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The Combined Anti-apoptotic Effect from Tamiflu and Pinoresinol of
Forsythia fructus Extract Against Influenza Virus Infection
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Ehwa Woman's University, Seoul 120-750, Korea
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Abstract — The fruit body of Forsythiae Fructus (Oleaceae), a common Korean medical herb, is widely used in the treatment
of cold and inflammation. In order to elucidate the action mechanism and the active principles from the plant against anti-influ-
enza virus, the influenza virus hemagglutinin (HA) and neuraminidase (NA) gene RT-PCR and Viral Screening & Identification
(VSI) assay were conducted, and the activity against viral replication was also investigated. Consequently, one active con-
stituent, namely pinoresinol showed the in vitro antiviral principle using a cytopathic effect (CPE) reduction method, indicating
pinoresinol possessed anti-influenza viral activity. Furthermore, combination of pinoresinol and Tamiflu exhibited higher activ-
ities than Tamiflu alone against influenza virus (H3N2) infection. The results suggested that combination of pinoresinol with
Tamiflu could be a better candidate for an ant-H3N2 viral agent in the treatment of the influenza.
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Influenza A viruses (IAV)= Ahdo]al A dasE
o] & T3 A AA oIt} AR 1AVel AHSEH= &
nlolg = AA R L9FA A7 Aol A5k BHE
Fo} ojrigieto] T2 AREHTE S1A|RF o]§ dufol A
A= A HARAAL] 3971 0= Qe uleo]g27} o]
£ o= o3l AlUZ ke E WEjekA] Kel=dl, o)H Af
AL ojn] dHZ AFEFO XFARE AREE ]2l M2 ion
channel blockers (e.g., amantadine, rimantadine)®} neura-
minidase inhibitors (NI, e.g., oseltamivir, zanamavir)l] 4]
M2 o] 2aj'd o] opvtebdol AgshH H3N2 9] &
A7F AA = AR M2 A2 (S3IN)el FEvig o] of st
S ®Waleh ™ wak, oseltamivirt peramivir 72+ NI 2F
EE52 neuraminidase X|3H2H71Q1 119, 292, 18] 3L 2949
2ol|A Wol7t A EAlst=T ol AR olE =9,

*WAIKZHE-mail) . ykkim@kookmin.ac.kr
(Tel): +82—-2-910-4825

20052006 =2 A E3tell A= H3N29| ofgtebd el A]
ol 719] 90%e1d 7HS RSy, wha o]d o]
F=2 71 Tamiflu} opgtebdel gt gl $3E il
staral Qe AER utoles X 8AE TNt A}t =
ool AN oFF 1H o] H|aL k.

A (Forsythiae Fructusy= &AW (Oleaceaelll &
sl= WIS (Forsythiay™ =21 7ive] duj2A] ghgolx
= Y, &9, ol ¥ 3lE a3t AeA T shtelth

A 9] 38k S 2= phillyrin(forsythin), phillygenin,
(+)-pinoresinol, (+)pinoresinol-B-d-glycosidess-2] lignanE
F2 32 Atk o] 99l oleanolic acid, betulic acid,
ursolic acid, rutin, forsythoside A, C, D 52 5o} 3L
=4, ZHol= phillyrin 0.16%2} oleanolic acid 2.28% %=
ShgEH, dw4lol= forsythoside”} 7.46%4 E-=o] 3l
ot By so] ok Af AES FE a, B-pinene,
terpinen-4-ol 52| terpenoids FEZ A Eo] o, 3}
9] Zoll= nZo] B-cymene, terpinen-4-olo] S0 rt.?
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Al2t ¥ 717 — Tamiflus= Hoffmann-La Roche, Ltdol|A]
43ttt Column chromatography-8& silica gel 60
(Merck, 70~230 mesh ASTM), precoated silica gel 60
GF254 TL.C. plate (Merck, 20 x 20 cm), dimethyl sulfoxide,
penicillin G 105+ unit/g, DMEM medium, 7]EFA1<F 2 &
e 59 % 93 AT, FA8Y AT FFa
ARE-8ITE "H-NMR# PC-NMR spetorumrS Varian UNIT-
INOVA 300 MHz NMR spetorometerS AM&-51] =431
o, WHE-HFEZA tetramethylsilane (TMS)S AR5}
t}. LC-MS+= Micromass ZQ detector (Waters, Miford
Massachgretts, USA)E, GC-Mass spetorum-= JEOL JMS-
DX-303 spetorometers ARS-3F3ATE.

