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ABSTRACT

Herpes Simplex Virus type 1 (HSV-1) is a common pathogen that causes disease
throughout the world. The need for new methods for the control and prevention of the
virus is vital to reduce the number of people affected by HSV-1. A recent review
concluded that natural products represent an important source for new antiviral activity
and that Traditional Chinese Medicines (TCMs) are good sources for these agents. The
objective of this study was to determine if any TCM plant extracts have potential active
compounds capable of antiviral activity against HSV-1, with the ultimate goal identifying
anti-HSV-1 drug candidates. After performing a cytotoxicity screen for each of 140 TCM
extracts, Vero cells were exposed to HSV-1 and one of the extracts simultaneously to
determine antiviral potential. Antiviral potential was determined by fluorescence
readings from a spectrophotometer taken after a period of virus, cell, and extract
incubation. Cell viability was determined using the fluorescent dye PrestoBlue which is
reduced to a fluorescent red color by viable cells. Ten extracts showed potential
antiviral activity by maintaining cell viability though cells were infected with HSV-1. The
most effective four extracts inhibited HSV-1 by 80% and included Mussaenda pubescens,
Antirrhinum majus, Bidens biternata, and Gnetum parvifolium. Further testing will be

done to isolate active compounds from these extracts.
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|. INTRODUCTION

Herpes viruses

Herpes Simplex Virus type 1 (HSV-1) is a common pathogen that causes disease
throughout the world. Herpes Simplex Virus type 1 is a large double stranded DNA virus
in the family Herpesviridae. Eight herpes viruses within this family infect humans,
including Herpes Simplex Viruses type 1 and type 2 (HSV-2), Varicella-Zoster virus (VZV),
cytomegalovirus (CMV), Epstein-Barr virus (EBV), and human herpes viruses (HHV) 6, 7,
and 8. Within the family Herpesviridae, these eight herpes viruses are also classified
into the subfamilies alpha, beta, and gamma. Classified as alpha herpes viruses are HSV-
1, HSV-2, and VZV. Traditionally, HSV-1 is the primary cause of oral lesions, eye
infections, and other skin related diseases, such as Herpes Whitlow. Herpes Simplex
Virus type 2 commonly causes genital lesions and is responsible for most cases of
meningoencephalitis and neonatal disease, which is when an infant is infected with HSV
during birth. Although historically most cases of genital infection and neonatal disease
are caused by HSV-2, both types of HSV can cause genital infection, and currently almost
33% of all new genital HSV diagnoses are caused by HSV-1 (Anzivino et al. 2009).
Varicella-Zoster virus causes chicken pox and, after setting up latency, can be
reactivated in adults as shingles. Other members of the family Herpesviridae can also
cause serious illness in individuals. While most individuals infected with CMV remain

asymptomatic, those showing symptoms can develop pneumonia and mononucleosis.



CMV is able to cross the placenta and cause a fetal infection resulting in organ defects,
blindness, and even death in infants. Epstein-Barr virus is the primary cause of
mononucleosis and is also associated with cancer, especially in Africa and China. Both
CMV and EBV, like the alpha herpes viruses, are able to set up latency and become

reactivated later in life.

Herpes virus life cycle

All herpes viruses consist of double stranded DNA and a protein capsid,
tegument, and lipid bi-layer envelope (Whitley et al. 1997). The icosahedral capsid
containing the viral DNA is covered by the tegument, which in turn is covered by an
envelope containing embedded proteins (Akhtar and Shukla 2009).

Alpha herpes viruses, including HSV-1, infect host cells by attaching to a cell
surface receptor (Fig. 1), heparan sulfate, via a specific protein, glycoprotein C (Geraghty
et al. 1998). Heparan sulfate is found on many of our body’s cells, including epithelial,
pancreatic, and neural cells. Upon attachment, the virus particle undergoes receptor
mediated endocytosis or fusion of the envelope with the host cell membrane and the
viral DNA inside the capsid is released into the cell (Akhtar and Shukla 2009). The viral
DNA is transported to the host nucleus, where the DNA is replicated (Whitley et al.

1997).



Fig. 1 — Mechanism of HSV-1 Infection. (Image by Graham Colm). After the virus
attaches to the host cell via proteins on its surface, it undergoes receptor mediated
endocytosis or fusion to release its viral DNA and capsid into the host cell. Viral DNA is
transported to the nucleus where it is replicated, and reassembled HSV-1 virions then
bud out of the host cell and spread.

After the viral DNA is transported to the nucleus, its genome is transcribed using
host supplied DNA dependent RNA polymerase. Viral genes are expressed in a stepwise
pattern, with first immediate early (IE), then early (E), and finally late (L) proteins being
expressed (Pei et al. 2011). Immediate early proteins, once translated in the cytoplasm
on free ribosomes, return to the nucleus to up-regulate the expression of early genes.
Early proteins are also translated in the cytoplasm on free ribosomes, and then return to

the nucleus to assist in viral replication. These proteins include those that help



circularize the DNA and also a DNA dependent DNA polymerase with a unique herpes
thymidine kinase (TK). While viral DNA replication is occurring, late genes are being
expressed and leave the nucleus to be translated into capsid and tegument proteins.
Capsid proteins then return to the nucleus and assemble around the newly replicated
viral genome, eventually budding out of the cell in order to acquire its attachment
glycoproteins. The virus then is capable of spreading cell to cell, eventually invading

neurons in the CNS (Akhtar and Shukla 2009).

Latency

Each of the herpes viruses is capable of setting up latency in different cells. Both
CMV and EBV can become latent in lymphocytes and epithelial cells, and reactivation of
the virus is common. Because alpha herpes viruses are able to replicate in the central
nervous system (Whitley et al. 1997), during a primary infection the virus can set up
lifelong latency in neurons and reactivate sporadically (Liu et al. 2008), usually due to
physical stress or immune depression (Akhtar and Shukla 2009). The result of these
reactivations may result in symptoms such as genital or oral lesions or may be
asymptomatic (Piret and Boivin 2011). Varicella Zoster Virus sets up latency in the
dorsal root ganglia, and HSV-1 and 2 set up latency in the trigeminal ganglia and
lumbosacral ganglia, respectively (Anzivino et al. 2009).

Whereas during a lytic infection with HSV-1, all viral genes are expressed, during

latency the viral genome is maintained, though most of the genes remain unexpressed



(Pinnoji et al. 2007). Once the HSV-1 genome has entered a neuron, most gene
expression ceases (Jones 2003). Latency-associated transcript (LAT) RNA is the only RNA
expressed in large quantities and is used by HSV-1 to inhibit productive infection (Jones
2003). The virus remains “silent” during latency, but can be reactivated to cause disease

and transmit virus (Jones 2003).

Transmission of herpes viruses

Herpes viruses are transmitted human to human and are spread by direct
contact with the virus, which may be present in skin lesions and also in respiratory
secretions. The virus can enter through mucosal surfaces or a wound in the skin
(Whitley et al. 1997). Herpes Simplex Virus type 2 is generally transmitted sexually and
the earliest infections occur in early teens and young adulthood. The age of primary
infection with HSV-1 is 1-4 and is generally through non-sexual contact. Though HSV-1 is
primarily transmitted non-sexually, it is causing an increasing number of cases of genital
herpes in the US and other developed countries due in part to oral-genital contact
(Anzivino et al. 2009). About 30% of HSV infections can remain asymptomatic, but even
if an individual shows no symptoms of HSV infection, he/she can still spread the virus by
asymptomatic shedding (Akhtar and Shukla 2009). Herpes Simplex Virus type 1 can also
be transmitted vertically during childbirth. Because HSV-1 is causing more cases of
genital herpes, and because transmission can still occur even during asymptomatic

shedding of the virus, the risk of infecting newborns with HSV-1 may be increasing.



Significance of HSV-1

Disease

Primary symptomatic infections of HSV-1 may include mouth and tongue lesions,
other skin lesions such as those associated with Herpes Whitlow and Herpes
gladiatorum, pharyngitis, and keratoconjunctivitis (Zu et al. 2009). Herpes Simplex Virus
type 1 can also be responsible for genital lesions. Because HSV-1 can be reactivated to
cause repeated infections, it is especially dangerous for immunocompromised
individuals, such as infants and HIV/AIDS and organ transplant patients (Kuo et al. 2002).
Even primary infections of HSV-1 can be opportunistic and can take advantage of
immunocompromised people (Tolo et al. 2006). Herpes Simplex Virus type 1 can also
cause more serious illnesses such as pneumonia and meningoencephalitis in
immunocompromised individuals (Piret and Boivin 2011). Due to HSV-1's capability to
set up latency in the central nervous system, several studies have even suggested a link
between HSV-1 and Alzheimer’s disease because the same regions of the brain are
involved (Jones 2003). Recurring HSV-1 infections can cause oral lesions and also lead to
corneal scarring (Liu et al. 2008). The scarring resulting from these eye infections causes
blindness in individuals worldwide (Kuo et al. 2002).

