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ABSTRACT

Project Code: BRG5580004

Project Title: Antiviral agents against herpes simplex and avian influenza viruses from Thai
medicinal plants

Investigator : Kittisak Likhitwitayawuid, Faculty of Pharmaceutical Sciences, Chulalongkorn
University

E-mail Address: Kittisak.L@chula.ac.th

Project Period : 31 July 2012 — 30 July 2015

Rationale of research program: Oxyresveratrol (2,4,3',5'-tetrahydroxystilbene) is a phytoalexin
present in large amounts in the heartwood of Artocarpus lakoocha Roxb. (Moraceae). It is a
representative of antiviral compounds with a bis-aryl structure, which was earlier elaborated in our
recently proposed hypothesis. Our previous studies have revealed its inhibitory activity against herpes
simplex virus (HSV). Because cerebral HSV infection has been implicated in the pathogenesis of
Alzheimer’s disease (AD), oxyresveratrol may have a potential use for preventing or treating AD.
Although oxyresveratrol, by topical application, has been shown to be effective against cutaneous
HSV infection, the compound lacks this activity when orally administered. Recently, oxyresveratrol

has been claimed to possess inhibitory activity against neuraminidase of avian influenza virus (AlV).

Objectives of research program: To find/develop medicinally useful compounds or drug delivery
systems for application in HSV, based on our earlier accumulated data on oxyresveratrol and its

medicinal potentials, as well as our earlier proposed hypothesis.

Methodology of research program: The research program consists of three separate projects: (1)
Development and evaluation of nanocarriers for oral delivery of oxyresveratrol; (2) Structural

modification of oxyresveratrol; and (3) Search for new antiviral agents from Thai medicinal plants.

Results of research program and suggestions:

(1) New drug delivery systems (DDS) for enhancing the oral absorption of oxyresveratrol were
obtained. We suggest that these DDSs be applied in the study of HSV-related cerebral
disorders such as Alzheimer’s disease (AD).

(2) Two compounds derived from oxyresveratrol may have higher potential than the parent
compound for treating cerebral HSV-infection and AD, due to their possibly higher
lipophilicity. One derivative may be a better blood sugar controlling agent, a result of a
theoretically slower rate of metabolism. Another derivative showed potent cytotoxicity

against HeLa cancer cells. In vivo studies are recommended for these active analogs.



(3) Additional facts on the structures and antiherpetic activity of bis-aryl compounds were

obtained. It is suggested that these data be digitally stored and analyzed in comparison with

information from other sources for future designs of antiviral drugs.
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Develop pharmaceutical formulations for the oral delivery of oxyresveratrol (OXYR).
Three different delivery systems were investigated: (1) solid lipid nanoparticles (SLN),
(2) nanostructured lipid carriers (NLC) and (3) self-microemulsifying drug delivery
systems (SMEDDS). Each system was successfully formulated using different
optimized compositions and methods. Comparative analysis was done on the
physicochemical properties of these OXYR formulations, as well as the ability to
increase the permeability of oxyresveratrol against cultured Caco-2 cells and oral
absorption in rats.

The obtained SMEDDS appeared as a yellow oily liquid, while the SLN and NLC as
low viscous suspensions. The physical properties, cytotoxicity, and drug permeability
across the Caco-2 monolayer of the different systems were compared. The non-aqueous
SMEDDS had about a 13-fold higher drug loading than the lipid nanoparticles (SLN
and NLC). The particle sizes (26.94 = 0.08 nm) of OXYR-SMEDDS were significantly
smaller than that of the NLC and SLN (p <0.05). Also, a narrow size distribution of the
SMEDDS (PDI, 0.073 £ 0.010) was obtained compared to the lipid nanoparticles (PDI,
0.2-0.3). In the MTT assay, the OXYR-SMEDDS showed a 4-fold greater toxicity on
the Caco-2 cells than the SLN and NLC containing OXYR. At the non-toxic
concentration of 100 mM of OXYR, the SMEDDS and the lipid nanoparticles had 2.5
to 3-fold enhanced permeability and 1.3 to 1.8-fold reduced efflux transport, as
compared to the unformulated OXYR (p <0.05). The improvement of the in vitro oral
absorption of the lipid-based formulations resulted from the increased permeability and
the efflux inhibition. The in vivo pharmacokinetic studies of these OXYR-loaded
formulations in the Wistar rat revealed that the SLN and NLC increased the relative
bioavailability of OXYR to 125% and 177%, respectively when compared with
unformulated OXYR. The SMEDDS enhanced bioavailability of OXYR to 218 — 786 %,
depending on the type and quantity of the surfactant.

These newly developed drug delivery systems have provided the possibility of oral
administration of oxyresveratrol for the treatment/prevention of Alzheimer’s disease.
Study the potential application of OXYR formulations in cerebral HSV-related diseases

such as Alzheimer’s disease.
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To chemically modify the structure of oxyresveratrol and determine the antiherpetic
activity of the obtained derivatives.

Several types of chemical reactions were studied.

