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Abstract
Herpes simplex viruses, HSV-1 and HSV-2, are highly contagious and cause lifelong, latent infections with recurrent outbreaks of
oral and/or genital lesions. No cure exists for HSV-1 or HSV-2 infections, but antiviral medications are commonly used to prevent
and treat outbreaks. Resistance to antivirals has begun to emerge, placing an importance on finding new and effective therapies for
prophylaxis and treatment of HSV outbreaks. Botanicals may be effective HSV therapies as the constituents they contain act
through a variety of mechanisms, potentially making the development of antiviral resistance more challenging. A wide variety of
plants from different regions in the world have been studied for antiviral activity against HSV-1 and/or HSV-2 and showed efficacy
of varying degrees. The purpose of this review is to summarize research conducted on whole plant extracts against HSV-1 and/or
HSV-2 in vitro and in vivo. The majority of the research reviewed was conducted in vitro using animal cell lines, and some studies
used an animal model design. Also summarized are a limited number of human trials conducted using botanical therapies on HSV
lesions.
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Introduction

Herpes simplex viruses (HSV) are highly contagious, double-

stranded DNA viruses that cause recurrent lesions.1 They affect

all age groups around the world, have no seasonal variation,

and infect both humans and animals.2,3 Appearance of lesions

at the primary site of infection can occur following initial

infection of abraded skin or mucosal epithelial cells.2 Subse-

quently, the virus can establish a lifelong, latent infection in

trigeminal or lumbosacral ganglia, which can be reactivated in

certain conditions.1 These conditions include physiological and

psychological stress, fatigue, ultraviolet irradiation, physical

trauma, abnormal hormone levels, immunosuppression, men-

struation, fever, and upper respiratory tract infections.4,5 Both

primary and recurrent HSV infections may be symptomless,

however, reactivation typically produces ulcerations at the pri-

mary site.6 During reactivation, but before physical symptoms

arise, HSV can be virally shed, thereby having the ability to be

transmitted asymptomatically.1 This makes HSV difficult to

contain and efficient in spreading person-to-person.

HSV are categorized into 2 types: type 1 (HSV-1) and type 2

(HSV-2), which share >80% amino acid similarity.1 Both types

can cause oral and genital lesions, although HSV-1 mainly

causes infection in or around the mouth (herpes labalis), and

HSV-2 mainly causes infection in the genital or anal region

(herpes genitalis).2 HSV-1 is typically transmitted via oral-to-

oral contact, but oral-genital contact is possible in transmitting

the virus.2 Although HSV-1 has been traditionally known to

cause herpes labialis, it is currently the leading cause of newly

acquired herpes genitalis and neonatal herpes in high income

countries.1 HSV-2 is considered a sexually transmitted infec-

tion and mainly transmitted during sexual activity.2 HSV-2 is
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the leading cause of genital ulcer disease worldwide and also

causes neonatal herpes, which is transmitted vertically from

mother to newborn during birth.1 According to 2012 data, the

World Health Organization estimates the prevalence of HSV-1

and HSV-2 in the Americas to be 40-50% and 14%,

respectively.7

Primary symptoms of herpes labialis infection include

erythema, blisters, and ulcers that are 2 to 10 mm in diameter

in and around the mouth, on the tongue, and particularly on the

lips.5 Burning pain precedes and accompanies the lesions.5

Fever may also be present, and it is common for adults to

present with a sore throat and cervical lymph node swelling.5

Primary symptoms of herpes genitalis infection include

macules and papules in the genital or anal region that progress

to vesicles, pustules, and ulcers.8 Pain at the site of lesions and

tender regional adenopathy is also common.8 Initial infection

may be accompanied with urethritis, cervicitis, headache,

fever, malaise, and/or myalgias.8 Diagnosis of herpes labialis

and herpes genitalis is typically done through taking patients’

histories, presentation of symptoms, and performing physical

exams.6 Viral culture or detection of HSV DNA in the urine

can confirm diagnosis, and blood tests testing antibodies

against HSV can confirm previous infection.6

Biological properties of HSV are neuroinvasiveness, neuro-

toxicity, and latency.2 Less common than HSV infections, seri-

ous complications include meningitis, encephalitis, neonatal

infection, and keratitis.1 HSV-1 has also been found to increase

the risk of Alzheimer’s Disease,9 and HSV-2 increases the risk

of acquiring an HIV infection.1 Although HSV sequelae can be

serious, HSV infection is rarely fatal.2 However, HSV infec-

tions negatively affect individuals’ quality of life. Individuals

with herpes labialis have reported limitation of time and diffi-

culties in daily activities, reduction in physical efforts and

social activities, increase in physical pain, tiredness, and

exhaustion, and a strong limitation on work and household

duties.10 Moreover, quality of life is reduced for individuals

with herpes genitalis as they report poorer general, mental, and

emotional health, vitality, social functioning, and increased

bodily pain.11 Management of HSV infections is therefore

important in improving the health and general well-being of

individuals that suffer from these recurrent infections.

There is no cure for HSV-1 or HSV-2, but antiviral medica-

tions are commonly used to prevent, shorten, or reduce severity

of recurrent outbreaks.6 Acyclic guanosine analogues that tar-

get viral DNA replication are the first-line therapy in the man-

agement of HSV.12 Of this class, acyclovir has been considered

the gold standard for both prophylaxis and treatment since the

1980s.12 However, the evidence for the use of acyclovir and

other nucleoside analogues for both herpes labialis and herpes

genitalis in this manner has produced inconsistent results.13-16

Considering the chronic nature of HSV infections, long-term

use of antiviral medications has led to cases of drug resistance,

particularly in immunocompromised individuals.12 This places

an importance in exploring new and effective strategies and

therapies to prevent and treat HSV outbreaks.

Non-pharmaceutical strategies such as zinc, vitamin C,

lysine, and a diet low in arginine have shown some beneficial

effects for managing HSV infections, but results are modest

and inconsistent.5,17-21 In 2 studies, the application of a zinc-

containing cream for treatment of herpes labialis outbreaks was

found to modestly reduce severity of associated symptoms and

healing time.5 Moreover, topical treatment with a strong ascor-

bic acid-containing solution was found to shorten the persis-

tence of scabs caused by HSV by 2.5 days.17 An older study

found herpes labialis outbreaks to be cleared in 4.2 days on

average after oral administration of a water-soluble

bioflavonoid-ascorbic acid complex.18 More recently, a pilot

study used an oral combination of pine cone lignin and ascorbic

acid to treat active HSV-1 lesions and found subjects did not

develop characteristic lesions when treatment was initiated

within the first 48 hours of symptoms.19 If treatment was ini-

tiated later, subjects reported a reduction in symptoms and

healing time compared to previous outbreaks.19 These studies

shed light on the idea that combination therapies for managing

HSV infections could be more effective than single therapies.

Moreover, the use of oral lysine, an amino acid, in prevent-

ing and treating HSV infections has been found to be ineffec-

tive at doses of 1 gram per day without consumption of a low

arginine diet.20 The rationale for using lysine comes from tis-

sue culture findings that demonstrate viral replication is sup-

pressed when the ratio of lysine-to-arginine is high.22 This is

also the rationale for why a diet low in arginine can help man-

age outbreaks, but evidence does not support the use of one

without the other.20 However, treatment with greater than 3

grams of lysine per day has shown to improve the subjective

experience associated with HSV infections.20 Furthermore, one

study using a herbal-based ointment consisting of lysine com-

bined with ingredients such as zinc oxide, echinacea, and gold-

enseal found complete resolution of herpes labialis outbreaks

by day three in 40% of participants.21 The benefits of this

herbal ointment could be due to the diverse constituents in

combined botanicals that act through various mechanisms of

actions, compared to a single ingredient as treatment.

The various mechanisms of action that botanical therapies

can elicit on HSV give them potential to have beneficial effects

on prophylaxis and treatment of the infection. Particularly,

some have demonstrated strong antiviral activity that acts at

various stages of viral growth.23 Natural remedies also have

fewer side effects, less resistance to medications, and lower

toxicity than pharmacological treatments.23 For these reasons,

many botanicals have been studied for their effects on HSV.

Methods

The aim of this review is to summarize research on botanicals that

have been studied for their antiviral effects against HSV-1 and/or

HSV-2. An article search was conducted on Pubmed using the follow-

ing MeSH terms: plant extracts; plants, medicinal; phytotherapy; her-

bal medicine; herpes simplex; and/or simplexvirus. Results were

reviewed, and studies that used whole plant extracts up to a publica-

tion date of April 2020 were included. Studies were excluded if the
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article’s full-text was not available. Studies that investigated antiviral

effects of constituents from plant extracts were also excluded as the

topic of this review is whole plant extracts. A list of all botanicals

studied in the articles reviewed is presented in Table 1. The review is

organized by single herbs studied in vitro (organized geographically

by continent of plant origin) and in vivo, herbal combinations studied

in vitro and in vivo, and lastly human trials with either single or

combination herbs.

Single Herbs In vitro

Africa

The antiviral activity of 4 methanolic extracts of Combretum

micranthum was tested against HSV-1 (strain F) and HSV-2

(strain G) by Ferrea et al.72 Dried leaves were used to prepare

the extracts using 4 different solvents: regular methanol, aqu-

eous methanol, aqueous methanol with addition of HCl and

NaOH, and NaOH autoxidized methanol. Only the NaOH auto-

xidized methanolic extract showed anti-HSV activity. The

authors believe this is due to inactive precursors in the plant

being transformed to active compounds by alkaline catalysis.

The extract was more effective when cells were treated at the

same time of viral infection (EC50 was 8 mg/ml and 19 mg/ml

for HSV-1 and HSV-2, respectively) compared to treatment

after 1 hour of viral adsorption (EC50 was 150 mg/ml and 227

mg/ml for HSV-1 and HSV-2, respectively). These results show

that C. micranthum is potentially more effective against HSV-1

than HSV-2.

Beuscher et al.68 tested 56 extracts of African medicinal

plants for antiherpetic activity and found 6 to be effective

against HSV-1 (Mclntyre strain). However, toxicity to green

monkey kidney (GMK) cells was noted with increasing con-

centrations of each extract before 100% plaque reduction could

be obtained. The extracts that exhibited anti-HSV activity in

vitro were the dichloromethane extract of Chironia krebsii (EC

range ¼ 6.25-12.5 mg/ml); the 25% ethanolic extract of Jasmi-

num fluminense (EC range ¼ 50-200mg/ml); the methanolic

extract of Mitragyna inermis (EC range ¼ 50-100 mg/ml); the

25% ethanolic extract of Polygala virgata (EC range¼ 400-600

mg/ml); the methanolic extract of Securidaca longepedunculata

(EC range ¼ 12.5-25 mg/ml); and the 25% ethanolic extract of

Securidaca longepedunculata (EC range ¼ 2.5-6 mg/ml).

Another African plant, Helichrysum aureonitens, was tested

by Meyer et al.103 for its reported antimicrobial properties and

showed antiviral activity against HSV-1 in human lung fibro-

blast cells. A crude aqueous extract was prepared from plant

shoots, excluding its flowers, and simultaneously added with

HSV-1 viral suspension to cells. After 1 week of incubation,

no cytotoxic effect was noted in cells and significant antiviral

activity was exhibited at an extract concentration of 1.35 mg/ml.

Furthermore, Kudi and Myint35 investigated 17 Nigerian

medicinal plants for antiherpetic activity in human colonic

cancer cells (HT-29 cells). The plants are locally used for indi-

cations such as fever, diarrhea, worms, sexually-transmitted

infections, enteric conditions, and skin conditions. Ethanolic

extracts were prepared of each plant using either the leaves,

bark, or whole plant. Extracts were added to cells after HSV-1

adsorption, and authors deemed an extract to have antiviral

activity if it inhibited the cytopathologic effect of the virus

by 100%. Of the 17 plant extracts, 4 showed anti-HSV activity:

Bauhinia thonningii, Anacardium occidentale, Dichrostachys

glomerata, and Sterculia setigera. These extracts did not exhibit

cytotoxicity to HT-29 cells at a dose of 400 mg/100 ml, and their

antiviral effects were noted at a dose of 100 mg/100 ml for each

extract.

Another group of researchers, Fortin et al.,70 studied a col-

lection of medicinal plants from La Réunion Island that are

traditionally used for ailments such as insomnia, diarrhea,

hypertension, abdominal pain, skin manifestations, and fever.

Methanolic extracts of each herb were tested against HSV-1

(strain H29). Of the 36 plants tested, 5 exhibited antiviral activ-

ity: Obetia ficifolia (EC50¼ 7 mg/ml), Lomatophyllum macrum

(EC50 ¼ 64 mg/ml), Citrus hystrix (EC50 ¼ 91 mg/ml),

Erythroxylum laurifolium (EC50 ¼ 125 mg/ml), and Senecio

ambavilla (EC50 ¼ 170 mg/ml). The authors also tested the

antiviral activity of acyclovir and found its EC50 to be

3.3 mg/ml. O. ficifolia and E. laurifolium were noted to have

the strongest anti-HSV activity, but the authors did not further

explain their reasoning for this remark.

Tolo et al.62 investigated the anti-HSV activity of Carissa

edulis, a medicinal plant that grows locally in Kenya and used

traditionally for a variety of ailments such as skin conditions

and sexually transmitted infections. An aqueous extract was

prepared from C. edulis roots, freeze-dried, and tested against

wild-type HSV-1 (strain 7401 H) and HSV-2 (strain Ito-1262),

thymidine kinase-deficient HSV-1 (strain B2006), and

acyclovir-resistant 7401 H HSV-1. The extract inhibited plaque

formation of all 4 strains, but wild-type HSV-2 (EC50¼ 6.9 mg/

ml and SI¼ 69.6) and thymidine kinase-deficient HSV-1 strain

(EC50¼ 8.1 mg/ml and SI¼ 59.3) were more susceptible to the

extract. Moreover, at 200 mg/ml, the extract reduced viral

yields of acyclovir-resistant HSV-1 strain by 100%, wild-

type HSV-2 strain by 99.5%, wild-type HSV-1 strain by

97.8%, and thymidine kinase-deficient HSV-1 strain by

96.3%. These results are significant considering acyclovir at

5 mg/ml was tested against thymidine kinase-deficient HSV-1

strain and acyclovir-resistant HSV-1 strain and showed a viral

yield reduction of only 3.0% and 1.5%, respectively.

Fifty extracts from 15 Tunisian medicinal plants were stud-

ied for their antiviral activity against HSV-1 (strain 17) by

Sassi et al.84 Four extracts from 3 plants exhibited antiherpetic

activity, defined by the authors as inhibiting more than 50%
of HSV-1. These extracts were the methanolic extract of

Erica multiflora (EC50 ¼ 132.6 mg/ml and SI >3.77), the aceto-

nic (EC50 ¼ 489.5 mg/ml and SI >1.02) and methanolic

(EC50 ¼ 486.2 mg/ml and SI >1.03) extracts of Frankenia pul-

verulenta, and the acetonic extract of Zygophyllum album

(EC50 ¼ 390.7 mg/ml and SI >1.28). Both the methanolic

extract of E. multiflora and the acetonic extract of Z. album

showed complete cell protection against HSV-1 at 2000 mg/ml.

Schnitzler et al.136 tested an aqueous extract of the African

medicinal plant Pelargonium sidoides for its ability to act

Garber et al 3
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against both HSV-1 (strain KOS) and HSV-2 (strain HG52).

The extract was found to have antiviral activity in plaque

reduction assays with African green monkey kidney (RC-37)

cells. When applied at the maximum non-cytotoxic concentra-

tion (not specified), the extract was able to reduce plaque for-

mation by 99% for both HSV-1 and HSV-2. Moreover, the

extract was added to RC-37 cells at various times throughout

the HSV life cycle and compared to acyclovir. The P. sidoides

extract showed antiviral effects if added prior to HSV infection

or if added during HSV adsorption, compared to acyclovir that

exhibited antiviral effects only during HSV replication. The

authors conclude that P. sidoides may be effective if used as

a topical antiviral treatment at the onset of HSV infection.

Forty-two Egyptian medicinal plants were selected by Sol-

tan and Zaki61 for their traditional uses for infectious diseases,

and 80% aqueous ethanolic extracts of either aerial parts, seeds,

or tubers were tested against HSV-1. A total of 5 plants showed

antiherpetic activity. Moringa peregrina and Ephedra alata

were observed to have the highest antiviral activity at concen-

tration ranges 50-100 mg/ml (Rf 104) and 500-1000 mg/ml

(Rf 104), respectively. Capparis sinaica, Tamarix nilotica, and

Cyperus rotundus showed lesser virucidal activity at concen-

trations of 1000 mg/ml (Rf 104), 1000 mg/ml (Rf 104), and

500 mg/ml (Rf 102), respectively. It must be noted that all 5

plants are edible except for E. alata, therefore it may not be safe

to use E. alata for human HSV-1 infections.

Moreover, Behbahani et al.48 found a methanolic extract of

Avicenna marina leaves to exhibit antiviral effects against

HSV-2. This plant is native to Southern Africa and traditionally

used to treat ulcers, rheumatism, and smallpox. The greatest

inhibition was seen at a concentration of 20 mg/ml where the

extract inhibited 80% of HSV-2 replication. The EC50 and SI

values for the extract were determined to be 10 mg/ml and 25,

respectively, and no cytotoxic effects were noted up to a con-

centration of 32 mg/ml.

Nauclea latifolia roots were used to make an extraction

using a 1:1 mixture of dichloromethane and methanol and

tested for anti-HSV-2 activity by Donalisio et al.129 Two

HSV-2 strains were used: an acyclovir-sensitive HSV-2 strain

and an acyclovir-resistant HSV-2 strain. The IC50 values were

found to be 7.17 mg/ml and 5.38 mg/ml for the acyclovir-

sensitive and acyclovir-resistant HSV-2 strains, respectively.

Time-of-addition experiments revealed that the greatest viral

inhibition occurred when the extract was added to cells after

HSV-2 infection. The authors note N. latifolia does not block

viral attachment or entry into host cells. Additionally, the

acyclovir-resistant HSV-2 strain was more susceptible to the

extract than the acyclovir-sensitive HSV-2 strain, suggesting a

potential different mechanism of action than acyclovir.

Hassan et al.188 tested an aqueous extract of Hibiscus sab-

dariffa for anti-HSV-2 activity, but the extract failed to show

any antiviral effects.

The most recent African plant to be investigated for its

antiherpetic activity was Thymus capitatus, a Tunisian herb

that has a long history of use for purposes such as flavoring

food, medicines, cosmetics, and perfumes.166 Toujani et al.166

prepared aqueous and ethanolic extracts as well as an essential

oil from aerial parts of T. capitatus and found all 3 exhibited

antiviral effects against both HSV-1 and HSV-2. The EC50 and

SI values, respectively, against HSV-1 were 23.4 mg/ml and

>12.7 for the aqueous extract, 16.6 mg/ml and 3.5 for the etha-

nolic extract, and 17.6 mg/ml and 6.0 for the essential oil. The

EC50 and SI values, respectively, against HSV-2 were 23.6 mg/

ml and >12.6 for the aqueous extract, 2.3 mg/ml and 26.8 for the

ethanolic extract, and 18.6 mg/ml and 6.9 for the essential oil.

These results highlight that HSV-2 is more susceptible to the

ethanolic extract of T. capitatus compared to HSV-1, while

both viruses showed similar susceptibility to the aqueous

extract and essential oil. This could be due to differences in

susceptibility to antiviral compounds between the 2 viruses and

the concentrations of these compounds in the different extracts.

Asia

Elanchezhiyan et al.146 observed aqueous extracts of Pongamia

pinnata to completely inhibit HSV-1 (strain AC) and HSV-2

(strain HV-219) replication at concentrations of 1 mg/ml and

20 mg/ml, respectively. Experiments were carried out using

African green monkey kidney (Vero) cells and the seeds of the

plant were used to prepare the extracts. Extracts were added to

cells after viral inoculation, and complete inhibition was noted

at 24 hours. Extract concentrations lower than 1 mg/ml and

20 mg/ml were less effective.

Houttuynia cordata, a traditional medicinal plant in Japan

and China, was investigated for its antiviral effects against

HSV-1 (strain HF) in human epithelial cervical carcinoma

(HeLa) cells.105 Hayashi et al.105 found that a steam distillate

of aerial parts of H. cordata was effective at inhibiting viral

replication (EC50 ¼ 0.0013% and SI >4.4). Neither plaque

formation nor viral adsorption were reduced when HeLa cells

were pretreated with the distillate. Yet, incubating the distillate

with HSV-1 prior to infection prevented viral adsorption,

revealing a direct effect on HSV-1 virions as the inhibitory

mechanism of action of H. cordata.

Chen et al.106 also tested the antiviral effects of H. cordata,

but against HSV-2 (strain G ATCC-VR-734). An aqueous

extract of the leaves and stems significantly prevented Vero

cell death that is associated with HSV-2 infection, and an IC50

value of 50 mg/ml was determined. In addition, the extract

significantly inhibited virus production by more than 3 and

4 logs at doses of 150 mg/ml and 450 mg/ml, respectively. The

extract demonstrated inhibition of NF-j B, which is activated

during HSV-2 infection and required for viral replication.

Time-of-addition experiments revealed the extract was able

to elicit similar antiviral effects when added to cells before,

during, or just after HSV-2 infection, suggesting H. cordata

acts early in viral infection.

The anti-HSV mechanism of action of H. cordata was fur-

ther investigated by Hung et al.107 Vero and 2 types of human

epithelial carcinoma cells (Hep-2 and A549) were used in

experiments with an aqueous extract of the plant against

wild-type HSV-1 (strain F ATCC-VR733), acyclovir-resistant
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HSV-1, and HSV-2 (strain G ATCC-VR734). The extract was

able to inhibit all 3 HSV strains. The EC50 and SI values,

respectively, were determined to be 0.692 mg/ml and 144.51

for wild-type HSV-1, 1.11 mg/ml and 90.09 for acyclovir-

resistant HSV-1, and 0.3 mg/ml and 333.33 for HSV-2. It is

interesting to note that the EC50 values were similar for the

wild-type and acyclovir-resistant strains of HSV-1, suggesting

H. cordata elicits antiviral effects through a different mechan-

ism than acyclovir. Tests using Vero cells revealed the extract

likely affects HSV virions directly, interfering with viral bind-

ing and penetration, blocking viral entry, and suppressing viral

replication and gene expression. This multi-stage inhibition

was also observed in HEp-2 and A549 cells. Similar to the

previous study, the extract was also found to inhibit NF-kB

activation. The authors conclude that H. cordata elicits anti-

HSV effects through several mechanisms, which makes it a

good candidate for treating HSV infections.

Moreover, Kurokawa et al.33,98 tested a wide variety of

Asian plants for anti-HSV-1 activity and reported findings in

2 studies. Hot water was used as the solvent for the plant

extracts in both studies. In the first study, Kurokawa et al.33

tested antiviral activities of 142 extracts against HSV-1 (strain

7401 H). Extracts that showed 100% of plaque inhibition with-

out any visible cytotoxicity at a dose of 100 mg/ml were Elaeo-

carpus grandiflorus and Woodfordia floribunda. On the other

hand, extracts that showed 100% of plaque inhibition without

any visible cytotoxicity at a dose of either 300 or 500 mg/ml

were Alpinia officinarum, Brainia insignis, Drynaria fortunei,

Geum japonicum, Juglans mandshurica, Polygonum cuspida-

tum, Prunella vulgaris, Rheum palmatum, Spatholobus suber-

ectus, and Terminalia chebula. In the second study, Kurokawa

et al.98 tested antiviral activities of 10 extracts in combination

with acyclovir. Acyclovir and extracts were combined at their

respective EC50 concentrations and tested against HSV-1 strain

7401 H. The acyclovir-extract combinations that reduced viral

plaques to less than 10% of controls were G. japonicum, Rhus

javanica, Syzygium aromaticum, and T. chebula. Further

experiments revealed that the acyclovir-extract combination

elicited stronger antiviral effects than either acyclovir or

extract alone, suggesting synergistic activity. No acyclovir-

extract combination was more cytotoxic to cells at concentra-

tions lower than the extract alone. Additionally, G. japonicum,

R. javanica, S. aromaticum, and T. chebula extracts were tested

alone against 2 acyclovir-resistant HSV-1 strains. All 4 extracts

were observed to elicit similar antiviral effects on the resistant

strains compared to the wild-type strain.

Abdul et al.34 tested ethanolic extracts of 61 plants that are

commonly used in Malaysian indigenous medicine for their

antiviral properties against HSV-1. The plant extracts that

showed anti-HSV activity were Alternanthera sessilis, Blumea

chinensis, Calotropis gigantea, Costus speciosus, Eleusine

indica, Eugenia michelii, Euphorbia hirta, Freycinetia malac-

censis, Hedyotis auricularia, Leea indica, Mentha arvensis,

Orthosiphon aristatus, Polygonum minus, Ricinus communis,

and Solanum americanum. The minimum inhibitory concentra-

tion (MIC) for these extracts ranged 0.001-0.01 mg/ml.

Furthermore, assays using HeLa cell lines were performed with

these plant extracts to test for cytotoxicity. Of the 15 extracts,

only E. michelii, M. arvensis, F. malaccensis, and P. minus

showed cytotoxicity, with CD50 values ranging 0.05-0.1 mg/ml.

Methanolic extracts of 21 plants native to Nepal that are

traditionally used to treat bacterial, fungal, or viral infections

were examined for antiviral activity against HSV-1 by Taylor

et al.36 Assays were performed in the presence of UV-A light,

visible light, and darkness to allow for assessment of photo-

sensitive constituents. Four extracts showed 100% viral inacti-

vation at a variety of doses and light conditions: Macaranga

pustulata (200 mg/ml in all 3 light conditions), Hypericum cor-

difolium (50 mg/ml in all 3 light conditions), Maesa macro-

phylla (100 mg/ml in all 3 light conditions), and Sibbaldia

micropetala (200 mg/ml in all 3 light conditions and 100 mg/ml

in visible light only). Additionally, 5 extracts were able to

partially inhibit HSV-1 at varying doses and light conditions:

Hypericum uralum (200 mg/ml in all 3 light conditions),

Centipeda minima (13 mg/ml in all 3 light conditions), Coral-

lodiscus lanuginosus (100 mg/ml in visible light only), Ane-

mone obtusiloba (100 mg/ml in all 3 light conditions), and

Princepia utilis (200 mg/ml in UV-A and visible light only).

Most of the extracts studied exhibited no cytotoxicity up to a

dose of 200 mg/ml; however, H. cordifolium, M. macrophylla,

and A. obtusiloba showed cytotoxicity at this dose. Addition-

ally, C. minima exhibited cytotoxicity at a dose of 25 mg/ml.

Padma et al.38 observed an ethanolic extract of Annona

muricata and an aqueous extract of Petunia nyctaginiflora, both

at 1 mg/ml, to have total cytopathic effect against HSV-1

(strains 753166 and A-16). The stembark of A. muricata and

aerial parts of P. nyctaginiflora were used to create ethanolic

and aqueous extracts for both herbs. At the noted concentration

of 1 mg/ml, no cytotoxicity to Vero cells was noted. The

authors conclude that these 2 herbs have the potential to be

used as antiherpetic drugs.

Furthermore, aqueous and methanolic extracts of 30 Indone-

sian medicinal plants were tested for antiviral effects against

HSV-1 (strain 7401 H) by Nawawi et al.92 At a concentration

of 100 mg/ml, the following extracts inhibited 100% of plaque

formation and their IC50 values were subsequently determined:

the methanolic extracts of Eurycoma longifolia (IC50¼ 62mg/ml),

Filicium decipiens (IC50 ¼ 68 mg/ml), Garcinia mangostana

(IC50¼ 40 mg/ml), and Toona sureni (IC50 ¼ 37 mg/ml); and the

aqueous and methanolic extracts of Nephelium lappaceum

(IC50 ¼ 62 mg/ml and 70 mg/ml, respectively) and Punica gran-

atum (IC50 ¼ 68 mg/ml and 64 mg/ml, respectively). All extracts

showed no cytotoxicity at 100 mg/ml except for T. sureni.

