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Abstract

Betulin, a pentacyclic triterpenoid, was isolated from the barBetula papyriferaThe antiviral efficacies of betulin on herpes simplex
virus type 1 (HSV-1) and type 2 (HSV-2) were evaluated using viral plaque reduction assays on Vero cells. The results indicate that betulin
is active against both HSV-1 and HSV-2 infections with the 50% effective concentrationg) (©.40 and 4.1.g/ml, respectively. The
cytotoxicity of betulin was examined on Vero cells using a neutral red uptake assay. The 50% cytotoxic concentrgg)aof (@@ilin was
73.1ng/ml. A synergistic antiviral effect between betulin and acyclovir (ACV) was determined by drug combination studies. Strong and
moderate synergistic antiviral effects were observed for betulin and ACV against HSV-1 when the concentrations of ACV and betulin were
higher than 0.068 and Opy/ml, respectively. At the concentrations lower than these, additive effect was found. Synergistic antiviral effects
were also found against HSV-2 at higher concentrations than for HSV-1, i.e.0/48 of ACV combined with 8.4.g/ml of betulin.
© 2004 Elsevier B.V. All rights reserved.
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Herpes simplex virus (HSV) infections continue to be a ma- Clercq, 2001; Efstathiou et al., 199%Rmong all the anti-
jor public health problem. HSV-1 may cause genital infec- HSV drugs, acyclovir was the first genuinely selective agent.
tion, but more frequently is associated with herpes labialis, It interferes with viral DNA polymerization through obliga-
or ‘cold sore’, whereas HSV-2 is the most common cause of tory chain termination and competitive inhibition. The poor
recurrent genital herpes (for reviews $&@izman and Knipe,  absorption rate and pharmacokinetics of ACV have been
2001; Whitley, 200L Chemotherapy (topical or systemic)for overcome to some extent by the use of prodrug valaciclovir
HSYV infection has included the use of acyclovir, penciclovir, in treating infected individuals. However, a major problem
idoxuridine, trifluorothymidine, adenine arabinoside (ara-A), of ACV therapy is the development of HSV variants that are
bromovinyl deoxyuridine, foscarnet, and other acyclic nu- resistant to ACV Kimberlin et al., 199} Also, drugs such
cleoside analogues (for reviews sgaumpacker, 2001; De  as ACV require the virus to be actively replicating and are
not active when the virus is latent.
ms onding author. Present address: 214-7480 St. Albans Road Betulin (lup-20(29)-ene-3.beta., 28-diol), a pentacyclic
Richmond, EC’ Ca?]ada VEY 2K6. Tel: +1 604 270 6961 triterpenoid, was isolated from the barkBétula papyrifera

E-mail addresseggongyh@hotmail.com, gongedwin@yahoo.com by_Dr- P. KraS.UtSky of Uni_VerSitY of MinneSOta in DUlth- B‘_:-"
(Y. Gong). tulin, along with some of its derivatives, possesses biological

0166-3542/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.antiviral.2004.05.006



128 Y. Gong et al. / Antiviral Research 64 (2004) 127-130

activities. The University of Minnesota in Duluth investi- Table1
gated the antiviral efficacies of betulin on HSV-1 and HSV-2 The EC_I;OS of betulin against HSV-1 and HSV-2 determined by a viral plaque
(patents: US 5,750,578/1998, US 6,369,101/2002). Betulin ©duction assay

derivatives are active against human immunodeficiency virus Compounds Viruses B Standard deviation
(HIV) (Kashiwada et al., 2005un et al., 1998a)bHSV-1 Betulin HSV-1 0.4Qug/ml 0.40

(Baltina et al., 2003; Pavlova et al., 20Q&hd can suppress HSV-2 4.150.g/m*

ECHO 6 virus reproductionRavlova et al., 2003 In addi- Acyclovir HSV-1 028pM 0-10

tion to the antiviral activities, betulin and betulinic acid have HSV-2 0.88.M 0.75

been described to possess anti-inflammatory activity. Both * Mean value of two sets of experiments.
compounds can induce and modulate cytokine productions
in human whole blood cell culturegdzisinska et al., 2003
Betulin is a modest TNF-alpha inducer and also an enhancer
of mitogen-induced TNF-alpha producticfdzisinska et al.,
2003. Betulinic acid is a derivative of betulin that has been
effective as a selective inhibitor of human melanoma by in-
duction of apoptosisRisha et al., 1995