We found that electrophilic substitution on the two aromatic rings could be controlled
by manipulating the type and the number of protecting groups placed on the phenolic
groups. A total of twenty-six derivatives were prepared from oxyresveratrol through.
This innovative strategy has provided a valuable tool for the future chemical
modification of similarly oxygenated aromatic structures. Oxyresveratrol and all of its
prepared analogs were evaluated for inhibitory activity against herpes simplex virus
(HSV) and neuraminidase of avian influenza virus (AlV). The most attractive products
are the partially etherified analogs, namely 3',5'-dihydroxy-2,4-dimethoxystilbene and
5'-hydroxy-2,3’,4-trimethoxy-stilbene, which displayed 3- to 4-fold higher
antiherpetic activity than the parent compound. Because of the ether functionalities,
these two synthetic compounds are expected to have higher lipophilicity and thus may
have greater potential use in cerebral HSV infection, as well as HSV-related
Alzheimer’s disease (AD). Neither oxyresveratrol nor its derivatives showed AlV
neuraminidase inhibition. Additional bioassays for o-glucosidase inhibition and
cytotoxicity against cancer cells were performed on the twenty-seven stilbenoids. Due
to its strong oa-glucosidase inhibitory activity, oxyresveratrol has been recently
suggested as an adjunct treatment for diabetes. The compound 5'-Hydroxy-2,3',4,-
triisopropoxystilbene obtained in this study showed as strong anti- a-glucosidase
activity as oxyresveratrol, and could be a better drug candidate, as judged from its
likely slower rate of metabolism. 3',5'-Diacetoxy-2,4-diisopropoxystilbene, another
analog derived oxyresveratrol, displayed selective and pronounced in vitro
cytotoxicity against HelLa cancer cells, and should be further investigated for

anticancer activity in animals.

Two derivatives showed greater antiherpetic activity than oxyresveratrol and might
have better potential for cerebral infection and AD, due to their possibly higher
lipophilicity. Niether oxyresveratrol nor any derivatives displayed AlV neuraminidase
inhibition. One derivative was approximately as strong as oxyresveratrol in inhibiting
a-glucosidase, and might be a more preferable drug candidate, thanks to its
hypothetically slower rate of metabolism. Another derivative exhibited potent

cytotoxicity against HeLa cancer cells.

Derivatives with improved activity should be further studied in vivo.
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To further accumulate data on naturally occurring antiviral compounds with a bis-aryl
structure, focusing on flavonoids, lignoids and stilbenoids.

Selected plants were evaluated for antiherpetic activity, and then subjected to detailed
investigation, including Artocarpus lakoocha (Moraceae), Miliusa mollis, M. fragrans,
M. umpangensis (Annonaceae), Mallotus plicatus (Euphorbiaceae), Dendrobium
venustum and Dendroium williamsonii (Orchidaceae). Constituents of these plants were
isolated by repeated chromatography, structurally characterized by spectroscopic
methods, and then evaluated for antiherpetic activity by the plague reduction assay.

A total of sixty secondary plant metabolites were obtained. Seventeen of these isolates
were determined as new compounds, consisting of a prenylated flavonoid [named
5,7,2"4'-tetrahydroxy-3-prenyl-6-geranylflavone], a tetrahydrofuran lignan [named (+)-
3-hydroxy-veraguensin], five dihydrobenzofuran neolignans [named miliumollin, 3'-
methoxymiliumollin, 4’-O-methylmiliumollin, 7-methoxymiliumollin and
miliumollinone], eight 8-O-4' neolignans [named miliusamollin, (+)-3-O-demethyl-
eusiderin  C, (+)-4-O-demethyleusiderin C, (-)-miliusfragrin, (-)-4-O-methyl-
miliusfragrin, (+)-eusiderin A, (-)-miliusfragranol A and (-)-miliusfragranol B], and
two glycosidic gallic acid derivatives [named bergenin-8-O-a-L-rhamnoside and seco-
bergenin-8-O-a-L-rhamnoside]. When subjected to antiherpetic activity evaluation,
only ten compounds were found to exhibit activity, including four flavonoids [i.e.
5,7,2' 4'-tetrahydroxy-3-prenyl-6-geranylflavone, cudraflavone C, quercetin 3,7-
dimethyl ether and chrysosplenol-D], three neolignans [i.e. miliumollinone, 4-O-
demethyleusiderin C and licarin A] and three dihydrostilbenes (or bibenzyls) [i.e.
gigantol, batatasin Il and 3,3'-dihydroxy-4, 5-dimethoxybibenzyl].

All of the antiherpetic molecules contained a bis-aryl structure, in accordance with our
previous observations. The most potent compound was 5,7,2',4"-tetrahydroxy-3-prenyl-
6-geranylflavone, which showed moderate activity as compared with the antiherpetic
drug acyclovir. Some of the isolates were evaluated for anti-neuraminidase, but were
devoid of such activity.

Data on the structures and activity should be digitally stored for future antiviral drug
design.
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