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Abstract: Dengue virus (DENV) is the most rapidly transmitted mosquito-borne pathogen, which is the main
cause of seasonal outbreaks of dengue fever and dengue hemorrhagic fever in tropical and subtropical regions,
and may cause serious life-threatening diseases. There is an urgent need to develop effective vaccines or antiviral
therapies. In this paper, we found that a podocarpane-type diterpenoid, (3¢,548,10a)-13-methoxypodocarpa-8,11,13-
triene-3,12-diol (MPTD), isolated from the stems and leaves of Aleurites moluccana, showed good effect against
DENV. The anti-DENV activity of MPTD against four different DENV serotypes was studied by plaque assay. The
cytotoxicity of MPTD in Vero and Huh7 cells was tested by MTT assay. qRT-PCR and Western blot assays were
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used to investigate the anti-DENV activity of MPTD at RNA and protein levels, respectively. The results showed
that MPTD greatly reduced the virus titer in DENV infected Vero cells, and its 50% effective concentration (ECs,)
for DENV (1 - 4) were 2.72 £ 0.39, 10.99 + 5.18, 18.72 + 0.21, and 0.48 + 0.28 umol-L™, respectively. The results
showed that MPTD inhibits DENV RNA level and the expression of E protein. In addition, MPTD may inhibit the
early stage of DENV replication and exert antiviral activity. Further studies showed that the inhibitory effect of
MPTD against DENV infection is not targeting the viral entry stage. Therefore, MPTD has a significant anti-dengue
virus effect, and is an anti-DENV compound with potential application value.

Key words: Aleurites moluccana; natural compound; (3¢,54,10a)-13-methoxypodocarpa-8,11,13-triene-3,12-
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Figure 1 The chemical structure of (3a, 54, 10a) -13-methoxy-
podocarpa-8,11,13-triene-3,12-diol (MPTD)
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1) RPMI-1640 357 Fe 15 7%, 4HMI4ERR Y 2% FBS. it
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FHl. 1£5% CO,.37 °CHIEFAH L FFEFR 72 h )5,
WSR2 i b 3 W O 3 RNA. i — 2R A &
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Figure 2 Inhibitory effects of MPTD on dengue viruses (DENVs) by plaque assay. A: Inhibition of plaque formation of ribavirin on

DENV-2; B: Dosage-dependent inhibition of MPTD on different DENV serotypes by plaque assay. PC: Positive control; BC: Blank control;

EC,: 50% effective concentration
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Figure 3  The cytotoxicity of MPTD on Vero and Huh7 cells by
MTT assay
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Figure 4 MPTD inhibits DENV-2 RNA production and protein E
expression. A: Inhibition of MPTD and ribavirin on DENV-2 RNA
production in Vero or Huh7 cells; B: Inhibition of MPTD on
DENV-2 protein E (DENV-E) expression. GAPDH: Glyceralde-
hyde-3-phosphate dehydrogenase
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Figure 5 MPTD inhibits the early phase of the DENV replica-
tion cycle. A: Schematic diagram of time of drug addition assay;
B: The inhibition of RNA production at 50 umol-L* MPTD on
DENV-2 replication cycle by time of drug addition assay; C: Inhi-
bition of DENV-2 entry by 50 umol-L* MPTD. "P < 0.05, P <
0.01, ™P < 0.001. EGCG: Epigallocatechin gallate

e
B4 DENV [ 8 (1 45 F AN D BE Vi 25 51 £



798 - Z4%% %4 Acta Pharmaceutica Sinica 2021, 56(3): 793 -798

AHEAE R AR G928 38 12 DA R 25 fo 3 ok R Ty e 55 U7
THT FRR N T, [) BN &5 6 R AR 7= W 43 18 45 7 e R Ak
B E BEER R AW E D, Bk 2 PR R 25
o R L2,

AR I MPTD 7E4R 4h B $t DENV i 1, FLAE
K F0T DENV I HIE FH L TR EL bk a0
{2 N P2 2 R e i 3 11 55 LR B, AT R mT ) DENV
HEN G0 AR B 2 A SR R . I i 4
255256 % B, MPTD 7£ 0.2.6 h X} DENV B 11 i
I, HEWT L rT ReAE T T B E W I B, EEA
/5 DENV 542 A ) & & M &l f2, RIE a1
LB TR EGCG & E & [ 30 #1771, b4
EGCG 5 MPTD %f DENV ¥ #i il v 1 & 3L, MPTD A~
I8 I 40 DENV-E B (A 1 A6 28 0k 2 UL RE /). BT
MPTD 7£ 2~6 h [F]#£%} DENV 1) 52 il A7 % 5 4 il 1
H, PR AE & HEW MPTD i) Bt DENV E FI ML AT 58 2
MHFBEHNEARA RS AFFAER K,
MPTD Jyt KI5 (46 & 4 H LA 8T (141 DENV 7%
M, ¥ R R Bt DENV G [R5 B 2 S A6 & 9 91 )
PRYETT DENV I He 5] 2 I 7™ 55 5 995 B3 58 Bl

1 BUk: TE 95 W SO B SR 1 B e 4 e 5 6
SI it R AR B B SIS O T B S A S Ak R e )
TREE AR A A7 T 4 5 SEI0 BT IF T 48 9 S RE SR B e

FIFMSE: BT A 1EE 3 AR R 3R PR

A
it}

References

[1] Gopala Reddy SB, Chin WX, Shivananju NS, et al. Dengue vi-
rus NS2 and NS4: minor proteins, mammoth roles [J]. Biochem
Pharmacol, 2018, 154: 54-63.