Yoosook et al.53 tested the antiviral effects of Barleria lupu-

lina and Clinacanthus nutans against standard HSV-2 (strain G)

and 5 clinical HSV-2 isolates. Methanolic extracts were created

from leaves of twigs of B. lupulina and the whole plant of

C. nutans. B. lupulina was ineffective at inhibiting plaque for-

mation in cells infected with HSV-2 strain G, but showed anti-

viral activity against the 5 HSV-2 isolates with EC50 values

ranging 442.1-987.7 mg/ml. These doses are significantly

below the cytotoxicity value found for the herb (CC50 ¼ 2.64
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mg/ml). Acyclovir was tested as a control and showed much

greater antiviral activity against all HSV-2 strains with EC50

values ranging 1.9-13.6 mM. C. nutans did not exhibit any

antiviral activity against plaque formation. In yield reduction

assays, cells were treated with the extracts and acyclovir at

various concentrations for either 8 or 24 hours. B. lupulina was

able to reduce viral titers of all HSV-2 strains to 0.05-12.7% of

control yields at 8 hours with doses ranging 0.25-1 mg/ml. C.

nutans exhibited antiviral activity only at 24 hours, reducing

viral titers to less than 2% of control yields at its highest non-

cytotoxic dose (dose not specified). Treatment with 2.5 mM of

acyclovir reduced virus titers to 14.2-43.9% of control yields at

8 hours compared to 0.1-5.3% at 24 hours.

C. nutans was also studied by Kunsorn et al.71 that used n-

hexane, dichloromethane, and methanol as solvents to create

extracts that were tested against HSV-1 (strain KOS) and

HSV-2 (strain Baylor 186). Extracts of Clinacanthus siamensis,

prepared with the same solvents, were concurrently tested for

anti-HSV-1 and anti-HSV-2 effects. All extracts exhibited anti-

viral activity to different degrees. The most potent extract against

HSV-1 was the n-hexane extract of C. nutans (IC50¼ 32.05 mg/ml

and SI >50.36) followed by the methanolic extract of C. siamensis

(IC50¼ 37.39 mg/ml and SI >43.52). On the other hand, the most

potent extract against HSV-2 was the n-hexane extract of

C. siamensis (IC50 ¼ 46.52 mg/ml and SI >34.53). For compari-

son, the IC50 values for acyclovir were found to be 0.09 mg/ml for

HSV-1 and 0.43 mg/ml for HSV-2.

In a later study by Yoosook et al.,66 crude water extracts of 8

Thai medicinal plants were evaluated against HSV-1 (KOS

strain) and HSV-2 (Baylor 186 strain). Extracts of Centella

asiatica, Mangifera indica, and Madura cochinchinensis

showed antiviral activity against both viruses. EC50 and SI

values, respectively, against HSV-1 were 362.40 mg/ml and

3.9 for C. asiatica, 23.94 mg/ml and 29.5 for M. indica, and

20.19 mg/ml and 8.8 for M. cochinchinensis. EC50 and SI val-

ues, respectively, against HSV-2 were 298.84 mg/ml and 4.7 for

C. asiatica, 31.83 mg/ml and 22.2 for M. indica, and 68.32 mg/

ml and 2.6 for M. cochinchinensis. This was compared to the

efficacy of acyclovir that showed EC50 values of 0.14 mg/ml

and 0.15 mg/ml for HSV-1 and HSV-2, respectively. Combina-

tions of the extracts and acyclovir were also studied. The com-

bination of C. asiatica and M. indica was shown to exert an

additive effect on HSV-2, and each extract with acyclovir

resulted in complementary or boosted antiviral effects if the

dose of acyclovir was high enough. These results suggest that

C. asiatica, M. indica, and M. cochinchinensis may be of use

alone or combined for treatment of HSV infections.

Furthermore, the effect of 31 Chinese herbs known for their

antipyretic and anti-inflammatory actions were studied for their

actions against HSV-1 by Hsiang et al.118 Methanolic extracts of

the herbs were first tested, and those that exhibited inhibitory

effects on viral plaques were subsequently made into extracts

using cold water, hot water, ethanol, ethanolic acid, and metha-

nol. Significant reduction in plaque numbers were achieved with

the ethanolic extract of Rheum officinale (EC50 ¼ 0.12 mg/ml

and SI ¼ 8.3), hot water extract of Sophora flavescens

(EC50¼ 0.41 mg/ml and SI¼ 8.4), hot water (EC50¼ 0.20 mg/ml

and SI¼ 9.1), cold water (EC50¼ 0.36 mg/ml and SI¼ 8.4), and

methanolic (EC50 ¼ 0.06 mg/ml and SI ¼ 12.3) extracts of

Paeonia suffruticosa, and methanolic (EC50 ¼ 0.03 mg/ml and

SI ¼ 8.0) and ethanolic acid (EC50 ¼ 0.02 mg/ml and SI ¼ 8.0)

extracts of Melia toosendan. The authors deemed a SI of 8.0 or

greater as being significant. Subsequent testing revealed greater

than 95% of inhibition of viral attachment with the aqueous and

methanolic extracts of P. suffruiticosa, ethanolic acid extracts of

M. toosendan, and ethanolic extract of R. officinale. Also, inhi-

bition of 65% of viral penetration was observed with methanolic

extracts of P. suffruticosa and the ethanolic extract of R. offici-

nale. The authors concluded that the studied herbs acted as

antiviral agents at various stages of HSV-1 infection, therefore

herpes simplex infections may be treated by different herbs at

different times during the viral replication cycle.

Kuo et al.147 tested ethanolic extracts of 7 Chinese herbs

against HSV-1 (strain KOS) and found only Psychotria serpens,

at a dose of 100 mg/ml, to significantly reduce plaque number to

almost zero. This effect was similar to that of 10 mM of acy-

clovir. The IC50 value of the extract of P. serpens was deter-

mined to be 58.3 mg/ml. The other herbs, which showed little

effect on the virus, were Ampelopsis cantoniensis, Melilotus

indicus, Verbena bonariensis, Buddleia asiatica, Ruta grave-

olens, and Tadehagi triquetrum.

Of 8 Indonesian medicinal plants studied by Lohezic-Le

Devehat et al.,82 the methanolic extracts of Elytranthe tubae-

flora and Melastoma malabathricum showed moderate anti-

HSV-1 activity, defined by the authors as having SI values

>4. On the other hand, the ethanolic and ethyl acetate extracts

of Garcinia griffithii and the methanolic extracts of Elytranthe

globosa, Elytranthe maingayi, and Piper aduncum showed

modest anti-HSV-1 activity, having SI < 4. Neither methanolic

extract of Vitex pubescens nor Scurrula ferruginea was active

against HSV-1.

Chiang and colleagues investigated the antiviral activities of

various Asian plants against HSV-1 (strain KOS) and/or HSV-

2 (strain 196) in human skin basal cell carcinoma (BCC-1/

KMC) cells in several studies. 40,43,57,54,131,189 The authors

used hot water and/or ethanolic extracts and seemed to deem

extracts with determined EC50 or IC50 values greater than about

200 mg/ml as having little to mild antiherpetic activity. Extracts

that showed potent anti-HSV activity were Boussingaultia

gracilis (EC50 ¼ 80.7 mg/ml and SI ¼ 37.6 for HSV-1),43

Serissa japonica (EC50 ¼ 67.5 mg/ml and SI ¼ 23.3 for HSV-

1; EC50 ¼ 92.1 mg/ml and SI ¼ 17.1 for HSV-2),43 Blumea

lacera (IC50¼ 83.2 mg/ml and SI >12.0 for HSV-1; IC50¼ 43.3

mg/ml and SI >23.1 for HSV-2),54 Tithonia diversifolia

(IC50 ¼ 94.4 mg/ml and SI ¼ 9.9 for HSV-1; IC50 ¼ 34.8 mg/ml

and SI ¼ 27.1 for HSV-2),54 and Ocimum basilicum

(water extract: EC50 ¼ 90.9 mg/ml and SI ¼ 16.2 for HSV-1,

EC50¼ 51.4 mg/ml and SI¼ 28.6 for HSV-2; ethanolic extract:

EC50 ¼ 108.3 mg/ml and SI ¼ 6.3 for HSV-1).131 Extracts

that exhibited moderate antiviral activity were Bauhinia

variegata (EC50 ¼ 182.7 mg/ml and SI ¼ 7.4 for HSV-1;

EC50 ¼ 117.1 mg/ml and SI ¼ 11.6 for HSV-2),40 Arachis
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hypogaea (EC50 ¼ 191.1 mg/ml and SI ¼ 18.3 for HSV-2),40

Boussingaultia gracilis (EC50 ¼ 194.7 mg/ml and SI ¼ 15.6

for HSV-2),43 Ardisia squamulosa (EC50 ¼ 168.5 mg/ml

and SI ¼ 10.1 for HSV-1),43 Crossostephium chinense

(EC50 ¼ 179.2 mg/ml and SI ¼ 4.0 for HSV-2),43 Caesalpinia

pulcherrima (EC50 ¼ 166.8 mg/ml and SI ¼ 16.5 for HSV-1;

EC50 ¼ 193.1 mg/ml and SI ¼ 14.2 for HSV-2),57 Ixeris

chinensis (IC50 ¼ 154.6 mg/ml and SI >6.5 for HSV-1;

IC50 ¼ 120.7 mg/ml and SI >8.3 for HSV-2),54 and Senecio

scandens (IC50 ¼ 197.6 mg/ml and SI >5.1 for HSV-2).54 The

EC50 and SI values of acyclovir, as comparison, ranged 0.61-7.6

mg/ml and 20.3-45.1 for HSV-1 and 0.81-4.7 mg/ml and 32.8-

58.9 for HSV-2, respectively. 40,43,57,131,189 Herbs that had little

to mild antiherpetic activity were Bidens pilosa,43,54,189 Hout-

tuynia cordata,189 Adenanthera pavonia,40 Bauhinia purpura,40

Desmodium caudatum,40 Desmodium triforum,40 Glycine

max,40 Pisum sativum,40 Artemisai princeps,43 Cinnamomum

camphora,43 Jasminum sambac,43 Basella rubra,43 Drymaria

cordata,43 Portulaca grandiflora,43 Rosa rugosa,43 and Eclipta

prostrata.54

Moreover, Lipipun et al.28 explored the ability of 20 Thai

medicinal plants to work as antivirals against 3 strains of HSV-

1. Vero cells infected with wild-type HSV-1 (strain 7401 H)

were treated with water, ethanolic, or chloroform plant extracts

at a dose of 100 mg/ml. The extracts found to reduce plaque

formation by at least 50%, therefore classified by the authors as

having antiviral activity against HSV-1, were Aglaia odorata,

Cerbera odollam, Harpullia arborea, Ventilago denticulata,

Azadirachta indica, Protium serratum, Rinorea anguifera, Hura

crepitans, Schima wallichi, and Moringa oleifera. The strongest

antiviral effects were noted by the extracts of A. odorata, C.

odollam, and V. denticulata that inhibited 100% of plaques at

the 100 mg/ml dose. Furthermore, these 3 extracts were

assessed for antiviral activity against thymidine kinase-

deficient and phosphonoacetate-resistant HSV-1 strains and

compared to the wild-type 7401 H strain. The use of acyclovir

as a positive control showed that a higher dose of the drug was

required to reduce plaque formation of the 2 resistant strains

compared to wild-type HSV-1. It was observed that M. oleifera

was most effective against the phosphonoacetate-resistant

strain (EC50 ¼ 43.5 mg/ml and SI ¼ 20.1), and V. denticulata

worked equally as well with all 3 strains (EC50 and SI ranged

42.0-52.0 mg/ml and 16.1-20.0, respectively). However, A.

odorata was less effective with the thymidine kinase-deficient

strain (EC50 ¼ 24.5 mg/ml and SI ¼ 12.7) than the wild-type

(EC50 ¼ 9.5 mg/ml and SI ¼ 32.8) or phosphonoacetate-

resistant (EC50 ¼ 10.8 mg/ml and SI ¼ 28.9) strains.

Tiwari et al.49 also explored the anti-HSV-1 activity of

Azardirachta indica, specifically focusing on the mechanism

of action. Aqueous extracts of the plant’s bark at concentrations

ranging 50-100 mg/ml were observed to block entry of HSV-1

(strain KOS) into Chinese hamster ovary (CHO-K1), HeLa,

Vero, and retinal pigment epithelial (RPE) cells. Experiments

using different HSV-1 strains (F, G, MP, and 17) revealed A.

incida was not strain-specific as its inhibitory effects were

similar toward each strain. The extract blocked the attachment

of HSV-1 virions to cells, and when cells were pretreated with

the extract, viral glycoprotein mediated cell-cell fusion was

inhibited. To note, A. incida was only shown to inhibit viral

entry when HSV-1 was pretreated with the extract and not

when cells were pretreated, suggesting activity is to due effects

on viral particles.

Of the 21 Chinese medicinal herbs tested by Li et al.,29

aqueous extracts of Agrimonia pilosa, Pithecellobium cly-

pearia, and Punica granatum showed antiviral activity against

different strains of HSV-1 (strain 15577). These 3 extracts

showed IC50 values ranging 62.5-125 mg/ml and SI values rang-

ing 4-12 against the standard strain. Additionally, the extracts’

IC50 values ranged 62.5-125 mg/ml and 50-125 mg/ml against

the acyclovir-resistant and clinical strain, respectively. While

each plant extract was effective against all HSV-1 strains, A.

pilosa was most effective against the acyclovir-resistant strain

(IC50¼ 100 mg/ml and SI¼ 5), P. clypearia against the standard

strain (IC50 ¼ 62.5 mg/ml and SI ¼ 4), and P. granatum against

the clinical strain (IC50 ¼ 50 mg/ml and SI ¼ 20).

Water and ethanolic extracts of Youngia japonica showed

no activity against HSV-1 (strain 15577) in a study conducted

by Ooi et al.190 Conversely, Kuo et al.130 found an ethanolic

extract of Nelumbo nucifera at a dose of 100 mg/ml inhibited

100% HSV-1 plaque formation in HeLa cells. The extract’s

IC50 value was determined to be 50.0 mg/ml.

Vijayan et al.76 found potent antiviral activity against

HSV-1 from a methanolic extract of Hypericum mysorense

(IC50 ¼ 100 mg/ml and SI ¼ 1.2), a methanolic extract of

Hypericum hookerianum (IC50 ¼ 50 mg/ml and SI ¼ 2.4),

and an acetone and chloroform extract of Usnea complanta

(IC50 ¼ 100 mg/ml and SI ¼ 1.2). Virus yield reduction assays

revealed H. mysorense and H. hookerianum as the only plant

extracts to offer 100% protection from viral particles. Partial

anti-HSV activity was noted from an alcoholic and ethyl acet-

ate extract of Melia dubia, a methanolic extract of Cryptostegia

grandiflora, and the essential oil of Rosmarinus officinalis. The

authors tested a total of 18 plants from Nilgiris, but besides

those mentioned, no others exhibited antiherpetic activity.

Moreover, an ethyl acetate extract of Euphorbia thymifolia

was assessed for inhibitory effects on HSV-2 multiplication by

Yang et al.91 E. thymifolia is a widespread herb in Taiwan that

is used traditionally for many functions including diuretic,

detoxifying, antimalarial, and antidysentery. A negative corre-

lation was observed between the concentration of the extract

and the level of HSV-2 multiplication. The ethyl acetate extract

was able to substantially decrease HSV-2 infectivity when

administered at high concentrations including 2.0, 4.0, and

8.0 mg/ml. Increasing the temperature at which the extract was

incubated with the infected cells was not observed to alter

inhibitory activity; however, the longer the extract was incu-

bated with the infected cells the more viral inhibition occurred.

It was concluded that by inhibiting HSV-2 infectivity, E. thy-

mifolia was able to successfully reduce viral multiplication.

In the same year, Yang et al. studied extracts of Phyllanthus

urinaria for antiviral effects against HSV-1 (strain KOS) and

HSV-2 (strain 196).141 Extracts were made from whole plant
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parts and various solvents including acetone, benzene, chloro-

form, ethanol, ethyl acetate, n-hexane, and methanol. At a dose

of 10 mg/ml, moderate HSV-1 plaque inhibition was observed

from the acetone (31.4%), ethanolic (40.4%), and methanolic

(41.3%) extracts. However, these 3 extracts, at the same dose,

inhibited greater than 90% of HSV-2 plaques. The IC50 and SI

values, respectively, against HSV-2 were determined to be

4.3 mg/ml and 3.5 for the acetone extract, 5.0 mg/ml and 4.0

for the ethanolic extract, and 4.0 mg/ml and 4.1 for the metha-

nolic extract. For comparison, acyclovir at a dose of 0.05 mg/ml

inhibited close to 90% of HSV-1 and HSV-2 plaques. Time-of-

addition experiments showed that HSV-2 was suppressed the

most when extracts were added to cells just after viral infection

and effects were greatly reduced if added pre- or post-viral

infection. The authors also tested whether lowering the incuba-

tion time or temperature affected the HSV-2 virucidal activity

of the 3 extracts and found that it did not affect it significantly.

Tan et al.138 tested other plants from the genus Phyllanthus,

including Phyllanthus urinaria, against HSV-1 and HSV-2.

Whole plant aqueous extracts of P. amarus, P. niruri, P. uri-

naria, and P. watsonii were tested. All extracts inhibited viral

replication of both HSV-1 and HSV-2 with IC50 and SI values

ranging 11.9-39.5 mg/ml and 12.7 to >33.6, respectively. Of the

4 extracts, P. urinaria demonstrated the highest SI against both

viruses (>33.6 for both). It was also found that the extracts

exhibited more potent antiviral effects on HSV-1 than HSV-

2. Moreover, time-of-addition experiments found that all 4

extracts inhibited viral replication most effectively when intro-

duced to cells at inoculation or post-infection, but not when

introduced pre-infection.

Moderate anti-HSV-1 and anti-HSV-2 activity of a metha-

nolic extract of Ophirrhiza nicobarica was observed by Chat-

topadhyay et al.132 At a concentration of 300 mg/ml, the

maximum nontoxic concentration, the extract completely

inhibited plaque formation of both viruses. Pretreatment of the

cells with the extract prior to viral infection did not decrease

viral penetration or adsorption, nor did pretreatment of the

virus reduce infectivity.

Mothana et al.56 tested hot aqueous and methanolic extracts

of 25 plant species gathered from the island Soqotra in Yemen

against HSV-1 (strain KOS). The strongest antiviral effects were

noted by the methanolic extracts of Boswellia elongata (SI not

reported), Buxus hildebrandtii (SI ¼ 71.4), and Euryops arabi-

cus (SI not reported), each demonstrating an IC50 value of 0.35

mg/ml. The methanolic extract of Cissus subaphylla also showed

promising anti-HSV-1 activity with an IC50 of 0.7 mg/ml (SI not

reported). For comparison, the IC50 value of acyclovir was cal-

culated as 0.7 mg/ml. Experiments were recreated with tenfold

higher viral counts, and the extracts of B. elongata and B. hil-

debrandtii maintained their strong antiviral effects. Other

methanolic extracts that showed inhibition of HSV-1 were Bos-

wellia ameero, Cassia socotrana, Cissus hamaderohensis, Com-

miphora parvifolia, Dracaena cinnabari, Exacum affine,

Fagonia luntii. Jatropha unicostate, Kalanchoe farinacea, Puli-

caria stephanocarpa, Trichocalyx obovatus, Withania adunensis,

and Zygophyllum quatarense with IC50 values ranging 1.5-25

mg/ml. Additionally, the hot aqueous extracts of Dorstenia soco-

trana, P. stephanocarpa, and Punica protopunica were active

against HSV-1, but were less potent with IC50 values of 32.1

mg/ml, 50 mg/ml, and 5.8 mg/ml, respectively.

Furthermore, Aloe vera was studied by Zandi et al.30 for its

effect against HSV-2 infection by administering a crude hot

glycerine extract to infected Vero cells at different times during

infection. The extract was found to elicit complete cytopathic

effects on HSV-2 at a concentration of 700 mg/ml when added

at viral inoculation, and the IC50 and SI values were determined

to be 428 mg/ml and 7.56, respectively. When the extract was

added after the viral attachment stage, a dose of 850 mg/ml

entirely prevented the cytopathic effect of HSV-2. The IC50

and SI values were determined to be 536 mg/ml and 6.04,

respectively.

The anti-HSV-1 activities of the Indian medicinal plant

Swertia chirata were examined by Verma et al.161 Water

extracts using dried powder of the leaves and stems of the plant

were prepared to a total concentration of 1 g/ml. Subsequent

dilutions and treatment to cells showed that the extract inhib-

ited plaque formation by more than 70% at a dilution of 1:64.

Adding the extract at 4, 8, and 24 hours after infection showed

the greatest reduction in infected cells at 4 hours. Additionally,

no genetic material amplification was found at 12, 24, 48, or

72 hours after simultaneous HSV-1 infection and S. chirata

treatment.

Kuo et al.116 investigated the antiviral activity of a metha-

nolic extract of Lobelia chinensis against HSV-1 (strain KOS)

in HeLa cells. The extract was found to inhibit plaque forma-

tion, demonstrating IC50 and SI values of 139.2 mg/ml and

approximately 22.5, respectively. Time-of-addition experi-

ments revealed the extract is effective if added in the window

of 0-8 hours post-infection. Additionally, experiments revealed

that L. chinensis is able to block HSV-1 replication, likely by

impairing DNA synthesis.

Three different extracts of Cedrus libani, commonly known

as Cedar of Lebanon, were observed to have antiviral activity

against HSV-1 (strain F) by Loizzo et al.65 The extracts tested

were as follows: ethanolic extract of the plant’s leaves, etha-

nolic extract of the plant’s cones, and essential oil from the

plant’s bark. The 3 extracts demonstrated similar antiviral

effects with IC50 and SI values ranging 0.44-0.66 mg/ml

and 1.74-2.91, respectively. For comparison, the IC50 value

and therapeutic index of acyclovir was found to be 3.77 mM

and >27, respectively.

Wang et al.137 investigated the antiviral effect of an etha-

nolic extract of the bark of Phellodendron amurense, a herb that

is considered as one of the 50 fundamental herbs in China. The

extract’s maximum non-cytotoxic dose was determined as

44.12 mg/ml and was tested at different stages during HSV-1

infection. Pretreatment of cells with the extract only inhibited

about 10% of HSV-1 plaques, but pretreatment of HSV-1

resulted in 74% inhibition of plaque formation. Addition of the

extract during the viral adsorption and replication inhibited

plaques by 10-15%. Acyclovir was also tested and found to

inhibit over 90% of plaques only when added during viral
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replication. These results suggest that P. amurense elicits

effects prior to viral infection and acyclovir elicits effects after

infection.

Two other Chinese medicinal herbs, Radix isatidis and

Viola yedoensis, were tested for antiviral activity against

HSV-1 by Liao et al.171 Experiments were conducted with

infection of the KOS strain of HSV-1 into human neuroblas-

toma (SK-N-SH) cells and treatment with 600 mg/ml of aqu-

eous extracts of the root of R. isatidis and the whole plant of

V. yedoensis. Only V. yedoensis showed inhibition of viral

replication. Antiviral effects were similar when the cells were

pretreated with the extract 6 hours before infection and treat-

ment to cells 4 hours post-infection. The authors suggested that

the mechanism of action is likely not one of direct inactivation

of HSV-1.

Aqueous and ethanolic extracts of Cajanus cajan, commonly

known as pigeon pea, exhibited antiviral effects against both

HSV-1 (strain KOS) and HSV-2 (strain HG52).58 Zu et al.58

found both viruses to be more susceptible to the ethanolic

extract (IC50 ¼ 0.022 mg/ml and SI ¼ 618.2 for HSV-1; IC50

¼ 0.10 mg/ml and SI ¼ 136.0 for HSV-2) compared to the

aqueous extract (IC50 ¼ 14.93 mg/ml and SI >15 for HSV-1;

IC50 ¼ 2.33 mg/ml and SI >100 for HSV-2). The ethanolic

extract showed greater antiviral activity than acyclovir (IC50

¼ 0.59 mg/ml and SI >55.9 for HSV-1; IC50 ¼ 0.62 mg/ml and

SI >53.2 for HSV-2). Time-response assays showed 90% pla-

que inhibition after a treatment duration of 10 minutes with the

ethanolic extract and 60 minutes with the aqueous extract.

Additionally, the extracts were added at different times during

viral infection. Both extracts significantly reduced plaque for-

mation by 95-99% only when either HSV-1 or HSV-2 was

pretreated with the extract. When the extracts were added dur-

ing HSV-2 adsorption, plaque formation was inhibited by about

45-60%. Acyclovir was antiviral when added post-infection,

during viral intracellular replication. These results suggest that

C. cajan elicits its antiviral effects directly on HSV virions.

Arabzadeh et al.173 observed a methanolic extract of Zataria

multiflora to significantly inhibit HSV-1 (strain KOS) plaque

formation at doses below its maximum non-toxic concentration

(1000 mg/ml). When the extract was added to cells during viral

adsorption at doses of 800 mg/ml, 500 mg/ml, and 250 mg/ml,

inhibition of 100%, 93.2%, and 86.2%, respectively, of HSV-1

plaques was observed. Additionally, the extract was added

to cells at 1, 2, and 3 hours after viral infection, and 100%
plaque inhibition was observed with all doses, which ranged

250-1000 mg/ml.

Moreover, a methanolic extract of Achyranthes aspera was

investigated for antiviral effects against HSV-1 (strain F) and

HSV-2 (strain G) by Mukherjee et al.24 The extract inhibited

HSV plaque formation in a dose-dependent manner with 100%
inhibition of HSV-1 and HSV-2 noted at 112.5 mg/ml and

120 mg/ml, respectively. The EC50 and SI values, respectively,

of the extract were determined to be 64.4 mg/ml and 10.2 for

HSV-1 and 72.8 mg/ml and 9.0 for HSV-2. For comparison,

acyclovir was found to have EC50 and SI values, respectively,

of 2.1 mg/ml and 61.9 for HSV-1 and 2.9 mg/ml and 44.8 for

HSV-2. Time-of-addition experiments revealed that A. aspera

elicits its antiviral effects post-infection for both viruses with

little inhibition noted before or at the time of infection.

The ability of Camellia sinensis, Nerium oleander, and

Echium amoenum to prevent HSV-1 (strain KOS) multiplica-

tion was explored by Farahani et al.59 The plants were indivi-

dually extracted using a decoction method to yield aqueous

extracts, and Hep-2 cells were used to test for cytotoxicity. It

was observed that N. oleander was toxic to cells at all concen-

trations and therefore was not used in the antiviral assays.

Antiviral activity of the other 2 extracts were measured at 1,

2, and 3 hours post-treatment. Significant antiviral effects of C.

sinensis were observed at one (IC50 ¼ 20 mg/ml and SI ¼ 50)

and 2 (IC50 ¼ 60 mg/ml and SI ¼ 16.7) hours post-treatment,

but activity was decreased by the third hour (IC50 ¼ 480 mg/ml

and SI¼ 2.1). E. amoenum was found to be antiviral during the

first hour (IC50 ¼ 350 mg/ml and SI ¼ 2.9), but less so than

C. sinensis. It was concluded that C. sinensis is an effective

treatment to inhibit HSV-1 multiplication within 1 hour.

Cho et al.83 found an aqueous extract of Epimedium korea-

num to inhibit HSV multiplication in both mouse macrophages

(RAW264.7) and human embryonic kidney (HEK293 T) cells.

