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Antiviral activity of methanol extract from Ephedra sinica Stapf
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Abstract

Ephedra sinica Stapf, known as a medicinal plant, inhibited not only syncytium formation, but also trafficking
of viral glycoprotein, hemagglutinin-neuramidase (HN) to the cell-surface. Trafficking of viral glycoprotein to the
surface of infected-cells results in syncytium formation in Newcastle disease virus (NDV)-infected baby hamster
kidney (BHK) cells. Viral glycoprotein in the infected-cell is processed within the endoplasmic reticulum during
routing into surface. The processing of viral glycoprotein like a N-linked oligosaccharide trimming by a-glucosidase
in cell is necessary for virus infection. Methanol extracts showed inhibitory activities (ICso 15 pg/mL) against a
-glucosidase. This suggested that E. sinica extracts inhibited the cell-surface expression of NDV-HN glycoprotein
without significantly affecting HN glycoprotein synthesis in NDV-infected BHK cells.
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v} 8H(Ephedra sinica Stapf)-> V-3 Ephedraceae)l <
She ThaA) 2B 5o 2B4R0EA $) FHY 2
237} QA0 30~70cm 7heF AR, Wel2) B4
Ao g T Hdoltk 7] 7heal 2H riert B
g vitjole E3ke s 22 o] & A v gd
EAS UehiH, =715 migole} st dhdolas &
3 7, e g, el 2 FEF ol S8EH
JTHD). vl8ke] FQ A4 E- O 2 = ephedrine, pseudoephedrine,
Nmethylephedrine, Mmethylpseudoephedrine, norephedrine,
norpseudoephedrine 5-¢] & A A S H(Q), °]& HAEE
gk oFg Al WolM = T84, I, Futolg s,
e, 3, FEE 2714 g a3 etk B
I ot AEe 27 gk A= AF3HTH3-T).

g, B, ¢, vholg 2 Y 53 2L e AHd

FoAsh= AoR L3 glucosidases= A|EZY glucose
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timming S &3t S 52 G| A Ao Fogh
t}. 28] a-glucosidase A3)AlE Fetld 3 2]
TAE Bt s, Aok 2 dntoly 2 &S vER
}8-12). £3], W7|ulo]y 2, HIV, 7tdnlolas 58 ¥
8135l 5] 22 vlo|H 52 glucosidase A3 ol - WSk
Aoz dHAHTK12). o] o] F-Z 213}, a-glucosidase
AsfAle HdE B2 Ao A8A AL ePloEA it
oftfe} 8712 ATte] o] &EHTH13).

Nojirimycin, N-butyldeoxynojirimycin, nectricine, castanospermine
9} & a-glucosidase A3 A|= T A S=2)9] Z71HA
& Asgezn AU HEY Hio]HHIV, human
immunodeficiency virus)®] )|, Al X-§E-S 53 syncytium
(F2A) F49 Aafgds Uehdth14-19). L8]al uvjo]
2 7949 71%13k= envelope glycoprotein Al U o]
A G MEgHeF BEuHlEs o)A a-glucosidase
TS wol BAFPor HIFETH14). 53], HIV-1
envelope glycoprotein(Env) 2.2 ¢ % outer membrane
gp1209} transmembrane gp41 subunits< precursor gp1602]
oo 2 2E FHEh?20). T helper cell W X3k
HIV 8412 gp419} gp1202 lymphocytes 2] CD4
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T&A AgdetH, olefgt Fo S Tt At
H 715 2Q1 9hg- 3 oF71A1A syncytium(FEA)S 373
SHH(18,21). a-glucosidase inhibitorZ#] deoxynojirimycin2}
I A E-2(18), gpl60S- 2 gpal9} gpl200.22] A
o S-S TFAAIA A Q glycan processing= A3l 2.
24 A ZHANA HIV 8419 A4S Wafigith HIV
7" MaEdAe FEA FAL Newcastle disease
virus(NDV) 7+$3 ¥ baby hamster kidney(BHK) Al X o A %=
FrAFSHAl B =™, =3 HIV vlo]lg 2 HEA3d a3
envelope glycoprotein> Al WA a-glucosidase =22+
S 2 BHK AlZUjell A NDV Hfe]2]2-9] envelope glycoprotein
FATRA T FAITH22). 1B EE HIV 484 238
3 fg E53 Ao g FEA P45 Aslste AaiA
S 3} a-glucosidase B3 A A B o] Aol
s k=0