Additionally, HSV-1 can cause neonatal herpes, which may be a direct result of
infection through maternal genital secretions during birth, leading to viremia, central
nervous system disease, and oral and ocular infections in the infant (Pepose et al. 2006).

The biggest risk factor in spreading the disease to newborns is a pregnant mother



acquiring HSV-1 for the first time during pregnancy (Anzivino et al. 2009). Because most
HSV infections occur in women of reproductive age, there is a greater risk of spreading
HSV to newborns (Anzivino et al. 2009). Infections in infants and newborns can
manifest as eye, mouth, and skin lesions, encephalitis, seizures, and multi organ
dysfunction, resulting in nearly 30% mortality (Anzivino et al. 2009).

Impact

Worldwide, HSV-1 is a significant problem, infecting the majority of the
population in some areas and overall HSV-1 has a seroprevalence of 70% (Faral-Tello et
al. 2012). In countries in Africa, such as Eritrea and Uganda (where there is also a high
seroprevalence of HIV), seroprevalence of HSV-1 in young adults is greater than 90%,
and continues to increase with age. In several countries in Europe and the Middle East,
seroprevalence of HSV-1 is above 50% for all age ranges (Smith and Robinson 2002).

Herpes Simplex Virus type 1 is a major problem in the US as well. The CDC
reported (2013) 24.1 million new and existing cases of HSV-2 in the US in 2008, and
while HSV-2 seroprevalence in the US is only 17% (Wilson et al 2010), HSV-1
seroprevalence is 57.7% (Xu et al. 2006), suggesting that there could be three times as
many cases of HSV-1. Additionally, there are nearly 60,000 new and repeated episodes
of HSV related eye disease in the US each year (Wilson et al. 2010). While overall
seroprevalence is down from 62% in previous years, the number of cases of genital
herpes caused by HSV-1 has increased (Xu et al. 2006). Because fewer children in the US

are becoming infected with HSV-1 at an early age, this provides the opportunity for



more women to get HSV-1 for the first time during pregnancy (Anzivino et al. 2009). In
fact, around 21% of pregnant women in the US have never been infected with HSV-1
(Pepose et al. 2006), increasing the risk of passing the disease on to newborns (Anzivino

et al. 2009).

Treatment for HSV-1

Vaccine potential

While drugs are available for treatment of HSV, there is not yet a vaccine for
prevention of infection. Some attempts at vaccines have been made; however, none
have shown clear benefit or significant positive results. For example, one vaccine
advanced to phase Il trials, but could not protect against recurrences of the virus, and
another vaccine provided protection against genital herpes for women, but not for men
(Wilson et al. 2010). The difficulty in finding a functional vaccine is finding a way to
deliver an effective dose at a local mucosal site (Wilson et al. 2010). One recent live
attenuated vaccine was able to prevent recurrence in 43.5% of patients (Wilson et al.
2010), but much work remains to be done to deliver an effective anti-herpes vaccine.

Drugs

Because the HSV life cycle has several stages (such as attachment, entry, etc.),
anti-HSV drugs can target any of these stages to inhibit the virus (Kuo et al. 2002). The
need for new methods for the control and prevention of the virus is vital to reduce the

number of people affected by HSV-1. Many antiviral agents have originated from natural



sources, including the most widely used anti-herpes drug, acyclovir (ACV), which is a
structural analogue of a compound from the sea sponge Cryptotethya crypta (Dang et al.
2010).

Herpes Simplex Virus type 1 infections are usually treated with ACV, a drug that
acts by blocking specific enzymes of HSV that trigger disease (Chattopadhyay et al.
2009). Acyclovir is a nucleotide analog and works by being targeted specifically by
thymidine kinase (Kuo et al. 2002). When phosphorylated by thymidine kinase, it stops
the viral DNA polymerase and therefore viral DNA replication (Tolo et al. 2006). Also
currently used are the drugs Valaciclovir (VCV), which is converted in the body to ACV
(Wilson et al. 2010) and Famciclovir (FCV), converted in the body into penciclovir, both
of which work in a similar fashion to ACV (Wilson et al 2010).

Acyclovir is normally administered orally but it is also available as a topical cream
to treat some herpes lesions (Wilson et al. 2010). In general, both ACV and VCV are used
to treat keratitis, and ACV is used to treat neonatal herpes infections (Wilson et al.
2010). Acyclovir, VCV, and FCV are all used to treat oral and genital lesions, with FCV and
VCV being the most effective for genital herpes (Wilson et al. 2010). Treating with ACV
cannot cure HSV-1, but the goal of treatment is to lessen the frequency and duration of
lesions in order to stop transmission of the virus from person to person (Piret and Boivin

2011).
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Drug resistance

Resistance to ACV occurs because of genetic mutations in viral genes for
thymidine kinase (Christophers et al. 1998). Because it is so widely administered, there
is growing worldwide resistance to ACV, and resistance to ACV and other drugs is
expected to increase (Tolo et al. 2006). Some efforts at drugs to target ACV resistant
HSV have been made, but both of the most widely used drugs can be toxic. Cidofovir is
an anti-herpes drug used on ACV resistant strains of HSV, but it is nephrotoxic and must
be taken in conjunction with other drugs and intravenous hydration (Wilson et al. 2010).
Foscarnet is also used to treat ACV-resistant HSV, but is only available intravenously
and, like cidofovir, is also nephrotoxic (Wilson et al. 2010).

Most of the ACV resistance is found in immunocompromised individuals, due to
the virus being able to replicate longer and because the individual’s immune response is
impaired (Piret and Boivin 2011). While ACV resistance is low in general among
immunocompetent patients, ranging from 0.1-0.7% (Piret and Boivin 2011), one study
reported 6.4% of immunocompetent individuals with herpes keratitis to have ACV
resistant HSV-1 (Wilson et al. 2010). Resistance to ACV among immunocompromised
individuals is commonly between 3.5-10% (Piret and Boivin 2011), although a study
reported that in some transplant patients, ACV-resistant HSV-1 has been seen in as
many as 30% of cases (Wilson et al. 2010). Immunocompromised patients, such as
those with HIV/AIDS or who have undergone transplants, have a 5-10% chance of

developing resistant HSV after being treated with ACV or its analogues (Shin et al. 2001).
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It is important therefore to find new agents capable of inhibiting HSV-1 that could
replace or complement ACV.

Natural products

Natural products have been used to treat disease historically and include such
products as morphine, penicillin, and aspirin (Yasuhara-Bell et al. 2010). Many studies
have investigated the use of single plants and herbs as antivirals, suggesting that natural
products are a good possible source of new anti-viral drugs (Kuo et al. 2002). Herbs and
plants are used as medicines because they are readily available and accepted in certain
areas of the world (Tolo et al. 2006). For example, the majority of the population in
India still uses plants and herbs as antioxidants, and some herbs, such as Bixa orellana
have been shown to have antitumor effects (Vaidya and Devasagayam 2007).
Additionally, Brindley et al. (2009) reported that Prunella vulgaris, used in Chinese and
Native American medicine, was able to prevent lentiviruses from entering cells by
preventing viral attachment.

Traditional Chinese Medicine

Some plants and herbs used in Traditional Chinese Medicine (TCM) have been
reported to be antiviral, antifungal, antibacterial, and have numerous other health
benefits. These TCMs have been used for thousands of years to treat infections and
disease in China (Ojwang et al. 2005). For example, the TCM plant Euphorbia hirta has
been widely studied for antibacterial, antifungal, anti-asthma, and even anti-HIV

properties with positive results (Kamya et al. 2012; Gyuris et al. 2009; Kunwar et al.
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2010; Rajeh et al. 2010). Another TCM, Gnetum parvifolium has been reported to be
anti-inflammatory and anticarcinogenic (Cheng et al. 2008). Since these herbs and
plants in TCM have such a history of medicinal use in China, it would seem more likely to
find antiviral compounds from these sources rather than a random screening of
chemical compounds (Ting and Tao 2013). Currently, 10% of prescribed drugs in China
are traditional Chinese herbal medicines (Ting and Tao 2013).