The type of HSV virus used in the experiments was not spec-

ified. The virus was more susceptible to the extract in mouse

macrophages (EC50¼ 0.62 mg/ml and SI¼ 23.5) than in human

embryonic kidney cells (EC50 ¼ 1.41 mg/ml and SI ¼ 5.9). At

an extract dose of 1 mg/ml, E. koreanum was able to reduce

viral titers 2-fold in both RAW264.7 and HEK293 T cells when

compared to control.

Pedilanthus tithymaloides demonstrated strong antiviral

activity against HSV-2 (strain G), 2 HSV-2 clinical isolates,

and a thymidine kinase-deficient strain of HSV-2.134 Ojha

et al.134 found that EC50 values for a methanolic extract of the

plant ranged 48.5-52.6 mg/ml for the 4 viral strains with SI

values of 8.29-9.00. The extract inhibited 99% of HSV-2 multi-

plication at a dose of 86.5 mg/ml by 2-4 hours post-infection.

Acyclovir was tested as a control and shown to have EC50

values of 2.6-2.8 mg/ml and SI values of 46.00-49.53 for strain

G and one of the clinical isolates. Further testing revealed the

extract was able to inhibit NF-êB, which is activated during

HSV-2 infection and required for viral replication.

Indigofera heterantha, a common plant in the western Hima-

layan region, was tested for antiviral activity against HSV-2

(strain G) by Kaushik et al.110 Hydromethanolic extracts of the

root, twig, and stem of the plant were separately prepared. The

root extract exhibited the strongest antiviral activity of the 3

extracts with IC50 and SI values of 284.2 mg/ml and 13.3,

respectively. A subsequent study by the authors showed the

extract elicits its effect early in the viral replication cycle by

blocking HSV-2 attachment, adsorption, and entry into host

cells.191

Furthermore, He et al.39 observed an ethanolic extract of the

fungus Antrodia camphorata to have antiviral activity against

HSV-1 (strain F) and HSV-2 (strain G). Although not nearly

as potent as acyclovir, A. camphorata was found to inhibit

viral plaque formation with IC50 values of 61.2 mg/ml and

32 Journal of Evidence-Based Integrative Medicine



57.5 mg/ml for HSV-1 and HSV-2, respectively. In addition, the

SI values for the extract were determined as 7.92 for HSV-1

and 8.43 for HSV-2. For comparison, the IC50 and SI values,

respectively, for acyclovir were determined as 2.1 mg/ml and

61.9 for HSV-1 and 2.9 mg/ml and 44.8 for HSV-2.

A methanolic extract of Euphorbia spinidens was tested for

its ability to act as an antiviral against HSV-1 (strain KOS) by

Karimi et al.90 It was observed that the extract was able to

inhibit HSV-1 in a dose-dependent manner, but was not as

effective as treatment with acyclovir. The EC50 and SI values,

respectively, were determined to be 0.34 mg/ml and 14.9 for E.

spinidens and 0.028 mg/ml and >178.6 for acyclovir. Time-of-

addition experiments revealed that application of the extract at

a concentration of 5 mg/ml was most effective at inhibiting the

virus within the first 2 hours of its life cycle, demonstrating a

total of 70% inhibition. The authors conclude that the extract of

E. spinidens may inhibit HSV-1 adsorption and early stages of

viral replication.

Karimi et al.148 also tested anti-HSV-1 activity of Quercus

brantii. A crude extract of the plant’s acorns was prepared using

ethyl alcohol, and effects against HSV-1 (strain KOS) were

examined in baby hamster kidney (BHK) cells. The extract

exhibited antiviral activity against HSV-1 (IC50 ¼ 4.3 mg/ml

and SI ¼ 48.4), but was not more potent than acyclovir

(IC50 ¼ 1.3 mg/ml and SI ¼ 136.5). Additional experiments

found that the greatest viral inhibition occurred when the

extract was present both during and after adsorption.

Various extracts of Ficus religiosa, commonly known as

sacred fig or bodhi tree, showed antiviral activity against

HSV-2 (strain MS) and an acyclovir-resistant HSV-2 strain.95

Ghosh et al.95 prepared several extracts using either the leaves

or bark of the plant with water, methanol, ethyl acetate, or

chloroform as solvents. Extracts from the bark showed more

potent antiviral activity against the regular strain compared to

leaf extracts. Most notable were the water (EC50 ¼ 9.76 mg/ml

and SI ¼ 156.8) and chloroform (EC50 ¼ 6.75 mg/ml and

SI ¼ 119.9) bark extracts. These extracts were not as strong

as acyclovir, which showed an EC50 value of 0.64 mg/ml and

a SI of >468. Against the acyclovir-resistant strain, the

water bark extract showed the most potent antiviral activity

(EC50 ¼ 6.28 mg/ml and SI ¼ 243.6). These values suggest

that the water bark extract elicited more potent antiviral effects

against acyclovir-resistant HSV-2 compared to a wild-type

HSV-2. Further testing revealed inhibition of HSV-2 by the

water bark extract occurred by inactivating virions prior to

infection while the chloroform bark extract elicited its effect

by inhibiting viral attachment and/or entry into cells.

Sakagami et al.155 investigated the antiviral activity of an

alkaline water extract of Sasa senanensis leaves against HSV-1

(strain F). They observed the extract to have anti-HSV activity

with an SI of 6-7. The extract was also tested in combination

with acyclovir, which showed a synergistic effect.

Very potent anti-HSV-2 activity was observed by a 50%
ethanolic extract of the fruits of Terminalia chebula by Keshar-

wani et al.165 The extract demonstrated an IC50 of 0.01 mg/ml

and a SI of over 40,000 against HSV-2 (strain G ATCC-VR-

734), which made it significantly more potent than acyclovir

(IC50 ¼ 29.04 mg/ml and SI ¼ 12.1). Pretreatment of the virus

with the extract showed significant viral inhibition. This effect

was attributed to the extract’s ability to inhibit viral attachment

and penetration into host cells. Conversely, the extract was less

effective when added to cells post-infection.

A hydromethanolic extract of Hemidesmus indicus root was

observed to inhibit both HSV-1 and HSV-2 replication to a

similar degree.104 Bonvicini et al.104 tested antiviral activity

when cells were pretreated with the extract, when the extract

was added to cells at and post-infection, and when virions

were pretreated with the extract. When the extract was added

to cells at the time of infection, the EC50 values of the extract

were determined as 66.8 mg/ml and 70.6 mg/ml for HSV-1 and

HSV-2, respectively. With treatment post-infection, the

extract’s EC50 values were determined as 91.3 mg/ml and

86.1 mg/ml for HSV-1 and HSV-2, respectively. No effect on

viral replication was observed when cells were pretreated with

the extract. Inhibitory effects were markedly stronger when

virions were pretreated with the extract. These results indicate

that H. indicus is able to inhibit HSV throughout the infection

cycle, but effects are more potent pre-infection. Further pre-

infection testing revealed the extract specifically inhibits viral

attachment. Viral entry is also inhibited by the extract, but only

at higher concentrations. Interestingly, the extract’s inhibitory

effects were stronger in the second round of infection compared

to the first.

Moreover, a chloroform fraction of an ethanolic extract of

Arisaema tortuosum leaves demonstrated antiherpetic activity

as investigated by Ritta et al.44 Initially, cytotoxicity of A. tor-

tuosum leaves and tubers were assessed using separate

ethanolic extracts. The ethanolic extract of the leaves was found

to be less toxic and was further fractionated with n-hexane,

chloroform, ethyl acetate, and n-butanol. All fractions were

found to be highly toxic except for the chloroform fraction,

which was assessed for antiviral effects against HSV-1,

HSV-2, and an acyclovir-resistant strain of HSV-2. HSV-2

(EC50 ¼ 0.53 mg/ml and SI ¼ 758) and acyclovir-resistant

HSV-2 (EC50 ¼ 0.86 mg/ml and SI ¼ 467.4) were more suscep-

tible to the chloroform extract compared to HSV-1 (EC50¼ 2.64

mg/ml and SI¼ 12). The authors note that the chloroform extract

was observed to act as a direct virucidal agent as well as inhibit

viral attachment, adsorption, and replication.

Park et al.81 investigated antiviral effects of methanolic

extracts of 5 varieties of marine algae against wild-type (strain

7401 H), thymidine kinase-deficient (strain B2006), and acy-

clovir and phosphonoacetic acid-resistant HSV-1 strains. All

extracts were tested at a dose of 100 mg/ml, and Sargassum

ringgoldianum inhibited 100% plaque formation of all 3

HSV-1 strains, but exhibited strong cytotoxicity to Vero cells.

Symphyocladia latiuscula demonstrated moderate cytotoxicity,

inhibited 100% plaque formation against wild-type HSV-1, and

82.74% against acyclovir and phosphonoacetic acid-resistant

HSV-1; however, thymidine kinase-deficient HSV-1 plaques

were only inhibited by 38.1%. The IC50 value of S. latiuscula

was determined as 56.7 mg/ml (HSV-1 strain not specified).
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Moderate plaque inhibition was also noted against acyclovir

and phosphonoacetic acid-resistant HSV-1 with the extracts of

Sargassum thunbergii, Ecklonia stolonifera, and Ulva pertusa,

demonstrating 55.99%, 47.79%, and 40.67% inhibition, respec-

tively. S. thunbergii and U. pertusa showed no cytotoxicity,

while E. stolonifera was mildly cytotoxic to Vero cells. The

methanolic extract of S. latiuscula was successively fractio-

nated into 5 fractions using the following order of solvents:

hexane, dichloromethane, ethyl acetate, butanol, and water.

The dichloromethanic fraction showed the strongest anti-

HSV-1 activity with an IC50 value of 7.73 mg/ml (HSV-1 strain

not specified).

Another marine algae, Cystoseira myrica, was studied by

Zandi et al.77 for antiviral activity against HSV-1 (strain KOS).

A hot water extract of the whole plant was prepared and ster-

ilized by 2 methods, filtration and autoclaving. When the

extracts were added to cells at the same time of viral inocula-

tion, the IC50 and SI values, respectively, were determined to

be 99 mg/ml and 33.4 for the filtered extract and 125 mg/ml and

28.2 for the autoclaved extract. The extracts were less effective

when added 2 hours post-inoculation, demonstrating IC50 and

SI values, respectively, of 143 mg/ml and 23.1 for the filtered

extract and 162 mg/ml and 21.7 for the autoclaved extract.

Lastly, Deethae et al.158 created aqueous, ethanolic, and

methanolic extracts from the freshwater green algae Spirogyra

and investigated antiviral activity against HSV-1 (strain F) and

HSV-2 (strain G). Firstly, effects were measured when extracts

were added to cells before, during, and after viral attachment.

All 3 extracts exhibited their strongest antiviral effects when

added to cells during attachment, with HSV-1 being more

susceptible to the ethanolic extract (IC50 ¼ 164.20 mg/ml and

SI ¼ 2.17) and HSV-2 to the methanolic extract (IC50 ¼ 75.03

mg/ml and SI ¼ 3.34). Moreover, both HSV-1 and HSV-2

virions, when treated with extracts prior to infection, were most

strongly inhibited by the methanolic extract. In terms of effects

on viral replication, the extracts were able to inhibit HSV yields

by 30 hours post-infection. The methanolic extract exhibited

the greatest inhibitory effects on HSV-1, and the aqueous

extract exhibited the greatest inhibitory effects on HSV-2.

When comparing all viral stages tested, the most potent anti-

HSV activity was observed during viral attachment.

Central America/Caribbean

Del Barrio and Parra139 assessed the antiviral activity of an

aqueous extract of the leaves and stems of Phyllanthus orbicu-

laris, a plant native to Cuba, against HSV-2 in human foreskin

fibroblast cells. The extract demonstrated EC50 and SI values

of 25.7 mg/ml and 26.03, respectively. Direct treatment of

HSV-2 virions resulted in a 2 log10 reduction in viral titers

with treatment of 5-25 mg/ml of P. orbicularis extract and a 2.75

log10 reduction with 50-75 mg/ml of the extract. The authors

suggest that P. orbicularis may elicit its antiherpetic effects by

inhibiting virions, either directly or by blocking their entry into

host cells.

Subsequently, Fernandez Romero et al.140 made the stems

and leaves of P. orbicularis into 5 successive extract fractions

using the following order of solvents: diethyl ether, chloro-

form, butanol, 50% ethanol, and an acetic acid/water combina-

tion. The butanolic and acetic acid fractions demonstrated

significant virucidal activity against acyclovir-sensitive

HSV-1 and acyclovir-resistant HSV-1, each in human foreskin

fibroblasts and Vero cells. When added to cells at the time of

viral infection, the butanolic extract demonstrated EC50 and SI

values, respectively, of 30.4-31.3 mg/ml and 21.6-22.8 against

acyclovir-sensitive HSV-1 and 32.8-42.5 mg/ml and 15.5-21.8

against acyclovir-resistant HSV-1. The acetic acid extract was

not as potent, demonstrating EC50 and SI values, respectively,

of 32.5-35.9 mg/ml and 10.3-11.6 against acyclovir-sensitive

HSV-1 and 29.4-30.7 mg/ml and 11.3-13.5 against acyclovir-

resistant HSV-1. Additionally, extracts were added to virions

prior to infection, which showed greater antiviral effects. The

acetic acid extract elicited more potent effects against both

acyclovir-sensitive HSV-1 (EC50 ¼ 0.47-0.53 mg/ml and SI

¼ 705-785) and acyclovir-resistant HSV-1 (EC50 ¼ 0.40-0.68

mg/ml and SI ¼ 491-1040) compared to the butanolic extract

(EC50 ¼ 0.74-1.93 mg/ml and SI ¼ 371-895 for acyclovir-

sensitive HSV-1; EC50 ¼ 1.15-1.51 mg/ml and SI ¼ 474-572

for acyclovir-resistant HSV-1). The authors conclude that the

butanolic and acetic acid extracts of P. orbicularis may reduce

viral adsorption, attachment, or penetration into host cells.

They also conclude that the SI values of these 2 extracts were

10-20 times higher than that of the aqueous extract of P. orbi-

cularis used in the study by del Barrio and Parra.139

Europe

Much of the research on European Lamiaceae family herbs is

focused on Melissa officinalis. Dimitrova et al.120 explored

prophylactic and therapeutic effects of 4 extracts of M. offici-

nalis on HSV-1 (strain DA) using the solvents 50% ethyl alco-

hol, 50% ethanol, ethyl acetate, and water. When incubated

with HSV-1 virions, complete viral inactivation was noted by

3 hours with the water extract and by 12 hours with the non-

aqueous extracts. Furthermore, the non-aqueous extracts were

added to rabbit kidney (RK) cells pre- and post-infection, but

all 3 extracts failed to inhibit viral reproduction.

Additionally, Schnitzler et al.122 investigated the antiviral

effects of M. officinalis essential oil on HSV-1 (strain KOS)

and HSV-2 (strain HG). The essential oil was diluted in up to

1% ethanol. Plaque reduction assays revealed that at a concen-

tration of 0.002% oil, there was a 98.8% reduction of HSV-1

and a 97.2% reduction of HSV-2 titres. At higher doses, the

viral infectivity was almost completely absent. The IC50 and SI

values, respectively, were calculated to be 0.0004% and 7.5 for

HSV-1 and 0.00008% and 37.5 for HSV-2. When HSV-1 and

HSV-2 were pretreated with M. officinalis oil at its maximum

non-cytotoxic concentration (0.002%), viral infectivity was

significantly reduced. However, when the treatment was

applied to the viruses during viral adsorption, a moderate

reduction in plaque formation of 64.8% and 39.9% for
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HSV-1 and HSV-2, respectively, was seen. Plaque formation

was not affected when RC-37 cells were treated with the essen-

tial oil prior to or during infection. The essential oil is highly

lipophilic, which the authors proposed as a mechanism by

which the active constituents in the oil can be used as a direct

antiviral for topical use in humans.

Mazzanti et al.123 found that a hydroethanolic extract of M.

officinalis elicited significant antiviral effects on HSV-2 after

viral penetration. The extract was first tested for cytotoxicity

and showed no impairment to cells up to a concentration of

1 mg/ml. When Vero cells were treated with the extract at a

dose of 0.5 mg/ml post-infection, the cytopathic effect was

reduced by 60%, which was the maximum effect observed.

However, incubation of the extract with HSV-2 virions did not

reduce viral penetration. The authors suggest that M. officinalis

does not bind to HSV-2 to prevent entry into host cells, but

elicits its effects after penetration.

Research on the antiviral effects of M. officinalis continued

to be explored by Astani et al.124 by investigating an aqueous

extract of M. officinalis for antiviral activity against HSV-1

(strain KOS). Pretreatment of virions with the extract demon-

strated an IC50 and SI of 0.4 mg/ml and 875, respectively,

and >99% of viral inactivation was seen at a concentration of

15 mg/ml. Furthermore, the extract inhibited viral attachment to

RC-37 cells by 98% at 7.5 mg/ml, a concentration 20 times

lower than its maximum non-cytotoxic concentration

(150 mg/ml). The authors conclude that since M. officinalis

demonstrated both viral inactivation and inhibition of viral

attachment, the plant is a good candidate for use as a prophy-

lactic for HSV infections.

Nolkemper et al.121 examined the antiviral effects of aqu-

eous extracts from different species in the Lamiaceae plant

family, including extracts from M. officinalis, Mentha piperita,

Prunella vulgaris, Rosmarinus officinalis, Salvia officinalis,

and Thymus vulgaris. All extracts showed inhibitory effects

when virions were treated with the extracts pre-infection, but

effects were more potent against HSV-1 (strain KOS) com-

pared to HSV-2 (strain HG). From strongest to weakest anti-

herpetic activity, the extracts were M. piperita (IC50 ¼ 0.041

mg/ml and SI ¼ 2610 for HSV-1; IC50 ¼ 0.227 mg/ml and

SI ¼ 471 for HSV-2), M. officinalis (IC50 ¼ 0.025 mg/ml and

SI ¼ 2200 for HSV-1; IC50 ¼ 0.027 mg/ml and SI ¼ 2037 for

HSV-2), T. vulgaris (IC50 ¼ 0.065 mg/ml and SI ¼ 954 for

HSV-1; IC50 ¼ 0.077 mg/ml and SI ¼ 805 for HSV-2),

P. vulgaris (IC50 ¼ 0.229 mg/ml and SI ¼ 546 for HSV-1;

IC50 ¼ 2.114 mg/ml and SI ¼ 59 for HSV-2), S. officinalis

(IC50 ¼ 0.777 mg/ml and SI ¼ 113 for HSV-1; IC50 ¼ 1.359

mg/ml and SI¼ 65 for HSV-2), and R. officinalis (IC50¼ 0.646

mg/ml and SI¼ 98 for HSV-1; IC50¼ 1.055 mg/ml and SI¼ 60

for HSV-2). Time-of-addition experiments revealed all extracts

elicited their strongest antiviral effects when virions were pre-

treated, and none of the extracts demonstrated an ability to

inhibit viral replication if treated post-infection. After treat-

ment of an acyclovir-resistant strain of HSV-1 with maximum

non-cytotoxic concentrations of each extract, it was observed

that M. piperita and S. officinalis were able to decrease viral

infectivity by 85% and 97%, respectively. The authors pro-

posed that aqueous extracts of various species in the Lamiaceae

family are able to inhibit HSV adsorption, including strains

known to be resistant to pharmaceutical antiviral treatment.

As such, these plants may be beneficial as a topical therapeutic

treatment to prevent recurrent HSV infections.

Moreover, Schnitzler et al.153 found aqueous extracts and

multiple ethanolic extracts (20%, 40%, 60%, and 80%) of Sal-

via officinalis to be antiviral against HSV-1 (strain KOS) and

HSV-2 (strain HG). Extracts were made from S. officinalis

specimens from 2 geographic locations: the authors’ garden

and the Swabian Mountains. When RC-37 cells were pretreated

with the extracts, the greatest HSV-2 plaque reduction was seen

with the 20% ethanolic extracts of S. officinalis specimens

from the garden (94%) and Swabian Mountains (99%). Effects

on HSV-1 were significantly weaker. When virions were pre-

treated with an extract, viral plaques were reduced by 90% and

99% for HSV-1 and HSV-2, respectively, regardless of the

location of origin. Each garden extract as well as the aqueous

and 40% ethanolic mountain extracts demonstrated stronger

antiviral activity against HSV-2 (IC50 ¼ 0.02-3.20 mg/ml and

SI ¼ 197-18,345) compared to HSV-1 (IC50 ¼ 0.03-11.18 mg/

ml and SI ¼ 56-5463). Conversely, the 20%, 60%, and 80%
ethanolic mountain extracts had greater effects on HSV-1

(IC50 ¼ 0.12-0.48 mg/ml and SI ¼ 1135-3755) compared to

HSV-2 (IC50 ¼ 0.25-0.64 mg/ml and SI ¼ 865-1802).The

authors conclude that the ethanolic extracts were more antiviral

than the aqueous extracts, and those made of S. officinalis from

the garden had a greater antiviral effect. Therefore, the collec-

tion location may play a part in the ability of S. officinalis to act

as an antiherpetic treatment.

Subsequently, Reichling et al.126 prepared ethanolic extracts

of 4 common medicinal plants from the Lamiaceae family and

investigated their antiviral activities against HSV-1. The plants

tested were Prunella vulgaris, Mentha piperita, Rosmarinus

officinalis, and Thymus vulgaris. Two extracts of each plant

were prepared using 20% ethanol and 80% ethanol as solvents

and tested against acyclovir-sensitive HSV-1 (strain KOS) and

acyclovir-resistant HSV-1 (strains Angelotti and 1246/99).

A series of dilutions of all extracts were done and tested for

viral infectivity. All dilution extracts were effective, even low

concentrations of 0.01% almost completely reduced viral infec-

tivity. M. piperita extracts were the most effective against wild-

type HSV-1, demonstrating IC50 and SI values, respectively,

of 0.06 mg/ml and 7040 for the 20% ethanolic extract and

0.05 mg/ml and 5632 for the 80% ethanolic extract. The other

extracts demonstrated IC50 values ranging 0.08-0.82 mg/ml and

SI values ranging 90-4530. Moreover, when the extracts were

tested against acyclovir-resistant HSV-1, all 80% ethanolic

extracts demonstrated complete plaque reduction of both

strains. Time-of-addition experiments revealed when host cells

were pretreated with the extracts, the 80% ethanolic extracts of

P. vulgaris and M. piperita were the only extracts that signifi-

cantly reduced viral infectivity. When the virus was pretreated,

the 20% ethanolic extract of M. piperita and 80% ethanolic

extracts of P. vulgaris, M. piperita, and T. vulgaris were
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effective at entirely reducing viral infectivity. The other

extracts were effective at reducing plaques by more than

75%. When the extracts were added during viral adsorption,

the 80% ethanolic extracts of P. vulgaris and M. piperita fully

suppressed viral infectivity while all other extracts, except the

80% ethanolic extract of R. officinalis, reduced plaque forma-

tion by more than 50%. The authors conclude that the 80%
ethanolic extracts of M. piperita and P. vulgaris show a dual

antiherpetic mechanism of action, and hence are promising

candidates for treatment of HSV infections.

Another study tested the antiviral activity of M. piperita

essential oil against HSV-1 (strain KOS) and HSV-2 (strain

HG52).127 Schuhmacher et al.127 found the essential oil, diluted

in ethanol, was able to reduce HSV-1 plaque formation by 82%
and HSV-2 plaque formation by 92% when virions were pre-

treated with 0.01% of the oil for 1 hour. The IC50 values for M.

piperita against HSV-1 and HSV-2 were calculated as 0.002%
and 0.0008%, respectively. When HSV-1 virions were incu-

bated with the essential oil for 3 hours, plaques were reduced

by 99%. Time-of-addition experiments revealed the greatest

antiviral effects with pretreatment of the viruses with the essen-

tial oil and little antiviral activity with pretreatment or post-

treatment of host cells. Additionally, pretreatment with the oil,

at a concentration of 0.01%, inhibited acyclovir-resistant HSV-

1 by 99%. The authors suggest M. piperita elicits antiviral

effects by blocking viral adsorption.

Lastly, Omidian et al.125 investigated the antiviral effects of

a hot water extract of M. piperita at different stages of HSV-1

replication. The extract partially prevented HSV-1 infection

when host cells were pretreated (EC50 ¼ 62.70 mg/ml and

SI ¼ 1.79) and partially inhibited HSV-1 adsorption

(EC50¼ 26.65 mg/ml). Addition of the extract after viral adsorp-

tion showed viral particles to be completely inactive within 2

hours, and HSV-1 yield was inhibited 30 hours post-infection.

Many other European plants that do not belong to the

Lamiaceae family have been studied for their antiviral effects.

Extracts of Geranium sanguineum were tested by Serkedjieva

and Ivancheva97 for their antiviral abilities against HSV-1

(strain KOS) and HSV-2 (strain G) in Vero and human embryo-

nic skin-muscle (E6SM) cells. Five extracts were made with

aerial root parts from the early plant and ethanol, methanol, or

hydroethanol; overground parts and methanol; and aerial root

parts from the late plant and methanol. The strongest antiviral

effect was observed by the hydroethanolic extract (EC50 ¼ 5.4

mg/ml and SI ¼ 17.8) and the weakest by the methanolic over-

ground extract (EC50 ¼ 12.1 mg/ml and SI ¼ 5.6). The hydro-

ethanolic extract demonstrated a dose-dependent viral

inhibition against HSV-1 and was further tested for virucidal

action against HSV-2. HSV-2 showed to be more susceptible to

the extract (SI ¼ 27.7) compared to HSV-1. Also, time-of-

addition experiments revealed that the hydroethanolic extract

only elicits significant antiviral effects when added to cells

post-infection, but not when added to cells pre-infection or

during viral adsorption or penetration.

Subsequently, Serkedjieva145 studied the red algae Polysi-

phonia denudata for its antiviral effect against 3 HSV-1 strains

(KOS, McIntyre, and Kupka) and HSV-2 (strain GC25927). A

water extract showed stronger antiherpetic effects against

HSV-1 (EC50 ¼ 0.18-0.42 mg/ml and SI ¼ 24.8-47.7) com-

pared to HSV-2 (EC50¼ 1.2 mg/ml and SI¼ 8.7). The antiviral

effect differed between the HSV strain and cell type used. For

example, the lowest EC50 of 0.18 mg/ml (SI ¼ 47.7) was

observed in Vero cells with the Kupka strain of HSV-1,

whereas the highest EC50 of 1.2 mg/ml (SI¼ 8.7) was observed

in E6SM cells with the GC25927 strain of HSV-2. The antiviral

effect was dose-dependent and at higher concentrations, spe-

cifically an MIC90 of 6.5 mg/ml, the water extract was able to

act extracellularly and prevent viral adsorption. Time-of-

addition experiments demonstrated that the extract had inhibi-

tory effects when added at viral adsorption or post-infection.

Serkedjieva67 assessed an additional red algae, Ceramium

rubrum, for its antiviral effects against HSV-1 (strain Kupka)

in Vero cells, and HSV-1 (strain KOS) and HSV-2 (strain

GC25927) in E6SM cells. HSV-1 strain KOS was most suscep-

tible to the C. rubrum water extract (EC50 ¼ 0.5 mg/ml and

SI ¼ 10.8), showing dose-dependent direct virucidal activity.

The extract was less potent against HSV-1 strain Kupka and

HSV-2, demonstrating EC50 and SI values, respectively, of

1.1-1.2 mg/ml and 4.9-5.2.