Hio|2& BA9KMIEES] 22| - A 1.5 kg vl
10 L= SFA71HA 12270 43] FZsto] o3t
ZlS 719t F23le] 320 g 21%)Q] HIEHE FEE
Atk o] WghE FEE E 28|HE 7tete] &8A171
EE85S A5t AAS el n-hexane (76 g), CH,Cl,
(38 2), EtOAc (11 g)¢F 7= (195 g)9] o7 425k
o} o714 7F¢ 978t EtOAc 5 column chromatography
sto] TLCZ #]lste] afo] o= Ui, olE% fi. 3
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(CH3CI/MeOH, gradient) system3} Reversed phase (C18)
coulmn chromatography (MeOH/Water) system2 ©]-8-3}]
ek &, wehEE AAAsI] 578 pinoresinol (85 mg)
< AUk

Pinoresinol - F+A & 44 A4; UV spectrum (nm),
1o (BtOH): 281: "H-NMR (300 MHz, CD,0D) & : 3.03
QH, m, H-1, 5), 3.74 (2H, dd, J = 83, 33 Hz, H-4a,
8a), 3.76 (6H, s, OMe-3'3"), 4.12 (2H, dd, J = 85, 7.0
Hz, H-de, 8¢), 4.62 (2H, m, H-2, 6), 6.72 (2H, d, J = 8.0
Hz, H-5', 5"), 6.75 (2H, dd, J = 8.0, 1.5 Hz, H-6', 6"),
6.89 (2H, d, J = 1.5 Hz, H-2', 2"); "C-NMR (75.5 MHz,
CD,OD) & : 54.1 (C-1, 5), 563 (OMe x 2), 71.9 (C-4,
8), 863 (C-2, 6), 111.0 (C-2, 2", 1160 (C-5, 5"), 119.7
(C-6', 6"), 133.5 (C-1', 1), 146.9 (C-4', 4"), 148.7 (C-3',
3"). ESI mass spectrum, [M+H[+m/z; 359, GC-MS, 358
M']

MEZY % SN HES0|d 2HE - Inactivated
influenza A/x31(H3N2)S- 1 M.O.L(multiplicity of infection)
] PFU/cellZ ZFHAIA Hlol2i2s ZFhell o7k S49A &
FE 27| 93] 2 nM Tamiflu, 5 uM pinoresinol, —L2] 3L
2nM E}F]ZF 9} 5 uM pinoresinolS * 2] % nfo]g] 22
hemagglutinin (HA)3} neuraminidase (NA) -f-Z12}2] Ho|
£ #Rlst7] ) nlel#| &g 536 %=% DHI D3 DFA
(Diagnostic Hybrids, Inc., Athens, OH, USA)2] R-Mix
ReadyCell(Mink Lung/A549 M|2F)S 2] = vyt &
"ol 2 100 plE 53k 35°C, 5% CO, incubatorel] 4]
16X 7R3 v et £5A1%1 Sgtol= Fefig]ol A
WIS F3L PBSE A|XslaL oMK EC R A5 9%
2sin) 7 o2 #2S1L respiratory virus fluorescent antibody
pool (Respiratory Panel 1 Viral Screening & Identification
Kit, Chemicon, Temecula, CA, USAPI 3}¢] virus-specific
monoclonal antibody .2 3 X] % o] E Respiratory virus
DFA screening reagent2] DFA monoclonal antibody 2 2
one-step process stainingH S 433} influenza virus
H3N2&HA |9l thatk LSM510 META 533 33 n] 73}
Al EERITH

&M Oligo MIZ - 2 oA = H3IN29| %5 53
DNAS] A7 & Primer®] AAIE $1311 GenBank database
(National Centerof Biotechnology Information, NCBI)*l Bt
%] )& influenza A virus subtype H3N2%2] HA 7]
AMES sk

o] A7IMEES FEOE sto v FEIRAS Pk
S (CLUSTAL W (1.81) Multiple Sequence Alignments,
http://align.genome.jp/sit-bin/clustalw), &1714 =&% 7}
HEZAQ] d7IME Fs Agete] 154 d7IMEs A

ASATE o A719e H3N2¢| HAZF NAFAALeE 713
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Table I. Primer list used for this study

Name sequence(3’-=3") mer products
IVHAF aatgceecaa atatgtgaaat 21 133 bp
IVHAR tgccatcctecctctataaaa 21
IVNAF atcaaaagcagggtcaagatg 21 200 bp
IVNAR gtegaccagtagatacaaggg 20