Many different plant and herb extracts used in TCM have been shown to be
antiviral. One TCM, Scutellaria radix, has been used in China for thousands of years and
has a major active component that effectively suppresses Hepatitis B Virus (HBV)
antigens by potentially inhibiting HBV DNA polymerase and terminating DNA elongation
(Guo et al. 2007). This active component, called wogonin, was found to have long
lasting antiviral effects, and is under development as an anti-hepatitis B drug candidate
(Guo et al. 2007). Other plant extracts used in TCM have been tested against influenza
virus strains (Pleschka et al. 2009; Tian et al. 2011). Pleschka et al. (2009) reported that
the widely used herb Echinacea purpurea inhibited influenza virus by preventing viral
entry into cells. Similarly, an active component of Agastache rugosa (which has been
used in TCM as both an antiviral and an antifungal) was shown to be chemotherapeutic
and chemo-preventative against respiratory syncytial virus (RSV) by interfering with viral
attachment and internalization (Wang et al. 2009). Ojwang et al. (2005) also reported
anti-RSV activity from the plant Lonicera deflexicalyx, historically used in China to treat

respiratory infections. While antiviral activity in an isolated compound of this plant
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against RSV was reported, it was ineffective against HSV. A more promising study
undertaken by Li et al. (2004) screened 21 extracts used in TCM against both RSV and
HSV-1 and found three extracts that successfully inhibited HSV-1 and six that inhibited
RSV.

Natural products and herpes virus inhibition

Some work has been done to test herbs and plants from areas outside of TCM
specifically for HSV inhibition. In an early study done in the late 1990s, Benencia and
Courreges (1999) reported that sandalwood oil showed antiviral activity against HSV-1
and 2, although it proved less antiviral at higher virus concentrations. Extracts from
marine microorganisms have also been tested against HSV (Yasuhara-Bell et al. 2010).
One study tested 20 extracts from marine organisms against HSV-1 and three other
viruses using Vero cells and found seven that were broadly antiviral (Yasuhara-Bell et al.
2010). This study reported, however, that these extracts had little lasting effect on viral
inhibition and no isolation of active components was done (Yasuhara-Bell et al. 2010).
Kambizi et al. (2007) tested two South African plants, commonly used in that country to
treat genital herpes, against HSV-1. Both exhibited some lasting antiviral activity, but
mostly at very high (>1000 pg/mL) concentrations. Tolo et al. (2006) tested the plant
Carissa edulis, used in Kenya for treatment of skin infections and sexually transmitted
diseases. It was reported to be effective against both wild type and ACV resistant

strains of HSV-1, but no active compounds were isolated.
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More promising work has been done investigating antiviral properties
specifically from TCM plant extracts against herpes viruses. Ganoderma lucidum has
been used in TCM as a treatment for sickness ranging hypertension to ulcers and one
study reported inhibition of HSV attachment to cells (Liu et al. 2004). Berberine, a
compound from Coptidis rhizome which is used in traditional Chinese herbal medicine,
was shown to exhibit anti HSV activity by interfering with the replicative cycle (Chin et
al. 2010). While the researchers were able to determine that this interference occurred
at some point after viral entry into the host cell but before viral DNA replication, they
were not able to give an exact mechanism (Chin et al. 2010). Chiu et al. (2004) reported
that a fraction of Prunella vulgaris was successfully able to reduce the amount of both
wild type and ACV resistant strains of HSV-1 antigens expressed by Vero cells.

Other Chinese herbal extracts have been tested, such as Limonium sinense, and
have demonstrated anti-herpetic activity by inhibiting viral replication at the immediate
early and early stages of gene expression, which could significantly affect viral
replication in both lytic and latent infections (Kuo et al. 2002). Tripterygium
hypoglaucum is also a plant from TCM, commonly used to treat tumors and
inflammation. It was found to have anti-HSV-1 activity against Vero cells with an IC50
(half maximal inhibitory concentration) of 6.5 pg/mL, lower than ACV’s IC50, which is
15.4 pg/mL (Ren et al. 2010).

Based on the number of extracts and their widely accepted and historically

demonstrated anti-HSV properties, there is enormous potential for finding an extract
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capable of inhibiting HSV among plants used in TCM. TCMs have been screened on a
very broad scale against HINI Influenza virus (Chang et al. 2011) and Hepatitis B (Zhan et
al. 2011), but little work has been done to broadly screen extracts from TCM specifically
with HSV-1 (Li et al. 2004). Further, Kurokawa et al. (1995) reported that 4 extracts not
investigated in this study, but used in TCM, when taken in combination with ACV,
reduce HSV-1 virus yield and skin lesions. These facts demonstrate the need for a
specific and more current study of TCM extracts against HSV-1.

A recent review concluded that “natural products are one of the most important
sources of novel antiviral agents” and that TCMs may be good sources for these agents
(Chattopadhyay et al. 2009). The growing resistance to HSV drugs worldwide, the lack
of a vaccine for HSV, and the abundance and potential for drug candidates to fight HSV

from a wide-ranging variety of TCMs make this an important area of study.

Current Study

This study was undertaken to screen plant extracts used in TCM for HSV-1
inhibition. Traditional Chinese Medicine plant extracts were provided through a
partnership between the Tennessee Center for Botanical Medicine Research (TCBMR)
and the Guangxi Botanical Garden of Medicinal Plants in China. Over 140 TCM extracts
were screened for cytotoxicity and HSV-1 inhibition in Vero cells using a fluorescence

based assay and spectrophotometry.
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Il. METHODS

Extracts

Plants and plant parts were ground up and separated into fractions using
different solvents (water, butanol, ethyl acetate, petroleum ether, chloroform, ethanal,
and ethanol) by our partner in China. The resulting dry crude extracts were re-
suspended in pure dimethylsulfoxide (DMSO, Sigma, St. Louis, MO) to a concentration of

10 mg/mL by the TCBMR.

Media

Phosphate Buffered Saline (PBS) was made by mixing 8 g NaCl (Fisher Scientific,
Suwanee, GA), 0.2 g KCI (Fisher Scientific), 1.15 g Na,HPO, (Fisher Scientific), 0.2 g
KH,PO, (Fisher Scientific), and 991 mL deionized water (dH,0) and sterilized by
autoclaving.

Fresh supplemented M199 Hanks medium and fresh supplemented M199 Earle’s
medium were prepared under the hood. To prepare the supplemented media, all
bottles were wiped with 70% ethanol soaked onto a paper towel and flamed under the
hood before use to prevent contamination. Approximately 90 mL of unsupplemented
M199 Hanks or M199 Earle’s media (Sigma) was added to an autoclaved glass bottle. To
this media was then added 8 mL Fetal Bovine Serum (Gibco by Life Technologies, Grand

Island, NY), 1 mL glutamine (Sigma), 1 mL penicillin-streptomycin (Sigma), and 0.5 mL
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fungizone (Invitrogen by Life Technologies). Supplemented media in glass bottles were
labeled and dated and this, along with the unsupplemented media, were stored at 4°C.

Overlay medium was prepared and stored in autoclaved glass bottles. Overlay
medium was made by adding together 25 mL sterile dH,0, 10 mL 10X 199 Earle’s
medium, 10 mL Fetal Bovine Serum, 50 mL methylcellulose, 1 mL glutamine, 1 mL
penicillin-streptomycin, 0.5 mL fungizone, and 2.9 mL of sodium bicarbonate (Sigma).
Methylcellulose was prepared by adding 243 mL dH,0 to 7.5 g methylcellulose (Sigma).
This mixture was heated to 90°C to allow it to dissolve, autoclaved, and stored at 4°C

before being used to prepare overlay medium.

Cell maintenance

Vero cells (African Green Monkey Kidney, American Type Culture Collection
certified cell line #81) were grown in a 25 cm? culture flask (Corning Costar Corp.,
Cambridge, MA) and incubated at 36°C (Revco Scientific Inc., Asheville, NC). When
grown to a confluent monolayer on the bottom of the flask, cells were passed into new
flasks as needed. All work was done under a laminar flow hood (Nuaire, Plymouth, MN)
and all bottles and flasks were wiped with a paper towel soaked in 70% ethanol and
then flamed under the hood to prevent contamination.

