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The synergistic effects of betulin with acyclovir
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Betulin, a pentacyclic triterpenoid, was isolated from the bark ofBetula papyrifera. The antiviral efficacies of betulin on herpes simp
irus type 1 (HSV-1) and type 2 (HSV-2) were evaluated using viral plaque reduction assays on Vero cells. The results indicate t

s active against both HSV-1 and HSV-2 infections with the 50% effective concentrations (EC50) of 0.40 and 4.15�g/ml, respectively. Th
ytotoxicity of betulin was examined on Vero cells using a neutral red uptake assay. The 50% cytotoxic concentration (CC50) of betulin was
3.1�g/ml. A synergistic antiviral effect between betulin and acyclovir (ACV) was determined by drug combination studies. Str
oderate synergistic antiviral effects were observed for betulin and ACV against HSV-1 when the concentrations of ACV and be
igher than 0.068 and 0.4�g/ml, respectively. At the concentrations lower than these, additive effect was found. Synergistic antivira
ere also found against HSV-2 at higher concentrations than for HSV-1, i.e. 0.45�g/ml of ACV combined with 8.4�g/ml of betulin.
2004 Elsevier B.V. All rights reserved.
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erpes simplex virus (HSV) infections continue to be a ma-
or public health problem. HSV-1 may cause genital infec-
ion, but more frequently is associated with herpes labialis,
r ‘cold sore’, whereas HSV-2 is the most common cause of
ecurrent genital herpes (for reviews seeRoizman and Knipe,
001; Whitley, 2001). Chemotherapy (topical or systemic) for
SV infection has included the use of acyclovir, penciclovir,

doxuridine, trifluorothymidine, adenine arabinoside (ara-A),
romovinyl deoxyuridine, foscarnet, and other acyclic nu-
leoside analogues (for reviews seeCrumpacker, 2001; De
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Clercq, 2001; Efstathiou et al., 1999). Among all the anti
HSV drugs, acyclovir was the first genuinely selective ag
It interferes with viral DNA polymerization through oblig
tory chain termination and competitive inhibition. The p
absorption rate and pharmacokinetics of ACV have b
overcome to some extent by the use of prodrug valacic
in treating infected individuals. However, a major prob
of ACV therapy is the development of HSV variants that
resistant to ACV (Kimberlin et al., 1995). Also, drugs suc
as ACV require the virus to be actively replicating and
not active when the virus is latent.

Betulin (lup-20(29)-ene-3.beta., 28-diol), a pentacy
triterpenoid, was isolated from the bark ofBetula papyrifera
by Dr. P. Krasutsky of University of Minnesota in Duluth. B
tulin, along with some of its derivatives, possesses biolo

166-3542/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
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activities. The University of Minnesota in Duluth investi-
gated the antiviral efficacies of betulin on HSV-1 and HSV-2
(patents: US 5,750,578/1998, US 6,369,101/2002). Betulin
derivatives are active against human immunodeficiency virus
(HIV) (Kashiwada et al., 2001; Sun et al., 1998a,b), HSV-1
(Baltina et al., 2003; Pavlova et al., 2003) and can suppress
ECHO 6 virus reproduction (Pavlova et al., 2003). In addi-
tion to the antiviral activities, betulin and betulinic acid have
been described to possess anti-inflammatory activity. Both
compounds can induce and modulate cytokine productions
in human whole blood cell cultures (Zdzisinska et al., 2003).
Betulin is a modest TNF-alpha inducer and also an enhancer
of mitogen-induced TNF-alpha production (Zdzisinska 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 apoptosis (Pisha et al., 1995).

In this study, we report the antiviral activity and in vitro
cytotoxicity of betulin. The synergistic antiviral effects of
betulin in combination with ACV on HSV-1 and HSV-2 in-
fections were also determined.