FARIA NN, 7 % VY BERESL B 9714Y

K
HN —{II
o2 do

133 bp2} 200 bps AE 3] 2 AFE 918 VY] &
7IMER AR H, o= A}t )T HEe e R
Az o] MEE AEZ I8 oligonuclotide primer
S AAISIAH ©]E oligonucleotide= (54| =8| A] A|
212 225199 (Genotech, Korea), 3% oligonucleotide
= AT FAAAZI e 2 AR E At 748 primer®]
G714 E-E Table 1o YERNSATH

HA2} NA f8Xtel &4, RT-PCR ¥ H7[MAUEA -
HAS} NA 48 nucleotideE A}8-3F4], PCR (Mini-
Opticon Bio-Rad, USA)S ©]-&, 133 bp2] hemagglutinin
FFTAAE FA6ISlTE AlZHe] nlol8 s HARES 5
Z317] £18] R-Mix ReadyCell (Mink Lung/A549 M X5y
o]g-3te] TZF RNASOLS 53 total RNAS H-2] 5k
HA primer®.Z ¢cDNAE ¥7J3}3L Mini-Opticon (Bio-Rad,
USA)2. 2 94°Coll A 2% 7} predenaturation-, denaturation
94°C, 60, annealing 60°C, 603, extension 74°C, 60% &
45 cycles 501' TFaYslglom, 74°CollA] 527F final extension
< FYEIsitt e SUWH O E RT-PCRS 33l PCR
2F=& Perkin-Elmer Applied Biosystems model 373<]
DNA sequencer®.Z @ 7|4 g2 A 3IL o] 5 Lasergene
sequence analysis software package (DNASTAR)C=Z F-A13}
ATH.

ﬁ
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HiO|2{A MIZEAMEH °*xﬂs o L=EA - MeOHZE A
A ste] AL pinoresinol> F-A42] A} A0S mp
= 174~175°CeI13At}. Folin- Clocalteauoﬂ Fdoller uv
A e A 281 nme] FTiE YRS 'H-NMR
2HEH S B 3.03 ppm 6.82 ppmAlo]ol] YER =
chemical shifts &1} 3.81 ppm<] signal©] singletZ L}E}
W, PC-NMR(50MHz) A& 21709] signalo] 25T},
webs ol te] 7171 EAAS B E3 Ao HuE o]
compoundt Fig. 19418 (+)-pinoresinolZ 221 &7 &}

ATF.
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Hlo|2 29| HA LHMRXALS] B4 — Tamiflue] W4l
gk A ZAPE SJAIE AN AAEe, AAH SR 2IFE
79| Tamiflu®] WXl thak Hel-F-A 7} AlS Biw s
e Aot Tamiflwd 20| Aol gk ARg-o] W1
SHHA vtole]l A] 2o A-go] HOi N2 ZAIHE=
= _ﬁ_;q;q.tﬂo]e =3l xqak 3} 7—] oz /\]._‘ag_g
= R S e vﬁx}vow WA o] RuE 99
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AAC(ASN)} 986%3719] GGC(GLY Y’} Tamiflu #12]A] HA
°] 974971¢] AGC(SER)Z 986%71¢] GAC(ASP)C.= ¥
o7} ¥ R Tamiflu®} pinoresinolS -8 2] A] HAC]
9744 7] 2] AAC(ASN)TJr 986712l GGC(GLY)’} 2=
HAE] Qe 0= Hol WS do7|x] ¢7] wiiel
Tamiflu®] W43 pinoresinolol] &3l A= WA M| ZAPE
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Fig. 1. Structures of Tamiflu and pinoresinol.
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Fig. 2. Emergence of drug-resistant variants during Tamiflu
and pinoresinol treatment of HA region sequence analysis.
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Table II. Rescue of sequence analysis of NA mutants

Position AA drug
(codon) Tamiflu

pinoresinol  Tamiflu+Pi

E119{GAA) GAA(E) GTAV) GGA(G) GAA(E)
R152{AGA) AGA(R) AAA(K) AGA(R) AGA(R)
H274(CAT) CAT(H) TAT(Y) CAT(H) CAT(H)
R292(AGA) AAA(K) AAA(K) AGA(R) AGA(R)/GAA(E)