To pass cells, existing culture medium was decanted and cells were washed twice
with 5 mL sterile PBS for a minute each time, decanting PBS after each wash. After the

last wash of PBS, 5 mL 0.1% trypsin (Sigma) was added and cells were placed into the
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incubator at 36°C for 5-10 minutes. Cells were visually inspected with an inverted
microscope (Southern Micro Instruments, Atlanta, GA) every 2-3 minutes to look for
cells to round up but not detach. When cells began to round up, the trypsin was
decanted under the hood and the cells were returned to the incubator for an additional
10-15 minutes until cells completely detached and slid off the bottom of the flask. This
was checked every 4-5 minutes by gently tapping the flask in the palm of hand. Once
cells had detached, they were returned to the hood and cells were washed off the flask
bottom with 5 mL of fresh M199 Hanks. Cells and media were triturated with a pipette
for 2-3 minutes to break up cell clumps. After trituration, 0.5 mL of cell suspension was
transferred to as many new flasks as needed for experimentation and maintenance
along with 4.5 mL of fresh M199 Hanks for a final volume of 5 mL in each flask. Flasks
were stored in a 36°C incubator with flask caps on tight. As medium became orange 2
days later, old medium was decanted and 5 mL fresh M199 Earle’s was added to cells.
Cells were passed every seven days. Cells were quantified using a haemocytometer
(Fisher Scientific) and were examined using a brightfield microscope (Olympus Optical
Co. Ltd., Japan). Using a trypan blue exclusion stain, viable cells (non-stained) were
counted in each of 10 grids on the haemocytometer. The cell count equaled the
number of viable cells divided by the number of squares counted times the cell dilution

times 10,000.
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Virus preparation

To prepare HSV-1 stock virus, cells from one 25 cm? flask were passed as
described previously through the trituration step. After trituration, the entire 5 mL cell
suspension was added to a 75 cm? flask (Corning) with 20 mL fresh M199 Hanks and
incubated at 36°C for 2 days. After two days, the old medium was decanted and 15 mL
fresh M199 Earle’s along with 1 mL HSV-1 (ATCC® VR-1383™) was added to the flask and
the flask was returned to the incubator. After two days, the flask was removed from
incubation and placed in a freezer at -20°C for 15-20 minutes. When frozen, the flask
was removed from the freezer and thawed for 5-10 minutes. After thawing, media was
taken out of the flask, placed in equal amounts in two centrifuge tubes (Fisher
Scientific), and spun for 5 minutes at 2000xg rpm in a centrifuge (Eppendorf, Hamburg,
Germany) until a pellet had formed. The supernatant containing the virus was removed
and aliquoted into 15 cryovials (Fisher Scientific) containing 1 mL each and stored in an
ultra-low freezer at -70°C. Tubes containing virus were removed from the ultra-low
freezer and stored in a -20°C freezer 2 tubes at a time for viral inhibition testing. Tubes
were used twice and then thrown away to ensure virus potency.

Viral plaque assays were performed on HSV-1 using Vero cells (ATCC® VR-
1383™). Vero cells were set up on a 24 well plate (Corning) in a confluent monolayer
across the bottom of the wells. All work was performed under a laminar flow hood.
Stock virus was diluted in M199 Earle’s to 2x10*, 4x10*, 8x10%, 1.6x10°, and 3.2x10° with

each dilution being repeated on the plate 4 times. First, medium from the 24 well plate
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was decanted onto adsorbent paper. After media was decanted, 0.2 mL of appropriate
virus dilution was added to wells. After virus was allowed to adhere for 2 hours in a 5%
CO; incubator (Fisher Scientific) at 37°C, medium was removed with a sterile pipette and
0.5 mL overlay medium was added to each well. The plate was returned to a 5% CO,
incubator for 2-3 days until appropriate size plaques had formed. After plaques had
formed, overlay medium was decanted onto adsorbent paper. After the overlay
medium had completely run out of wells (approximately 10 minutes), 0.5 mL methanol
(Sigma) was added to each well for 5 minutes. After 5 minutes, the methanol was
decanted and 0.5 mL Giemsa stain (Sigma) was added to each well for 10 minutes. After
10 minutes, the stain was decanted and wells were allowed to air dry for 10 minutes.
Plaques were evaluated using an inverted microscope and virus titer was calculated by

multiplying the number of plaques by the dilution.

Cytotoxicity testing

The cytotoxicity of extracts was tested using a spectrophotometer to measure
cell viability. All work was performed under a laminar flow hood.

Cells in a confluent monolayer in a 25 cm? tissue culture flask were detached
with 0.1% trypsin and triturated using 5 mL of supplemented Hanks 199 media as
described previously. After triturating, 1 mL of cell suspension was added to 11.5 mL of
fresh 199 Earle’s in a sterile plastic tray (Aquafill, Swedesboro, NJ). Using a multi-

channel pipettor, 100 pL of cell suspension was added to each well that required cells on
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a 96 well plate (Corning) so that each well contained 5,000 cells. The plate was then
incubated at 37°C in 5% CO, (Fisher Scientific) for 24 hours.

After 24 hours of cell incubation, extracts were removed from a freezer and
quickly spun down using a centrifuge (Fisher Scientific) at 10,000 x g for 30 seconds.
One and a half mL Eppendorf tubes were labeled with names of all media, extracts, and
controls being used. Fresh 199 Earle’s was used for blank wells and media only controls.

Extracts were screened in triplicate (Fig. 2) starting at a concentration of 100
ug/mL and diluted as necessary down to 6.25 pg/mL (and retested) if found to be
cytotoxic. To test extracts at 100 pg/mL, 396 pL of fresh 199 Earle’s and 4 pL of extract
was added to each appropriate Eppendorf tube. After extracts were removed from
under the hood and replaced in freezer, the titered virus was removed from the freezer

and placed under the hood to thaw.
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Fig. 2 — Example of a Plate Setup for Cytotoxicity Testing. Extracts and controls were

screened in triplicate as indicated by the colors on the plate.

The virus only control wells were prepared by diluting the viral stock solution to
achieve a multiplicity of infection (MOI) of 0.1, or 1 virus particle for every 10 cells. To
each of the virus control wells was added 100 pL.

The prepared 96 well plate was removed from incubation after 24 hours, when
cells were confluent. Using a vacuum (Cole Parmer, Vernon Hills, IL), medium was
aspirated from wells 3 columns at a time. Finally, 100 pL of appropriate extract/control
was added to each well and the plate was incubated 48 hours at 37°C in 5% CO,.

After a 48 hour incubation, 1.1 mL PrestoBlue dye (Invitrogen) was added to a
plastic tray. Using a multi-channel pipettor, 11.1 uL dye was added to each well on the

plate. The plate was then incubated at 37°C in 5% CO, for 30 minutes. After this 30
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minute incubation, the plate was read for fluorescence using a spectrophotometer,
(Molecular Devices, Sunnydale, CA) which measures the intensity of light using Softmax
Pro software. The cell permeable dye being used, PrestoBlue, measured cell viability by
changing color from blue to red when resazurin in the dye was reduced to resorufin by a
viable cell.

The above steps were repeated as necessary, diluting extracts 2-fold in
succession to 6.25 pg/mL until a working concentration of extract was found to inhibit
less than 20% of cell growth. This working concentration of extract was then used for

virus testing.

Virus inhibition screen

The anti-viral potential of extracts at was tested using PrestoBlue and a
spectrophotometer to measure cell viability. All work was performed under a laminar
flow hood.

Cells in a confluent monolayer in a 25 cm? tissue culture flask were detached
with 0.1% trypsin and triturated using 5 mL of fresh Hanks 199 as previously described.
After triturating, 1 mL of cell suspension was added to 11.5 mL of fresh 199 Earle’s in a
plastic tray. Using a multi-channel pipettor, 100 uL of cell suspension was added to each
well on a 96 well plate that required cells. The plate was then incubated at 37°Cin 5%

CO, for 24 hours.
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After 24 hours, extracts being tested were removed from a freezer and quickly
spun down using a centrifuge at 10,000 x g for 30 seconds. Eppendorf tubes were
labeled with names of all media, extracts, and controls being used. For blank wells and
media only controls, fresh 199 Earle’s was used.

To test extracts not cytotoxic at 100 pug/mL, tubes were prepared containing 392
uL fresh M199 Earle’s and 4 pl of appropriate extract. The virus to be used in the
control and in tubes containing extract was prepared by diluting the viral stock solution
to an appropriate level to achieve an MOI of 0.1 when added to extract and control
tubes.

The prepared 96 well plate was removed from incubation. Using a vacuum,
medium was aspirated from wells 3 columns at a time. Finally, 100 pL of appropriate
extract/virus or control was added to each well and the plate was incubated 48 hours at
37°Cin 5% COa,.

After a 48 hour incubation, 1.1 mL PrestoBlue dye was added to a plastic tray.
Using a multi-channel pipettor, 11.1 plL dye was added to each well on the plate. The
plate was then incubated at 37°C in 5% CO, for 30 minutes. After this 30 minute
incubation, the plate was read for fluorescence using a spectrophotometer, looking for
at least 50% virus inhibition with respect to controls.

This experiment was done for all extracts at their appropriate non-cytotoxic
working concentrations. Dilutions of extracts showing antiviral activity were performed

to verify results using the above method and to find an IC50.
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Controls
Because extracts had been re-suspended in DMSO at 100 pg/mL and 50 pg/mL
was tested with cells to ensure it had no negative impact on cell viability. As little as 2
ug/mL ACV has been reported to be 62% effective against HSV-1 in combination with
Vero cells (Safrin et al. 1994), and so Acyclovir (Sigma) was also used as a positive

control of virus inhibition at concentrations of 2, 4, and 8 pug/mL.