ulsl FEEo| o]z F5of gk AS 2= RNA
Hhole]2-9] 3121 eko] el (eoronavirus #2534 54
34 AA} ulo]# ~(PEDV, Porcine epidemic diarrhea
virus)oll B gt ol T5(23), vis A2 HE|A
7+ B nHlo| 2] X (hepatitis B virus) 4] A 24(24)
o] ZHEFetAl Bavt Hooh # AFdAs, sEe
ul8k FEE9] a-glucosidase A3 &Ad 3} gntole 2 &4
o] FFAAE A AFE TS

Lo

XHE al EIDH:II:-II

M=, dio[a{a R Alef

Baby hamster kidney(BHK) A3+ 37T, humidified
CO2 incubator(5% CO2-95% air)tJllA4] 10% calf serum
(BD)°] ¥ 3+%¥ Eagle’s minimum essential medium(BD,
Carlsbad, CA, USA)ol A vt} Newcastle disease
virus(NDV; Miyadera strain)= =8 X2 - (National
Tnstitute of Health, Seoul, Korea)ol| 4] E-oFa-e BHK 4|20
A 21313t F241% Blo]# 2 stock E-2 monolayer BHK
A 324 plaque forming units(PFU) 2] assayS 53t 4%
St e Algol AMEE AlFES Sigma-Aldrich(St.
Louis, MO, USA) ALZHE] 48t ARS8t

AR F==

g Als = AWl XS stepo 2 e st
of 2183kt vkeE AR 10 g& ZH2} v €100 mL)Z
F2o| A 24A7HEQF FE3Fe] Whatman filter paper
No.1(GE Healthcare, CA, USA)S A}8-3le] oJisl4th 1
1 WE-ES AA 7] Yt AGAE FAYE5E0T)
st FAAZE 3 F 4T RHste] 4 AlF AEg=z
A& A TH22).

2 AFsl= ©hFst glucosidasedl] T &}ho]
AE BA glycosidase] assay & Lee 5(25)
T} Lee 5(26)] Wil wa} 4383}tk a-glucosidase ¢

J 228 9Jsle] 7|22 penitrophenol
(PNP) glycosides(1 mM)E ¥ 3}51= 50 mM phosphate $+5
FOAGH 6.7)2 2ANA AHEAAT, A BT BFEA

0

AH7F8kal 37C, 5 B 54 vkg Al & 71ES Hrlske
37C, 10% 7+ 84 W& F3tHTh EANES

38 vol.2] 1 M Na,COsZ AH7}ste] HEe-S 31 & ODys =
=73t SR = MStENE 84

2T 1 wite BEFA 00A, 12 F<FPNP 1.0
umolS AAs=t AMEE G4 Yo g A AdAE
Ak ol e} 7o) STt

O

ACtivity control ACtZUZty sample
ACtiUitycontrol =100

Inhibition (%) =

Syncytium &4 2 cytopathic 1}

BHK cell®] %3 AlX ©YZF(monolayer) 96 well
microtiter plate®l] 5 multiplicity of infection(MOI) & %2
NDVE A7 & FA1E 559 A8 H7iste] wieF
staith 1% $ NDV 7H A5l A] syncytium 373 o5
9} cytopathic &°5(CPE), cytopathic units(CPU) g 22 333}
dAr| o2 HEE A TH26,27).