Moreover, dry aqueous extracts of Rhus aromatica, made

from the plant’s roots and bark, were studied by Reichling

et al.150 for antiherpetic activity against HSV-1 (strain KOS)

and HSV-2 (strain HG52). R. aromatica did not significantly

decrease infection in cells exposed to virions prior to treatment

with the plant extract, however, the extract was shown to sig-

nificantly decrease plaque formation when incubated with vir-

ions pre-infection (IC50 ¼ 0.0005% and SI ¼ 5400 for HSV-1;

IC50 ¼ 0.0043% and SI ¼ 628 for HSV-2). HSV-1 was more

susceptible to the extract, and when virions were incubated

with the extract at a non-cytotoxic dose of 0.0025% for 1

minute, HSV-1 plaques were reduced by 90%.

Lazreg Aref et al.94 made 5 different extracts from the latex

of Ficus carica and the solvents hexane, ethyl acetate, metha-

nol, chloroform, and hexane-ethyl acetate. None of the extracts

showed cytotoxic effects to Vero cells at concentrations up to

100 mg/ml, except 100 mg/ml of the chloroform extract. The

hexane and hexane-ethyl acetate extracts showed greatest inhi-

bition of HSV-1 by preventing viral penetration, adsorption,

and intracellular replication at all concentrations tested.

Specifically, the concentrations of these 2 extracts ranged from

78 mg/ml to 100 mg/ml.

Gescher et al.149 observed an aqueous extract made from the

aerial parts of Rhododendron ferrugineum to prevent HSV-1

(strain 17 synþ) attachment and penetration into host cells. The

extract completely interfered with viral attachment and pene-

tration at concentrations greater than 1 mg/ml and 25 mg/ml,

respectively. When virions were pretreated with the extract,

antiviral effects corresponded to an IC50 of 7.4 mg/ml and SI

of 63.9. The authors suggest that R. ferrugineum directly inter-

acts with the viral envelope to prevent attachment and penetra-

tion into host cells.
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Sarkar et al.112 studied the mycelia of the mushroom Lenti-

nus edodes for antiviral activity against HSV-1 (strain F). L.

edodes was cultured, extracted, and filtered with the end prod-

uct being named JLS-S001. This extract was observed to block

the release of HSV-1 particles from cells (EC50 ¼ 20 mg/ml,

SI ¼ 40). When cells were pretreated with the extract, viral

adsorption was not observed to be prevented.

L. edodes, along with other mushrooms, were evaluated for

antiherpetic activity by Santoyo et al.55 Water and methanolic

extracts were prepared of mushrooms Boletus edulis, L. edodes,

and Pleurotus ostreatus. Water extracts exhibited greater viru-

cidal activity than methanolic extracts, but overall effects were

low. At a concentration of 3.75 mg/ml, HSV-1 (strain KOS) was

inhibited by 50%, 25%, and 15% with the water extracts of L.

edodes, B. edulis, and P. ostreatus, respectively, while all

methanolic extracts showed 50% inhibition at a concentration

of 18.75 mg/ml. Time-of-addition experiments showed that

when cells were pretreated with the extracts, viral infection was

inhibited by all 3 water extracts by approximately 60% and 90%
at concentrations of 75 mg/ml and 100 mg/ml, respectively. The

methanolic extracts at concentrations of 100 mg/ml inhibited

viral infectivity by 40-50%. The water extracts were also more

potent at blocking viral adsorption, demonstrating a 60% and

80% reduction in viral infectivity at concentrations of 50 mg/ml

and 75 mg/ml, respectively. Lastly, viral replication was inhib-

ited in a dose-dependent manner more strongly by the water

extracts. The IC50 and SI values, respectively, for the water

extracts were determined to be 27.04 mg/ml and 14.21 for L.

edodes, 35.12 mg/ml and 13.96 for B. edulis, and 26.69 mg/ml

and 15.15 for P. ostreatus. Although methanolic extracts were

less effective at preventing infection of pretreated cells, pre-

venting viral adsorption, and inhibiting viral replication, they

were still more effective than control. In terms of mechanism of

action. The authors speculate the mushroom extracts block viral

attachment or adsorption at initial HSV-1 infection and further

inhibit intracellular viral replication.

In another study by Santoyo et al.,78 pressurized liquid extrac-

tion was utilized to create hexane, ethanol, and water extracts with

the microalgae Haematococcus pluvialis and Dunaliella salina

and evaluated for antiviral activity against HSV-1 (strain KOS).

When H. pluvialis extracts were added to virally-infected cells,

inhibition of intracellular replication was greatest with the etha-

nolic extract (IC50¼ 99.59 mg/ml and SI¼ 7.39) compared to the

hexane (IC50 ¼ 189.58 mg/ml and SI ¼ 3.57) and aqueous

(IC50¼ 133.98 mg/ml and SI¼ 12.01) extracts. D. salina extracts

showed slightly weaker activity, with the aqueous extract

(IC50 ¼ 137.53 mg/ml and SI ¼ 11.48) exhibiting stronger anti-

viral effects compared to the hexane (IC50 ¼ 168.81 mg/ml and

SI ¼ 2.88) and ethanolic (IC50 ¼ 152.73 mg/ml and SI ¼ 4.07)

extracts. Time-of-addition experiments revealed the extracts were

more effective when cells were treated before infection compared

to addition at the time of infection. The ethanolic extract of H.

pluvialis was the most effective, showing an 85% reduction in

HSV-1 infectivity at a dose of 75 mg/ml with pretreatment, but a

75% reduction at a dose 150 mg/ml with simultaneous addition.

The extracts were also tested for virucidal activity, but all extracts

exhibited IC50 values greater than 10 mg/ml, which the authors

concluded as having virtually no virucidal activity.

Furthermore, Civitelli et al.128 compared the antiherpetic

activity of Mentha suaveolens essential oil against HSV-1

(strain F) to that of the essential oil from Melaleuca

alternifolia. The IC50 and SI values, respectively, were found

to be 5.1 mg/ml and 67 for M. suaveolens essential oil and 13.2

mg/ml and 44 for M. alternifolia essential oil. These values

suggest greater antiviral capabilities of M. suaveolens com-

pared to M. alternifolia. Interestingly, when each essential oil

was combined with acyclovir, additive antiviral effects were

observed. Additionally, each extract was shown to inhibit intra-

cellular viral metabolism, but not to prevent viral adsorption.

Glycyrrhiza glabra was tested by Ghannad et al.100 for its

ability to prevent viral adsorption and delay viral incubation of

HSV-1. The greatest antiviral activity was seen when Vero

cells were pretreated with an aqueous extract of G. glabra and

incubated with HSV-1 for only 1 hour. Additionally, cells were

treated with HSV-1, incubated for 1 hour, washed, and treated

with a non-cytotoxic dose of the extract after 1, 4, 8, and

12 hours. The most significant results, compared to control,

were seen from treatment after hours 1 and 12. The authors

speculate that the antiviral capacity of G. glabra comes from

either direct viral inhibition or prevention of the viral attach-

ment to host cells. The authors also suggest that G. glabra may

interfere with viral gene expression due to results implying the

extract was able to delay viral replication.

Fukuchi et al.101 studied the ability of aqueous Glycyrrhiza

glabra extracts of different pH values to exhibit antiviral

activity against HSV-1 (strain F). The neutral water extracts

(EC50¼ 650 to 740 mg/ml and SI¼ 2.0 to >4.6) showed greater

antiviral activity compared to the alkaline extracts (EC50¼ 600

to >3000 mg/ml and SI¼ <1 to 3.2). An alkaline extract of Sasa

senanensis was used as a positive control as the authors demon-

strated its anti-HSV activity in a previous study. S. senanensis

out-performed all extracts of G. glabra in the context of pre-

serving cell viability after HSV-1 infection (EC50 ¼ 0.033-

0.048 mg/ml and SI ¼ 4.5-11.4). Overall, G. glabra has some

potential to act as an antiherpetic treatment, but may not be the

most promising botanical available.

A total of 24 different plant species were tested for antiviral

activity against HSV-1 and HSV-2 by Sokmen et al.,192 but all

failed to show any effects. The plants studied were Allium

macrochaetum subsp. macrochaetum, A. macrochaetum subsp.

tuncelianum, A. pustulosum, A. flavum, A. scorodoprosum, A.

chrysanthemum, A. dictyoprosum, Rhus coriaria, Bupleurum

sulphureum, Cannabis sativa var. sativa, Helianthemum ledi-

folium, Ecbalium elaterium, Phlomis kurdica, Sideritis libano-

tica, Thymus fallax, Linum usitatissimum, Urtica dioica,

Peganum harmala, Hypericum scabrum, H. Capitatum, Achil-

lea biebersteinii, Pimpinella anisum, and Nigella sativa.

North America

Opuntia streptacantha is a cactus found in Mexico that has been

safely used to treat mild cases of diabetes in humans. Ahmad
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et al.133 studied the antiviral effects of O. streptacantha against

HSV-2 (strain 3345), using extracts of dried powder, acetone,

ether, and chloroform. Different concentrations of the extract

were added to baby hamster kidney cells (BHK-21) immedi-

ately after viral adsorption. A concentration of 3.5 mg/ml

reduced viral replication by 2.3 log10, and at 15 mg/ml, viral

replication ceased entirely. Also, at a concentration of 15 mg/

ml, viral protein synthesis was completely inhibited, but no

effects on cellular protein synthesis were observed. More

potent effects on viral replication were seen with pretreatment

of cells 24 hours prior to viral inoculation, which inhibited

replication by 2.6 log10 at a concentration of 3.5 mg/ml. Similar

reductions were noted with pretreatment of cells 48 hours pre-

infection. Additionally, human cervical cells were inoculated

with HSV-2 then incubated with the plant extract or placebo for

2 days. When the extract was delivered at a concentration of

15 mg/ml, the viral replication was reduced by 3.5 log10.

Lastly, humans were given either 3 or 6 grams of O. strepta-

cantha for 30 days to assess toxicity. No adverse events were

reported from human ingestion of the extract after 30 days.

Binns et al.79 made extracts from the roots of 8 different

species of Echinacea plants using 70% ethanol and assessed

their antiviral activity against HSV-1. Some extracts were fur-

ther fractionated with n-hexane and/or ethyl acetate. Antiviral

assays included exposure to visible and UV-A light to ensure

activation of any compounds that may be photosensitizers. The

greatest inhibitory activity was elicited by the ethanolic extract

of E. pallida var. Sanguinea with a MIC of <0.026 mg/ml and

the n-hexane fraction of E. purpurea root with a MIC of 1.56

mg/ml. Additionally, ethanolic extracts of E. atrorubens var

atrorubens and E. pallida var angustifolia and the n-hexane

fractions of E. pallida var. angustifolia, E. pallida var. pallida,

and E. pallida var. tennesseensis each had an MIC of <1 mg/ml.

The antiviral activity of E. pallida was also studied by

Schneider et al.80 against HSV-1 (strain KOS) and HSV-2

(strain HG52) using a hydroethanolic extract and the plant’s

pressed juice. Aerial parts were used to make extracts with

20%, 40%, 60%, and 80% aqueous ethanol as well as a pressed

juice that was subsequently mixed with 96% ethanol as a pre-

servative. All hydroalcoholic extracts showed dose-dependent

antiviral activity, but the most significant antiviral activity was

found from the pressed juice (IC50 ¼ 0.001% and SI ¼ 22,700

for HSV-1; IC50¼ 0.0002% and SI¼ 113,500 for HSV-2). The

IC50 values against HSV-1 for the 20%, 40%, 60%, and 80%
ethanolic extracts were 0.03% (SI¼ 506), 0.001% (SI¼ 8400),

0.005% (SI ¼ 1100), and 0.007% (SI ¼ 514), respectively.

Additionally, the IC50 values against HSV-2 for the 20%,

40%, 60%, and 80% ethanolic extracts were 0.007%
(SI ¼ 2171), 0.01% (SI ¼ 840), 0.006% (SI ¼ 916), and

0.004% (SI ¼ 900), respectively. Time-of-addition experi-

ments showed that the pressed juice was highly effective

against HSV virions both intra- and extracellularly, while the

hydroethanolic extracts affected virions extracellularly.

Furthermore, Lavoie et al.75 tested Cornus canadensis for its

antiviral actions against HSV-1 (strain ATCC-VR733). The

extracts were made from dried stems and leaves via decoction

or infusion with 3 different solvents each: water, ethanol, and

1:1 of water and ethanol. Viral absorption was best prevented

by the simultaneous addition of HSV-1 and the water: ethanol

infusion as well as the water decoction, both demonstrating an

EC50 of 9 mg/ml. Direct viral inhibition was seen with both the

decoctions and infusions of either the water or water: ethanol

extracts, EC50 ranging 11-17 mg/ml. No extracts were observed

to elicit antiviral effects when cells were pretreated nor when

added during viral replication, defined by the authors as having

EC50 values >50 mg/ml. Therefore, C. canadensis is most effec-

tive when used during or after the initial stages of the viral

infection.

Recently, Silva-Mares et al.63 screened a variety of plants

for antiherpetic activity. Methanol or 1:9 of water: methanol

extracts were created from the leaves, aerial parts, or cortex of

Juglans mollis, Persea americana, Hamelia patens, Clematis

drummondii, Salvia texana, and Salvia ballotaeflora. Also,

ethyl acetate and ethyl ether extracts were created from the

roots of Ceanothus coeruleus and Chrysactinia mexicana,

respectively. The extracts were added after viral infection had

been established in the Vero cells. The greatest antiviral activ-

ity was observed from the extract of S. ballotaeflora against

both HSV-1 and HSV-2 with IC50 values of 31 mg/ml and

16 mg/ml, respectively. This was followed by the extract of J.

mollis with IC50 values of 76 mg/ml and 126 mg/ml against

HSV-1 and HSV-2, respectively. The SI values toward HSV-

1 and HSV-2, respectively, were >26.3 and >15.8 for J. mollis

and 7.5 and 14.6 for S. ballotaeflora. SI values toward HSV-1

and HSV-2, respectively, for the other species studied were as

follows: 5.0 and <3.4 for P. americana; >4 and >9.4 for

H patens, 1.9 and 7.5 for S texana, 5.45 and 3.8 for C. coer-

uleus, >11.7 and >5.8 for C. mexicana, and >4.3 and >7.8 for

C. drummondii.

Another recent study by Zaharieva et al.102 assessed a

hydromethanolic extract of Graptopetalum paraguayense for

antiviral activity against strains of HSV-1 and HSV-2. The

extract was found to be antiviral toward wild-type strains of

HSV-1 (EC50 ¼ 0.0001 mg/ml, SI ¼ 25,000) and HSV-2

(EC50 ¼ 0.01 mg/ml, SI ¼ 250), and acyclovir-resistant strains

of HSV-1 (EC50 ¼ 0.001 mg/ml, SI ¼ 2,500) and HSV-2

(EC50 ¼ 0.1 mg/ml, SI ¼ 25). Interestingly, the extract had

greater antiherpetic action than acyclovir in all 4 strains tested.

Oceania

Schnitzler et al.87 compared the antiherpetic effect of tea tree

oil, from Melaleuca alternifolia, to that of eucalyptus oil, from

Eucalyptus globulus. Tea tree oil (IC50 ¼ 0.0009% and

SI ¼ 6.7 for HSV-1; IC50 ¼ 0.0008% and SI ¼ 7.5 for HSV-2)

demonstrated more potent antiviral activity than eucalyptus oil

(IC50¼ 0.009% and SI¼ 3.3 for HSV-1; IC50¼ 0.008% and SI

¼ 3.75 for HSV-2). Additionally, tea tree oil had significantly

greater virucidal activity when virions were pretreated, elimi-

nating over 90% of each HSV strain at non-cytotoxic concen-

trations. Eucalyptus oil showed 58% and 75% reduction in viral

titers of HSV-1 and HSV-2, respectively. Time-of-addition
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experiments revealed that both oils have the ability to impact

viral adsorption, but not after viral penetration. The authors

conclude that oils from either M. alternifolia or E. globulus

have potential to be effective topical treatments for HSV

infections.

Another 3 species from the Melaleuca family, M. ericifolia,

M. leucadendron, and M. armillaris, were studied for the ability

of their essential oils to act against HSV-1.119 Farag et al.119

observed a 99% virucidal effect with M. armillaris, a 92%
virucidal effect with M. leucadendron, and a 91.5% virucidal

effect with M. ericifolia. The authors explain that the variation

in plaque reduction could be due to the different make up of

each plant’s essential oils as well as the time of year the leaves

were collected.

Moreover, Reichling et al.113 investigated antiviral effects

of the essential oil of Leptospermum scoparium, commonly

known as Manuka oil, against both HSV-1 (strain KOS) and

HSV-2 (strain HG52). Manuka oil, which is commercially used

as an anti-infective oil in New Zealand, was diluted with etha-

nol to a final ethanol concentration of 1% for all assays. L.

scoparium essential oil inhibited plaque formation for both

viruses in a dose-dependent manner when virions were pre-

treated with the oil. The IC50 and SI values, respectively, were

determined to be 0.96 mg/ml and 40 for HSV-1 and 0.58 mg/ml

and 66.2 for HSV-2. Furthermore, manuka oil was added at the

non-cytotoxic concentration of 28.8 mg/ml to HSV-treated cells

at different stages of the viral infection cycle. Pretreatment of

cells with the oil prior to viral infection did not reduce plaque

formation. However, pretreatment of viruses prior to infection

reduced infectivity by 99.5% and 98.9% for HSV-1 and

HSV-2, respectively. Manuka oil was less effective as the viral

life cycle progressed. Therefore, L. scoparium essential oil has

the potential to be effective as a prophylactic for HSV infection

rather than a treatment.

South America

Hayashi et al.74 observed a chloroform and ethanolic extract

from dried leaves and twigs of Cordia salicifolia to have anti-

viral activity against HSV-1 (strain HF). The ED50 and SI

values were found to be 0.85 mg/ml and 261, respectively, when

the extract was added post-infection. Time-of-addition experi-

ments showed the extract inhibited viral penetration and repli-

cation, but not attachment, and had a direct virucidal effect on

HSV-1 virions. A clinically relevant finding was that the

extract exhibited 99% inhibition of HSV-1 when added

between 3 hours pre-infection to 8 hours post-infection.

Pacheco et al.45 assessed aqueous and hydroalcoholic

extracts of 36 species of Chilean plants for antiviral activity

against HSV-1 (strain F) and HSV-2 (strain 333). Hydroalco-

holic extracts of Cassia stipulaceae (IC50 ¼ 80 mg/ml) and

Illinita sp. (IC50 ¼ 40 mg/ml) were found to have antiviral

activity against HSV-1. Antiviral activity against HSV-2 was

observed from the hydroalcoholic extracts of Aristotelia chi-

lensis (IC50¼ 40 mg/ml), Drimys winteri (IC50¼ 35-80 mg/ml),

and Elytropus chilensis (IC50 ¼ 100 mg/ml) and the aqueous

extract of Luma apiculata (IC50 ¼ 100 mg/ml).

Aqueous extracts of the leaves and aerial parts of plants

native to Argentina were prepared and assessed for antiviral

activity against HSV-1 (strain F) by Kott et al.115 The plants

tested were Polygonum punctatum, Lithraea molleoides,

Sebastiania brasiliensis, Myrcianthes cisplatensis, and Sebas-

tiania klotzschiana. All extracts were found to have an antiviral

effect except for M. cisplatensis. The greatest viral inhibition

was observed by S. klotzschiana with an EC50 of 39 mg/ml.

Other observed EC50 values ranged 51-169 mg/ml. The max-

imal non-cytotoxic concentrations were found to be 450 mg/ml

for P. punctatum and 250 mg/ml for L. molleoides, S. brasilien-

sis, and S. klotzschiana.

Ethanolic and aqueous extracts of Baccharis genistelloides,

Baccharis rubricaulis, Ambrosia arborescens, Phoradendron

crassifolium, Rumex obtusifolius, Plantago australis, and

Satureja boliviana, plants native to Bolivia, were tested by

Abad et al.51 for antiviral effects against HSV-1. Ethanolic

extracts demonstrated high cytotoxicity, for example, the etha-

nolic extract of B. rubricaulis was cytotoxic at concentrations

as low as 5 mg/ml. Only aqueous extracts were observed for

antiviral effects, however, their maximum non-cytotoxic con-

centrations were at the upper limit of their effective concentra-

tion ranges The aqueous extracts that demonstrated inhibition

of HSV-1 were S. boliviana, B. genistelloides, and P. crassifo-

lium. Concentrations that were observed to show antiherpetic

effects were 10-125 mg/ml, 25-50 mg/ml, and 125-500 mg/ml

for S. boliviana, B. genistelloides, and P. crassifolium,

respectively.

Subsequently, Abad et al.52 assessed 10 plants from South

America for anti-HSV-1 activity. Aqueous and ethanolic

extracts of Baccharis trinervis, Baccharis teindalensis, Eupator-

ium articulatum, Eupatorium glutinosum, Tagetes pusilla, Neu-

rolaena lobata, Conyza floribunda, Phytolacca bogotensis,

Phytolacca rivinoides, and Heisteria acuminata were tested.

At concentrations of 50-200 mg/ml, the aqueous B. trinervis

extract was able to inhibit 80-100% of viral replication. Two

other extracts were observed to inhibit viral replication, but

demonstrated cytotoxicity at concentrations that closely paral-

leled effective concentrations. These extracts were the ethano-

lic H. acuminata extract and the aqueous E. articulatum extract,

which inhibited less than 60% of viral replication at concentra-

tions ranging 125-250 mg/ml.

Aerial parts from Achyrocline flaccida were made into an

aqueous extract and tested against radiolabeled HSV-1 (strain

F) by Garcia et al.193 The extract was observed to inhibit >95%
viral adsorption when 200 mg/ml was applied during infection,

but had no inhibitory effect when applied as a pretreatment to

cells. Through the use of radiolabeled virions, it was observed

that penetration was reduced by 50% with a concentration of

200 mg/ml of the extract.

Goncalves et al.172 used an acyclovir-resistant strain of

HSV-1 to assess the antiherpetic activity of leaf and fruit ethyl

acetate extracts of Vitex polygama. Maximum non-cytotoxic

concentrations were determined as 25 mg/ml and 50 mg/ml for
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the leaf and fruit extracts, respectively, and used for all testing.

Both extracts were observed to inhibit HSV-1 when cells were

pretreated. The leaf extract showed 73.7% inhibition while the

fruit extract showed 85.2% inhibition. Additionally, the leaf

extract was able to disrupt intracellular activity by 60.2% while

the fruit extract had a direct virucidal effect by inhibiting

73.1% of virions. Neither extract could prevent HSV-1 attach-

ment to host cells. As such, the leaf extract would likely be

more applicable to use during HSV infection, whereas the fruit

extract may have more of an effect when used to prevent

infection.

Methanolic extracts of 24 plants traditionally used for skin

infections from various regions within Columbia were tested

for ability to inhibit HSV-1 by Lopez et al.27 A total of 13

extracts demonstrated complete inhibition of viral cytopathic

effects. These included extracts from Vismia macrophylla

(MIC¼ 5.5 mg/ml), Symphonia globulifera (MIC¼ 25 mg/ml),

Eschweilera rufifolia (MIC ¼ 8 mg/ml), Byrsonima verbasci-

folia (MIC ¼ 6.5 mg/ml for root bark extract; MIC ¼ 2.5 mg/ml

for leaf extract), Iryanthera megistophylla (MIC ¼ 10 mg/ml),

Virola multinervia (MIC ¼ 11.5 mg/ml for resin extract;

MIC ¼ 17 mg/ml for bark extract), Myrteola nummulari (MIC

¼ 10.5 mg/ml), Polygonum punctatum (MIC ¼ 20 mg/ml),

Adiantum latifolium (MIC ¼ 11.5 mg/ml), Ampelozizyphus

amazonicus (MIC ¼ 22 mg/ml), and Duroia hirsuta

(MIC ¼ 10.5 mg/ml). Of these extracts, the most notable was

the B. verbascifolia leaf extract, which completely inhibited

HSV-1 activity at a low concentration of 2.5 mg/ml.

Moreover, Betancur-Galvis et al.89 made petroleum ether,

dichloromethane, ethanolic and/or water extracts from 10

Columbian medicinal plants from the Euphorbia genus and

assessed antiherpetic activity against HSV-2. The species

assessed were E. cestrifolia, E. cotinifolia, E. tirucalli, E. are-

naria, and E. pulcherrima, E. heterophyla, E. cyatophora, E.

graminea, E. cf. cotinifolia, and Euphorbia sp. Additional

water-methanol (20:80) extracts were made from fresh parts

of E. tirucalli and E. cotinifolia. Strong antiviral activity was

seen from the hydromethanolic extracts of the leaves and stems

of E. tirucalli (IC50 ¼ 140.2 mg/ml and SI >7.13) and E. coti-

nifolia (IC50 ¼ 104.6 mg/ml and SI >9.56), and moderate anti-

viral activity was seen from the ethanolic extracts of the stems

of E. cotinifolia (IC50 ¼ 75.6 mg/ml and SI ¼ 1.59), E. cestri-

folia (IC50 ¼ 160.1 mg/ml and SI ¼ 1.41) and E. tirucalli

(IC50 ¼ 64.3 mg/ml and SI ¼ 3.46) and the dichloromethane

extracts of the leaves of E. cotinifolia (IC50 ¼ 36.8 mg/ml and

SI ¼ 4.08) and E. cestrifolia (IC50 ¼ 59.8 mg/ml and

SI ¼ 2.83). The greatest inhibitory effects were observed from

the hydromethanolic extracts of E. tirucalli and E. cotinifolia.

It is important to note that these 2 extracts were not found to

be cytotoxic at any dose studied, but their inhibitory action

was lower than that of acyclovir (IC50 ¼ 2.8 mg/ml and

SI ¼ 31,600). The authors believe that the antiviral activity

of E. tirucalli and E. cotinifolia is acceptable and that these

plants are good candidates for further research.

Significant inhibitory and virucidal action against acyclovir-

resistant HSV-1 was observed from a 1:1 sodium chloride:

glycerol extract of the seeds of Licania tomentosa by Miranda

et al.114 The ED50 and SI values of 9 mg/ml and 851, respec-

tively, were calculated. Further experiments were conducted at

the extract’s maximum non-cytotoxic concentration, which

was determined as 625 mg/ml. Viral inhibition of 90% was

observed when the cells were pretreated with the extract for

3-4 hours at 37�C prior to infection, but the extract was cyto-

toxic if cells were pretreated at 4�C. When the extract was

added to acyclovir-resistant HSV-1 directly, 59% of virions

were inactivated. Addition of the extract after viral attachment

resulted in 92.7% inhibition, but addition 2 hours post-infection

only inhibited 74.4% of the virus.

Garcia et al.25 assessed virucidal activity of essential oils

from various medicinal plants found in Argentina. Viral inac-

tivation of HSV-1 (strain F) was observed from the essential

oils of Aloysia gratissima (IC50 ¼ 65 ppm and SI ¼ 2.31),32

Artemisia douglasiana (IC50 ¼ 83 ppm and SI ¼ 3.77),32

Eupatorium patens (IC50¼ 125 ppm and SI¼ 2.35),32 Tessaria

absinthioides (IC50 ¼ 105 ppm and SI ¼ 2.50),32 Lepechinia

floribunda (IC50 ¼ 20.3 ppm and SI ¼ 3.80),25 Lantana grise-

bachii (IC50 ¼ 26.1 ppm and SI >19.16),25 Lantana camara

(IC50 ¼ 43.3 ppm and SI ¼ 2.48),25 Eupatorium catarium

(IC50 ¼ 47.9 ppm and SI ¼ 10.09),25 Eupatorium arnottianum

(IC50 ¼ 52.1 ppm and SI ¼ 7.61),25 and Trixis divaricata

(IC50 ¼ 37.8 ppm and SI ¼ 4.22).25 Since L. grisebachii essen-

tial oil showed the strongest virucidal activity, the authors

tested it against HSV-2 (strain G) and acyclovir-resistant

HSV-1 (strain Field). The oil was found to elicit virucidal

effects against both viruses with IC50 and SI values, respec-

tively, of 44.3 ppm and >11.29 against HSV-2 and 79.7 ppm

and >6.27 against acyclovir-resistant HSV-1.