Statistics

Each set of triplicate wells in cytotoxicity and viral inhibition testing was
repeated between 2-6 times. Fluorescence measurements were averaged using
Microsoft Excel to yield a final percentage. For each set of percentages was calculated a
mean * standard error using Sigma Plot. IC50s were calculated using Microsoft Excel

and a line of best fit.
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[ll. RESULTS

A total of 140 extracts obtained from 34 plants were evaluated for cytotoxic
effects on Vero cells and potential anti-HSV-1 activity. All plants and extracts from those
plants are listed in Appendix A. A cytotoxicity screen was performed on all extracts
beginning with a concentration of 100 pg/mL. Prior to conducting any testing,
parameters were established to determine minimum acceptable cytotoxicity and viral
inhibition. To be used against virus at its tested concentration, extracts had to show less
than 20% cell inhibition. To exhibit antiviral activity, extracts had to inhibit the virus by
at least 50%, or show at least a half maximal inhibitory response.

As summarized in Table 1, the majority of the extracts were used at a starting
concentration of 100 pg/mL, and 36 only needed to be diluted once, to 50 pg/mL to

achieve less than 20% cell inhibition.

Table 1 — Dilutions of Extracts for Cytotoxicity. While 86 extracts were used at
working concentrations of 100 pug/mL, others had to undergo subsequent 2-fold

dilutions to achieve less than 20% cell inhibition.

Working # of
concentration (ug/mL) | extracts
100 86
50 36
25 12
12.5 4
6.25 2
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As shown in Table 2, 86 extracts exhibited less than 20% Vero cell inhibition and
were tested against HSV-1 at a working concentration of 100 pg/mL. Many extracts
displayed negative cell inhibition at this concentration, meaning that no inhibition was
evident and cell fluorescence was higher than control cells not exposed to extract. All
other extracts were diluted 2-fold and tested again for cytotoxicity until less than 20%
cell death was achieved. Two extracts, mdz-1 and mdz-5 (Table 2), were toxic to cells at
all concentrations tested (6.25-100 pug/mL) and are not included in subsequent tables or
figures.

Presented in Table 3 are the 86 extracts that inhibited virus at 100 pg/mL.
Presented in Table 4 are the 36 extracts that inhibited virus at 50 ug/mL. This was the
lowest concentration from which were found extracts that inhibited virus. Tables 5-7

display the final Vero cell toxicity results for the remaining extracts.
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Table 2 - Percent Vero Cell Inhibition by All Extracts. Extracts were evaluated at 100
ug/mL. If cell inhibition was greater than 20%, extracts were diluted until a working
concentration non-toxic to cells was achieved. Extracts with cytotoxicity less than 20%
were used at a working concentration of 100 pug/mL. Numbers in parentheses indicate
higher fluorescence values when compared with control cells not exposed to extract.

Extract % Extract % Extract % Extract % Extract % Extract %
2B 99 | |15C 47 5A 24 | [sb6 9 | |BE-B (1| |21A (10)
16B 99 | |ct3 45 8C 24 | |5C 9| |RI-D (1) |20D (13)
3C 99 | |AN-D 44 5D 22 | [5B 8| |19D (1) |PA-C (15)
1A 98 | |ct5 44 ct2 21| (7D 8| |mdz2 (2)[ |13A (16)
128 83 | |DE-B 42 18C 21| (1D 8| |16A (2)[ |RI-C (17)
10B 80 | |ct4 41 3B 21 | [19A 8| |11A (2)[ |[cpb (20)
mdz 5 71| [6A 41 7B 20 | [17A 7| |115D (3){ [PA-A (20)
15B 71| |4C 41 17B 18 | |PA-D 7| |RI-B (3)] [ep1 (21)
9B 70 | [10A 40 | |4A 15| |14D 7| |12A (3)[ |20C (22)
FL-D 69 | [3A 38 cp4d 17 | [21C 6 | |14A (3)[ 118 (23)
DE-D 68 | |EU-D 38 BE-C 15| [14C 6 | IMA-C (3)| 13D (24)
MA-D 67 | |10D 37 4B 18 | |ctl 6| |7C (3){ |FL-B (24)
BE-D 66 | |19B 37 12D 15| |1C 5| |PA-B (4)| |FL-A (24)
11D 64 | |1B 37 20A 15 | |DE-A 4| [mdz6 (4| |lp5 (27)
mdz 4 63 | |9C 36 2C 15| [sb2 4 | |BE-A (4)[ |13C (29)
6B 61 | |6C 35 16D 13| (13B 3| |21D (4| |lp3 (29)
9D 59 | |11C 35 Ipl 13 | |AN-C 31 |7A (4)[ |mdz3 (30)
17D 59 | |DE-C 34 10C 12 | (16C 2| |cp2 (4) |AN-B (36)
sb5 56 | |cp5 33 8B 12 | [9A 2 | |AN-A (6)] |lpa (40)
188 56 | (2D 30 3D 11| |18A 1| |MA-A (6)| |8D (43)
12C 56 | |21B 30 sb3 11 | |EU-A (0)] |ct6 (7){ |6D (49)
cp3 55 | |EU-C 29 EU-B 11| |RI-A (0)| |FL-C (8)[ 148 (52)
4D 55 | |sb1 28 | |15A 10 | |2A (0)| [Ip6 (8)
mdz1 54 | |MA-B 26 17¢C 10 19C (9)

208 26
18D 25
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Table 3 - Cytotoxicity Results at 100 pg/mL. This table shows only extracts that exhibited

less than 20% cell inhibition at a concentration of 100 pg/mL.

%

%

%

Working |Cytotoxicity Working | Cytotoxicity Working|Cytotoxicity
conc. | at working conc. | at working conc. | at working
Extract | (ug/mL) conc. Extract | (ug/mlL) conc. Extract | (ug/mL) conc.
17B 100 18 1C 100 5 AN-A 100 (6)
4A 100 15 DE-A 100 4 MA-A 100 (6)
cp4 100 17 sb2 100 4 ct6 100 (7)
BE-C 100 15 13B 100 3 FL-C 100 (8)
4B 100 18 AN-C 100 3 1p6 100 (8)
12D 100 15 16C 100 2 19C 100 (9)
20A 100 15 9A 100 2 21A 100 (10)
2C 100 15 18A 100 1 20D 100 (13)
16D 100 13 EU-A 100 (0) PA-C 100 (15)
Ip1 100 13 RI-A 100 (0) 13A 100 (16)
10C 100 12 2A 100 (0) RI-C 100 (17)
3B 100 12 BE-B 100 (1) cp6 100 (20)
3D 100 11 RI-D 100 (1) PA-A 100 (20)
sb3 100 11 19D 100 (1) cpl 100 (21)
EU-B 100 11 mdz 2 100 (2) 20C 100 (22)
15A 100 10 16A 100 (2) 11B 100 (23)
17C 100 10 11A 100 (2) 13D 100 (24)
sb6 100 9 15D 100 (3) FL-B 100 (24)
5C 100 9 RI-B 100 (3) FL-A 100 (24)
5B 100 8 12A 100 (3) Ip5 100 (27)
7D 100 8 14A 100 (3) 13C 100 (29)
1D 100 8 MA-C 100 (3) Ip3 100 (29)
19A 100 8 7C 100 (3) mdz 3 100 (30)
17A 100 7 PA-B 100 (4) AN-B 100 (36)
PA-D 100 7 mdz 6 100 (4) Ip4 100 (40)
14D 100 7 BE-A 100 (4) 8D 100 (43)
21C 100 6 21D 100 (4) 6D 100 (49)
14C 100 6 7A 100 (4) 14B 100 (52)
ctl 100 6 cp2 100 (4)
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Table 4 — Cytotoxicity Results at 50 pg/mL. This table shows only extracts that exhibited
less than 20% cell inhibition at a concentration of 50 pug/mL.

Working
concentration % Cytotoxicity at
Extract (ng/mL) working concentration
2D 50 17
3C 50 15
15C 50 15
9C 50 13
EU-D 50 13
11C 50 13
DE-C 50 11
11D 50 9
9D 50 9
cp-3 50 8
6A 50 8
18B 50 7
DE-B 50 5
EU-C 50 4
3A 50 3
21B 50 3
5D 50 3
4D 50 3
4C 50 2
ct-5 50 1
3B 50 1
18C 50 1
10D 50 (1)
sb-1 50 (3)
DE-D 50 (4)
20B 50 (5)
5A 50 (5)
8C 50 (6)
cp-5 50 (6)
AN-D 50 (6)
12C 50 (7)
18D 50 (7)
BE-D 50 (8)
7B 50 (12)
sb-5 50 (14)
17D 50 (14)
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Table 5 — Cytotoxicity Results at 25 pg/mL. This table shows only extracts that exhibited
less than 20% cell inhibition at a concentration of 25 pug/mL.

