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Abstract. Varicella‑zoster virus (VZV), a ubiquitous human 
α‑herpesvirus, is the causative agent of chickenpox and shingles. 
In the present study, we investigated the antiviral activity of a 
70% ethanol extract of Lysimachia mauritiana (LME) against 
VZV. LME strongly interfered with the replication of both labo-
ratory and clinical strains of VZV without affecting the viability 
of MRC‑5 cells. Moreover, LME treatment suppressed the 
expression of an essential viral transactivator, immediate‑early 
62 protein (IE62), in addition to other lytic genes in the later 
phases of viral replication. The finding that LME exerts potent 
inhibitory effects on VZV gene expression and replication 
supports its potential utility as a therapeutic anti‑viral agent.

Introduction

Varicella‑zoster virus (VZV), belonging to the α‑subgroup of 
herpesviruses, contains a linear, double‑stranded DNA (dsDNA) 
genome encoding ~71 open reading frames (ORF) (1). The VZV 
virion particle is composed of an icosahedral nucleocapsid 
containing the viral genome, a layer of tegument proteins that 
surrounds the nucleocapsid and a plasma membrane acquired 
from cellular membranes with the viral glycoproteins (1,2).

Similar to other herpesviruses, VZV is proposed to enter 
host cells via binding to receptors or fusion of the viral envelope 
with cellular plasma membrane followed by endocytosis (1). 
After entry, the nucleocapsid is transported into the nucleus, 
and viral gene expression is induced by VZV tegument proteins 
encoded by ORF4, 10 and 62 (1). Among the viral tegument 
proteins, the immediate‑early (IE) protein 62 (IE62) encoded 
by ORF62, is a major component and transactivator essential 

for viral lytic gene expression and replication  (2). During 
lytic replication, VZV gene expression occurs in a temporal 
cascade involving three classes of genes: IE, early (E), and late 
(L). IE genes regulate the expression of early and late genes. 
The E gene subset encodes proteins for viral DNA replication 
while L genes encode structural constituents of the virion, 
including glycoproteins and nucleocapsid proteins (3,4). VZV 
replication utilizes a rolling circle mechanism and is highly 
cell‑associated (1,5).

VZV is widely distributed worldwide and affects almost 
the entire human population owing to the high morbidity of 
infection (1). Primary VZV infection causes chickenpox (also 
known as varicella), a normal childhood illness concurrent 
with fever and pruritic vesicular rash  (5). During primary 
infection, VZV inoculates respiratory mucosal epithelium, 
is transported to the skin by cell‑associated virus infection, 
causes dermal lesions and infects sensory ganglia, where 
it establishes latent infection (6). Herpes zoster (shingles), 
caused by reactivation of VZV, provokes severe pain in the 
area of latently infected ganglia (7).

Several antiviral agents, such as acyclovir, famciclovir, 
valacyclovir and foscarnet, are currently used to treat 
VZV‑associated diseases (5,7,8). These licensed drugs inhibit 
viral DNA polymerase and are used in combination with 
corticosteroids for inflammation and narcotics for pain (1,9). 
However, the efficacy of these agents to treat chronic VZV 
infections in immunocompromised individuals is limited 
because of their adverse effects and emergence of resistant VZV 
strains (7,9). In addition to antiviral drugs, a FDA‑approved 
live‑attenuated VZV vaccine is available for infant immuniza-
tion (10). However, significant concerns still exist with regard 
to efficacy of vaccination and prevalence of unvaccinated 
individuals carrying latent VZV (9). Development of novel 
antiviral drugs to treat VZV‑associated diseases with high 
efficacy and fewer side‑effects therefore remains an urgent 
unmet medical need. In the present study, we showed that the 
Lysimachia mauritiana extract exerts antiviral activity against 
VZV lytic gene expression and replication. Our findings 
support the potential utility of LME as a therapeutic agent for 
active VZV infection.

Materials and methods

Cells, viruses and plant materials. MRC‑5 cells were obtained 
from the Korean Cell Line Bank (KCLB no.  10171). The 
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recombinant laboratory pOka strain of VZV (VZV‑pOka) 
expressing green fluorescent protein (VZV‑pOka‑GFP) 
and clinical YC01 strain of VZV (VZV‑YC01) were kindly 
provided by Dr Chan‑Hee Lee (Chungbuk National University, 
Cheongju, Korea) (11). Plant material (Lysimachia mauritiana 
Lam.) and the 70% ethanol extract used in the present study 
were collected from Jeju Island in Korea and provided by the 
Jeju Biodiversity Research Institute (Jeju, Korea; specimen 
no. JBR‑324).