A methanolic extract of the leaves of Trichilia glabra was

made by Cella et al.168 and further fractionated with different

proportions of chloroform-methanol ranging from 100:0-90:10.

The extracts exhibited virucidal activity against HSV-1 (strain

F) in a dose-dependent manner. At a dose of 0.25 mg/ml, the

95:5 and 90:10 chloroform-methanolic fractions reduced viral

titers by 2.4 log10 and 1.5 log10, respectively. Additionally,

33% reduction of HSV titers was observed with 0.27 mg/ml

of the 95:5 chloroform-methanolic fraction, 0.35 mg/ml of the

90:10 chloroform-methanolic fraction, and 0.5 mg/ml of the

methanolic extract.

A total of 51 aqueous and hydroethanolic extracts from

plants native to Southern Brazil were tested for antiviral activ-

ity against HSV-1 by Montanha et al.31 Extracts were tested

against HSV-1 strain KOS, and those that exhibited anti-HSV

activity were subsequently tested against the HSV-1 strains

ATCC-VR733 and 29-R/acyclovir-resistant. The aqueous

extracts of Ilex brevicuspis (5 mg/ml), Ilex theezans

(0.25 mg/ml), and Maytenus ilicifolia (1.25 mg/ml) and the

hydroethanolic extracts of Aloysia gratissima (1.25 mg/ml),

Baccharis megapotamica (0.0048 mg/ml), and M. ilicifolia

(0.5 mg/ml) inhibited 100% of viral cytopathic effects at their

determined maximum tolerated concentrations. The hydroetha-

nolic extracts of Baccharis erioclada (0.25 mg/ml), Glechon

marifolia (0.625 mg/ml), and Glechon spathulata (0.25 mg/ml)
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inhibited 100% of viral cytopathic effects at half of their max-

imum tolerated concentrations. The aqueous extract of B. erio-

clada (0.312 mg/ml) and the hydroethanolic extract of

Baccharis uncinella (0.312 mg/ml) inhibited 100% of viral

cytopathic effects at a quarter of their maximum tolerated con-

centrations. Additionally, complete inhibition of cytopathic

effects from HSV-1 strain ATCC-VR733 was observed from

the aqueous extracts of I. brevicuspis (5 mg/ml), I. theezans

(0.25 mg/ml), B. erioclada (0.625 mg/ml), and M. ilicifolia

(1.25 mg/ml) and the hydroethanolic extracts of B. erioclada

(0.5 mg/ml), M. ilicifolia (0.5 mg/ml), G. marifolia

(0.625 mg/ml), G. spathulata (0.25 mg/ml), and A. gratissima

(1.25 mg/ml). Lastly, the extracts that showed complete inhibi-

tion cytopathic effects of the 29-R/acyclovir-resistant HSV-1

strain were the aqueous extract B. erioclada (1.25 mg/ml) and

the hydroethanolic extracts of B. erioclada (0.5 mg/ml),

B. uncinella (1.25 mg/ml), and G. spathulata (0.25 mg/ml).

Furthermore, 15 medicinal plants from Argentina were

assessed for antiherpetic activity against HSV-1 (strain F) and

HSV-2 (strain G) by Ruffa et al.85 Extracts were prepared with

methanol, and the methanolic extract was subsequently dried,

dissolved in hot water, and lyophilized to create an infusion.

Only the methanolic extract and infusion of Juglans australis

(methanolic: EC50 ¼ 96.0 mg/ml and SI ¼ 5.9 for HSV-1;

infusion: EC50 ¼ 65.3 mg/ml and SI ¼ 8.1 for HSV-1,

EC50 ¼ 114.1 mg/ml and SI ¼ 4.3 for HSV-2) and the metha-

nolic extract of Eriobotrya japonica (EC50 ¼ 183.2 mg/ml and

SI ¼ 2.4 for HSV-1, EC50 ¼ 146.1 mg/ml and SI ¼ 3.0 for

HSV-2) were found to be antiherpetic. Only the infusion of

J. australis showed effective antiviral activity as defined by the

authors as a SI > 8 against HSV-1.

Andrighetti-Frohner et al.41 made hydroethanolic extracts

that were subsequently extracted with dichloromethane, ethyl

acetate, and n-butanol using 6 medicinal plants from the Bra-

zilian Atlantic Tropical Forest. The plants studied were Cuphea

carthagenensis, Lippia alba, Tillandsia usneoides, Bromelia

antiacantha, Araucaria angustifolia, and Wilbrandia ebracteata,

and the HSV-1 strains used to test antiviral activity were wild-

type strain KOS and 29-R/acyclovir-resistant strain. The most

potent extracts were the ethyl acetate extracts of C. carthagen-

ensis (EC50¼ 2 mg/ml and SI¼ 90) and T. usneoides (EC50¼ 3

mg/ml and SI ¼ 65) against strain KOS. Other extracts that

showed activity against strain KOS were the dichloromethane

extracts of C. carthagenensis (EC50¼ 4 mg/ml and SI¼ 49) and

T. usneoides (EC50 ¼ 10 mg/ml and SI ¼ 18), the ethyl acetate

extracts of A. angustifolia (EC50 ¼ 35 mg/ml and SI ¼ 9) and

W. ebracteata (EC50 ¼ 62 mg/ml and SI ¼ 4), and the

n-butanolic extracts of A. angustifolia (EC50 ¼ 13 mg/ml and

SI ¼ 11), C. carthagenensis (EC50 ¼ 31 mg/ml and SI ¼ 12),

T. usneoides (EC50 ¼ 3 mg/ml and SI ¼ 8), and W. ebracteata

(EC50 ¼ 125 mg/ml and SI ¼ 1). The acyclovir-resistant strain

was most strongly affected by W. ebracteata, demonstrating

EC50 and SI values, respectively, of 25 mg/ml and 10 for the

ethyl acetate extract and 12 mg/ml and 10 for the n-butanolic

extract. Other extracts that showed activity against strain 29-R/

acyclovir-resistant were the n-butanolic extracts of L. alba

(EC50 ¼ 2 mg/ml and SI ¼ 8) and the dichloromethane,

ethyl acetate, and n-butanolic extracts of T. usneoides

(EC50 ¼ 26 mg/ml and SI ¼ 7, EC50 ¼ 23 mg/ml and

SI ¼ 8, EC50 ¼ 12 mg/ml and SI ¼ 2, respectively).

Eight South American plant extracts were assessed for anti-

viral activity against HSV-1 strains KOS and 29-R/acyclovir-

resistant by Muller et al.108 Extracts were prepared with water,

ethanol, 40% hydroethanol, or methanol. Antiherpetic activity,

defined by the authors as a SI >7, was exhibited toward HSV-1

strain KOS by the aqueous extract of Ilex paraguariensis

(EC50 ¼ 80.0 mg/ml and SI ¼ 15.8) and the methanolic extracts

of Rubus imperialis (EC50 ¼ 70.0 mg/ml and SI ¼ 19.8) and

Lafoensia pacari (EC50 ¼ 60.0 mg/ml and SI ¼ 19.0).

Additionally, antiherpetic activity against strain 29-R/

acyclovir-resistant was observed by the aqueous extracts of I.

paraguariensis (EC50 ¼ 100.0 mg/ml and SI ¼ 12.6) and Passi-

flora edulis (EC50 ¼ 89.9 mg/ml and SI ¼ 17.8) and the metha-

nolic extracts of R. imperialis (EC50¼ 90.0 mg/ml and SI¼ 15.4)

and Sloanea guianensis (EC50 ¼ 140.0 mg/ml and SI ¼ 10.0).

I. paraguariensis was also studied by Luckemeyer et al.109

A hydroethanolic extract of the plant’s leaves was prepared and

further partitioned into butanol, aqueous residual, butanol resi-

dual, and ethyl acetate fractions. The extract and fractions were

observed for antiherpetic action against HSV-1 (strain KOS)

and HSV-2 (strain 333). The extract and all fractions, except

for the aqueous residual fraction, showed antiherpetic activity

against both strains, with the strongest inhibitory action

observed from the ethyl acetate fraction (IC50 ¼ 6.6 mg/ml and

SI ¼ 188.7 against HSV-1; IC50 ¼ 7.1 mg/ml and SI ¼ 264.7

against HSV-2). Additionally, the hydroethanolic extract

showed strong inhibition toward HSV-2 (IC50 ¼ 14.1 mg/ml

and SI¼ 171.3) and HSV-1 (IC50¼ 22.2 mg/ml and SI¼ 68.9).

For comparison, acyclovir was also tested and demonstrated an

IC50 of 0.5 mg/ml and a SI >2000 against HSV-1 as well as an

IC50 of 1.2 mg/ml and SI >833.4 against HSV-2. Through other

experiments in this study, the authors were able to show that the

ethyl acetate fraction can prevent viral attachment and penetra-

tion into host cells and can reduce lateral spread of virions.

Valadares et al.157 observed an ethanolic extract of Solanum

paniculatum leaves to have antiviral activity against HSV-1.

The extract demonstrated an EC50 of approximately 298 mg/ml

and a SI of 1.4. For comparison, acyclovir was also tested and

was found to have an EC50 of 40 mg/ml.

Moreover, 34 ethanolic extracts of 18 species of Brazilian

medicinal plants were tested against HSV-1 by Brandao et al.37

A total of 30 extracts were found to be non-cytotoxic at rea-

sonable or ideal doses, and 10 of these were found to exhibit

some antiherpetic activity. Extracts that showed moderate

effects were Arrabidaea formosa (leaves: EC50 ¼ 82.2 mg/ml

and SI >6.1; stems: EC50 ¼ 90.2 mg/ml and SI >5.5) and Zey-

heria tuberculosa (leaves: EC50 ¼ 81.8 mg/ml and SI ¼ 2.1).

Low activity was observed by Anemopaegma setilobum

(leaves: EC50 ¼ 138.1 mg/ml and SI >1.4; stems:

EC50 ¼ 168.2 mg/ml and SI >3.0), Arrabidaea craterophora

(stems: EC50 ¼ 188.1 mg/ml and SI ¼ 1.9), A. formosa (fruit:

EC50 ¼ 148.5 mg/ml and SI >3.4), Arrabidaea pulchra (leaves:
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EC50¼ 232.1 mg/ml and SI >2.2), Arrabidaea sceptrum (stems:

EC50 ¼ 375.3 mg/ml and SI >1.3), and Stizophyllum perfora-

tum (stems: EC50 ¼ 338.7 mg/ml and SI >1.5).

Faral-tello et al.26 created ethanolic extracts from 24 South

American plants and 4 South American algal species and tested

for antiviral activity against HSV-1 (strain F). None of the algal

species offered inhibitory action toward HSV-1, however, 14 of

the plant extracts demonstrated viral inhibition. These plants

were Achyrocline satureioides, Bauhinia candicans, Chenopo-

dium ambrosioides, Limonium brasiliense, Margyricarpus pin-

natus, Phyllanthus niruri, Polygonum punctatum, Psidium

incanum, Psidium luridum, Schinus molle, Sesbania punicea,

Smilax gracilis, Tillandsia aeranthos, and Tillandsia usneoides.

EC50 values of these plant extracts ranged 50-1500 mg/ml, and

the highest SI values calculated were from P. niruri (42.37),

P. incanum (14.89), and L. brasiliense (4.58). These 14 extracts

were also tested for ability to directly inactivate HSV-1 virions

at their respective maximum non-cytotoxic concentrations, and

6 showed virucidal activity, which was defined by the authors

as inactivating �90% of viral particles. These extracts were

C. ambrosioides, L. brasiliense, M. pinnatus, S. gracilis,

T. aeranthos, and T. usneoides.

Thirty-six varieties of marine algae from Brazil were inves-

tigated for antiherpetic activity against acyclovir-resistant

HSV-1 and HSV-2 by Soares et al.69 Extracts were prepared

using either dichloromethane and methanol in a 1:1 ratio or

dichloromethane alone and added to Vero cells at determined

maximum non-cytotoxic concentrations at the same time as

viral infection. Strong antiviral activity against acyclovir-

resistant HSV-1, defined as greater than 90% percent inhibition

of viral titers, was exhibited by the dichloromethanic and

methanolic extracts of Laurencia dendroidea (97.5% inhibition

at 3.1 mg/ml), Hypnea spinella (92% inhibition at 200 mg/ml),

Lobophora variegata (92% inhibition at 6.2 mg/ml), Stypopo-

dium zonale (96.8% inhibition at 50 mg/ml), Sargassum cymo-

sum (98.2% inhibition at 50 mg/ml), Ulva fasciata (99.9%
inhibition at 200 mg/ml), and Codium decorticatum (99.9%
inhibition at 200 mg/ml) as well as the dichloromethanic extract

of Penicillus capitatus (93.0% inhibition at 250 mg/ml). More-

over, strong antiviral activity against acyclovir-resistant HSV-2

was exhibited by the dichloromethanic and methanolic extracts

of Chondracanthus acicularis (92.4% inhibition at 100 mg/ml)

and Stypopodium zonale (95.8% inhibition at 50 mg/ml) as well

as the dichloromethanic extract of Penicillus capitatus (96%
inhibition at 250 mg/ml). Cytotoxicity was not noted by the

extracts that exhibited strong anti-HSV activity (CC50 > 200

mg/ml), except the extract of L. dendroidea (CC50¼ 48.2 mg/ml).

Moura-Costa et al.60 assessed aqueous and hydroalcoholic

(50% and 70%) extracts from 6 Brazilian plants against HSV-1.

The plants studied were Campomanesia eugenioides, Luehea

paniculata, Ocimum gratissimum, Cordia americana, Schinus

terebinthifolius, and Zanthoxylum rhoifolium. All extracts,

except the aqueous extracts of C. americana and Z. rhoifolium

bark, showed anti-HSV-1 activity. The hydroalcoholic extracts

(EC50 and SI ranged 1.4-26 mg/ml and 6.9-21.3, respectively)

were observed to have greater antiviral effects compared to the

aqueous extracts (EC50 and SI ranged 0.6-20 mg/ml and 13-62,

respectively). The highest SI values observed were from the

70% hydroalcoholic extracts of C. eugenioides (52) and

C. americana bark (55) and the 50% hydroalcoholic extracts

of O. gratissimum,190 C. americana leaves,82 S. terebinthifolius

(>48), and Z. rhoifolium leaves .146

S. terebinthifolia was also tested by Nocchi et al.156 for

antiherpetic activity against the HSV-1 KOS strain, 29-R/

acyclovir-resistant strain, and a clinical strain. A crude hydro-

ethanolic extract of the plant demonstrated EC50 and SI values,

respectively, of 10.20 mg/ml and >49 against strain KOS,

13.9 mg/ml and >35.9 against strain 29-R, and 14.2 mg/ml and

>34.9 against the clinical strain. Further testing revealed the

extract elicited its antiviral effects by inhibiting viral attach-

ment and penetration when the extract was added during the

adsorption and infection viral stages. However, little effects

were noted on viral infectivity when virions were pretreated

with the extract. Interestingly, the extract showed to have a

synergistic effect with acyclovir when the 2 were tested in

combination.

Furthermore, Petronilho et al.64 found a hydroethanolic

extract of Cecropia glaziovii leaves to inhibit viral replication

of the HSV-1 strain 29-R/acyclovir-resistant. This extract

demonstrated an EC50 of 40 mg/ml and SI of 50, suggesting

strong viral inhibitory capacity.

Silva Junior et al.96 found a dichloromethane extract from

the roots of Gallesia gorazema to elicit 93% viral inhibition

of HSV-1 at its maximum non-cytotoxic concentration of

100 mg/ml, but had no effect against HSV-2. An ethanolic extract

from the leaves of Gallesia gorazema was also tested, but failed to

demonstrate any antiherpetic activity against HSV-1 or HSV-2.

A crude extract of Trichilia catigua bark was prepared using

7:3 acetone: water and further partitioned with water or ethyl

acetate by Espada et al.167 Antiviral and virucidal activity as

well as inhibition of viral adsorption of HSV-1 were investi-

gated. The crude extract (IC50 ¼ 4.59 mg/ml and SI >87)

demonstrated stronger antiviral activity than the aqueous frac-

tion (IC50 ¼ 12.5 mg/ml and SI >32) or ethyl acetate fraction

(IC50 ¼ 11.1 mg/ml and SI >35.97). Time-of-addition experi-

ments revealed the extract and fractions were most effective

when added to cells at the time of infection. Greater inhibition

of viral adsorption was seen with the ethyl acetate fraction,

demonstrating 96.45% inhibition at 100 mg/ml. Moreover,

100% direct viral inhibition was elicited by 100 mg/ml,

50 mg/ml, and 25 mg/ml of the crude extract, aqueous fraction,

and ethyl acetate fraction, respectively. The crude extract was

also found to act as an antagonist to acyclovir while the 2

fractions acted synergistically.

Boff et al.160 assessed the antiviral actions of an ethyl acet-

ate extract from the stem bark of Strychnos pseudoquina

against HSV-2 strain 333, and HSV-1 strains KOS and 29-R/

acyclovir-resistant. When extract and virus were administered

simultaneously to cells, the extract demonstrated IC50 and SI

values, respectively, of 5.29 mg/ml and 10.16 for HSV-1 strain

KOS and 6.55 mg/ml and 8.21 for HSV-2. When the extract

was administered post-infection, it demonstrated IC50 and SI

42 Journal of Evidence-Based Integrative Medicine



values, respectively, of 22.2 mg/ml and 3.84 for HSV-1 strain

KOS, 17.62 mg/ml and 3.05 for HSV-1 strain 29-R, and 8.64

mg/ml and 6.22 for HSV-2. Time-of-addition experiments

revealed the extract had antiherpetic activity during viral

adsorption (IC50¼ 1.96 mg/ml and SI¼ 27.43 for HSV-1 strain

KOS; IC50 ¼ 6.02 mg/ml and SI ¼ 8.92 for HSV-2), post-

adsorption (IC50 ¼ 3.12 mg/ml and SI ¼ 17.23 for HSV-1;

IC50 ¼ 3.15 mg/ml and SI ¼ 17.07 for HSV-2), and penetration

(IC50 ¼ 7.33 mg/ml and SI ¼ 7.34 for HSV-1; IC50 ¼ 4.47 mg/

ml and SI ¼ 12.03 for HSV-2). Pretreatment of cells with the

extract inhibited HSV-2 replication (IC50 ¼ 7.56 mg/ml and SI

¼ 7.11), but had no effect on HSV-1 replication.

Antiviral activity against HSV-2 (strain 333) of hydroetha-

nolic extracts of Equisetum giganteum, Croton lechleri,

Uncaria tomentosa, and Copaifera reticulata was investigated

by Churqui et al.73 Viral plaques were reduced by 100%
by extracts of E. giganteum, U. tomentosa, and C. reticulata

at a concentration of 100 mg/ml and the C. lechleri extract at

30 mg/ml. IC50 values for the E. giganteum, U. tomentosa, C.

reticulata, and C. lechleri extracts were found to be 18 mg/ml,

28 mg/ml, 50 mg/ml, and 10 mg/ml, respectively, and SI values

were calculated as >55.56, >35.71, 10, and >100, respectively.

All extracts demonstrated virucidal effects and prevented viral

adsorption, but were not effective at inhibiting viral replication

or preventing infection with pretreatment of cells.

An aqueous extract from Baccharis anomala was studied by

Venturi et al.50 for its effect on ATCC-VR733 and 29-R/

acyclovir-resistant strains of HSV-1. The aqueous extract

demonstrated EC50 and SI values, respectively, of 0.0088

mg/ml and 49.14 against the wild-type strain and 0.065 mg/

ml and 66.53 against the 29-R strain. Additionally, pretreat-

ment of cells with the extract did not prevent HSV infection,

therefore the extract likely does not act by inhibiting viral

attachment.

Aerial parts of Tanacetum parthenium were used to create a

hydroethanolic extract that was tested against HSV-1 (strain

KOS) in Vero and mouse fibroblast (L-929) cells by Benassi-

Zanqueta et al.162 The extract encouraged wound healing in

L-929 cells, demonstrating a fivefold increase in wound heal-

ing at 48 hours and a 3-fold increase at 72 hours compared to

control. In addition, the extract inhibited viral replication in

Vero cells, demonstrating EC50 and SI values of 3.1 mg/ml and

18.1, respectively.

Most recently, Fahmy et al.86 found a methanolic extract of

Erythrina speciosa leaves that was further partitioned with

ethyl acetate to inhibit HSV-1, demonstrating EC50 and SI

values, respectively, of 94 mg/ml and 2.65.

Multiple Geographic Locations

The antiviral activity of Macrocystidia cucumis mycelia was

assessed against HSV-1 (strain F) in BHK-21 cells by Sabou-

lard et al.117 The mycelia were grown in a culture broth and

were found to possess antiviral activity, specifically, a decrease

in expression of the HSV-1 antigen after 21 days of cultivation.

This activity was maintained when the culture broth was

diluted up to 64-fold, and there was no cytotoxicity observed.

The authors proceeded to isolate the active compound from this

broth and determined it to be a novel nucleoside analogue. This

compound was found to have a MIC of 0.72 mg/ml against

HSV-1.

Pan et al.111 assessed an aqueous extract of another mush-

room, Inonotus obliquus, for antiviral activity against HSV-1.

The extract was found to have an IC50 value of 12.29 mg/ml

and a SI of > 80, and primarily acted through prevention of

viral entry.

Furthermore, a variety of mushrooms were assessed for

antiviral activity against HSV-2 (strain BH) in RK-13 cells

by Krupodorova et al.47 The mushrooms were cultured as bio-

mass and the mycelia were made into aqueous extracts using a

0.9% sodium chloride solution. Four species were found to

inhibit HSV-2 replication, namely Fomes fomentarius

(EC50 ¼ 0.62 mg/ml and SI ¼ 40.32), Pleurotus ostreatus

(EC50 ¼ 0.155 mg/ml and SI ¼ 80.64), Auriporia aurea

(EC50 ¼ 0.155 mg/ml and SI ¼ 161.29), and Trametes versi-

color (EC50 ¼ 0.077 mg/ml and SI ¼ 324.67).

Chiang et al.144,143 tested aqueous extracts of Plantago

major and Plantago asiatica against HSV-1 (strain KOS) and

HSV-2 (strain 196) in BCC-1/KMC cells. Both P. asiatica

(EC50 ¼ 1318 mg/ml and SI ¼ 46.5)143 and P. major (EC50 ¼
843 mg/ml and SI ¼ 2.2)144,143 demonstrated antiviral activity

against HSV-2, but neither extract was active against HSV-1.

The authors described the observed antiviral activity as weak,

therefore P. major and P. asiatica are likely poor candidates for

further HSV research.

An extract of Sambucus nigra was assessed for antiherpetic

activity against HSV-1 (strain VR-3), acyclovir-resistant

HSV-1 (strain VRTK-), and HSV-2 (strain UW-268) by Suzu-

tani et al.154 The extract’s antiviral effects were compared to

that of an extract of Ribes nigrum, called Kurokarin. The

S. nigra extract was shown to have a SI of 2.14 against

acyclovir-resistant HSV-1, but SI <1 against the other 2 strains.

The SI values of Kurokarin were determined to be 1.19 against

wild-type HSV-1, 2.19 against acyclovir-resistant HSV-1, and

1.72 against HSV-2. Both extracts offered more potent viral

inhibition against acyclovir-resistant HSV-1 compared to the

wild type HSV-1.

Ozcelik et al.142 created 15 lipophilic extracts from Pistacia

vera using n-hexane and different plant parts (seed, kernel, leaf,

stem, branch, and shell skins) and assessed for antiviral effects

against HSV (type not specified) Inhibition of viral cytopathic

effects was observed from 6 of the 15 extracts. The most effec-

tive extracts were those made from the plant’s fresh kernels,

skins of processed woody shells, and unripe seeds, each with

MIC <0.00006 mg/ml.

Moreover, Eugenia caryophyllus flower buds were

extracted by Tragoolpua et al.88 with ethanol and assessed

against HSV-1 (strain F and 5 isolates) and HSV-2 (strain G

and 5 isolates). The extract had similar antiviral activity against

HSV-1 strain F (ED50 ¼ 72.8 mg/ml and SI ¼ 1.55) and HSV-2

strain G (ED50 ¼ 74.4 mg/ml and SI ¼ 1.52). HSV-1 isolates

and HSV-2 isolates that also showed activity had similar
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antiviral effects (ED50 ¼ 62.0-73.1 mg/ml and SI ¼ 1.54-1.82;

ED50 ¼ 42.6-52.9 mg/ml and SI ¼ 2.13-2.65, respectively).

Both HSV-1 strain F and HSV-2 strain G were completely

inactivated after exposure to the extract for 3 hours at a con-

centration of 78.1 mg/ml. Additionally, when administered 30

hours after infection, the extract was able to inhibit 10-27% of

replication of HSV-1 and HSV-1 isolates and 16-35% of repli-

cation of HSV-2 and HSV-2 isolates.

Onozato et al.163 observed aqueous and ethyl acetate

extracts of Tanacetum vulgare to exhibit antiherpetic activity

against HSV-1. The ethyl acetate extract (EC50¼ 40 mg/ml and

SI ¼ 3.9) showed slightly more potent effects than the aqueous

extract (EC50 ¼ 55 mg/ml and SI ¼ 2.2). Further experiments

were conducted with an isolated compound, and the authors

concluded that T. vulgare most likely exhibits antiviral activity

by interfering with HSV-1 replication.

T. vulgare was also studied by Alvarez et al.164 The plant’s

aerial parts and rhizomes were extracted with methanol and

aerial part extracts were fractionated with petroleum ether,

chloroform, ethyl acetate, butanol, and water. The chloroform

fraction was found to be cytotoxic and therefore was not

assessed for antiviral capacity. Each extract/fraction was inves-

tigated against HSV-1 and HSV-2. The greatest antiviral effects

were observed by the petroleum ether (EC50 ¼ 69.9 mg/ml and

SI ¼ 3.37 for HSV-1; EC50 ¼ 61.16 mg/ml and SI ¼ 3.85 for

HSV-2) and ethyl acetate (EC50¼ 95.7 mg/ml and SI¼ 2.03 for

HSV-1; EC50¼ 59.4 mg/ml and SI¼ 3.27 for HSV-2) fractions

and the methanolic rhizome extract (EC50 ¼ 295.8 mg/ml and

SI ¼ 3.68 for HSV-1; EC50 ¼ 500.0 mg/ml and SI ¼ 2.18 for

HSV-2). A strong antiviral effect was observed when petroleum

ether or ethyl acetate extracts were added up to 6 hours after

initial infection. The methanolic rhizome extract showed viral

inhibition when added up to 2 hours after initial infection.

Additionally, the ethyl acetate and petroleum ether extracts

were able to inhibit >80% viral adsorption when added at con-

centrations of 50 mg/ml.

Yarmolinsky et al.93 studied the ethanolic extracts of Ficus

benjamina (leaf, fruit, stem) and Lilium candidum (leaf, petal,

bulb) for antiviral effect on HSV-1 (strain ATCC-VR-735) and

HSV-2. Leaf extracts of both plants showed strong viral inhibi-

tion toward both viruses, while the other extracts failed to show

significant effects. The most pronounced effects were observed

when the extracts were added simultaneously with the virus,

rather than being added to cells post-infection. The leaf extract

of F. benjamina (SI ¼ 980 for HSV-1; SI *800 for HSV-2)

was found to have a greater SI for both viruses than acyclovir

(SI *700 for HSV-1; SI *300 for HSV-2), and significantly

greater than the leaf extract of L. candidum (SI ¼ 87.5 for

HSV-1; SI ¼ 35 for HSV-2). Both extracts were also found

to be synergistic with acyclovir.