Working % Cytotoxicity at
concentration working

Extract (ng/mL) concentration
16B 25 19
ct-2 25 17
10B 25 16
FL-D 25 15
9B 25 12
6B 25 9
MA-D 25 8
MA-B 25 7
12B 25 (2)
2B 25 (3)
10A 25 (3)
1B 25 (9)

Table 6 - Cytotoxicity Results at 12.5 ug/mL. This table shows only extracts that
exhibited less than 20% cell inhibition at a concentration of 12.5 ug/mL.

Working % Cytotoxicity
concentration at working
Extract (ng/mL) concentration
ct-3 12.5 9
ct-4 12.5 9
1A 12.5 9
19B 12.5 2

Table 7 - Cytotoxicity Results at 6.25 pg/mL. This table shows only extracts that
exhibited less than 20% cell inhibition at a concentration of 6.25 pug/mL.

Working % Cytotoxicity
concentration at working
Extract (ng/mL) concentration
15B 6.25 7
mdz-4 6.25 2
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After finding nontoxic working concentrations, extracts were tested for their
ability to inhibit HSV-1. Ten extracts demonstrated antiviral potential. All extracts
displaying antiviral potential were found in the groups of extracts with working
concentrations of either 50 or 100 pug/mL. Presented in Table 8 are six extracts that
were capable of inhibiting virus by at least 50%, but no more than 80%. The results of
the four extracts that showed antiviral activity of at least 80% are shown in Table 9. For
example, extract 16C, which only displayed 2% cytotoxicity at its working concentration
of 100 pg/mL, inhibited virus by nearly 97% at this concentration. Out of these four
extracts, all had working concentrations of 100 ug/mL. Results for all ten extracts
represent an average of 2-6 tests of each extract and do not include one plate (Plate 9,
Appendix B) on which inconclusive results were evident. Extract 14B displayed some
unusual results. Included in its antiviral average are three antiviral numbers well over
100% and three less than 25%. Even with this number included in its results, 14B still
demonstrated antiviral activity of 76.6%.

Controls were run on each plate. A series of direct images taken of cells also
shows qualitatively the effects of extracts or virus on cells. Viable cells are visible in the
negative control well containing cells only (Fig. 3). Destroyed cells are seen in the
positive control well containing only virus and cells (Fig. 4). After determining that
extract 16C alone at 100 pg/mL did not harm cells (Fig. 5), it was shown that the same
extract, 16C, at its working concentration of 100 ug/mL, was able to protect cells against

virus (Fig. 6).



Table 8 — Extracts Showing Moderate Antiviral Activity. These extracts inhibited virus

greater than 50%, but less than 80%.

% Viral
inhibition at
Working % Cytotoxicity working
concentration at working concentration
Extract (ng/mL) concentration (x SD)
cp2 100 (4) 52.3+8.1
cp4 100 17 51.4+8.3
14B 100 (52) 76.6 £ 28.9
7B 50 (12) 53.4+18.6
AND 50 (6) 58.3+19.9
ANB 100 (36) 54.3+15.8
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Table 9 — Extracts Showing the Highest Antiviral Activity. These extracts inhibited HSV-1

by at least 80%. Dilutions were run on these 4 extracts to determine an IC50.

% Viral
% inhibition at
Working Cytotoxicity working
concentration | at working concentration
Extract (ng/mL) concentration (x SD)
18A 100 1 83.2+t4.4
16C 100 2 96.9+7.7
5B 100 8 92.7+19
19A 100 8 100.1+14.6
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Fig. 3 — Control Vero Cells. This image is a negative control well containing cells only.
This well is shown after dye has been added containing only cells and media after a 48
hour incubation. Cells are spread out as a confluent monolayer. This picture was taken

using an inverted Olympus, model IX71.

Fig. 4 — Vero Cells with HSV-1. These cells were exposed to HSV-1. This well is shown
after dye has been added containing cells, virus, and media after a 48 hour incubation.
The majority of cells have been destroyed and only a few round cells are still intact. This
picture was taken using an inverted Olympus, model IX71.
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Fig. 5 — Vero Cells Exposed to Extract. This well is shown after dye has been added
containing Extract 16C, cells and media after a 48 hour incubation and shows cells not
harmed by the extract. Slight rounding is evident, but the monolayer is intact. This
picture was taken using an inverted Olympus, model IX71.

Fig. 6 — Vero Cells Exposed to Extract and HSV-1. This well is shown after dye has been
added, containing extract 16C, cells, virus, and media after a 48 hour incubation and
shows cells not harmed by the virus. Near the center of the image, a cluster of cells
demonstrated viral presence, although the typical viral effect on cells has been
minimized. This picture was taken using an inverted Olympus, model IX71.
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The four extracts that showed the greatest antiviral activity were serially diluted.
Results were graphed as shown in Figs. 7-10 to determine each extract’s IC50, listed in
Table 9, using a line of best fit. Extract 5B displayed the lowest IC50 at 10.15 pg/mL, and
16C had the highest at 72.65 ug/mL. Table 10 presents virus inhibition results and IC50
for ACV as a point of comparison to the extracts exhibiting antiviral potential. ACV was
able to inhibit the virus more than 50% at concentrations of greater than 4 ug/mL, and
its established IC50 ranges between 0.2-13.8 ug/mL. Most notable of the extracts
tested is 5B, which as a crude extract, has an IC50 in the range of ACV and 19A, which

also has a low IC50 at 18.61 pg/mL and shows virus inhibition of greater than 100%.
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Fig. 7 — Graph Depicting the Serial Dilution of Extract 5B. The extract 5B was diluted 2
fold from a concentration of 100 pg/mL to a concentration of 6.25 pg/mL and virus
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inhibition was determined at each concentration. Though the dilution crosses the IC50
line, depicted as a red line at 50% virus inhibition, twice, the second time was most likely

due to error and the IC50 was calculated to be 10.15 pg/mL.
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Fig. 8- Graph Depicting the Serial Dilution of Extract 19A. The extract 19A was diluted 2
fold from a concentration of 100 ug/mL to a concentration of 6.25 ug/mL and virus

inhibition was determined at each concentration. The IC50, depicted as a red line at

50% virus inhibition, was calculated to be 18.61 pug/mL.
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Virus Inhibition by Serial Dilutions of
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Fig. 9 - Graph Depicting the Serial Dilution of Extract 18A. The extract 18A was diluted 2
fold from a concentration of 100 ug/mL to a concentration of 6.25 ug/mL and virus
inhibition was determined at each concentration. The IC50, depicted as a red line at
50% virus inhibition, was calculated to be 19.11 pg/mL.



Extract 16C

120

Virus Inhibition by Serial Dilutions of

100

80

60

% virus inhibition

20 1

100

concentration (pg/mL)

40

Fig. 10 - Graph Depicting the Serial Dilution of Extract 16C. The extract 16C was diluted

2 fold from a concentration of 100 pug/mL to a concentration of 12 pg/mL and virus

inhibition was determined at each concentration. The IC50, depicted as a red line at 50%

virus inhibition, was calculated to be 72.65 pg/mL.



Table 10 — Summary of the Most Effective Extracts. This table lists the most effective
extracts, their virus inhibition results, and their IC50.

% Viral
inhibition at
working IC50
Extract | concentration | (pg/mL)

18A 83.2+4.4 19.11
16C 96.9+7.7 72.65
5B 92.7+1.9 10.15
19A 100.1+£14.6 18.61

ACV
concentration % Viral ACV IC50
(ng/mL) inhibition (ng/mL)
2 31.7+17.1
4 51.4+17.2 0.2-13.8
8 59.4 +15.9
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Table 11 — Acyclovir as an Antiviral. This table shows the viral inhibition results for ACV
at three concentrations, as well as the established IC50.
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IV. DISCUSSION

Herpes simplex virus type 1 causes a significant range of disease worldwide such
as oral and genital lesions and even neonatal disease. Like the other alpha herpes
viruses, HSV-1 infects its host cell by attaching to receptors on the surface, undergoing
receptor mediated endocytocis, and injecting its DNA into a host cell. Once the viral
DNA is inside the host cell, the virus uses host cell machinery to produce viral proteins,
replicate, and package new virions before budding out of the host cell and/or potentially
becoming latent in the host. The viral life cycle provides many opportunities where the
virus could potentially be inhibited.

Extracts demonstrating antiviral activity may either inhibit virus by working on
the host cell, blocking specific proteins for viral entry, or may work directly on the virus
itself. Antivirals found in plant compounds have many different modes of action,
including inhibiting viral DNA and RNA formation and replication (Jassim and Naji 2003;
Ting and Tao 2013;). Potential drug candidates may target viral entry into host cells by
interacting with the cell’s membrane, blocking virus binding, or interacting with the viral
envelope (Jassim and Naji 2003; Reichling et al. 2009; Ting and Tao 2013). Potential
drugs may also target viral assembly and exocytosis by inhibiting viral protein synthesis
and function or by inhibiting viral DNA packaging or capsid synthesis and budding out

(Jassim and Naji 2003; Ting and Tao 2013).
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Acyclovir, the current drug of choice for HSV-1, itself an analogue of a natural
product, works by acting as a substitute for a nucleotide and stopping viral DNA
polymerase and thus viral replication. Though successful, increasing resistance is
occurring to ACV, especially in immunocompromised individuals. It is important to
search for new methods to control HSV-1. The traditional historical success and
abundance of plants used in TCM provide potential for anti HSV-1 drugs. The results
from this study support that fact by reporting six extracts prepared from plants used in
TCM that are moderately HSV-1 inhibitory and four that are highly HSV-1 inhibitory.
Before this study, many of these plants, while studied on a broader scale, had not been
evaluated for antiviral or anti HSV-1 potential.