Fluorescence microscopy. Fluorescence was examined and 
images analyzed using an inverted Nikon TS100‑F fluores-
cence microscope (Tokyo, Japan) equipped with a digital 
camera and Nikon NIS‑Elements microscope imaging soft-
ware.

Quantification of VZV DNA replication. Total DNA was 
isolated using an Accuprep Genomic DNA Extraction kit 
(Bioneer, Daejeon, Korea), and VZV DNA was amplified and 
quantified in a StepOnePlus Real‑Time PCR system (Applied 
Biosystem, Foster City, CA, USA) using HOT FIREPol® 
EvaGreen quantitative PCR (qPCR) mix Plus (Solis BioDyne, 
Tartu, Estonia). The following primers were used for qPCR: 
VZV ORF62 forward, 5'‑TCT​TGT​CGA​GGA​GGC​TTC​TG‑3' 
and reverse, 5'‑TGT​GTG​TCC​ACC​GGA​TGA​T‑3'; GAPDH 
forward, 5'‑CAT​GAG​AAG​TAT​GAC​AAC​AGC​CT‑3' and 
reverse, 5'‑AGT​CCT​TCC​ACG​ATA​CCA​AAG​T‑3'.

Plaque reduction assay. MRC‑5 cells were inoculated with 
serially diluted VZV‑YC01‑infected MRC‑5 cells and treated 
with either DMSO or LME at concentrations of 5, 10, 25, 
50 µg/ml. At 6 days after infection, cells were fixed with 10% 
formaldehyde at room temperature for 10 min and stained 
with 0.3% crystal violet. After 5 h, the number of plaques was 
counted, and the virus titer expressed as plaque‑forming units 
(pfu/ml).

Quantification of VZV transcript expression. VZV transcript 
levels were quantified using quantitative reverse transcription 
PCR (qRT‑PCR). Total RNA was isolated using a HiGene™ 
Total RNA Prep kit (BIOFACT, Daejeon, Korea) and 
reverse‑transcribed into complementary DNA (cDNA) with a 
QuantiTECT® reverse transcription (RT) kit, according to the 
manufacturer's instructions (Qiagen, Hilden, Germany). 
cDNAs were amplified and quantified in a StepOnePlus 
Real‑Time PCR system (Applied Biosystems, Foster City, CA, 
USA) using HOT FIREPol® EvaGreen qPCR mix Plus (Solis 
BioDyne, Tartu, Estonia). The following primers were used for 
qRT‑PCR: VZV ORF62 (immediate early, IE) forward, 5'‑TCT​
TGT​CGA​GGA​GGC​TTC​TG‑3' and reverse, 5'‑TGT​G TG​TCC​
ACC​GGA​TGA​T‑3'; ORF28 (E) forward, 5'‑CGA​ACA​CGT​T 
CC​CCA​TCA​A‑3' and reverse, 5'‑CCC​GGC​TTT​GTT​AGT​TT 
T​GG‑3'; gB (L) forward, 5'‑GAT​GGT​GCA​TAC​AGA​GAA​CA 
T​TCC‑3' and reverse, 5'‑CCG​TTA​AAT​GAG​GCG​TGA​CTA​A‑3'; 
GAPDH forward, 5'‑CAT​GAG​AAG​TAT​GAC​AAC​AGC​CT‑3' 
and reverse, 5'‑AGT​CCT​TCC​ACG​ATA​CCA​AAG​T‑3'.

Western blot analysis. Cells were collected, fractionated and 
transferred onto nitrocellulose membranes, as described previ-
ously (12). Antibodies specific for VZV IE62 and tubulin were 

purchased from Abcam (Cambridge, UK) and Sigma‑Aldrich 
(St. Louis, MO, USA), respectively. Enhanced chemilumi-
nescence detection reagent (Pierce, Rockford, IL, USA) and 
secondary peroxidase‑labeled anti‑mouse immunoglobulin G 
antibodies (Amersham Biosciences, Piscataway, NJ, USA) 
were used according to the manufacturer's specifications.

Cell viability assays. CellTiter‑Glo luminescent cell viability 
assay (Promega, Madison, WI, USA) was performed in 
keeping with the manufacturer's protocol.