[2] Kuczera D, Assolini JP, Tomiotto PF, et al. Highlights for dengue
immunopathogenesis: antibody-dependent enhancement, cyto-
kine storm, and beyond [J]. J Interferon Cytokine Res, 2018, 38:
69-80.

[3] Bhatt S, Gething PW, Brady OJ, et al. The global distribution
and burden of dengue [J], Nature, 2013, 496: 504-507.

[4] Whitehorn J, Farrar J. Dengue [J]. Brit Med Bull, 2010, 95:
161-173.

[5] Chareonsirisuthigul T, Kalayanarooj S, Ubol S. Dengue virus
(DENV) antibody-dependent enhancement of infection upregu-
lates -the production of anti-inflammatory cytokines, but sup-
presses anti-DENV free radical and pro-inflammatory cytokine
production, in THP-1 cells [J]. J Gen Virol, 2007, 88: 365-375.

[6] Huang KJ, Yang YC, Lin YS, et al. The dual-specific binding of
dengue virus and target cells for the antibody-dependent en-
hancement of dengue virus infection [J]. J Immunol, 2006, 176:
2825-2832.

(71

(8]

[°]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(19]

[20]

[21]

[22]

Gubler DJ. Dengue, urbanization and globalization: the unholy
trinity of the 21% century [J]. Trop Med Health, 2011, 39: 3-11.
Beesetti H, Khanna N, Swaminathan S. Investigational drugs in
early development for treating dengue infection [J]. Expert Opin
Inv Drug, 2016, 25: 1059-1069.

Guy B, Noriega F, Ochiai RL, et al. A recombinant live attenuat-
ed tetravalent vaccine for the prevention of dengue [J]. Expert
Rev Vaccines, 2017, 16: 671-683.

Okealtuntas F, Ipekcioglu S, Sahin YA, et al. Phytochemical anal-
ysis, antiproliferative and antioxidant activities of Chrozophora
tinctoria: a natural dye plant [J]. Pharmac Biol, 2017, 55: 966.
Nara LMQ, Lilian WR, Gislaine FS, et al. Contribution of «,f-
amyrenone to the anti-inflammatory and antihypersensitivity ef-
fects of Aleurites moluccana (L.) Willd . [J]. Biomed Res Intern,
2014, 2014: 636839.

Cesca TG, Faqueti LG, Rocha LW, et al. Antinociceptive, anti-in-
flammatory and wound healing features in animal models treated
with a semisolid herbal medicine based on Aleurites moluccana
L. Willd. Euforbiaceae standardized leaf extract: semisolid herb-
al [J]. J Ethnopharmacol, 2012, 143: 355-362.

Locher CP, Witvrouw M, De Béthune MP, et al. Antiviral activi-
ty of Hawaiian medicinal plants against human immunodeficien-
cy virus type-1 (HIV-1) [J]. Phytomed Int J Phytother Phytophar-
macol, 1996, 2: 259-264.

Pedrosa RC, Meyre SC, Cechinel FV, et al. Hypolipidaemic ac-
tivity of methanol extract of Aleurites moluccana [J]. Phytother
Res, 2002, 16: 765-768.

Michael CA, Dominic AS, Anne M, et al. Feasibility of drug
screening with panels of human tumor cell lines using a micro-
culture tetrazolium assay [J]. Cancer Res, 1988, 48: 589-601.

Liu HY, Di YT, Yang JY, et al. Three novel 3,4-seco-podocar-
pane trinorditerpenoids from Aleurites moluccana [J]. Tetrahe-
dron Lett, 2008, 49: 5150-5151.

Liu HY, Li SJ, Zhao Y, et al. Four new podocarpane-type trinord-
iterpenes from Aleurites moluccana [J]. Helv Chim Acta, 2007,
90: 2017-2023.

Zhang CT, Luo RH, Chen H, et al. Activity of azvudine against
dengue viruses in vitro [J]. Acta Pharm Sin (%4 2% % #), 2018,
53: 944-949.

Dighe SN, Ekwudu O, Dua K, et al. Recent update on anti-den-
gue drug discovery [J]. Eur J Med Chem, 2019, 176: 431-455.
Calland N, Albecka A, Belouzard S, et al. (-)-Epigallocatechin-3-
gallate is a new inhibitor of hepatitis C virus entry [J]. Hepatolo-
gy, 2012, 55: 720-729.

Michael CA, Dominic AS, Anne M, et al. Feasibility of drug
screening with panels of human tumor cell lines using a micro-
culture tetrazolium assay [J]. Cancer Res, 1988, 48: 589-601.
Zou G, Xu HY, Qing M, et al. Development and characterization
of a stable luciferase dengue virus for high-throughput screening
[J]. Antiviral Res, 2011, 91: 11-19.