Of the 140 extracts tested in this study, the majority did not inhibit HSV-1.
Though most of these plants have not been previously investigated for antiviral
properties, some have been reported to be antiviral. Aqueous extracts of Mallotus
repandus have been reported to be antiinflammatory (Lin et al. 1992) and while this
study presents no anti HSV-1 effect of M. repandus, one study did report that a
compound originally found in M. repandus inhibited HIV-1 reverse transcriptase by up to
90% (Ogata et al. 1992). Conflicting antiviral investigations exist for the plant Scutellaria
baicalensis. Xin et al. (2011) reported that a fraction from S. baicalensis had antiviral
activity against influenza viral pneumonia while Lu et al. (2011) reported that while it
had antimicrobial effects, S. baicalensis showed little antiviral effects against Hepatitis A

virus. No other study has been done with S. baicalensis against HSV-1 and the current
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study showed no significant antiviral effects against HSV-1. Only two plants in this study
had been previously tested against HSV-1: Mussaenda pubescens (discussed below) and
Paeonia suffruticosa. This study concluded that none of the extracts prepared from
Paeonia suffruticosa inhibited HSV-1. Conflicting with this result is one study by Hsiang
et al. (2001), who reported that both methanol and aqueous extracts of the plant
Paeonia suffruticosa showed anti HSV-1 activity by preventing viral attachment. This
could be because while Hsiang et al. used the entire plant in the extraction, this study
investigated only the seeds.

Of the extracts that were moderately effective against HSV-1, most were 50-59%
inhibitory. Both the petroleum ether and the ethyl acetate extracts from the plant
Cyclocarya paliurus displayed moderate HSV-1 inhibitory activity between 51-53%. In
other studies, C. paliurus has displayed antioxidant (Xie et al. 2012) and moderate anti
HIV potential (Zhang et al. 2010) but has not been tested against HSV-1. Extract 7B, the
ethyl acetate extract of the plant Achras zapota showed some anti HSV-1 potential,
inhibiting the virus by 53%. This was the first reported study to evaluate A. zapota for
antiviral activity.

Also displaying moderate HSV-1 inhibitory activity were the extracts AN-B and
AN-D, the petroleum ether and ethyl acetate extracts from Antirrhinum majus. While
19A, also a petroleum ether extract from A. majus, showed highly inhibitory HSV-1

activity, the extractions were done in a different sequential order for AN-B and AN-D,
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perhaps affecting which active compounds were extracted in the fractions. This plant,
as discussed below, has not been well studied for its antiviral capabilities.

Most interesting among the extracts that moderately inhibited virus because of
its higher HSV inhibition was extract 14B, the ethyl acetate extract of Euphorbia hirta.
Euphorbia hirta has been widely studied and has been reported to be antibacterial,
selectively antifungal, antioxidant, and anti-inflammatory (Mohamed et al. 1996;
Nelofar et al. 2006; Rajeh et al. 2010; Shih et al. 2010; Subramanian et al. 2011; Kamya
et al. 2012). It has even been tested against HIV-1 and HIV-2 with positive results
(Gyuris et al. 2009). Compounds from some Euphorbia species have shown antiviral
activity after viral entry into a cell (Forero et al. 2008). Forero also reported that
Euphorbia pulcherrima and Euphorbia cotinifolia were capable of inhibiting influenza A
virus, however, Euphorbia hirta has not been investigated for any antiviral activity other
than against HIV. In this study, the ethyl acetate extract of E. hirta inhibited HSV-1 by
76.6%. Included in this average are three antiviral numbers well over 100% and three
less than 25%. While these results are unusual, because this extract displayed some
high antiviral potential and because this particular species of Euphorbia has never been
studied against HSV-1, extracts from E. hirta merit additional study for anti HSV-1
potential.

Extract 5B, the ethyl acetate extract of the plant Mussaenda pubescens exhibited
anti-HSV-1 activity at 92.7%. This number reflects the average of its performance over

several tests, and does not include some unusual results from several plates. For
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example, on Virus Plate 9 (Appendix B), 26 extracts that had previously shown high anti
HSV-1 activity were tested, but this plate only showed 2 extracts that inhibited virus.
This plate was run 6 months after receiving the initial tubes of extracts, and all of these
extracts had undergone repeated freeze-thaw cycles for testing. Murias et al. (2005)
found that repeated freeze-thaw cycles reduced antioxidant capability of certain
enzymes. If any active compounds in the extracts from this study were sensitive to
freeze-thaw cycles, it could have affected their antiviral ability. After this plate, new
tubes of extract were acquired to continue testing. Extract 5B also displayed some low
antiviral numbers spread over a wide range on 2 different plates when used at the 100
ug/mL concentration not included in its final average. It was concluded that there was
probably variation in the number of cells in these wells, thus affecting how much of the
dye, PrestoBlue was able to be reduced. Extract 5B still requires further study, as upon
visual inspection of the cells, 5B provided protection from the virus. Additionally, 5B
also had the lowest IC50 of all extracts, at 10.15 pg/mL, meaning it may be more
effective at lower concentrations. This is the only plant extract displaying promising
HSV-1 inhibition from this study that has already been tested previously against HSV-1.
The results from this study conflict with those reported by Li et al. (2004). In that study,
21 extracts were tested against both RSV and HSV-1. Li reported that while an aqueous
extract of M. pubescens showed no anti HSV-1 inhibition, it was able to inhibit RSV. This
suggests that this extract may target a protein for viral attachment or penetration that is

specific to RSV. The positive antiviral results from the current study may conflict with
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those reported by Li et al. due to differences in extraction, as the M. pubescens extract
that inhibited HSV-1 in this study was extracted using ethyl acetate.

Much work has been done on the chemical composition of M. pubescens and
this genus and species in particular has been studied as being a source of triterpenoid
saponins. Saponins are a type of glycoside made by plants and have been reported to
show anti HIV, HCV, and HSV activity (Lee et al. 2012). Many studies have tested
saponins for antiviral activity, and more specifically against HSV-1. One study reported
inhibition of HSV-1 entry by a triterpenoid saponin isolated from the seed of a fruit
(Gosse et al. 2002). The saponin was able to inhibit virus with an IC50 of 8.5 pg/mL
(Gosse et al. 2002). Mussaenda pubescens is used in Chinese medicine as a diuretic,
antiinflammatory, and antipyretic (Xu et al. 1996). One study identified 18 saponins in
M. pubescens whose chemical structures were determined and one of these saponins
reportedly demonstrated “immunopromotive and hemolytic” activities (Xu et al. 1996).

Extract 18A, the petroleum ether extract from the plant Gnetum parvifolium,
showed consistent anti HSV-1 activity in this study, with an average 83.2% virus
inhibition. This genus has been studied because of certain polyphenols in many of its
species. These polyphenols, called oligostilbenes, have been studied for
antiinflammatory, anticarcinognic, and antioxidant activity (Cheng et al. 2008). One
study tested a different species, Gnetum macrostachyum, which is commonly used in
traditional medicine in Thailand for pain relief (Kloypan et al. 2012). This study also

reported that the genus Gnetum is a good source of stilbenoids, and that Gnetum
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macrostachyum contained compounds capable of anti-platelet activity (Kloypan et al.
2012). Polyphenols have been isolated specifically from Gnetum parvifolium and Piao et
al. (2010) reported their ability to inhibit HIV-1, but no work has been done specifically
on HSV.

Extract 16C, the 95% ethanol extract from the plant Bidens biternata,
consistently showed 80% or greater HSV inhibition throughout the course of study and
displayed the second highest HSV-1 inhibition at 96.9%. It has been less widely studied,
with most studies having been done on its genome in terms of phylogenetic placement.
Recent studies have broadened the investigation and one study acknowledged that B.
biternata is commonly used in India to treat colds and hepatitis, but studied the plant
solely to determine its nutritional value (Sukumaran et al. 2012). Others reported that a
butanolic extract from Bidens biternata showed 88.9% antiradical activity (Durre et al.
2011), but no work has evaluated the plant for potential anti HSV activity. Both 16C and
18A have very low (2% or less) cytotoxicity effects as well, meaning they do little, if any,
harm to the cells while inhibiting virus.