Results

VZV replication is inhibited by LME. To examine the antiviral 
effects of the 70% ethanol extract of Lysimachia mauritiana 
(LME) against VZV, uninfected MRC‑5 cells were inoculated 
with cells infected with VZV‑pOka‑GFP at an MOI of 0.1, and 
treated with either 50 µg/ml DMSO or LME. At 0, 24, 48 or 
72 h after infection, GFP fluorescence was measured under 
a fluorescence microscope. At 72 h after infection, signifi-
cantly reduced VZV‑pOka‑GFP fluorescence was observed 
in the LME‑treated cells (Fig. 1A). For quantitative analysis 
of VZV‑pOka‑GFP replication, the relative amounts of viral 
DNA were measured using qPCR with primers specific for 
ORF62. Compared to 0 h after infection, VZV DNA was 
amplified 170,000‑ and 280,000‑fold at 48 and 72 h, respec-
tively (Fig. 1B; compare 0 h with 48 and 72 h). Relative to 
DMSO‑treated cells, VZV replication was downregulated 
3.8‑ and 4.7‑fold in LME‑treated cells at 48 and 72 h after 
infection, respectively (Fig. 1B), clearly supporting an inhibi-
tory effect of LME on VZV replication.

LME‑mediated inhibition of replication of the VZV clinical 
isolate is dose‑dependent. The plaque reduction assay was 
performed to further investigate the inhibitory activity of 
LME against the clinical isolate of VZV. Uninfected MRC‑5 
cells were inoculated with serially diluted VZV‑YC01‑infected 
MRC‑5 cells and treated with either DMSO or LME at concen-
trations of 5, 10, 25 or 50 µg/ml. Cells were re‑treated with 
DMSO or LME at 3 days after infection. At 6 days post‑infec-
tion, cells were fixed and stained, and the plaque forming units 
(pfu) per ml were determined via counting. Interestingly, LME 
reduced the number of plaques by 2.3‑ and 17.3‑fold at concen-
trations of 25 and 50 µg/ml, respectively, compared to cells 
treated with DMSO (0 µg/ml) (Fig. 2). The 50% inhibitory 
concentration (IC50) of LME for VZV at which the number of 
plaques was reduced by 50% was calculated as 26.09 µg/ml.

To ascertain whether the inhibitory activity of LME on 
VZV replication was due to effects on cell viability, MRC‑5 
cells were treated with different concentrations of LME, and 
the levels of cellular ATP representing the presence of meta-
bolically active cells were measured at 24, 48 or 72 h after 
treatment using the CellTiter‑Glo assay. With prolongation of 
incubation time, cellular ATP levels were increased, possibly 
owing to cell proliferation. Interestingly, at 72 h post‑treatment, 
the viability of MRC‑5 cells treated with 25 µg/ml LME was 
similar to that of DMSO‑treated cells (Fig. 3). Treatment with 
50 µg/ml LME slightly reduced MRC‑5 cell viability by 33 
and 39% at 48 and 72 h, respectively (Fig. 3). Since LME 
exerted no significant adverse effects on MRC5 cell viability 
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at the IC50 value, it is unlikely that its anti‑VZV activity of 
LME is related to cytotoxicity.

VZV lytic gene expression is downregulated by LME. The 
effects of LME on VZV lytic gene expression were determined 
via qRT‑PCR analysis of IE, E or L transcript levels. MRC‑5 
cells were inoculated with VZV‑YC01‑infected MRC‑5 cells 
at an MOI of 0.1 and treated with either DMSO or LME at a 
concentration of 25 µg/ml. At 0, 24, 48 and 72 h after infection, 
the relative amounts of transcripts for ORF62 encoding IE62 
(IE), ORF28 encoding a subunit of viral DNA polymerase 
(E) and glycoprotein B (gB) (L) were determined (Fig. 4). 
In DMSO‑treated cells, ORF62, ORF28 and gB genes were 
induced at 24 h and higher levels expressed at 48 and 72 h 
after infection (Fig. 4). LME had no effect on VZV lytic gene 
expression at 24 h after infection (Fig. 4). However, at 48 and 
72 h, ORF62, ORF28 and gB transcript levels were signifi-
cantly reduced in the LME‑treated cells (Fig. 4).

The protein level of IE62 encoded by ORF62, an essential 
transactivator of VZV lytic gene expression, was further deter-
mined. MRC‑5 cells were inoculated with VZV‑pOka‑infected 
MRC‑5 cells at an MOI of 0.1 and treated with either DMSO 

Figure 1. Effects of LME on VZV replication. MRC‑5 cells were inoculated with recombinant VZV‑pOka‑GFP‑infected MRC‑5 cells at MOI of 0.1 and treated 
with either DMSO or LME at a concentration of 50 µg/ml. (A) GFP fluorescence was monitored under a Nikon TS100‑F inverted fluorescence microscope at 0, 
24, 48 or 72 h after infection. (B) Total DNA was harvested and the relative amounts of viral DNA were measured via qPCR using primers specific for ORF62, 
as described in Materials and Methods. BF, Bright field microscopic image; FL, fluorescence microscopic image; hpi, h post-infection.