The in vitro cytotoxicity profile of betulin was examined
using Vero cells. Confluent cells in a 96-well plate were
washed with PBS. Culture medium (1@0 containing no or
increased concentrations of betulin was added to each well.
The final concentration of DMSO in the medium was less

In this study, we report the antiviral activity and in vitro  than 1%. The cells were incubated at"&for 2 days. The
cytotoxicity of betulin. The synergistic antiviral effects of Viapility of the cells after drug treatment was measured us-
betulin in combination with ACV on HSV-1 and HSV-2 in- N9 & neutral red uptake assaychmidt and Korba, 2000
fections were also determined. and an ELISA reader at QJgonm The results are shown in

Betulin (the purity: greater than 98%; FW: 442.73) was Fig. 1 The cytotoxic concentration giving 50% of cell death
dissolved in DMSO (dimethyl sulfoxide, Sigma). HSV ref- (CCs0) was 73.Jug/ml. ACV was not toxic to Vero cells at

erence strains F (HSV-1) and G (HSV-2) (ATCC: American the highest concentration tested (300). ,

Type Culture Collection, Manassas) were used in the exper- 1 h€ drug combination studies between betulin and ACV
iments. An HSV susceptible cell line, Vero cells (African Were performed using HSV-infected Vero cells. Confluent
green monkey kidney cells, ATCC), were used in the virus cells were infected with either HSV-1 or HSV-2 at 37 for

plague reduction assays. The culture medium for Vero cells 1 h. Following removal of viral inoculum, the infected cells
was MEM/5% FBS (minimum essential medium supple- were washed with PBS and covered with 0.5% methylcellu-

mented with 5% fetal bovine serum, 100 U/ml penicillin lose containing betulin alone (at various concentrations: O,

and 10Qug/ml streptomycin, Invitrogen). Acyclovirwas pur-  9-29% ECso, 0.5x ECso, 1 x ECso, 2 x ECso, 4 x EGCsp),
chased from Sigma. ACV alone (at various concentrations: 0, 0.25ECsg, 0.5

To evaluate the antiviral efficacies of betulin on HSV-1 < ECs0. 1 x ECso, 2 x EGso, 4 x ECs0), and the mixture
or HSV-2 infections, a standard procedure of plaque reduc- ©f Varying doses of betulin and various doses of ACV in a
tion assay was performed as previously descriliaahg et fixed ratio, i.e. 0.25x ECsq of betulin com_bmes with 0.25
al., 2002 according to the guidance of National Commit- < ECso 0f ACV, for plaque assays. The viral plaques were
tee for Clinical Laboratory Standards (NCCLS). Basically, countgd and the antiviral effects were calculated based on the
confluent Vero cells in a six-well plate were washed with following formula:
PBS and subsequently infected with either HSV-1 or HSV-2
(200 pfu/well) for 1 h at 37C. After viral inoculum was re-  Antiviral effect=
moved, the infected cells were washed with PBS and overlaid
with 0.5% methylcellulose in culture medium containing no
or increasing concentrations of betulin for 2 days. The cells
were then fixed with 10% formalin and stained with 0.5% 1.2~
crystalviolet. ACV was included as a positive control and per- 1
formed in parallel. The effect of a test compound at varying

Peontrol — Prest

control

Cytotoxicity of betulin on Vero cells

—3

concentrations is expressed as a percentage of control (mean ;; 08
plaque counts in drug-treated wells/mean plague counts in g 0.6
control wells without drug). The Efgs (effective concen- S o4

—+—ACV

trations giving 50% of plaque reduction) were calculated by I——

linear regression using acomputer program Statte¢@AS
Institute Inc., Cary, North Carolina, USA) and summarizedin 0
Table 1 The resultsTable J showed that betulin was active 0 20 40 60 0 100
against both HSV-1 and HSV-2 infections. Thedg€deter-
mined by the viral plaque reduction assay were @.g0ml

(standard deviation: 0.40) for HSV-1 and 4ii&/ml (average Fig. 1. The cytotoxicity of betulin on Vero cells measured by neutral red
value of two experiments) for HSV-2. dye uptake assay.