Extract 19A, the petroleum ether extract from the plant Antirrhinum majus
(commonly known as snapdragon), has been widely studied, but not as an antiviral, and
not against HSV-1. This extract exhibited the highest antiviral activity at 100.1% and the
second lowest IC50. Its antiviral average does not include one low result from Virus

Plate 9, although even with this number, A. majus still would have shown over 75% virus
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inhibition. The strong HSV-1 inhibition and the lack of investigation done on this extract
suggest Antirrhinum majus merits further study.

The IC50 of ACV can vary greatly when tested in cell culture, with IC50 values
against HSV-1 ranging from 0.02-13.5 pg/mL (NIH 2011). Many studies doing similar
testing use a control dose of ACV somewhere in the middle of this range. This study
reported ACV to be at least 50% inhibitory at concentrations 4 ug/mL and greater. Of
the four extracts exhibiting greater than 80% anti HSV-1 activity, most have IC50s
greater than ACV. However, these numbers represent IC50s for crude extracts, and
once active compounds from these extracts have been isolated, it can be expected that
the IC50 will decrease into a range with greater potential for drug development.

This study has reported several effective antiviral extracts and suggests
additional investigation that includes guided fractionation of promising extracts to
determine active compounds and discovery of a mechanism of action. Because of the
many stages of the viral life cycle that can be inhibited, time course studies would be
useful. Several investigations utilizing time of addition studies on active compounds
reported that plant extracts are able to inhibit the virus before it enters the host cell,
disrupting viral attachment and penetration. Reichling et al. (2009) reported extract
from the root and stem of Rhus aromatica exhibited anti HSV-1 activity. After
performing a time course study, it was determined that the extract worked by
preventing the virus from attaching to and entering host cells. No antiviral effect was

seen when the extract was added to cells already infected with HSV-1 (Reichling et al.
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2009). Another study (Schnitzler et al. 2001) reported that tea tree oil from Australia
inhibited HSV-1 plaque formation by 98.2% and eucalyptus oil reduced virus titer by
57.9%. To determine how the extracts were inhibiting the virus, Schnitzler et al. did a
time course study and found that the oils were able to inhibit the virus either before or
during receptor mediated endocytosis, but not after the virus was already in the cell.

Acyclovir is a competitive inhibitor of viral DNA polymerase and terminates chain
elongation as the virus is replicating inside the cell. Other drugs available that act in
similar fashion as ACV do so by limiting chain extension (Jassim and Naji 2003). Since
plant extracts may work differently than ACV by conferring protection outside the host
cell at viral attachment or entry, they would be an excellent complement to ACV and a
good replacement for individuals with ACV resistant HSV-1.

This study was undertaken to evaluate 140 plant extracts used in TCM for anti
HSV-1 activity. Ten extracts showed some degree of antiviral activity, with four extracts
demonstrating 80% or greater HSV-1 inhibition. These extracts merit further study to
determine active compounds that could be used to provide new drug candidates for the

control of HSV-1.
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Appendix A - List of TCM Plants Used.

Plant Part of plant | Code on tube Solvent
Berchemia lineate (Linn.) Root BE-A Water
DC. #tdp BE-B Petroleum ether
BE-C Ethanal
BE-D Ethyl acetate
Antirrhinum majus Linn. % | the whole AN-A Water
hg=s plant AN-B Petroleum ether
AN-C Ethanal
AN-D Ethyl acetate
Consolida ajacis L. §#Z | the whole DE-A Water
plant DE-B Petroleum ether
DE-C Ethanal
DE-D Ethyl acetate
Euphorbia lathyris Linn. £ | the whole EU-A Water
ka7 plant EU-B Petroleum ether
EU-C Ethanal
EU-D Ethyl acetate
Fluggea virosa (Willd.) Baill. | stem FL-A Water
F1RF FL-B Petroleum ether
FL-C Ethanal
FL-D Ethyl acetate
Papaver rhoeas L. 7 A | the whole PA-A Water
plant PA-B Petroleum ether
PA-C Ethanal
PA-D Ethyl acetate
Mallotus repandus (Willd.) | the whole MA-A Water
Muell. Arg. 1177 plant MA-B Petroleum ether
MA-C Ethanal
MA-D Ethyl acetate
Ricinus microcarpus G. M. the whole RI-A Water
Popova. & AFYEH plant RI-B Petroleum ether
RI-C Ethanal
RI-D Ethyl acetate
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Plant Part of plant | Code on tube Solvent
Scutellaria baicalensis Georgi Sb-1 Ethanol
A Sb-2 Petroleum ether
Sb-3 Chloroform
Sbh-4 Ethyl acetate
Sb-5 Butanol
Sb-6 Water
Cyclocarya paliurus & £6#) cp-1 Ethanol
cp-2 Petroleum ether
cp-3 Chloroform
cp-4 Ethyl acetate
cp-5 Butanol
cp-6 Water
Lithocarpus polystachyus Ip-1 Ethanol
Rehd Z iy Ip-2 Petroleum ether
Ip-3 Chloroform
Ip-4 Ethyl acetate
Ip-5 Butanol
Ip-6 Water
Catsia tora Linn /877~ ct-1 Ethanol
ct-2 Petroleum ether
ct-3 Chloroform
ct-4 Ethyl acetate
ct-5 Butanol
ct-6 Water
Paeonia suffruticosa seeds mdz-1 92% Ethanol
mdz-2 70% Ethanol
mdz-3 Petroleum ether
mdz-4 Chloroform
mdz-5 Ethyl acetate
mdz-6 Water
1A petroleum ether
Garcinia paucinervis Chun et | stem, branch, | 1B ethyl acetate
How leaf 1C 95% ethanol
1D water
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Plant

Part of plant

Code on tube

Solvent

2A

petroleum ether

Elephantopus scaber Linn. branch, leaf 28 ethyl acetate
2C 95% ethanol
2D water
3A petroleum ether
PS)./chotria rubra (Lour.) branch, leaf 3B ethyl acetate
Poir. 3C 95% ethanol
3D water
4A petroleum ether
Evodia lepta (Spreng.) Merr. | branch, leaf 4B ethy| acetate
4C 95% ethanol
4D water
5A petroleum ether
Mussaenda pubescens Ait. f | branch, leaf >B ethy| acetate
5C 95% ethanol
5D water
6A petroleum ether
Glycosmis citrifolia (Willd.) 6B ethyl acetate
Lindl. stem 6C 95% ethanol
6D water
7A petroleum ether
Achras zapota Linn. branch, leaf /B ethyl acetate
7C 95% ethanol
7D water
8A petroleum ether
. 8B ethyl acetate
Polygonum perfoliatum L. branch, leaf ac 95% ethanol
8D water
9A petroleum ether
Stephania longa Lour. the whole o8 ethy| acetate
plant 9C 95% ethanol
9D water
10A petroleum ether
Belamcanda chinensis the whole 10B ethyl acetate
(Linnaeus) Redoute plant 10C 95% ethanol
10D water
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Plant

Part of plant

Code on tube

Solvent

11A

petroleum ether

Crocosmia crocosmiflora the whole 11B ethyl acetate
(Nichols.) N. E. Br. plant 11C 95% ethanol
11D water
12A petroleum ether
) 12B ethyl acetate
Pandanus tectorius Sol. stem
12C 95% ethanol
12D water
13A petroleum ether
. . 13B ethyl acetate
Eupatorium odoratum L. aerial parts
13C 95% ethanol
13D water
14A petroleum ether
the whol 14B ethyl acetate
Euphorbia hirta Linn. € whole y
plant 14C 95% ethanol
14D water
15A petroleum ether
the whol 15B ethyl acetate
Aristolochia tagala Cham. € whole y
plant 15C 95% ethanol
15D water
16A petroleum ether
Bidens biternata (Lour.) . 16B ethyl acetate
aerial parts
Merr. et Schreff 16C 95% ethanol
16D water
17A petroleum ether
the whole 178 ethyl acetate
Cyperus rotundus L.
plant 17C 95% ethanol
17D water
18A petroleum ether
Gnetum parvifolium (Warb.) vine. leaf 18B ethyl acetate
C.Y.Cheng ’ 18C 95% ethanol
18D water
19A petroleum ether
_ L the whole 198 ethyl acetate
Antirrhinum majus Linn.
plant 19C 95% ethanol
19D water
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Plant

Part of plant

Code on tube

Solvent

20A

petroleum ether

Catharanthus roseus (Linn.) | the whole 208B ethyl acetate

G. Don plant 20C 95% ethanol
20D water
21A petroleum ether

Microsorium fortuni ) 21B ethyl acetate

. aerial parts

(Moore) Ching 21C 95% ethanol

21D water
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Appendix B - Raw Data from Extract and Virus Testing.

Plate 1
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Plate 2
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