absorption of PHOA covering both UV-A and UV-B ranges.

Herein, in order to demonstrate biocompatibility of PHOA,
its cytotoxicity was evaluated by a 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay using well-grown
passage L929 mouse cells. The value of cell viability was
This journal is © The Royal Society of Chemistry 2014
expressed as a percentage of the control cells, which were
cultured with the culture medium only (viability 100%). As
shown in Fig. 5, there is only a little decrease in cell viability for
all concentrations. This reveals that PHOA has no obvious effect
on cell viability.

Conclusions

A novel glycopolymeric UVA, PHOA, was prepared from UV-A,
UV-B and glucosyl monomers. PHOA has a strong broad
absorption band from 260 to 350 nm, which covers both UV-A
and UV-B ranges. The photo-antioxidant data demonstrate that
there is a synergism between UV-A and UV-B monomers. These
results indicate that PHOA is a promising glycopolymeric UVA
having good biocompatibility and its absorption covers both
UV-A and UV-B ranges, which makes it a potential candidate as
a cosmetics additive.
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