Betulin (the purity: greater than 98%; FW: 442.73) was
dissolved in DMSO (dimethyl sulfoxide, Sigma). HSV ref-
erence strains F (HSV-1) and G (HSV-2) (ATCC: American
Type Culture Collection, Manassas) were used in the exper-
iments. An HSV susceptible cell line, Vero cells (African
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Table 1
The EC50s of betulin against HSV-1 and HSV-2 determined by a viral plaque
reduction assay

Compounds Viruses EC50 Standard deviation

Betulin HSV-1 0.40�g/ml 0.40
HSV-2 4.15�g/ml∗

Acyclovir HSV-1 0·28�M 0·10
HSV-2 0.88�M 0.75

∗ Mean value of two sets of experiments.

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 (100�l) containing no or
increased concentrations of betulin was added to each well.
The final concentration of DMSO in the medium was less
than 1%. The cells were incubated at 37◦C for 2 days. The
viability of the cells after drug treatment was measured us-
ing a neutral red uptake assay (Schmidt and Korba, 2000)
and an ELISA reader at OD550nm. The results are shown in
Fig. 1. The cytotoxic concentration giving 50% of cell death
(CC50) was 73.1�g/ml. ACV was not toxic to Vero cells at
the highest concentration tested (100�M).

The drug combination studies between betulin and ACV
were performed using HSV-infected Vero cells. Confluent
cells were infected with either HSV-1 or HSV-2 at 37◦C for
1 h. Following removal of viral inoculum, the infected cells
were washed with PBS and covered with 0.5% methylcellu-
lose containing betulin alone (at various concentrations: 0,
0.25× EC50, 0.5× EC50, 1 × EC50, 2 × EC50, 4 × EC50),
ACV alone (at various concentrations: 0, 0.25× EC50, 0.5
× EC50, 1 × EC50, 2 × EC50, 4 × EC50), and the mixture
of varying doses of betulin and various doses of ACV in a
fixed ratio, i.e. 0.25× EC50 of betulin combines with 0.25
× EC50 of ACV, for plaque assays. The viral plaques were
counted and the antiviral effects were calculated based on the
f
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reen monkey kidney cells, ATCC), were used in the v
laque reduction assays. The culture medium for Vero
as MEM/5% FBS (minimum essential medium sup
ented with 5% fetal bovine serum, 100 U/ml penici
nd 100�g/ml streptomycin, Invitrogen). Acyclovir was pu
hased from Sigma.

To evaluate the antiviral efficacies of betulin on HS
r HSV-2 infections, a standard procedure of plaque re

ion assay was performed as previously described (Gong e
l., 2002) according to the guidance of National Comm

ee for Clinical Laboratory Standards (NCCLS). Basica
onfluent Vero cells in a six-well plate were washed w
BS and subsequently infected with either HSV-1 or HS

200 pfu/well) for 1 h at 37◦C. After viral inoculum was re
oved, the infected cells were washed with PBS and ove
ith 0.5% methylcellulose in culture medium containing
r increasing concentrations of betulin for 2 days. The
ere then fixed with 10% formalin and stained with 0.
rystal violet. ACV was included as a positive control and
ormed in parallel. The effect of a test compound at var
oncentrations is expressed as a percentage of control
laque counts in drug-treated wells/mean plaque coun
ontrol wells without drug). The EC50s (effective concen
rations giving 50% of plaque reduction) were calculate
inear regression using a computer program StatviewTM (SAS
nstitute Inc., Cary, North Carolina, USA) and summarize
able 1. The results (Table 1) showed that betulin was acti
gainst both HSV-1 and HSV-2 infections. The EC50s deter
ined by the viral plaque reduction assay were 0.40�g/ml

standard deviation: 0.40) for HSV-1 and 4.15�g/ml (average
alue of two experiments) for HSV-2.
ollowing formula:

ntiviral effect = Pcontrol − Ptest

Pcontrol

ig. 1. The cytotoxicity of betulin on Vero cells measured by neutra
ye uptake assay.
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Table 2
CI for experimental values of betulin and ACV on HSV-1