A total of 31 medicinal plants were extracted with acetone

and methanol by Jaeger Greer et al.,46 and each extract was

tested against HSV-1 (McIntyre strain) and HSV-2 (strain 333).

Extracts from 8 plants varied in 10-98% inhibition of plaque

formation at concentrations ranging 0.025-0.2 mg/ml. These

extracts were the acetonic extracts of Atractylis macrophylla,

Clematis cirrhosa, Gnaphalium chilense, Hymenoclea salsola,

Kalanchoe pinnata, Lithospermum officinale, Psilostrophe

cooperi, and Tetraclinis articulata and the methanolic extracts

of H. salsola and K. pinnata. The acetonic extract of K. pinnata

offered the safest antiviral effect with 95% and 98% inhibition

of HSV-1 and HSV-2, respectively, at a concentration of

0.2 mg/ml, without being cytotoxic at this concentration. In

subsequent experiments, the acetonic extract of K. pinnata

demonstrated an EC50 of 0.025 mg/ml and SI of 50 for both

HSV-1 and HSV-2. Although not as potent, the methanolic

extract of K. pinnata demonstrated an EC50 of 0.05 mg/ml and

SI of 19 for HSV-1 and EC50 of 0.2 mg/ml and SI of 4.75 for

HSV-2. Another notable SI was demonstrated by the acetonic

extract of A. macrophylla (EC50 ¼ 0.05 mg/ml and SI ¼ 5)

against HSV-2.

Furthermore, Danaher et al.152 found an ethanolic extract of

Rubus eubatus berries to elicit direct virucidal effects and pre-

vent viral adsorption and replication of HSV-1 (strain 17þ) in

oral epithelial (OKF6) cells. Specifically, 56 mg/ml of extract

was able to reduce viral yield by 99%. When the extract was

added 1 hour post-infection, a concentration of 280 mg/ml was

required to significantly reduce viral yields. Additionally, the

extract was not found to be cytotoxic at high concentrations.

A hydroethanolic extract of Arctium lappa fruits was shown

to have antiviral effects against HSV-1 (strain ATCC-VR733)

by Dias et al.42 All tested concentrations of the extract (3.125-

400 mg/ml) were non-cytotoxic, and the extract showed a dose-

dependent reduction in viral loads. At 400 mg/ml, A. lappa

prevented cellular damage from viral infection and showed

similar, although slightly better, antiviral capacity to 50 mg/ml

of acyclovir.

Various plant parts from Peganum harmala were used to

create extracts with a combination of solvents (hexane, dichlor-

omethane, ethyl acetate, methanol, and ethanol) that were

assessed by Benzekri et al.135 for antiviral activity against

HSV-2. Only the seed extract demonstrated viral inhibition

(IC50 ¼ 161 mg/ml and SI ¼ 13.19). Time-of-addition experi-

ments showed that the seed extract offered direct virucidal

activity (IC50 ¼ 49 mg/ml and SI ¼ 43.46) and interfered with

viral adsorption and lysis, but it did not protect pretreated cells

from viral infection.

Donalisio et al.169 found Vachellia nilotica bark extracts

prepared with methanol (EC50 ¼ 4.71 mg/ml and SI ¼ 30.6),

water (EC50 ¼ 10.2 mg/ml and SI ¼ 18.6), and chloroform

(EC50 ¼ 12.3 mg/ml and SI ¼ 15.4) exhibited antiviral activity

against HSV-2 (strain ATCC-VR540). Acyclovir was also

tested and demonstrated EC50 and SI values of 3.17 mg/ml and

>468, respectively. Against an acyclovir-resistant strain of

HSV-2, the methanolic extract showed antiviral activity

(EC50 ¼ 6.71 mg/ml and SI ¼ 21.5), suggesting a different

mechanism of action compared to acyclovir. Additionally, the

methanolic extract was observed to reduce viral load when

added during infection, but only mildly reduce viral load when

added after infection. The methanolic extract did not prevent

infection in pretreated cells.
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Lastly, an ethanolic extract of Veronica persica was tested

by Sharifi-Rad et al.170 for antiviral effects on HSV-1 and

HSV-2. The extract was able to reduce viral load in a dose-

dependent manner when added after infection. The SI was

found to be 65 for HSV-1 and 45 for HSV-2. The ethanolic

extract was further fractionated with 0%, 20%, 40%, 60%,

80%, and 100% methanol. The most notable antiviral effect

was observed by the 80% methanolic fraction (IC50 ¼ 0.62

mg/ml and SI ¼ 451.6 for HSV-1; IC50 ¼ 0.73 mg/ml and SI

¼ 383.5 for HSV-2), whereas all other fractions demonstrated

SI <4. It should be acknowledged that the SI values achieved by

the 80% methanolic fractions were greater than those observed

by acyclovir (SI ¼ 320 for HSV-1; SI ¼ 300 for HSV-2).

Moreover, time-of-addition experiments revealed that the

greatest viral inhibition occurred when cells were treated with

the 80% methanolic fraction at inoculation and again post-

infection. Single treatment at or post-infection demonstrated

weaker effects. Additionally, the 80% methanolic fraction

demonstrated synergistic antiviral effects with acyclovir.

Single Herbs In Vivo

Dimitrova et al.120 investigated the antiviral effects of 4

extracts of Melissa officinalis on HSV-1 (strain DA) infection

in rabbits. Extracts were prepared with either 50% ethyl alco-

hol, 50% ethanol extract, ethyl acetate, or water. Rabbits were

infected with HSV-1 into their eyes and treated 1 of the 4

extracts, 8 or 9 times a day at 1-hour intervals. Tear secretions

were taken from each rabbit daily for 7 days and analyzed. No

differences were found between treated and control rabbits for

any outcome measure. The authors were unable to demonstrate

antiviral effects of M. officinalis extracts in vivo.

A wide variety of aqueous Asian plant extracts were tested

by Kurokawa et al.33,98,99 in 3 studies for their ability to delay

development of lesions and prolong survival time of female

BALB/c mice infected with HSV-1 (strain 7401 H). Many of

these extracts were previously found by the authors to exhibit

antiviral effects against HSV-1 in vitro, either alone or in com-

bination with acyclovir. In the first study, Kurokawa et al.33

cutaneously inoculated mice with HSV-1 and aqueous plant

extracts were orally administered at a dose of 1-10 mg in a

volume of 0.25 ml/mouse once at 8 hours prior to inoculation

and then 3 times daily for 10 days after inoculation. The

extracts of Alpinia officinarum, Caesalpinia sappan, Geum

japonicum, Paeonia suffruticosa, Phellodendron amurense,

Polygala tenufolia, Punica granatum, Rhus javanica, Syzygium

aromaticum, Terminalia arjuna, and Terminalia chebula signif-

icantly delayed the development and progression of herpes

lesions. The only extract to prolong mean survival time was

Phellodendron amurense.

In the second study, Kurokawa et al.98 tested the antiviral

activities of 4 aqueous extracts of G. japonicum, R. javanica,

S. aromaticum, and T. chebula each in combination with acy-

clovir. Extracts were dosed at 250 mg/kg and acyclovir at

2.5 mg/kg. The combination of acyclovir with G. japonicum,

S. aromaticum, and T. chebula showed to significantly delay

the development and progression of herpes lesions and/or mean

survival time compared to acyclovir or extract alone. The com-

bination of acyclovir with R. javanica did not show significant

antiviral effects compared to acyclovir or extract alone. No

significant toxicity was found for any of the combinations

tested. Additionally, the 4 extracts and acyclovir were tested

on viral yields in the skin and brain of mice. The extracts

showed 2.5-20 times greater antiviral activity in the brain than

skin. On the other hand, acyclovir was observed to elicit stron-

ger anti-HSV effects in the skin than the brain. The combina-

tion of acyclovir with each of the extracts exhibited stronger

antiviral effects than acyclovir or extract alone, and these

effects were stronger in the brain than skin.

In the third study, Kurokawa et al.99 tested hot water extracts

of G. japonicum, R. javanica, S. aromaticum, and T. chebula

for their ability to prevent recurrent HSV-1 infection in BALB/

c mice that were infected with the virus 4 months prior and

exposed to ultraviolet irradiation. The extracts, or water as

control, were administered orally to the mice 3 times per day

for 10 days at a total dose of 750 mg/kg/day. The UV irradia-

tion began on day six. The extracts were shown to reduce

incidence of recurrence, reduce the severity of vesicles, and

decrease the duration of lesions if they occurred. The prophy-

lactic treatment also reduced the ability to detect viral DNA in

the trigeminal ganglion or pinna of the mice. The strongest

prophylactic response was observed in mice treated with the

S. aromaticum extract.

Nakano et al.151 also investigated the antiviral effects of R.

javanica and its prophylactic ability with recurrent HSV-2

(strain Ito-1262) herpes genitalis in guinea pigs in a crossover

study. First, female guinea pigs were intravaginally infected

with HSV-2 and monitored for 1.5 months until lesions healed.

After primary infection was alleviated, guinea pigs were given

an aqueous extract of R. javanica or water for 2 months. R.

javanica was administered through drinking water at an aver-

age dose of 625 mg/kg/day. After 2 months, there were notable

decreases in the number of vesicles, time to heal, and severity

of lesions. The second part of the crossover design was con-

ducted once secondary infection was cleared. Guinea pigs that

received placebo treatment were administered R. javanica for

2 to 3 months, and those that previously received R. javanica

were given either water or a new extract of T. chebula for

the same duration. Both extracts were dosed on average at

625 mg/kg/day. In guinea pigs who received R. javanica

followed by water, infection was not immediately triggered

by discontinuation of the extract. However, treatment with

R. javanica reduced the number, severity, and prevalence of

lesions. The authors note that by maintaining similar results

after crossover, R. javanica potentially provided prophylactic

relief from recurrent HSV-2 infection.

Furthermore, Nawawi et al.92 investigated the antiherpetic

effects of methanolic extracts of 7 Indonesian medicinal plants

in BALB/c mice. The plants studied were Eurycoma longifoli,

Filicium decipiens, Garcinia mangostana, Melaleuca leucaden-

dron, Nephelium lappaceum, Punica granatum, and Toona sur-

eni. Extracts were dissolved in 2% dimethyl sulfoxide and
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orally administered to mice 8 hours before HSV-1 (strain 7401

H) inoculation and 3 times daily post-inoculation. All extracts

were able to significantly delay the appearance of vesicles in

the local region, but only M. leucadendron and N. lappaceum

were able to both limit further development to mild zosteriform

lesions and reduce mortality when compared to control. Spe-

cifically, N. lappaceum completely inhibited development of

mild zosteriform lesions and was the only extract to exhibit

similar antiherpetic activity as acyclovir (0.1 mg/mouse was

given as comparison). The authors conclude that N. lappaceum

has the potential to be used as an anti-HSV-1 treatment in

humans.

A later study by Nawawi et al.159 explored the efficacy of a

methanolic extract of the root tubers of Stephania cepharantha

at fighting off HSV-1 (strain 7401 H) infection in BALB/c

mice. After cutaneously infecting mice with HSV-1, the extract

was orally administered at 125 or 250 mg/kg of body weight.

The extract led to a decrease in the number and development of

vesicles and an increase in survival time of mice.

Lipipun et al.28 assessed the water, ethanolic, or chloroform

extracts of Aglaia odorata, Moringa oleifera, Ventilago denti-

culata, Cerbera odollam, and Willughbeia edulis for antiherpe-

tic properties in female BALB/c mice. The mice were shaved

and cutaneously infected with wild-type HSV-1 (strain 7401 H)

and administered an extract orally in a dose of 250 mg/kg

8 hours prior to infection and then every 8 hours for 5 days.

The size and development of skin lesions was significantly

reduced in mice that were treated with A. odorata, M. oleifera,

and V. denticulata. New female BALB/c mice were then virally

infected and given either 5 mg/kg of acyclovir or 250 mg/kg of

either A. odorata, M. oleifera, or V. denticulata every 8 hours

for 2 weeks. All 3 plant extracts significantly reduced the

development of vesicles in the local region, but only M. olei-

fera reduced mortality of the mice and increased survival times.

The antiviral activities of A. odorata, M. oleifera, and V. den-

ticulata were comparable to that of acyclovir.

Moreover, Park et al.81 found a methanolic extract of Sym-

phyocladia latiuscula to significantly delay the appearance and

limit further progression of HSV-1 infection in female BALB/c

mice. Mice were inoculated with wild-type HSV-1 (strain 7401

H) and orally administered the extract at a dose of 0.5 mg/

mouse 4 hours pre-inoculation and then 3 times a day for

6 to 10 days post-inoculation. The extract significantly delayed

the appearance of local vesicles and further progression to mild

zosteriform lesions compared to control. Although survival

time increased with the extract compared to control, the mor-

tality rate was 100% in both groups. Further experiments eval-

uated viral yields in the skin and brain of mice treated with the

extract at 3 and 6 days post-inoculation. At both 3 and 6 days

post-infection, the extract significantly reduced viral yields in

the skin, but not in the brain.

The therapeutic effect of Carissa edulis extract in BALB/c

mice infected with wild-type HSV-1 (strain 7401 H), wild-type

HSV-2 (strain Ito-1262), or acyclovir-resistant 7401 H HSV-1

was investigated by Tolo et al.62 The extract was previously

found by the authors to exhibit antiviral effects against HSV-1

and HSV-2 in vitro. Mice were treated post-infection with

250 mg/kg of the extract 3 times a day for 1 week. Onset of

infection was significantly delayed by 2 days in both the wild-

type and acyclovir-resistant HSV-1 infected mice. Delay of

onset of infection in wild-type HSV-2 mice was not signifi-

cantly different from control. Notably, the delay in onset of

infection in wild-type HSV-1 infected mice was similar to the

delay observed with treatment with acyclovir. Additionally, a

longer survival time and lower mortality rate was observed in

wild-type HSV-1 infected mice treated with the herbal extract

compared to control.

A methanolic extract of Lobelia chinensis demonstrated

antiviral effects against HSV-1 infection in BALB/c mice by

Kuo et al.116 The extract was previously found by the authors to

exhibit anti-HSV-1 activity in vitro, likely by blocking viral

DNA synthesis. Mice were inoculated with HSV-1 (strain

KOS) and treated orally with either 20 or 50 mg/kg of the

extract or 60 mg/kg of acyclovir 3 times a day for 7 days. No

differences were observed in the development of lesions in

mice treated with 20 mg/kg of extract and control. However,

lesions completely disappeared in mice treated with 50 mg/kg

of the extract or acyclovir, suggesting both are effective at

preventing lesion formation. Further experiments revealed

L. chinensis disrupts HSV-1 replication in mice, likely by

reducing viral DNA expression. The extract was found not to

have any toxic effects on the liver or kidneys of mice treated

with the extract.

Kaushik et al.110 tested the therapeutic effect of a hydro-

methanolic extract of Indigofera heterantha on HSV-2 infec-

tion in BALB/c mice. The authors had previously found the

extract to demonstrate antiviral activity in vitro by blocking

HSV-2 attachment, adsorption, and entry into host cells. The

extract was formulated into a cream to be used for topical

application at the genital region of mice. Mice were vaginally

inoculated with HSV-2 (strain G) and administered 375, 750, or

1500 mg/kg of cream 3 times a day for 5 days, starting at

30 minutes post-infection. Treatment with 375 and 1500 mg/

kg of cream resulted in 100% survival for the mice, and treat-

ment with 750 mg/kg resulted in 87.5% survival. In terms of

effects on lesion formation, clinical symptoms, and extravagi-

nal disease, only treatment with 1500 mg/kg showed 100%
reduction. Further experiments tested the prophylactic ability

of the extract cream. Treatment with 125 mg/kg and 500 mg/kg

at 2 and 4 hours pre-infection resulted in 100% survival and

significant reductions in lesion scores. The authors conclude

that I. heterantha has the potential to both treat and prevent

genital herpes infection.

Nocchi et al.156 investigated the anti-HSV activity of a crude

hydroethanolic extract of Schinus terebinthifolia in female

BALB/c mice. The extract was previously found by the authors

to exhibit antiviral effects against HSV-1 in vitro by inhibiting

viral attachment and penetration. Mice were infected with

HSV-1 (strain KOS) and either given no treatment, 2% crude

extract, 5% crude extract, or acyclovir cream 5 times per day

for 10 days. The lesions developed more slowly and cleared up

more quickly on mice who were treated with the crude extract
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versus no treatment. Additionally, the authors report no statis-

tically significant differences between the lesions in mice

treated with crude extract versus acyclovir. It is important to

acknowledge that the authors also verified an absence of gen-

otoxicity from the crude extract on bone marrow of the rodents.

Hydroethanolic extracts of Equisetum giganteum, Croton

lechleri, Uncaria tomentosa, and Copaifera reticulata were

investigated by Churqui et al.73 against HSV-2 infection in

female C57bl/6 mice. The extracts were previously found by

the authors to exhibit antiviral effects against HSV-2 (strain

333) in vitro by preventing viral adsorption. When each of the

extracts were administered simultaneously with the virus to

mice, HSV infection was successfully prevented by all 4

extracts via viral inhibition.

Mostly recently, Benassi-Zanqueta et al.162 studied the anti-

HSV-1 activity of oral and topical administrations of a hydro-

ethanolic extract of Tanacetum parthenium in BALB/c mice.

The extract was previously found by the authors to exhibit

antiviral effects against HSV-1 (strain KOS) in vitro. Oral

administration was given once daily and mice were adminis-

tered either no treatment, control treatment, acyclovir at

10 mg/kg body weight, hydroethanolic extract at 4 mg/kg body

weight, or hydroethanolic extract at 8 mg/kg body weight.

Topical administration was given 4 times a day and mice were

administered either no treatment, control treatment, 5% acy-

clovir, 2.5% hydroethanolic extract, or 5% hydroethanolic

extract. Both arms were carried out for 10 days. The hydro-

ethanolic extract was determined not to be genotoxic nor irri-

tating. Oral and topical treatment with the extract or acyclovir

was found to yield similar results, but improvement of HSV

lesions was mild compared to inactive treatments.

Herbal Combinations In Vitro

Serkedjieva et al.174 prepared an aqueous extract from 100 g

Sambucus nigra, 70 g Hypericum perforatum, and 40 g Sapo-

naria officinalis and investigated the herbal combination’s anti-

viral effects against HSV-1 (McIntyre strain). The extract was

assessed for cytotoxicity in human fetal lung fibroblast

(MRC-5) cells and a maximum tolerated concentration was

determined to be 250 mg/ml. At a concentration of 200 mg/ml,

the extract showed virucidal effects to a 0.01/ml viral dose, but

the ability to inactivate virions was only seen at a 0.1/ml viral

dose. Moreover, MRC-5 and rabbit kidney (RK-13) cells were

infected with HSV-1 and incubated with the extract or control

for 24 hours. The extract at a concentration of 250 ug/ml was

tested in MRC-5 cells, and concentrations of 100, 150, or 200

ug/ml were tested in RK-13 cells. There was a 2.4 log differ-

ence and a 1-3 log difference between control and treatment

viral titres in MRC-5 and RK-13 cells, respectively.

Cheng et al.178,179 investigated the antiherpetic activity of 2

traditional Chinese medicinal formulas in 2 studies. In the first

study, Cheng et al.178 prepared an aqueous extract of Yin Chen

Hao Tang, which consisted of 108 g Artemisia capillaries, 36 g

Gardenia jasminoids, and 36 g Rheum officinale. The extract

was tested against HSV-1 (strain KOS) and HSV-2 (strain 196

and strain G) and found to inhibit both viruses to different

degrees. The IC50 and SI values against HSV-1 ranged

145.5-150.1 mg/ml and 5.7-6.0, respectively. Antiviral activity

was more potent against the HSV-2 strains, with IC50 and SI

values ranging 19.6-29.4 mg/ml and 28.9-43.4, respectively.

Time-of-addition experiments revealed antiviral effects of the

extract on HSV-2 were only noted when the extract was added

simultaneously with the virus to cells or added 2 hours post-

infection and presence maintained for 48 hours. In addition,

pretreatment of HSV-2 virions with the extract showed to inhi-

bit viral infectivity, and this inactivation was observed to be

irreversible.

In the second study, Cheng et al.179 made an aqueous extract

of Long Dan Xie Gan Tang, which consisted of the following

10 Chinese herbs and weights: 32 g Alisma plantago-aquatica,

16 g Akebia quinata, 16 g Angelica sinensis, 32 g Bupleurum

chinense, 16 g Gardenia jasminoides, 32 g Gentiana scabra,

16 g Glycyrrhiza uralensis, 16 g Plantago asiatica, 16 g

Rehmannia glutinosa, and 16 g Scutellaria baicalensis. The

extract showed to inhibit both HSV-1 (strain KOS) and HSV-

2 (strain 196) in a dose-dependent manner, but HSV-1 was

more susceptible to the extract. The IC50 and SI values, respec-

tively, were determined to be 257.5 mg/ml and 15.8 against

HSV-1 and 494.6 mg/ml and 8.2 against HSV-2. Additionally,

HSV-2 virions were pretreated with the extract and a decrease

in viral infectivity was observed. The authors conclude that

Long Dan Xie Gan Tang likely inactivates herpes viruses

directly, which is a different mechanism of action than

acyclovir.

An aqueous extract of Chui-Uren-Chien, another traditional

Chinese medicine formula that is considered to be immunomo-

dulatory, was tested for anti-HSV-1 activity by Liao et al.171

The extract was prepared from 7.5 g Panax ginseng, 11.25 g

Astragalus membranaceus, 7.50 g Glycyrrhiza uralensis, 3.75 g

Cimicifuga foetida, and 11.25 g Atractylodes macrocephala.

HSV-1 (strain KOS) inhibition was not noted when the extract,

at a dose of 600 mg/ml, was treated to virally infected SK-N-SH

cells.

Lastly, Mishra et al.180 investigated the ability of a herbal

gel formulation to act as an antiviral on HSV-2 (strain

G ATCC-VR-734). The gel was previously studied on ulcers

caused by HIV-1, and the authors propose that there is a strong

link between ulcers caused by HIV-1 and HSV-2. The gel

contained 50% ethanolic extracts of Acacia catechu, Lager-

stroemia speciosa, Terminalia chebula, and Phyllanthus

emblica. The use of this gel formulation resulted in a greater

decrease in HSV-2 attachment (IC50 ¼ 46.55 mg/ml and

SI ¼ 68.30) and penetration (IC50 ¼ 54.94 mg/ml and

SI ¼ 57.87) than seen when treating infected cells with acy-

clovir. When cells were treated post-infection, acyclovir

(IC50 ¼ 0.065 mg/ml SI ¼ 69,082) had significantly greater

inhibition than the formulation (IC50 ¼ 469.05 mg/ml and

SI ¼ 6.78). However, when testing virucidal activity, the gel

formulation (IC50 ¼ 27.26 mg/ml and SI ¼ 116.63) was signif-

icantly more potent on virions than acyclovir (IC50 ¼ 124.50

mg/ml and SI ¼ 3.61). Moreover, physiological effects were
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explored by applying the gel to normal human vaginal mucosa

(Vk2/E6E7) cells. The gel did not decrease viability of local

vaginal flora or the integrity of vaginal keratinocytes. It also

did not increase mutagenic behavior or secretion of inflamma-

tory cytokines. The authors conclude that these results are more

applicable to patient care than results from non-human cell

lines.

Herbal Combinations In Vivo

Ikemoto et al.175 investigated the antiviral activity of Shigyaku-

to in mice and tissue culture cells. Shigyaku-to is the Japanese

name for the traditional Chinese herbal medicine Si Ni Tang,

which is a combination of Glycyrrhiza glabra, Zingiberis sic-

catum, and Aconitum carmichaelii at a ratio of 3:2:1. It has

been traditionally used for thousands of years in China to treat a

variety of infections. To test the antiviral activity of this herbal

combination, mice were infected with lethal amounts of HSV-1

(strain KOS) and treated with various doses of Shigyaku-to

(1.25-80mg/kg). The strongest antiviral activity was seen with

a dose of 20mg/kg where 74% of mice survived infection com-

pared to 100% mortality of mice treated with saline control.

Moreover, when infected mice were inoculated with whole

spleen cells from uninfected mice treated with Shigyaku-to,

survival rate was significantly higher compared to non-

inoculated controls. Shigyaku-to’s antiviral mechanism was

investigated in Vero cells, but the herbal combination did not

show any virucidal or virostatic activities in vitro. The authors

suggest that the antiviral mechanism of this herbal combination

may be due to stimulation of the body’s antiviral functions in

mice.

Another traditional Chinese herbal formula, Kanzo-bushi-

to, was studied for antiviral effects in thermally-injured BALB/

c mice by Matsuo et al.176 Kanzo-bushi-to is the Japanese name

for the Chinese formula Gan Cao Fu Zhi Tang. The authors

chose to use thermally-injured mice because they are approx-

imately 100 times more susceptible to herpes infection than

non-thermally-injured mice. A hot water extract was made

from Kanzo-bushi-to, which is a combination of Aconitum

carmichaelii, Atractyloidis lanceae, Cinnamomum verum, and

Glycyrrhiza glabra at a ratio of 2:12:7:4. Mice were thermally

injured and 1 day later were inoculated with HSV-1 (strain

KOS). The extract was administered intraperitoneally on days

one and 4 post-injury at a dose of 5 mg/kg. The extract signif-

icantly reduced the mortality rate of mice, demonstrating a rate

of 10% compared to 95% in controls. Further experiments

showed that CD8þ ST-cell activities were reduced in mice

treated with the extract. This is an important finding because

an increase in CD8þ ST cell activity is involved in the

increased susceptibility to infection of thermally-injured mice.

Additionally, an accelerated generation of Contra-ST-cells was

observed in mice treated with the extract, which likely explains

the reduction in CD8þ ST cell activity. The authors conclude

that an aqueous extract of Kanzo-bushi-to reduced the suscept-

ibility to HSV-1 infection in thermally-injured mice by expand-

ing the generation of Contra-ST-cells

Lastly, Nagasaka et al.177 studied a Chinese herbal combi-

nation called Kakkon-to for its antiherpetic properties.

Kakkon-to, which is the Japanese name for the Chinese for-

mula Ge Gan Tang, is a mixture of 24 g Pueraria pseudo-hirsuta

radix, 12 g Ephedra sinica herba, 12 g Zizyphi jujuba fructus,

9 g Cinnamomi cassia cortex, 9 g Paeoniae lactiflora radix, 6 g

Glycyrrhizae uralensis radix, and 3 g Zingiberis officinale rhi-

zoma. A hot water extract of the herbal mixture was prepared

and female BALB/c mice were orally given either 300mg/kg of

the extract or water 4 hours pre-infection. Mice were subjected

to cutaneous HSV infection by inoculation with HSV-1 strain

7401 H and treated with the same 300mg/kg of extract or water

every 8 hours for 7 days. Mice treated with Kakkon-to showed

33% mortality compared to 100% mortality in those untreated.

Additionally, the size and severity of lesions significantly

decreased in mice treated with Kakkon-to versus those

untreated. To study the antiviral effect on an established

HSV-1 infection, separate female mice were inoculated with

HSV-1 strain 7401 H and were either treated with 330mg/kg

Kakkon-to at zero or 18 hours post-infection or were non-

treated controls. The appearance of skin lesions was signifi-

cantly reduced in the treatment groups compared to controls.

However, the lesions developed along the same course from

vesicular to ulcerated lesions in all groups. The only noted

difference was smaller lesion sizes in treated mice regardless

of treatment time. The authors concluded that Kakkon-to acted

as both a therapeutic and prophylactic agent against HSV-1

cutaneous infection.