0.2

Concentrations of betulin (ig/ml) or ACV (uM)
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Table 2
Cl for experimental values of betulin and ACV on HSV-1

ACV (p.g/ml) Betulin (wg/ml) Cl

0.034 0.2 0.949
0.068 0.4 0.552
0.135 0.8 0.751
0.27 1.6 0.166

where Pgontrol IS the plaque numbers in the control wells
(without drug) andPestthe plaque numbers in the test wells
with a given concentration of a test compound.

Based on the values of antiviral effects, the syn-
ergistic or antigonistic antiviral effect between betulin
and ACV was determined by calculating the combina-
tion index (CI) using median-effect mathematical model
(Chou and Talalay, 1984by a computer program Cal-
cusyn (Biosoft, St. Louis). The results are summarized
in Tables 2 and 3 For reference, the range of CI:

<0.1 Very strong synergism
0.1-0.3 Strong synergism
0.3-0.7 Synergism
0.7-0.85 Moderate synergism
09-1.1 Additive

>1.1 Antagonism

As shown inTable 2 strong and moderate synergis-
tic antiviral effects were determined for betulin and ACV
against HSV-1 when the concentrations of ACV and betulin
were higher than 0.068 and Qug/ml, respectively. At the
lower concentration, i.e. 0.034g/ml of ACV combined with
0.2pg/ml of betulin, additive effect was detected.

For HSV-2 (Table 3, however, synergistic effect was

found only at higher concentrations of the compounds tested,

i.e. 0.45ug/ml of ACV combined with 8.4.g/ml of be-
tulin. When in 1:1 ratio (0.22p.g/ml of ACV combined with
4.2 .g/ml of betulin), additive effect was seen. At lower con-

centrations of both ACV and betulin, moderate antagonistic -,

effect was examined.

Betulin and derivatives exhibit antiviral activities against
a number of viruses. Here we report the antiviral activities of
betulin against HSV-1 and HSV-2. The results indicate that
betulin is potent to both HSV-1 and HSV-2 infections with
the EGyops of 0.40 and 4.1pg/ml, respectively. It appears
that betulin is about 10-fold more potent against HSV-1 than
HSV-2. The cytotoxicity profile measured on Vero cells using

Table 3

Cl for experimental values of betulin and ACV on HSV-2

ACV (p.g/ml) Betulin (wg/ml) Cl
0.056 1.05 1.441
0.113 21 1.277
0.225 4.2 0.952
0.45 8.4 0.354
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a neutral red dye uptake assay showed that thgg@@s
approximately 73..g/ml. Thus the therapeutic index (TI:
the ratio of the median toxic dose to the median effective dose)
of betulin is approximately 183 for HSV-1 and 18 for HSV-
2. Betulin is inexpensive and available in abundant supply
from common natural sources, notably the bark of white birch
trees.

The synergistic antiviral effects of betulin and ACV on
HSV-1and HSV-2 infections were initially observed by Keyel
et al. (The National Conference on Undergraduate Research
2000, Missoula, Montana). We confirmed this observation by
incubation of varying concentrations of betulin compound
with various concentrations of ACV in fixed ratios using
plague reduction assays, and quantified by analysis with
median-effect equation using a computer program.

The mechanism of antiviral synergism between ACV and
betulin has not been determined. The mechanism of action
of betulin against HSV is not yet clear. Betulin was shown
to be a selective inhibitor of DNA topoisomerase Wdda
et al., 200]) and HIV reverse transcriptas@kihisa et al.,
2007). Dargan et al. (19883nd Dargan and Subak-Sharpe
(1985, 1986studied triterpenoid compounds and found that
the drugs appear to be active throughout the HSV replication
cycle. The synergistic antiviral effect of betulin and ACV
provides a new option for the treatment of HSV infections.
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