ACV (�g/ml) Betulin (�g/ml) CI

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

wherePcontrol is the plaque numbers in the control wells
(without drug) andPtest the 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, 1984) by 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

0.9–1.1 Additive

>1.1 Antagonism

As shown in Table 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 0.4�g/ml, respectively. At the
lower concentration, i.e. 0.034�g/ml of ACV combined with
0.2�g/ml of betulin, additive effect was detected.
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a neutral red dye uptake assay showed that the CC50 was
approximately 73.1�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-1 and 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
plaque 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 II (Wada
et al., 2001) and HIV reverse transcriptase (Akihisa et al.,
2001). Dargan et al. (1988)andDargan and Subak-Sharpe
(1985, 1986)studied 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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For HSV-2 (Table 3), however, synergistic effect w
ound only at higher concentrations of the compounds te
.e. 0.45�g/ml of ACV combined with 8.4�g/ml of be-
ulin. When in 1:1 ratio (0.225�g/ml of ACV combined with
.2�g/ml of betulin), additive effect was seen. At lower c
entrations of both ACV and betulin, moderate antagon
ffect was examined.

Betulin and derivatives exhibit antiviral activities agai
number of viruses. Here we report the antiviral activitie
etulin against HSV-1 and HSV-2. The results indicate
etulin is potent to both HSV-1 and HSV-2 infections w

he EC50s of 0.40 and 4.15�g/ml, respectively. It appea
hat betulin is about 10-fold more potent against HSV-1
SV-2. The cytotoxicity profile measured on Vero cells us

able 3
I for experimental values of betulin and ACV on HSV-2

CV (�g/ml) Betulin (�g/ml) CI

.056 1.05 1.44

.113 2.1 1.27

.225 4.2 0.95

.45 8.4 0.354
eferences

kihisa, T., Ogihara, J., Kato, J., Yasukawa, K., Ukiya, M., Yamanou
S., Oishi, K., 2001. Inhibitory effects of triterpenoids and sterols
human immunodeficiency virus-1 reverse transcriptase. Lipids 3
507–512.

altina, L.A., Flekhter, O.B., Nigmatullina, L.R., Boreko, E.I., Pavlo
N.I., Nikolaeva, S.N., Savinova, O.V., Tolstikov, G.A., 2003. Lup
triterpenes and derivatives with antiviral activity. Bioorg. Med. Ch
Lett. 13 (20), 3549–3552.

hou, T.C., Talalay, P., 1984. Quantitative analysis of dose–effect rel
ships: the combined effects of multiple drugs or enzyme inhibi
Adv. Enzyme Regul. 22, 27–55.

rumpacker, C., 2001. Antiviral therapy. In: Knipe, D., Howley, P.
al. (Eds.), Fields Virology, fourth ed. Lippincott-Raven Publis
Philadephia, pp. 393–433.

argan, D.J., Aitken, J.D., Subak-Sharpe, J.H., 1988. The effect of
penoid compounds on uninfected and herpes simplex virus-inf
cells in culture. III. Ultrastructural study of virion maturation. J. G
Virol. 69, 439–444.

argan, D.J., Subak-Sharpe, J.H., 1985. The effect of triterpenoid
pounds on uninfected and herpes simplex virus-infected cells in
ture. I. Effect on cell growth, virus particles and virus replication
Gen. Virol. 66, 1771–1784.

argan, D.J., Subak-Sharpe, J.H., 1986. The effect of triterpenoid
pounds on uninfected and herpes simplex virus-infected cells in
ture. II. DNA and protein synthesis, polypeptide processing and t
port. J. Gen. Virol. 67, 1831–1850.

e Clercq, E., 2001. Antiviral drugs: current state of the art. J.
Virol. 22 (1), 73–89.

fstathiou, S., Field, H.J., Griffiths, P.D., Kern, E.R., Sacks, S.L., Saw
N.M., Stanberry, L.R., 1999. Herpes simplex virus latency and n
oside analogues. Antiviral Res. 41 (3), 85–100.