Human Trials

The effect of Melaleuca alternifolia oil gel on recurrent herpes

labialis was studied via a randomized, placebo-controlled,

investigator-blinded trial conducted by Carson et al.181 Parti-

cipants were not blinded to their treatment due to the unique

smell of M. alternifolia oi, and 20 participants with a history of

recurrent herpes labialis were recruited. Treatment was either a

6% M. alternifolia oil aqueous gel or placebo gel. Participants

were instructed to apply the gel 5 times daily as close to onset

of infection as possible. Those treated with M. alternifolia oil

gel had a shorter duration of infection (9 days) compared to

participants treated with placebo (12.5 days), and the viral load

present in lesions was lower in those treated with M. alternifo-

lia oil gel than with placebo. However, both groups had similar

results for HSV presence (via PCR) and time to crust forma-

tion. Study results were not statistically significant, which the

authors owe to the small population studied. However, Mela-

leuca alternifolia oil has potential to be a cost effective alter-

native topical treatment for herpes labialis infections.

Two human trials, carried out by Wolbling et al.,182 demon-

strated the antiviral effects of Melissa officinalis on HSV

lesions. Lomaherpan cream containing 1% dried extract of

M. officinalis was tested. The first trial tested the cream on

HSV lesions without the use of a placebo-control group. The

trial was conducted at 3 dermatology clinics on a total of 115

patients with HSV lesions of the skin or transitional mucosa for

48 Journal of Evidence-Based Integrative Medicine



not more than 72 hours. Subjects were instructed to apply the

cream to lesions 5 times daily until lesions completely healed.

Lesions completely healed by day 4, 6, and 8 in 60%, 87%, and

96% of subjects, respectively. The authors believed the cream

reduced healing time as HSV lesions naturally heal within 10 to

14 days. The second trial was a randomized, double-blind,

placebo-controlled study of 116 patients with HSV lesions with

the same inclusion criteria as the trial before. A cream that did

not contain M. officinalis was used as placebo. Subjects were

instructed to apply the cream to lesions 2 to 4 times daily for a

period of 5 to maximum 10 days. Clinical symptoms between

the treatment and placebo groups were not statistically different

at baseline. On day two, significant reductions in symptoms

and lesion swelling was noted in the treatment compared to

the placebo group. On day five, complete resolution of symp-

toms was noted by 24 subjects in the treatment group compared

to 15 subjects in the placebo group. Subjects’ and physicians’

assessments of healing were significantly greater for the treat-

ment group compared to the placebo group. The trial provided

evidence for the use of M. officinalis as a treatment for HSV

lesions. The antiviral effect was found to be most significant if

treatment was commenced as early as possible during the

course of infection.

Koytchev et al.183 also assessed the antiviral activity of M.

officinalis on HSV infections in a randomized, double-blind,

placebo-controlled trial. The study included 66 patients based

on the criteria of at least 4 episodes of herpes labialis per year.

A cream was created to have 1% active ingredient, described as

the dried extract of M. officinalis at a 70:1 concentration. Sub-

jects were given either the treatment or a placebo cream and

instructed to apply the cream to lesions 4 times daily for a

duration of 5 days. Symptom scores were measured on the

second day of treatment because most symptoms in patients

with recurrent herpes labialis have the greatest severity around

this time. Treatment with the M. officinalis cream resulted in

significantly lower scores of symptom severity compared to

placebo. The authors report that the M. officinalis cream

resulted in a shortened healing time, decreased spread of virus

to neighboring cells, and reduced symptoms such as itching,

burning, swelling and erythema. Additionally, it is speculated

that the M. officinalis cream may elongate the asymptomatic

stage in individuals with recurrent herpes labialis.

Furthermore, the efficacy of Echinacea purpurea at reducing

the frequency and severity of herpes genitalis was studied by

Vonau et al.194 using a placebo-controlled, double blind, cross-

over trial with 50 participants. The strain of HSV present in

each participant was confirmed and found to be a mix of HSV-1

and HSV-2. The extract used was a marketed compound called

Echinaforce, made of the plant and root of E. purpurea. Treat-

ment with placebo or 800 mg bid orally of the extract was given

for 6 months followed by 6 months of treatment with the oppo-

site arm. There was no significant difference found between

E. purpurea or placebo at preventing or reducing the frequency

of recurrence of herpes genitalis. Additionally, there were no

significant differences between pain scores, duration of infec-

tion, or neutrophil count between placebo or extract.

Clewell et al.184 explored the effect of a topical formulation

of Hypericum perforatum and copper sulfate pentahydrate

compared to that of topical 5% acyclovir on HSV lesions. The

formulation is marketed as Dynamiclear and aims to treat HSV

lesions with a one-time application. The authors explain that

Dynamiclear would be a more cost-effective treatment com-

pared to the topical 5% acyclovir as the latter requires multiple

applications. A total of 149 participants with active HSV-1 or

HSV-2 lesions between the ages of 18-55 were randomized to

receive either a single treatment of Dynamiclear or topical 5%
acyclovir for 14 days. Participants reported their symptoms and

physical exams were evaluated on days 1, 2, 3, 8, and 14. The

Dynamiclear group had lower reports of burning or stinging

sensation and decreased ratings of acute pain, erythema, and

vesiculation compared to the acyclovir group. In fact, the acy-

clovir group was 4 times more likely to have vesiculation than

those treated with Dynamiclear. It is important to note that the

Dynamiclear treatment was not associated with any adverse

events or toxicity.

The therapeutic antiviral effects of 2 herbal combinations

were assessed by Hijikata et al.185,186 in 2 trials. In the first

trial, Hijikata et al.185 prepared an aqueous extract to contain a

daily dose of 4 g Coicis semen, 2 g Elfuinga applanata, 4 g

Ganoderma lucidum, 2 g Terminalia chebulae, 2 g Trapa

natans, and 2 g Wisteria floribunda. One male and 4 females,

aged 31-60 years, with recurrent herpes labialis were treated

orally with the extract, either taking a single, double, or triple

daily dose. For all 5 patients, use of the herbal combination

extract significantly reduced the healing time of herpes lesions

compared to previous outbreaks when no treatment was used.

Lesions crusted and resolved within a few days compared to

resolving within approximately 2 weeks with no treatment. In

addition, pain associated with outbreaks was significantly

reduced for one patient with use of the extract.

In the second trial, Hijikata et al.186 prepared an aqueous

extract that was subsequently dried to a powder to contain a

daily dose of 2 g Wisteria floribunda, 2 g Trapa natans, 2 g

Terminalia chebulae, 4 g Coicis lachryma-jobi, 4 g Ganoderma

lucidum, and 2 g Elfuinga applanata. Study participants had

recurrent HSV infections for at least 1 year and had been

treated by external medical professionals without improve-

ment. The study recruited 15 patients with herpes genitalis and

13 patients with herpes labialis. Patients were instructed to take

a double daily dose of the herbal combination on days one and

2 of infection and a single daily dose for subsequent days until

complete relief. At baseline, the mean time to relief from infec-

tion was 10.9 + 6.3 days for herpes genitalis and 7.8 + 4.3

days for herpes labialis. After treatment with the herbal com-

bination, the mean time to relief was reduced to 4.9 + 1.3 days

for herpes genitalis and 4.0 + 1.1 days for herpes labialis. Both

reductions were statistically significant. The authors concluded

that treatment with this herbal combination provided fast and

effective relief from recurrent HSV infections.

Lastly, Saller et al.187 conducted a double-blind, rando-

mized, comparative trial to assess the efficacy of 2 herbal

creams on herpes labialis lesions. The first cream contained
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sage extract from leaves of Salvia officinalis, and the second

cream contained sage extract and rhubarb extract from the roots

of Rheum palmatum and Rheum officinale. The reference

treatment was Zovirax, which contained acyclovir (50 mg/g).

All subjects were provided a topical treatment. A total of 145

subjects participated in the trial and were split into 3 treatment

groups so that 64 received the rhubarb-sage cream, 40 received

the sage cream, and 41 received the Zovirax cream. Partici-

pants’ HSV status was assessed by the amount of swelling

present and pain associated with lesions. Mean time to healing

for the sage, sage-rhubarb, and Zovirax cream groups was 7.1,

6.7, and 6.5 days, respectively, and mean time to crust forma-

tion was 7.8, 7.2, and 6.3 days, respectively. Mean time to

healing and crust formation were not statistically different

between treatments. Additionally, the participants who used

the rhubarb-sage extract cream reported less pain than those

using the sage extract cream. This study provides a basis of

knowledge that herbal remedies, specifically the combination

of rhubarb and sage, may be as effective as current pharmaco-

logical topical therapies for the treatment of HSV lesions.

Identified Constituents

A wide variety of phytochemicals and constituents can be

found within medicinal plants. Several studies within this

review have identified constituents found in their plants

of interest. Compounds isolated from multiple antiviral

plants included phenolic acids56,90,108,136-138,174,180 such as

cichoric acid,79,80 gallic acid,92,138,150,180 rosmarinic

acid,63,120,121,123,124,126,153,173,182,187 caffeic

acid,94,109,120,121,124,126,153,182 catechinic acid,72 coumaric

acid,94,124,153 ferulic acid,94,120 carnosic acid,153 chlorogenic

acid,109,162,182 atomaric acid,69 and caffeoyl acids.108 Flavo-

noids were identified,24,41,56,70,82,90,95,97,101,107,108,121,126,132,

136-138,148,150,160,163,174,180 specifically luteolin,44,48, 94,121,126,

134,153,164,172 quercetin,57,83,102,106,172 quercitrin,106

apigenin,44,121,126,131,153 rutin,57, 109,138 myricetin,57 and

kaempferol.102 Other constituents included alkaloids,
56,24,41,49,95,107,129,132, 135,158,159 tannins, 29, 56,70,75,82,92, 95, 97,

138,141, 148,165,150,174,180,190 xanthones,66,82 sapo-

nins,41,95,100,101,108,109,129,174 sesquiterpenes,78 halogenated

sesquiterpenes,69 sesquiterpene lactones,162,163 monoterpenes,
131,65,166 triterpenoids, 24,41,56,57,66,70,95,96,131,132, 158,150 ster-

ols,24,41,56,96,132,166,180 phenols,78 bromophenols,81 coumar-

ins,41,136 lignans,42,112 aldehydes,105,104,166 alkanes,78

polysaccharides,30,49, 55,68,78,83,100,158,171 carbohydrates,112

protein,112 ketones,82,105 triacylglycerols,69 fatty acids,69,78

carboxylic acids,39 hydroxyanthracene.187 Lastly, constituents

identified in antiviral essential oils were bicyclogermacrene,25

germacrene-D,25 spathulenol,25 b-caryophyllene,25 piperite-

none,25 a–copaene,25 eugenol,119 1,8-cineole,119

1,8-cineole,119 terpinen-4-ol,119 flavesone,113 leptosper-

mone,113 citral a,122 caryophyllen,122 citral b,122 citronellal,122

b-cubeben,122 menthylheptenon,122 caryophyllenoxid,122 and

ocimen.122

Limitations

This review has several limitations. First of all, the use of

different outcome measures among the studies reviewed poses

a challenge to compare results. Several studies calculated SI

values of plant extracts against herpes simplex virus infections,

while others only reported their CC50, TD50, IC50, and/or ED50

values. Furthermore, some of the studies reviewed reported

none of these outcome measures. Reporting the CC50 or

TD50 with the IC50 or ED50 is important to be able to fully

evaluate the therapeutic potential of an extract and compare

potential between extracts. For example, if an extract has a

high ED50, but a low CC50, it will be cytotoxic to cells before

it shows significant antiviral activity, and this will correspond

to a low SI. On the other hand, a low ED50 with a high CC50

would give an extract a high safety profile, as it would elicit

antiviral effects before any signs of cytotoxicity, which would

correspond to a high SI. In some studies, missing SI values

could be calculated, but in others, this was not possible if only

the CC50/TD50 or IC50/ED50 was reported. In these cases, effi-

cacy is open to interpretation.

Secondly, SI ranges or cut-off values that represent mild,

moderate, or strong antiviral activity varied among studies. A

possible reason for this discrepancy could be the dose of virus

used in the studies. For example, an extract demonstrating an SI

of 20 may be considered as having strong antiviral activity by

one group of authors, while another group may classify it as

having moderate effects. This, paired with varying doses of

HSV-1 and HSV-2 virions administered to cells, makes it dif-

ficult to compare the absolute antiviral effects of extracts.

Thirdly, comparing the absolute antiviral effect of botani-

cals between studies is challenging because extracts were pre-

pared with different solvents as well as type and amount of

plant material. The antiviral activity of a plant is due to its

active constituents. Without knowing what these constituents

are, their polarity, and which part of the plant they are con-

tained in, it is difficult to determine the ideal method of extrac-

tion. As such, plants which have antiviral potential may be

found to not possess effects if its extract was prepared with a

solvent that was not ideal to extract its active constituents.

Lastly, the majority of the studies conducted on botanicals

were done in vitro. While many show promising anti-HSV

activity, the results cannot be extrapolated to how the botani-

cals would perform clinically. The low number of human clin-

ical trials limits conclusions that can be made on the efficacy of

various botanicals on HSV prevention and treatment. There-

fore, more in vivo research is needed in the form of randomized

clinical trials.

Conclusion

Herpes simplex virus affects many individuals around the

world as it is easily transmitted from person-to-person due to

viral shedding in the absence of symptoms.1 While HSV infec-

tion is not fatal, it is recurrent and as such it can negatively

affect an individual’s quality of life. There is no cure for HSV,
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therefore management strategies are important to prevent and

treat HSV outbreaks. The efficacy of current treatments has

begun to falter, as seen by emerging viral resistance to nucleo-

side analogues.12 Research has studied the ability of various

botanicals to fight HSV infections and possibly uncover higher

efficacy treatments than currently utilized. HSV may be less

likely to develop resistance to botanicals because their various

active constituents have various mechanisms of action, for

example by targeting viral attachment, penetration, DNA repli-

cation, gene expression, or by directly inactivating virions.

This gives botanicals a potential benefit over the conventional

therapy for HSV, acyclovir, which specifically targets viral

replication. Additionally, results suggest that combination

therapies have the potential to elicit greater benefits over single

therapies. Future research should include human clinical trials

that study the combination of botanicals that demonstrate anti-

HSV activity in vitro.

Authors’ Note

AG, LB, and CP designed the research; AG and LB conducted this

research; AG and LB wrote the first draft of the manuscript and all

authors contributed to revisions and approved the final version of the

manuscript. No ethical approval was required or obtained for this

research.

Acknowledgments

We would like to thank Dr. Kieran Cooley for guidance and support on

this project.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for

the research, authorship, and/or publication of this article: This

research received no specific grant from any funding agency in the

public, commercial, or not for profit sectors.

ORCID iD

Anna Garber, MSc https://orcid.org/0000-0003-2855-2010

Chris Pickrell, ND https://orcid.org/0000-0002-9967-4595

References

1. Johnston C, Gottlieb SL, Wald A. Status of vaccine research and

development of vaccines for herpes simplex virus. Vaccine. 2016;

34(26):2948-2952.

2. Whitley RJ, Roizman B. Herpes simplex virus infections. Lancet.

2001;357(9267):1513-1518.

3. Wozniakowski G, Samorek-Salamonowicz E. Animal herpes-

viruses and their zoonotic potential for cross-species infection.

Ann Agric Environ Med. 2015;22(2):191-194.

4. Li W, Wang XH, Luo Z, et al. Traditional Chinese medicine as a

potential source for HSV-1 therapy by acting on virus or the

susceptibility of host. Int J Mol Sci. 2018;19(10):3266.

5. Opstelten W, Neven AK, Eekhof J. Treatment and prevention of

herpes labialis. Can Fam Physician. 2008;54(12):1683-1687.

6. Crimi S, Fiorillo L, Bianchi A, et al. Herpes virus, oral clinical

signs and QoL: systematic review of recent data. Viruses. 2019;

11(5):463.

7. World Health Organization. Herpes simplex virus. World Health

Organization. Accessed July 6, 2019. https://www.who.int/news-

room/fact-sheets/detail/herpes-simplex-virus#hsv1

8. Kimberlin DW, Rouse DJ. Clinical practice. Genital herpes. N

Engl J Med. 2004;350(19):1970-1977.

9. Steel AJ, Eslick GD. Herpes viruses increase the risk of Alzhei-

mer’s disease: a meta-analysis. J Alzheimers Dis. 2015;47(2):

351-364.

10. Dreno B, Malkin JE, Saiag P. Understanding recurrent herpes

labialis management and impact on patients’ quality of life: the

HERPESCOPE study. Eur J Dermatol. 2013;23(4):491-499.

11. Patel R, Boselli F, Cairo I, Barnett G, Price M, Wulf HC. Patients’

perspectives on the burden of recurrent genital herpes. Int J STD

AIDS. 2001;12(10):640-645.

12. Jiang YC, Feng H, Lin YC, Guo XR. New strategies against drug

resistance to herpes simplex virus. Int J Oral Sci. 2016;8(1):1-6.

13. Chi CC, Wang SH, Delamere FM, Wojnarowska F, Peters MC,

Kanjirath PP. Interventions for prevention of herpes simplex

labialis (cold sores on the lips). Cochrane Database Syst Rev.

2015;2015(8):CD010095.

14. Le Cleach L, Trinquart L, Do G, et al. Oral antiviral therapy for

prevention of genital herpes outbreaks in immunocompetent and

nonpregnant patients. Cochrane Database Syst Rev. 2014;(8):

CD009036.

15. Heslop R, Roberts H, Flower D, Jordan V. Interventions for men

and women with their first episode of genital herpes. Cochrane

Database Syst Rev. 2016;(8):CD010684.

16. Hammer KDP, Dietz J, Lo TS, Johnson EM. ASystematic review

on the efficacy of topical acyclovir, penciclovir, and docosanol

for the treatment of herpes simplex labialis. EMJ Dermatol. 2018;

6(1):118-123.

17. Hovi T, Hirvimies A, Stenvik M, Vuola E, Pippuri R. Topical

treatment of recurrent mucocutaneous herpes with ascorbic acid-

containing solution. Antiviral Res. 1995;27(3):263-270.

18. Terezhalmy GT, Bottomley WK, Pelleu GB. The use of water-

soluble bioflavonoid-ascorbic acid complex in the treatment of

recurrent herpes labialis. Oral Surg Oral Med Oral Pathol. 1978;

45(1):56-62.

19. Lopez BS, Yamamoto M, Utsumi K, Aratsu C, Sakagami H. A

clinical pilot study of lignin—ascorbic acid combination treat-

ment of herpes simplex virus. In Vivo. 2009;23(6):1011-1016.

20. Mailoo VJ, Rampes S. Lysine for herpes simplex prophylaxis: a

review of the evidence. Integr Med (Encinitas). 2017;16(3):42-46.

21. Singh BB, Udani J, Vinjamury SP, et al. Safety and effectiveness

of an L-lysine, zinc, and herbal-based product on the treatment of

facial and circumoral herpes. Altern Med Rev. 2005;10(2):

123-127.

22. Griffith RS, Norins AL, Kagan C. A multicentered study of lysine

therapy in herpes simplex infection. Dermatologica. 1978;156(5):

257-267.

23. Hassan ST, Masarcikova R, Berchova K. Bioactive natural prod-

ucts with anti-herpes simplex virus properties. J Pharm Pharma-

col. 2015;67(10):1325-1336.

Garber et al 51

https://orcid.org/0000-0003-2855-2010
https://orcid.org/0000-0003-2855-2010
https://orcid.org/0000-0003-2855-2010
https://orcid.org/0000-0002-9967-4595
https://orcid.org/0000-0002-9967-4595
https://orcid.org/0000-0002-9967-4595
https://www.who.int/news-room/fact-sheets/detail/herpes-simplex-virus#hsv1
https://www.who.int/news-room/fact-sheets/detail/herpes-simplex-virus#hsv1


24. Mukherjee H, Ojha D, Bag P, et al. Anti-herpes virus activities of

Achyranthes aspera: an Indian ethnomedicine, and its triterpene

acid. Microbiol Res. 2013;168(4):238-244.

25. Garcia CC, Acosta EG, Carro AC, et al. Virucidal activity and

chemical composition of essential oils from aromatic plants of

central west Argentina. Nat Prod Commun. 2010;5(8):1307-1310.

26. Faral-Tello P, Mirazo S, Dutra C, et al. Cytotoxic, virucidal, and

antiviral activity of South American plant and algae extracts. Sci

World J. 2012;2012(174837).

27. Lopez A, Hudson JB, Towers GH. Antiviral and antimicrobial

activities of Colombian medicinal plants. J Ethnopharmacol.

2001;77(2-3):189-196.

28. Lipipun V, Kurokawa M, Suttisri R, et al. Efficacy of Thai med-

icinal plant extracts against herpes simplex virus type 1 infection

in vitro and in vivo. Antiviral Res. 2003;60(3):175-180.

29. Li Y, Ooi LS, Wang H, But PP, Ooi VE. Antiviral activities of

medicinal herbs traditionally used in southern mainland China.

Phytother Res. 2004;18(9):718-722.

30. Zandi K, Zadeh MA, Sartavi K, Rastian Z.Antiviral activity of

aloe vera against herpes simplex virus type 2: an in vitro study.

Afr J Biotechnol. 2007;6(15):1770-1773.

31. Montanha JA, Moellerke P, Bordignon SAL, Schenkel EP, Roehe

P. Antiviral activity of Brazilian plant extracts. Acta Farm

Bonaerense. 2004;23(2):183-186.

32. Garcia CC, Talarico L, Almeida N, Colombres S, Duschatzky C,

Damonte EB. Virucidal activity of essential oils from aromatic

plants of San Luis, Argentina. Phytother Res. 2003;17(9):

1073-1075.

33. Kurokawa M, Ochiai H, Nagasaka K, et al. Antiviral traditional

medicines against herpes simplex virus (HSV-1), poliovirus, and

measles virus in vitro and their therapeutic efficacies for HSV-1

infection in mice. Antiviral Res. 1993;22(2-3):175-188.

34. Abdul AM, Mackeen MM, EI-Sharkawy SH, et al. Antiviral and

cytotoxic activities of some plants used in Malaysian indigenous

medicine. Pertanika J Trop Agric Sci. 1996;19(2/3):129-136.

35. Kudi AC, Myint SH. Antiviral activity of some Nigerian medic-

inal plant extracts. J Ethnopharmacol. 1999;68(1-3):289-294.

36. Taylor RS, Manandhar NP, Hudson JB, Towers GH. Antiviral

activities of Nepalese medicinal plants. J Ethnopharmacol.

1996;52(3):157-163.

37. Brandao GC, Kroon EG, dos Santos JR, Stehmann JR, Lombardi

JA, Braga de Oliveira A. Antiviral activity of Bignoniaceae spe-

cies occurring in the State of Minas Gerais (Brazil): part 1. Lett

Appl Microbiol. 2010;51(4):469-476.

38. Padma P, Pramod NP, Thyagarajan SP, Khosa RL. Effect of the

extract of Annona muricata and Petunia nyctaginiflora on Herpes

simplex virus. J Ethnopharmacol. 1998;61(1):81-83.

39. He YC, Lu ZH, Shi P, et al. Anti-herpes simplex virus activities of

bioactive extracts from Antrodia camphorata mycelia. Antivir

Ther. 2016;21(5):377-383.

40. Chiang LC, Cheng HY, Liu MC, Chiang W, Lin CC. Antiviral

activity of eight commonly used medicinal plants in Taiwan. Am J

Chin Med. 2003;31(6):897-905.

41. Andrighetti-Frohner CR, Sincero TC, da Silva AC, et al. Antiviral

evaluation of plants from Brazilian atlantic tropical forest. Fito-

terapia. 2005;76(3-4):374-448.

42. Dias MM, Zuza O, Riani LR, et al. In vitro schistosomicidal and

antiviral activities of Arctium lappa L. (Asteraceae) against Schis-

tosoma mansoni and herpes simplex virus-1. Biomed Pharmac-

other. 2017;94:489-498.

43. Chiang LC, Cheng HY, Liu MC, Chiang W, Lin CC. In vitro anti-

herpes simplex viruses and anti-adenoviruses activity of twelve

traditionally used medicinal plants in Taiwan. Biol Pharm Bull.

2003;26(11):1600-1604.

44. Ritta M, Marengo A, Civra A, et al. Antiviral activity of a Aris-

aema tortuosum leaf extract and some of its constituents against

herpes simplex virus type 2. Planta Med. 2020;86(4):267-725.

45. Pacheco P, Sierra J, Schmeda-Hirschmann G, Potter CW, Jones

BM, Moshref M. Antiviral activity of Chilean medicinal plant

extracts. Phytother Res. 1993;7(6):415-418.

46. Jaeger Greer MR, Cates RG, Johnson FB, Lamnaouer D, Ohai L.

Activity of acetone and methanol extracts from thirty-one med-

icinal plant species against herpes simplex virus types 1 and 2.

Pharm Biol. 2010;48(9):1031-1037.

47. Krupodorova T, Rybalko S, Barshteyn V. Antiviral activity of

Basidiomycete mycelia against influenza type A (serotype

H1N1) and herpes simplex virus type 2 in cell culture. Virol Sin.

2014;29(5):284-290.

48. Behbahani M, Zadeh MS, Mohabatkar H. Evaluation of antiher-

petic activity of crude extract and fractions of Avicenna marina, in

vitro. Antiviral Res. 2013;97(3):376-380.

49. Tiwari V, Darmani NA, Yue BY, Shukla D. In vitro antiviral

activity of neem (Azardirachta indica L.) bark extract against

herpes simplex virus type-1 infection. Phytother Res. 2010;

24(8):1132-11340.

50. Venturi CR, Bordignon SAL, Roehe PM, Montanha JA, Cibulski

SP, Gosmann G. Chemical analysis and antiviral activity evalua-

tion of Baccharis anomala. Nat Prod Res. 2018;32(16):

1960-1962.

51. Abad MJ, Bermejo P, Gonzales E, Iglesias I, Irurzun A, Carrasco

L. Antiviral activity of Bolivian plant extracts. Gen Pharmacol.

1999;32(4):499-503.

52. Abad MJ, Bermejo P, Sanchez Palomino S, Chiriboga X, Car-

rasco L. Antiviral activity of some South American medicinal

plants. Phytother Res. 1999;13(2):142-146.

53. Yoosook C, Panpisutchai Y, Chaichana S, Santisuk T, Reutrakul

V. Evaluation of anti-HSV-2 activities of Barleria lupulina and

Clinacanthus nutans. J Ethnopharmacol. 1999;67(2):179-187.

54. Chiang LC, Cheng HY, Chen CC, Lin CC. In vitro anti-leukemic

and antiviral activities of traditionally used medicinal plants in

Taiwan. Am J Chin Med. 2004;32(5):695-704.

55. Santoyo S, Ramirez-Anguiano AC, Aldars-Garcia L, Reglero G,

Soler-Rivas C.Antiviral activities of Boletus edulis, Pleurotus

ostreatus and Lentinus edodes extracts and polysaccharide frac-

tions against herpes simplex virus type 1. J Food Nutr Res. 2012;

51(4):225-235.

56. Mothana RA, Mentel R, Reiss C, Lindequist U. Phytochemical

screening and antiviral activity of some medicinal plants from the

island Soqotra. Phytother Res. 2006;20(4):298-302.

57. Chiang LC, Chiang W, Liu MC, Lin CC. In vitro antiviral activ-

ities of Caesalpinia pulcherrima and its related flavonoids.

J Antimicrob Chemother. 2003;52(2):194-198.

52 Journal of Evidence-Based Integrative Medicine



58. Zu Y, Fu Y, Wang W, et al. Comparative study on the antiherpetic

activity of aqueous and ethanolic extracts derived from Cajanus

cajan (L.) Millsp. Forsch Komplementmed. 2010;17(1):15-20.