96 well microtiter plate®l] ¥ %% BHK A3z 21) 3]4
FE7}F HA st VSVE A1 3 CPU A#S 3F3T
CPUE AZHH BRI} doju= F2E 55 o|d9 HAY
1A v &2 A, MEEHad Uyds 2ie 529
Hol J4F5=E vt

Cell growth

96 well platesol] BHK A ¥Z 53 3 2u)) L2 34
H ul8 2255 A8ty 37°C, CO, incubatorol| A] Hlj ks
St} BHK A|3Z 43742 2-(4-iodophenyl)-3-(4-nitrophenyl)-
5-(2,4-disulfophenyl)-2H-tetrazolium monosodium salt(Sigma-
Aldrich)E- |83} colorimetric ol 3] A4 34t

=8 1-E&l(Hemagglutination) ¥ & & %Hhemadsorption)
vlo]g] 2 WEElE  NDV-hemagglutinin-neuramidase
(NDV-HN) A ¢H3-& NDV 79 MEF9] Gafi=ol 78
&% (hemagglutination units, HAU)E AA 3} A #s}9
. AX FWolM NDV-HN Tdf%e 75
(hemadsorption, HAD)9] A #o 2 AX3}4TH27,28).
6-well plates(Falcon; BD, Detroits, MI, USA)°| 1
HAU/mL 552 NDVE 2 mL A& 3o 742171 & 14
A17Y, 37°C, humidified 5% CO2-95% air incubator®l] 4] BHK
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A|329] confluent Bl Y-S =3 3FSAT). vl St vl A& A AgH
S W7zte 2 A4 (chilled saline)oll A= 1%(vv) B AT
(chicken red blood) A1 ¥ 2 mLE Z+z}e] welloll £ 3
547, 30 1 AR eH, 7HEA THEA E50 U
oL FFE A e GFAEE AA 3 F, cell layerS 37t
gk A9 2 mLE 33] AoFQleh AT MES 1% GE
Yo7k 23+E iR swollen § ODssos S48t A

SE APE 33 o)y wEsiel AAskglon, 49 F}
+ SAS(Statistical Analysis System, SAS Inc., Cary, NC,
USA)Z ©]|-83}] one-way ANOVA #2418 A5 oW,
Duncan®] THH¢] 737 (Ducan’s multiple range test)S 53}
o 5% FEolA AEZY FFQ) AolE ASsAT
(29).

Rt
ojg £&=E9| o-Glucosidase A &y

Glucosidase A3lA] 2=3Z8d A|LHE 0|83t ¢
-glucosidase®l| thal AN SS Ze v FE5=
st AT FEE s ASEAdS AR
21384 50% inhibition(ICso)valuesS A3t oM, G4
4 Aslls 282 A& =Y w5 21 3ol tisk 524
2 Asll %S At YERH AT Fig. 10149} 2], a
-glucosidase®l] T3+ FEE2] ICsat2 18 pg/mLo| o
FZE9) g a-Glucosidase 24 JAIE 3719 T2 54
9}o] ICxo] Hlul WiskE BSOS B9% AR Fds UE

o

o N,

100

—O— o-glucosidase
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Fig. 1. Inhibition of various glucosidases by E. sinica extracts.

Enzyme solutions were treated with designated concentrations of sample. The amounts
of enzymes were as follows: 0.5 U/mL a-glucosidase (O), 0.5 UfmL B-glucosidase
(@), 0.5 UfmL a-mannosidase (A), 0.5 UmL [3-mannosidase (). Mixtures of enzyme
and sample were kept at room temperature for 1 h. Statistical analysis was performed
using a one-way ANOVA (p<0.05).

WAtk o8t Ade= v FEE0] TE YEHLCR a
-glucosidase®l] W3+ A o] Frletgtia AR HTH
Fig. 194 Yehd ule} 20|, B-glucosidase, a-mannosidase,
B-mannosidase®l] W3t vt8F FEE9 ICso2 717} 60, 40,

150 pgmLo.2 Yelgdth =, w8t FEE2 Btype
3

glycosidases XU} a-type glycosidase®l] W3t 44 A3
So] SZadlr) ool ABEL o1 30| AT
Fehi o] Gajst 2ol e As 244s veille e

Z FEHL

%2 a-glucosidase inhibitorE-2 el &4 EH=Z
A A Ath9-13). =, a-glucosidasedl] the+ JA| A4S 1}
= A2 Aol vtolg2 D dE9] glycosylation
of e gy FARA S AAste o2 HiE
o 2822, Fig. 13} 29| a-glucosidase AA| &44S e}
e vk FE50] AlZolA vlolzf 2 Fehuide] oy
g @ AEEHo =] BuHY F5 ollst=d 8¢
AEZ o] 8d F s Aolgt 7|vdh