AA, amino acid, (), abbreviation of a.a

Wil tigk £A17 S stetalr] flaf nlel# 9] {12k
HAS} NAY Q9] Ho| JrE F43F A= Table 1914
28 NAYoM= E119(GAA), R152(AGA), H274(CAT),
R292(AGA)FY©] Tamiflwell ©J3] GTA(VAL), AAA(PHE),
TAT(TYR), AAA(PHEP]\ 21} Tamiflu®} pinoresinol}
fa7)E E119(GAA), R152(AGA), H274(CAT), R292
(AGA)°] €13l NAY 3} T3l ol Tamifluol] 213
fraEl WAS pinoresinolol] ]85 A E 22 Rajeshe] H.
a9k frAkstAl ol oFEe] Fntole X WERAR 8| &
FAEO) MEAEC] QAEo] RArketa AlEFh
MZAIEe| X &5 — Tamiflue] Aol that M=e vt
HOZ Tamiflue} HEGIE ) g Al2APEe] A%
£ AT d= "AE 719 vpolglE A EAPE Al
22 Jrishr] $18kd Fig. 394" Tamiflu®}l pinoresinol
o] o3 Al £=4-S R-Mix ReadyCell (A549/Mink Lung
A EFYE o83t AT 5 AB/dtel vls) vlol
2o AN A AlE AEE] OF 1241%% 3L Tamiflu
E A F 67£11%°]2L pinoresinolXZAlolE °F 66+3%
1 whAS Tamiflu®} pinoresinols A1 *2]A] oF 84+6%
AEZE 794 JA=d ol Tamiflue] W/l gk
pinoresinol®] H-&A 2 & <& AUYAEZHES Yepi oz
Tamiflue] WAdol] tfsl] A EE AUl a0l AlEF)
A549/Mink lungMIZZ=e| HENEIN 3} — Tamiflu] W
Aol ek 28 WHOZ Tamiflue} HE&a32 7o
et Tamiflu®} pinoresinol®l] 3t Al =4S R-Mix
ReadyCell (Mink Lung/A549 HXEF)S o]&38le] ARSI
th & wloleze] PR sl AEAPES] HEE A
g = e ADE F = Tamiflueke] HEa37} 9l
A ol B7] g8l FAEZAL JAES BAS A3 Fig,
4ol M A A AP A MERGS e 9lom
Hlo]g 2o AN 739 MEAPF AA ] F7lste] E2t
Z7F 2% Feishy Hat HA 2 nM Tamiflus %2
gk 7§ AlZAbde] T oAlE RS #ES F UAAL B
ZF7IAIZ 5 uM pinoresinol* 2] 8 7-9-I= M| EAPH O] oA
B AL #AF S e £3) 2 nM Tamiflug}t 5 uM
pinoresinol®] W-83]2|ollA= M|ZAPEO] 7P Bol o#|d
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Fig. 3. Effect of Combination of Tamiflu and pinoresinol
inhibits cell death of H3N2-infected A549/MinkLung cells for
16 h. For the evaluation of in vitro cell survival activity by
MTT assay, A549/MinkLung cells (2 x 105 cells/ml) were
seeded into 96-multiplate. Cell survival ratio is expressed as a
percentage of the controls (no viral preincubation). Each
compound was dissolved PBS. For three different experiments
performed in triplicates. *p<0.05 indicates statistically significant
difference of cell viability of virus-infected cell with respect to
normal; **p<0.001 indicates statistically significant difference
of cell viability of the Tamiflu and pinoresinol treatment.

H3N2 Tamiflu

Tamiflu +pinoresinol

pinoresinol

Fig. 4. Treatment of Tamiflu and pinboresinol can rescue
H3N2-induced cell death. A549/MinkLung cells were treated
with 2nM Tamiflu or 5 pM pinoresinol alone, and combination
of 2nM Tamiflu and 5 uM pinoresinol the treatments, and
further incubated for 16 h and viability of cells was determined
by using inverted microscopy as described under “Experimental
Procedures”.

S A 5 AU wEbA o] Y pinoresinol HH-§
22 13l Tamiflu®] Wl thst -z E Apds)ed]
Hlolg 9] F241S JA|ete AR 295 e 7]
sk Zo= Als

HIO|2HA ZA|Mof chst &50|d 4 - Tamiflue}
WEAHEZ gk vlo]y & F2Aof wX= S Al EW,
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Fig. 5. Cellular localization of inactivated-influenza virus
H3N2. (a) Fixed permeabilized in A549/MinkLung cells that
had been infected with H3N2 for 16 h were stained with anti-
HA mouse serum, followed by virus-specific monoclonal
antibody of Respiratory virus DFA screening reagent with
DFA monoclonal antibody and viewed by LSM 510META
confocal microscopy. In the middle of the cell is almost shown
with H3N2 virus particles (green). (b) Viral arbitrary intensity
of ROI. For three different experiments performed in triplicates.
*p<0.05 indicates statistically significant difference of cell
viability of virus-infected cell with respect to normal; **p<0.001
indicates statistically significant difference of cell viability of the
Tamiflu and pinoresinol treatment. Original magnification, 100%.
Pictures are representative of two independent experiments. bar
size: 10 um
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