59. Farahani M.Anti-Herpes simplex virus effect of Camellia Sinesis,

Echiumamoenum and Nerium oleander. Appl Environ Microbiol.

2014;2(4):102-105.

60. Moura-Costa GF, Nocchi SR, Ceole LF, et al. Antimicrobial

activity of plants used as medicinals on an indigenous reserve

in Rio das Cobras, Parana, Brazil. J Ethnopharmacol. 2012;

143(2):631-638.

61. Soltan MM, Zaki AK. Antiviral screening of forty-two Egyptian

medicinal plants. J Ethnopharmacol. 2009;126(1):102-107.

62. Tolo FM, Rukunga GM, Muli FW, et al. Anti-viral activity of the

extracts of a Kenyan medicinal plant Carissa edulis against

herpes simplex virus. J Ethnopharmacol. 2006;104(1-2):92-99.

63. Silva-Mares D, Rivas-Galindo VM, Salazar-Aranda R, et al.

Screening of north-east Mexico medicinal plants with activities

against herpes simplex virus and human cancer cell line. Nat Prod

Res. 2019;33(10):1531-1534.

64. Petronilho F, Dal-Pizzol F, Costa GM, et al. Hepatoprotective

effects and HSV-1 activity of the hydroethanolic extract of Cecro-

pia glaziovii (embauba-vermelha) against acyclovir-resistant

strain. Pharm Biol. 2012;50(7):911-918.

65. Loizzo MR, Saab A, Tundis R, et al. Phytochemical analysis and

in vitro evaluation of the biological activity against herpes sim-

plex virus type 1 (HSV-1) of Cedrus libani A. Rich. Phytomedi-

cine. 2008;15(1-2):79-83.

66. Yoosook C, Bunyapraphatsara N, Boonyakiat Y, Kantasuk C.

Anti-herpes simplex virus activities of crude water extracts of

Thai medicinal plants. Phytomedicine. 2000;6(6):411-419.

67. Serkedjieva J. Antiviral activity of the red marine alga Ceramium

rubrum. Phytother Res. 2004;18(6):480-483.

68. Beuscher N, Bodinet C, Neumann-Haefelin D, Marston A, Hos-

tettmann K. Antiviral activity of African medicinal plants. J Eth-

nopharmacol. 1994;42(2):101-109.

69. Soares AS, Robaina MCS, Mendes GS, et al. Antiviral activity of

extracts from Brazilian seaweeds against herpes simplex virus.

Rev Bras Farmacogn Braz J Pharmacogn. 2012;22(4):714-723.

70. Fortin H, Vigor C, Lohezic-Le Devehat F, Robin V, Le Bosse B,

Boustie J, Amoros M. In vitro antiviral activity of thirty-six plants

from La Reunion Island. Fitoterapia. 2002;73(4):346-350.

71. Kunsorn P, Ruangrungsi N, Lipipun V, Khanboon A, Rungsihir-

unrat K, Chaijaroenkul W. The identities and anti-herpes simplex

virus activity of Clinacanthus nutans and Clinacanthus siamensis.

Asian Pac J Trop Biomed. 2013;3(4):284-290.

72. Ferrea G, Canessa A, Sampietro F, Cruciani M, Romussi G, Bas-

setti D. In vitro activity of a Combretum micranthum extract

against herpes simplex virus types 1 and 2. Antiviral Res. 1993;

21(4):317-325.

73. Churqui MP, Lind L, Thorn K, et al. Extracts of Equisetum gigan-

teum L and Copaifera reticulate Ducke show strong antiviral

activity against the sexually transmitted pathogen herpes simplex

virus type 2. J Ethnopharmacol. 2018;210:192-197.

74. Hayashi K, Hayashi T, Morita N, Niwayama S. Antiviral activity

of an extract of Cordia salicifolia on herpes simplex virus type 1.

Planta Med. 1990;56(5):439-443.

75. Lavoie S, Cote I, Pichette A, et al. Chemical composition and

anti-herpes simplex virus type 1 (HSV-1) activity of extracts

from Cornus canadensis. BMC Complement Altern Med. 2017;

17(1):123.

76. Vijayan P, Raghu C, Ashok G, Dhanaraj SA, Suresh B. Antiviral

activity of medicinal plants of Nilgiris. Indian J Med Res. 2004;

120(1):24-29.

77. Zandi K, Fouladvand M, Pakdel P, Sartavi K. Evaluation of in

vitro antiviral activity of a brown alga (Cystoseira myrica) from

the Persian Gulf against herpes simplex virus type 1. Afr J Bio-

technol. 2007;66(2):2511-2514.

78. Santoyo S, Jaime L, Plaza M, et al. Antiviral compounds obtained

from microalgae commonly used as carotenoid sources. J Appl

Phycol. 2012;24:731-741.

79. Binns SE, Hudson J, Merali S, Arnason JT. Antiviral activity of

characterized extracts from echinacea spp. (Heliantheae: Astera-

ceae) against herpes simplex virus (HSV-I). Planta Med. 2002;

68(9):780-783.

80. Schneider S, Reichling J, Stintzing FC, Messerschmidt S, Meyer

U, Schnitzler P. Anti-herpetic properties of hydroalcoholic

extracts and pressed juice from Echinacea pallida. Planta Med.

2010;76(3):265-272.

81. Park HJ, Kurokawa M, Shiraki K, Nakamura N, Choi JS, Hattori

M. Antiviral activity of the marine alga Symphyocladia latiuscula

against herpes simplex virus (HSV-1) in vitro and its therapeutic

efficacy against HSV-1 infection in mice. Biol Pharm Bull. 2005;

28(12):2258-2262.

82. Lohezic-Le Devehat F, Bakhtiar A, Bezivin C, Amoros M, Bous-

tie J. Antiviral and cytotoxic activities of some Indonesian plants.

Fitoterapia. 2002;73(5):400-405.

83. Cho WK, Weeratunga P, Lee BH, et al. Epimedium koreanum

Nakai displays broad spectrum of antiviral activity in vitro and in

vivo by inducing cellular antiviral state. Viruses. 2015;7(1):

352-377.

84. Sassi AB, Harzallah-Skhiri F, Bourgougnon N, Aouni M. Anti-

viral activity of some Tunisian medicinal plants against herpes

simplex virus type 1. Nat Prod Res. 2008;22(1):53-65.

85. Ruffa MJ, Wagner ML, Suriano M, et al. Inhibitory effect of

medicinal herbs against RNA and DNA viruses. Antivir Chem

Chemother. 2004;15(3):153-159.

86. Fahmy NM, Al-Sayed E, Moghannem S, Azam F, El-Shazly M,

Singab AN. Breaking down the barriers to a natural antiviral

agent: antiviral activity and molecular docking of erythrina spe-

ciosa extract, fractions, and the major compound. Chem Biodi-

vers. 2020;17(2):e1900511.

87. Schnitzler P, Schon K, Reichling J. Antiviral activity of Austra-

lian tea tree oil and eucalyptus oil against herpes simplex virus in

cell culture. Pharmazie. 2001;56(4):343-347.

88. Tragoolpua Y, Jatisatienr A.Anti-herpes simplex virus activities

of Eugenia caryophyllus (Spreng.) Bullock & S. G. Harrison and

essential oil, eugenol. Phytother Res. 2007;21(12):1153-1158.

89. Betancur-Galvis LA, Morales GE, Forero JE, Roldan J. Cytotoxic

and antiviral activities of Colombian medicinal plant extracts of

the Euphorbia genus. Mem Inst Oswaldo Cruz. 2002;97(4):

541-546.

Garber et al 53



90. Karimi A, Mohammadi-Kamalabadi M, Rafieian-Kopaei M,

Amjad L, Salimzadeh I. Determination of antioxidant activity,

phenolic contents and antiviral potential of methanol extract of

Euphorbia spinidens Bornm (Euphorbiaceae). Trop J Pharm

Res. 2016;15(4):759-764.

91. Yang CM, Cheng HY, Lin TC, Chiang LC, Lin CC. Euphorbia

thymifolia suppresses herpes simplex virus-2 infection by

directly inactivating virus infectivity. Clin Exp Pharmacol Phy-

siol. 2005;32(5-6):346-349.

92. Nawawi A, Nakamura N, Hattori M, Kurokawa M, Shiraki K.

Inhibitory effects of Indonesian medicinal plants on the infection

of herpes simplex virus type 1. Phytother Res. 1999;13(1):37-41.

93. Yarmolinsky L, Zaccai M, Ben-Shabat S, Mills D, Huleihel M.

Antiviral activity of ethanol extracts of Ficus binjamina and

Lilium candidum in vitro. N Biotechnol. 2009;26(6):307-313.

94. Lazreg Aref H, Gaaliche B, Fekih A, et al. In vitro cytotoxic and

antiviral activities of Ficus carica latex extracts. Nat Prod Res.

2011;25(3):310-319.

95. Ghosh M, Civra A, Ritta M, et al. Bark extracts inhibit infection

by herpes simplex virus type 2 in vitro. Arch Virol. 2016;

161(12):3509-3514.

96. Silva Junior AJ, de Campos-Buzzi F, Romanos MT, et al. Chem-

ical composition and antinociceptive, anti-inflammatory and

antiviral activities of Gallesia gorazema (Phytolaccaceae), a

potential candidate for novel anti-herpetic phytomedicines. J

Ethnopharmacol. 2013;150(2):595-600.

97. Serkedjieva J, Ivancheva S. Antiherpes virus activity of extracts

from the medicinal plant Geranium sanguineum L. J Ethnophar-

macol. 1999;64(1):59-68.

98. Kurokawa M, Nagasaka K, Hirabayashi T, et al. Efficacy of

traditional herbal medicines in combination with acyclovir

against herpes simplex virus type 1 infection in vitro and in vivo.

Antiviral Res. 1995;27(1-2):19-37.

99. Kurokawa M, Nakano M, Ohyama H, et al. Prophylactic efficacy

of traditional herbal medicines against recurrent herpes simplex

virus type 1 infection from latently infected ganglia in mice.

J Dermatol Sci. 1997;14(1):76-84.

100. Ghannad MS, Mohammadi A, Safiallahy S, Faradmal J, Azizi

M, Ahmadvand Z. The effect of aqueous extract of Glycyrrhiza

glabra on herpes simplex virus 1. Jundishapur J Microbiol.

2014;7(7):e11616.

101. Fukuchi K, Okudaira N, Adachi K, et al. Antiviral and antitumor

activity of licorice root extracts. In Vivo. 2016;30(6):777-785.

102. Zaharieva MM, Genova-Kalju P, Dincheva I, et al. Anti-herpes

simplex virus and antibacterial activities of Graptopetalum

paraguayense E. Walther leaf extract: a pilot study. Biotechnol

Biotechnol Equip. 2019;33(1):1251-1259.

103. Meyer JJ, Afolayan AJ, Taylor MB, Engelbrecht L. Inhibition of

herpes simplex virus type 1 by aqueous extracts from shoots of

Helichrysum aureonitens (Asteraceae). J Ethnopharmacol.

1996;52(1):41-43.

104. Bonvicini F, Lianza M, Mandrone M, Poli F, Gentilomi GA,

Antognoni F. Hemidesmus indicus (L.) R. Br. extract inhibits

the early step of herpes simplex type 1 and type 2 replication.

New Microbiol. 2018;41(3):187-194.

105. Hayashi K, Kamiya M, Hayashi T. Virucidal effects of the steam

distillate from Houttuynia cordata and its components on HSV-

1, influenza virus, and HIV. Planta Med. 1995;61(3):237-241.

106. Chen X, Wang Z, Yang Z, et al. Houttuynia cordata blocks HSV

infection through inhibition of NF-kappaB activation. Antiviral

Res. 2011;92(2):341-345.

107. Hung PY, Ho BC, Lee SY, et al. Houttuynia cordata targets the

beginning stage of herpes simplex virus infection. PLoS One.

2015;10(2):e0115475.

108. Muller V, Chavez JH, Reginatto FH, et al. Evaluation of antiviral

activity of South American plant extracts against herpes simplex

virus type 1 and rabies virus. Phytother Res. 2007;21(10):

970-974.

109. Luckemeyer DD, Muller VD, Moritz MI, et al. Effects of Ilex

paraguariensis A. St. Hil. (yerba mate) on herpes simplex virus

types 1 and 2 replication. Phytother Res. 2012;26(4):535-540.

110. Kaushik NK, Guha R, Saravanabalaji S, et al. Antiviral activity

of Indigofera heterantha Wall. ex Brandis against Herpes Sim-

plex Virus—type 2 (HSV-2). Int J Adv Res. 2015;3(11):

1365-1376.

111. Pan HH, Yu XT, Li T, et al. Aqueous extract from a Chaga

medicinal mushroom, Inonotus obliquus (higher Basidiomy-

cetes), prevents herpes simplex virus entry through inhibition

of viral-induced membrane fusion. Int J Med Mushrooms.

2013;15(1):29-38.

112. Sarkar S, Koga J, Whitley RJ, Chatterjee S. Antiviral effect of

the extract of culture medium of Lentinus edodes mycelia on the

replication of herpes simplex virus type 1. Antiviral Res. 1993;

20(4):293-303.

113. Reichling J, Koch C, Stahl-Biskup E, Sojka C, Schnitzler P.

Virucidal activity of a beta-triketone-rich essential oil of Leptos-

permum scoparium (manuka oil) against HSV-1 and HSV-2 in

cell culture. Planta Med. 2005;71(12):1123-1127.

114. Miranda MM, Goncalves JL, Romanos MT, et al. Anti-herpes

simplex virus effect of a seed extract from the tropical plant

Licania tomentosa (Benth.) Fritsch (Chrysobalanaceae). Phyto-

medicine. 2002;9(7):641-645.

115. Kott V, Barbini L, Cruanes M, et al. Antiviral activity in Argen-

tine medicinal plants. J Ethnopharmacol. 1999;64(1):79-84.

116. Kuo YC, Lee YC, Leu YL, Tsai WJ, Chang SC. Efficacy of

orally administered Lobelia chinensis extracts on herpes simplex

virus type 1 infection in BALB/c mice. Antiviral Res. 2008;

80(2):206-212.

117. Saboulard D, Gaspar A, Roussel B, Villard J. New antiherpetic

nucleoside from a Basidiomycete. C R Acad Sci III. 1998;

321(7):585-591.

118. Hsiang CY, Hsieh CL, Wu SL, Lai IL, Ho TY. Inhibitory effect

of anti-pyretic and anti-inflammatory herbs on herpes simplex

virus replication. Am J Chin Med. 2001;29(3-4):459-467.

119. Farag RS, Shalaby AS, El-Baroty GA, Ibrahim NA, Ali MA,

Hassan EM. Chemical and biological evaluation of the essential

oils of different Melaleuca species. Phytother Res. 2004;18(1):

30-35.

120. Dimitrova Z, Dimov B, Manolova N, Pancheva S, Ilieva D,

Shishkov S. Antiherpes effect of Melissa officinalis L. extracts.

Acta Microbiol Bulg. 1993;29:65-72.

54 Journal of Evidence-Based Integrative Medicine



121. Nolkemper S, Reichling J, Stintzing FC, Carle R, Schnitzler P.

Antiviral effect of aqueous extracts from species of the Lamia-

ceae family against herpes simplex virus type 1 and type 2 in

vitro. Planta Med. 2006;72(15):1378-1382.

122. Schnitzler P, Schuhmacher A, Astani A, Reichling J. Melissa

officinalis oil affects infectivity of enveloped herpesviruses.

Phytomedicine. 2008;15(9):734-740.

123. Mazzanti G, Battinelli L, Pompeo C, et al. Inhibitory activity of

Melissa officinalis L. extract on Herpes simplex virus type 2

replication. Nat Prod Res. 2008;22(16):1433-1440.

124. Astani A, Reichling J, Schnitzler P. Melissa officinalis extract

inhibits attachment of herpes simplex virus in vitro. Chemother-

apy. 2012;58(1):70-77.

125. Omidian J, Sheikhi-Shooshtari F, Fazeli M. Inhibitory effect of

Mentha Piperita extracts against herpes simplex virus isolated

from eye infection. Iran J Virol. 2014;8(1):35-41.

126. Reichling J, Nolkemper S, Stintzing FC, Schnitzler P. Impact of

ethanolic lamiaceae extracts on herpesvirus infectivity in cell

culture. Forsch Komplementmed. 2008;15(6):313-320.

127. Schuhmacher A, Reichling J, Schnitzler P. Virucidal effect of

peppermint oil on the enveloped viruses herpes simplex virus

type 1 and type 2 in vitro. Phytomedicine. 2003;10(6-7):

504-510.

128. Civitelli L, Panella S, Marcocci ME, et al. In vitro inhibition of

herpes simplex virus type 1 replication by Mentha suaveolens

essential oil and its main component piperitenone oxide. Phyto-

medicine. 2014;21(6):857-865.

129. Donalisio M, Nana HM, Ngane RA, et al. In vitro anti-herpes

simplex virus activity of crude extract of the roots of Nauclea

latifolia Smith (Rubiaceae). BMC Complement Altern Med.

2013;13:266.

130. Kuo YC, Lin YL, Liu CP, Tsai WJ. Herpes simplex virus type 1

propagation in HeLa cells interrupted by Nelumbo nucifera.

J Biomed Sci. 2005;12(6):1021-1034.

131. Chiang LC, Ng LT, Cheng PW, Chiang W, Lin CC. Antiviral

activities of extracts and selected pure constituents of Ocimum

basilicum. Clin Exp Pharmacol Physiol. 2005;32(10):811-816.

132. Chattopadhyay D, Arunachalam G, Mandal AB, Bhattacharya

SK. Dose-dependent therapeutic antiinfectives from ethnomedi-

cines of bay islands. Chemotherapy. 2006;52(3):151-157.

133. Ahmad A, Davies J, Randall S, Skinner GR. Antiviral properties

of extract of Opuntia streptacantha. Antiviral Res. 1996;30(2-3):

75-85.

134. Ojha D, Das R, Sobia P, et al. Pedilanthus tithymaloides inhibits

HSV infection by modulating NF-kappaB signaling. PLoS One.

2015;10(9):e0139338.

135. Benzekri R, Bouslama L, Papetti A, Hammami M, Smaoui A,

Limam F. Anti HSV-2 activity of Peganum harmala (L.) and

isolation of the active compound. Microb Pathog. 2018;114:

291-298.

136. Schnitzler P, Schneider S, Stintzing FC, Carle R, Reichling J.

Efficacy of an aqueous Pelargonium sidoides extract against

herpesvirus. Phytomedicine. 2008;15(12):1108-1116.

137. Wang W, Zu Y, Fu Y, et al. In vitro antioxidant, antimicrobial

and anti-herpes simplex virus type 1 activity of Phellodendron

amurense Rupr. from China. Am J Chin Med. 2009;37(1):

195-203.

138. Tan WC, Jaganath IB, Manikam R, Sekaran SD. Evaluation of

antiviral activities of four local Malaysian Phyllanthus species

against herpes simplex viruses and possible antiviral target. Int J

Med Sci. 2013;10(13):1817-1829.

139. del Barrio G, Parra F. Evaluation of the antiviral activity of an

aqueous extract from Phyllanthus orbicularis. J Ethnopharma-

col. 2000;72(1-2):317-322.

140. Fernandez Romero JA, Del Barrio Alonso G, Romeu Alvarez B,

Gutierrez Y, Valdes VS, Parra F. In vitro antiviral activity of

Phyllanthus orbicularis extracts against herpes simplex virus

type 1. Phytother Res. 2003;17(8):980-982.

141. Yang CM, Cheng HY, Lin TC, Chiang LC, Lin CC. Acetone,

ethanol and methanol extracts of Phyllanthus urinaria inhibit

HSV-2 infection in vitro. Antiviral Res. 2005;67(1):24-30.

142. Ozcelik B, Aslan M, Orhan I, Karaoglu T. Antibacterial, anti-

fungal, and antiviral activities of the lipophylic extracts of Pis-

tacia vera. Microbiol Res. 2005;160(2):159-164.

143. Chiang LC, Chiang W, Chang MY, Lin CC. In vitro cytotoxic,

antiviral and immunomodulatory effects of Plantago major and

Plantago asiatica. Am J Chin Med. 2003;31(2):225-234.

144. Chiang LC, Chiang W, Chang MY, Ng LT, Lin CC. Antiviral

activity of Plantago major extracts and related compounds in

vitro. Antiviral Res. 2002;55(1):53-62.

145. Serkedjieva J. Antiherpes virus effect of the red marine alga

Polysiphonia denudata. Z Naturforsch C J Biosci. 2000;

55(9-10):830-835.

146. Elanchezhiyan M, Rajarajan S, Rajendran P, Subramanian S,

Thyagarajan SP. Antiviral properties of the seed extract of an

Indian medicinal plant, Pongamia pinnata, Linn., against herpes

simplex viruses: in-vitro studies on Vero cells. J Med Microbiol.

1993;38(4):262-264.

147. Kuo YC, Chen CC, Tsai WJ, Ho YH. Regulation of herpes

simplex virus type 1 replication in Vero cells by Psychotria

serpens: relationship to gene expression, DNA replication, and

protein synthesis. Antiviral Res. 2001;51(2):95-109.

148. Karimi A, Rafieian-Kopaei M, Moradi MT, Alidadi S. Anti-

herpes simplex virus type-1 activity and phenolic content of

crude ethanol extract and four corresponding fractions of Quer-

cus brantii L acorn. J Evid Based Complementary Altern Med.

2017;22(3):455-461.

149. Gescher K, Kuhn J, Hafezi W, et al. Inhibition of viral adsorp-

tion and penetration by an aqueous extract from Rhododendron

ferrugineum L. as antiviral principle against herpes simplex

virus type-1. Fitoterapia. 2011;82(3):408-413.

150. Reichling J, Neuner A, Sharaf M, Harkenthal M, Schnitzler P.

Antiviral activity of Rhus aromatica (fragrant sumac) extract

against two types of herpes simplex viruses in cell culture. Phar-

mazie. 2009;64(8):538-541.

151. Nakano M, Kurokawa M, Hozumi T, et al. Suppression of recur-

rent genital herpes simplex virus type 2 infection by Rhus java-

nica in guinea pigs. Antiviral Res. 1998;39(1):25-33.

152. Danaher RJ, Wang C, Dai J, Mumper RJ, Miller CS. Antiviral

effects of blackberry extract against herpes simplex virus type 1.

Garber et al 55



Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2011;

112(3):e31-35.

153. Schnitzler P, Nolkemper S, Stintzing FC, Reichling J. Comparative

in vitro study on the anti-herpetic effect of phytochemically char-

acterized aqueous and ethanolic extracts of Salvia officinalis grown

at two different locations. Phytomedicine. 2008;15(1-2):62-70.

154. Suzutani T, Ogasawara M, Yoshida I, Azuma M, Knox YM.

Anti-herpesvirus activity of an extract of Ribes nigrum L. Phyt-

other Res. 2003;17(6):609-613.

155. Sakagami H, Fukuchi K, Kanamoto T, et al. Synergism of alka-

line extract of the leaves of Sasa senanensis Rehder and antiviral

agents. In Vivo. 2016;30(4):421-426.

156. Nocchi SR, Companhoni MV, de Mello JC, et al. Antiviral

activity of crude hydroethanolic extract from Schinus terebinthi-

folia against herpes simplex virus type 1. Planta Med. 2017;

83(6):509-518.

157. Valadares YM, Brandao’a GC, Kroon EG, Filho JD, Oliveira

AB, Braga FC. Antiviral activity of Solanum paniculatum

extract and constituents. Z Naturforsch C J Biosci. 2009;

64(11-12):813-818.

158. Deethae A, Peerapornpisal Y, Pekkoh J, Sangthong P, Tragool-

pua Y. Inhibitory effect of Spirogyra spp. algal extracts against

herpes simplex virus type 1 and 2 infection. J Appl Microbiol.

2018;124(6):1441-1453.

159. Nawawi A, Nakamura N, Meselhy MR, et al. In vivo antiviral

activity of Stephania cepharantha against herpes simplex virus

type-1. Phytother Res. 2001;15(6):497-500.

160. Boff L, Silva IT, Argenta DF, et al. Strychnos pseudoquina A. St.

Hil.: a Brazilian medicinal plant with promising in vitro anti-

herpes activity. J Appl Microbiol. 2016;121(6):1519-1529.

161. Verma H, Patil PR, Kolhapure RM, Gopalkrishna V. Antiviral

activity of the Indian medicinal plant extract Swertia chirata

against herpes simplex viruses: a study by in-vitro and molecular

approach. Indian J Med Microbiol. 2008;26(4):322-326.

162. Benassi-Zanqueta E, Marques CF, Valone LM, et al. Evaluation

of anti-HSV-1 activity and toxicity of hydroethanolic extract of

Tanacetum parthenium (L.) Sch.Bip. (Asteraceae). Phytomedi-

cine. 2019;55:249-254.

163. Onozato T, Nakamura CV, Cortez DA, Dias Filho BP, Ueda-

Nakamura T. Tanacetum vulgare: antiherpes virus activity of

crude extract and the purified compound parthenolide. Phytother

Res. 2009;23(6):791-796.

164. Alvarez AL, Habtemariam S, Juan-Badaturuge M, Jackson C,

Parra F. In vitro anti HSV-1 and HSV-2 activity of Tanacetum

vulgare extracts and isolated compounds: an approach to their

mechanisms of action. Phytother Res. 2011;25(2):296-301.

165. Kesharwani A, Polachira SK, Nair R, Agarwal A, Mishra NN,

Gupta SK. Anti-HSV-2 activity of Terminalia chebula Retz

extract and its constituents, chebulagic and chebulinic acids.

BMC Complement Altern Med. 2017;17(1):110.

166. Toujani MM, Ritta M, Civra A, et al. Inhibition of HSV-2 infec-

tion by pure compounds from Thymus capitatus extract in vitro.

Phytother Res. 2018;32(8):1555-1563.

167. Espada SF, Faccin-Galhardi LC, Rincao VP, et al. Antiviral

activity of Trichilia catigua bark extracts for herpesvirus and

poliovirus. Curr Pharm Biotechnol. 2015;16(8):724-732.

168. Cella M, Riva DA, Coulombie FC, Mersich SE. Virucidal activ-

ity presence in Trichilia glabra leaves. Rev Argent Microbiol.

2004;36(3):136-138.

169. Donalisio M, Cagno V, Civra A, et al. The traditional use of

Vachellia nilotica for sexually transmitted diseases is substan-

tiated by the antiviral activity of its bark extract against sexually

transmitted viruses. J Ethnopharmacol. 2018;213:403-408.

170. Sharifi-Rad J, Iriti M, Setzer WN, Sharifi-Rad M, Roointan A,

Salehi B. Antiviral activity of Veronica persica Poir. on herpes

virus infection. Cell Mol Biol (Noisy-le-grand). 2018;64(8):

11-17.

171. Liao HF, Lu MC, Chang HC, et al. Effects of herbal medicinal

formulas on suppressing viral replication and modulating

immune responses. Am J Chin Med. 2010;38(1):173-190.

172. Goncalves JL, Leitao SG, Monache FD, et al. In vitro antiviral

effect of flavonoid-rich extracts of Vitex polygama (Verbena-

ceae) against acyclovir-resistant herpes simplex virus type 1.

Phytomedicine. 2001;8(6):477-480.

173. Arabzadeh AM, Ansari-Dogaheh M, Sharififar F, Shakibaie M,

Heidarbeigi M. Anti herpes simplex-1 activity of a standard

extract of Zataria multiflora Boiss. Pak J Biol Sci. 2013;16(4):

180-184.

174. Serkedjieva J, Manolova N, Zgórniak-Nowosielska I,
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