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

Gong, Y., Matthews, B., Cheung, D., Tam, T., Gadawski, I., Leung, D.,
Holan, G., Raff, J., Sacks, S., 2002. Evidence of dual sites of action
of dendrimers: SPL-2999 inhibits both virus entry and late stages of
herpes simplex virus replication. Antiviral Res. 55 (2), 319–329.

Kashiwada, Y., Chiyo, J., Ikeshiro, Y., Nagao, T., Okabe, H., Cosentino,
L.M., Fowke, K., Lee, K.H., 2001. 3,28-Di-O-(dimethylsuccinyl)-
betulin isomers as anti-HIV agents. Bioorg. Med. Chem. Lett. 11
(2), 183–185.

Kimberlin, D.W., Coen, D.M., Biron, K.K., Cohen, J.I., Lamb, R.A.,
McKinlay, M., Emini, E.A., Whitley, R.J., 1995. Molecular mecha-
nisms of antiviral resistance. Antiviral Res. 26 (4), 369–401.

Pavlova, N.I., Savinova, O.V., Nikolaeva, S.N., Boreko, E.I., Flekhter,
O.B., 2003. Antiviral activity of betulin, betulinic and betulonic acids
against some enveloped and non-enveloped viruses. Fitoterapia 74 (5),
489–492.

Pisha, E., Chai, H., Lee, I.S., Chagwedera, T.E., Farnsworth, N.R.,
Cordell, G.A., Beecher, C.W., Fong, H.H., Kinghorn, A.D., Brown,
D.M., et al., 1995. Discovery of betulinic acid as a selective inhibitor
of human melanoma that functions by induction of apoptosis. Nat.
Med. 1 (10), 1046–1051.

Roizman, B., Knipe, D., 2001. Herpes simplex viruses and their repli-
cation. In: Knipe, D., Howley, P., et al. (Eds.), Fields Virol-
ogy, fourth ed. Lippincott-Raven Publisher, Philadephia, pp. 2399–
2459.

Schmidt, K., Korba, B., 2000. Hepatitis B virus cell culture assays for
antiviral activity. Antiviral methods and protocols. In: Kinchington, D.,
Schinzi, D. (Eds.), Methods in Molecular Medicine, vol. 24. Humana
Press Inc., NJ, pp. 51–67.

Sun, I.C., Shen, J.K., Wang, H.K., Cosentino, L.M., Lee, K.H., 1998a.
Anti-AIDS agents. 32. Synthesis and anti-HIV activity of betulin
derivatives. Bioorg. Med. Chem. Lett. 8 (10), 1267–1272.

Sun, I.C., Wang, H.K., Kashiwada, Y., Shen, J.K., Cosentino, L.M., Chen,
C.H., Yang, L.M., Lee, K.H., 1998b. Anti-AIDS agents. 34. Synthesis
and structure-activity relationships of betulin derivatives as anti-HIV
agents. J. Med. Chem. 41 (23), 4648–4657.

Wada, S., Iida, A., Tanaka, R., 2001. Screening of triterpenoids isolated
from Phyllanthus flexuosusfor DNA topoisomerase inhibitory activity.
J. Nat. Prod. 64 (12), 1545–1547.

Whitley, R.J., 2001. Herpes simplex viruses. In: Knipe, D., Howley,
P. (Eds.), Fields Virology, fourth ed. Lippincott-Raven Publisher,
Philadephia, pp. 2461–2509.

Zdzisinska, B., Rzeski, W., Paduch, R., Szuster-Ciesielska, A., Kaczor,
J., Wejksza, K., Kandefer-Szerszen, M., 2003. Differential effect of
betulin and betulinic acid on cytokine production in human whole
blood cell cultures. Pol. J. Pharmacol. 55 (2), 235–238.