Figure 2. Dose‑dependent inhibitory effect of LME on VZV replication. 
MRC‑5 cells were inoculated with serially diluted VZV‑YC01‑infected 
MRC‑5 cells and treated with DMSO or LME at concentrations of 5, 10, 25 
and 50 µg/ml. At 6 days after infection, the number of plaques was counted 
using a plaque assay to determine the titer (pfu/ml).
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or LME at a concentration of 25 µg/ml. At 72 h after infection, 
IE62 protein expression was assessed by western blot analysis 
with a specific anti‑IE62 antibody. IE62 protein was strongly 
induced in DMSO‑treated cells (Fig. 5; compare lanes 2 and 1), 
and expression was significantly reduced by LME (Fig. 5; 
compare lane 4 with 2). Based on the collective results, we 
propose that LME downregulates IE62 protein expression and, 
in turn, negatively affecting VZV replication in vitro.

Discussion

Varicella‑zoster virus infection causes severe disease in 
immunocompromised individuals, especially those with 
impaired cell‑mediated immune responses. VZV infection 
can develop to disseminated disease, such as widespread skin 
lesion, pneumonia, hepatitis, or encephalitis (3).

Owing to side effects and emergence of resistant VZV 
strains, limited antiviral drugs are currently available to 
VZV‑associated diseases  (7,9). Plant extracts have been 
utilized extensively to develop novel therapeutic agents that 
induce fewer side effects than synthetic drugs (4). The main 
objective of the present study was to investigate the antiviral 
activities of plant extracts against VZV.

In LME‑treated MRC‑5 cells, replication of both labora-
tory and clinical strains of VZV was significantly inhibited. 
Since LME did not exert significant adverse effects on MRC5 
cell viability, its anti‑VZV activity does not appear to be 
attributable to cytotoxicity. Lysimachia mauritiana is a bien-
nial herb distributed worldwide, mainly in the temperate and 
subtropical climate regions of both hemispheres, along coastal 
regions in East Asia, the Philippines, Micronesia, Polynesia 
and the Indian Ocean islands (13). The chemical constituents 
and biological activities of Lysimachia mauritiana have not 
been investigated to date.

Our data indicate that LME reduces VZV lytic gene expres-
sion and inhibits VZV replication. LME induced significant 
downregulation of IE62 protein, an important transactivation 
of IE, E and L genes (2,3), in turn, leading to suppression of E 
and L genes and inhibition of VZV replication.

The mechanisms underlying LME‑mediated downregula-
tion of VZV IE62 protein expression remain to be elucidated. 
Interestingly, LME suppressed the expression of lytic genes at 
later stages of VZV infection to a significant extent, but had 
almost no effect on lytic gene expression at the earlier time 
points (Fig. 4; compare 24 with 48 and 72 hpi). At the earlier 
stages of infection, pre‑generated IE62 protein in tegument may 

Figure 5. Downregulation of VZV IE gene expression by LME. MRC‑5 cells 
were inoculated with VZV‑pOka‑infected MRC‑5 cells at an MOI of 0.1 and 
treated with either DMSO or LME at a concentration of 25 µg/ml. At 72 h 
after infection, equal amounts of cell extracts were subjected to western blot 
analysis with antibodies specific for VZV IE62 or tubulin.

Figure 3. Cytotoxicity of LME against MRC‑5 cells. MRC‑5 cells were 
treated with 0, 5, 10, 25 and 50 µg/ml LME, and cell viability was determined 
at 0, 24, 48 or 72 h after treatment using the CellTiter‑Glo luminescent cell 
viability assay. Data represent the mean ± SD of three independent experi-
ments.

Figure 4. Effects of LME on VZV lytic gene expression. MRC‑5 cells were 
inoculated with VZV‑YC01‑infected MRC‑5 cells at an MOI of 0.1 and 
treated with either DMSO or LME at a concentration of 25 µg/ml. At 0, 24, 
48 or 72 h after infection, total RNA was harvested and reverse‑transcribed 
into cDNA. The relative amounts of (A) ORF62, (B) ORF28 and (C) gB tran-
scripts were assessed via qRT‑PCR, as described in Materials and methods.
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induce VZV lytic genes. LME may reduce lytic gene expres-
sion by downregulating IE62 protein expression, consequently 
leading to suppression of lytic gene expression at subsequent 
time-points of VZV infection. LME may either directly inhibit 
the activities of transcription factors or indirectly interfere 
with a signal transduction pathway(s) to activate transcription 
factors for IE62 expression. In addition to downregulation of 
IE62 protein expression, it is possible that LME affects other 
phases of the VZV life cycle.

To our knowledge, this is the first study to demonstrate 
that LME exhibits antiviral activity against VZV. LME may 
provide an effective source for further development and 
tailoring of novel therapeutic agents to treat VZV‑associated 
diseases.
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