Opgt =530 25t Hio|B|A Al ML WS AX|
£ AFE AzgFoA vis F259] Futolg s oA
24S AFeh7] f1sked, NDV 7H9 ¥ BHK A3 Wiof A
|- = Htoll Y ANDV-HN) S| AeHd 2 AE
29 #H 855 HEIAC:
FFeo] FEA FAS A= MIC(minimum
inhibitory concentration) a4t 25 pg/mLZ UEFTH(Table
D). 2, AR A o] A% MIC 3k
12.5 pgmLZ YERth 3 NDV 7+ E BHK A Zoj A
o FExA FAHL HIV A fFAH] wiEd
(16,19,21), v}s FEEol 93t a-glucosidase & A #l+=
virus 4G M ZFANA 9] glycan B4 HAAS A=
GEA S Mgt & F Aok

=
=
[e=]

=

o
=
ok

o

Table 1. Effect of E. sinica extracts on syncytium formation.
Concentration (pg/mL) 32 6.3 125 25 50 100

Syncytium formation ++ ++ +
%HAU 100 97 92 83 74 55

Confluent monolayer cultures of BHK cells in 96-well titer plates were infected with
NDV. Methanol extract was added at 1 h after infection and the cells were incubated
for a further 18 h. The syncytium formation in NDV-infected cells was determined
under an optical microscope The degrees of syncytium formation was expressed as
follows; -, none; +, moderate; ++, severe.

d

18 FFEol o3t nlo]g 2 gt Ae] AxgHo =
o] BE A= AE A nlo]Z s G o) A xu)
A Aol 2sl dold 7FsAdo] JeB g, FEE
ogh gl d A AseS AESIATE NDV-24
o| 4 nlo]zx gkl d NDV-NH| & A3
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=
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7} B = {th25,26). NDV 7HE Al S Hj
3} g5t & &8 (chicken red blood cells)
% 3 &l A hemagglutination 43S =73}
o}g} 3280 F%7} 25 7} 32 ugml Alo]ol
AA8HA FHadhe 7“*~ el A= kA RHFig.
2, white bar [)), NDV 73" AxEof| & HIF MEE
718l E FEMHAD %) =S ST 2, 25 ug/mlL
&% (Fig. 2, black bar l)oI A FHL 3 352 A4S
YR ATE S, NDV G E Al 2ol tlsle vl &5
A3t Ay}, FEE 25 ugml SEE A2 S FolA
nlolg] 2 g g e} M) AL A=A kot
(Fig. 2, white bar [[]), 3Tl do] HEEHO Z o] FH|7}
A= o] PFE o] FA &= YUrHFig 2, black bar H).
ol AHES T & A, vt FEES NDV
}4A¥ BHK A|Eol|A nlo]e| o] gekuld Fu) 74
oz 1 ] _Luqoi r)rr:]—unzl Hlﬁ_% HO%HQEE
F2HAA bholy 2 iAbe] eho] o -BE A
dutole] s A-8-5 ke Zo® FEHEN 35 vk =
EZ7E dulolys 249 F8] % A7 tigk A

7 Bash

tlo

F

ox, 2L oY
Ty 24 g
r°l‘ i
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Fig. 2. Blockade of the cell surface expression of NDV-HN
glycoprotein by E. sinica extracts with no significant effects on its
synthesis.

Synthesis of NDV-HN glycoprotein was quantified by determining hemagglutination units
(HAU, [J) in whole lysates of NDV-infected cells. NDV-HN expressed on the cell
surface was quantified by hemadsorption (HAD, ). Statistical analysis was performed
using a one-way ANOVA (p<0.05).

(@] OF
ai =

Newcastle disease virusq(NDV) 7+$3% baby hamster
kidney(BHK) A ZA] syncytium(ZEA]) A4 Alaxat
xHo g % nlolzx A hemagglutinin-
neuramidase(HN)©l| 2J3f] 2ot} HAU e F=&9
w57} 25 7 32 ugml AP E FASA AR e
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