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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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vl-8H(Ephedra sinica Stapf)2 v} 33} Ephedraceae)®l
she thaAl 22 52 2S00 22X 59 55 4
a7 Ake g 30~70cm 7 A, s &4
Mo g AL Bdolt 7] 7heal 29 ritrt g
b vitjole E3ke s 2 o] & A vis gd
EA4E UeiiH, dE715 visolg} o, shiellM= 5
3,8 7, 0 dlg, s 2 39S Tl S8EH
ATH1). vlBke] QA O Z = ephedrine, pseudoephedrine,
Nmethylephedrine, Mmethylpseudoephedrine, norephedrine,
norpseudoephedrine 5] €A A SH(Q), ol FEE9
gk ok HQl WolM = T84, I, ko],
e, B, BLolol e E9E Jehdtia
I Qo A 2872 gk A= AFSHTH3-T).
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timming S &3t FEHAE 52 GR|A 9 2o g
o} 12]al a-glucosidase A3l = Bt d =2 B9
FAE St s, Aok B o]y 2 A4S e
th8-12). 53|, W7|ufo]d 2, HIV, Hguto]d X~ 58 &
S}l S| 22 ulo]e] 2252 glucosidase A3l v~ T17H3H
Aoz dHHTH12). o]# 3 o] F=Z <15}, a-glucosidase
AeiAle TEE W Ao X5A /Y ePloEx Hat
oftje}t 248712 ATtel o] &ETH13).

Nojirimycin, N-butyldeoxynojirimycin, nectricine, castanospermine
9} 22 a-glucosidase A3Al= A 5219 27|
E Asigdezsn AZrASZAY o] X(HIV, human
immunodeficiency virus)2] &4, A ¥E-§3HS 53 syncytium
(HEA) FA9] AsEAe JebdTH(14-19). 18]l n}o]
2 Al 719138k envelope glycoproteine A U] ]l
A =] MEZHSZ FH|E = ZYA a-glucosidase
FAE ol g4FPor HAIETH14). 53], HIV-
envelope glycoprotein(Env) 2.2 <2 % outer membrane
gp1209} transmembrane gp41 subunits< precursor gp160<]
oo 2 2E FHEh?20). T helper cell T |3k
HIV =832 gp419} gpl202 lymphocytes ¥ H 2] CD4

=

- 735 -



736 S A Z AR5 2] A2l A53 (2014)

F&A ol AesiH, o] Y3 T8-S Tt Adista
H]7)%52] 9] whg-3HS oF7|A1A syncytium(FEA)S A4
SHt}(18,21). a-glucosidase inhibitorZ 4] deoxynojirimycin®}
T FAIE2(18), gpl60SZH-E gpal o} gpl202.29]
o GAS THAAIA A Q) glycan processing S A3 7S
A ZAAZRAA HIV #8419 3435 Walgith HIV
7 E AEoMe] FEA HAS Newcastle disease
virus(NDV) 7+$3 ¥ baby hamster kidney(BHK) Al ol A %=
FAVSHA BEEH, T3 HIV vlo]g 2 g Add 23
envelope glycoprotein 4| WA a-glucosidase 2] 27
©.2 BHK AlEHell 4] NDV H}e]#]2:2] envelope glycoprotein
AR T GABITH22). 1HEE HIV 452 ~37]
B 93 3 dgow XA S Ak AalAl
AR I} -glucosidase B4 A Al B o] Alg-o]

utg FEEo] ulolels Bl gk A S 2= RNA
npo] ]9l 512 uputo] 2] 2 (coronavirus) Fol] &8k SA]
334 AA} nlo]# 2~(PEDV, Porcine epidemic diarrhea
virus)ol] gt ahutol e B5(23), vk 3 Al 22 A
7t BE ufo] X (hepatitis B virus) 2] A E4(24)
5ol ZtEFstAl Bzt Holoh B AFelX s, sE=
vhe FE29] a-glucosidase A&7 Fnjole) s &4
78] FBAAE st AFE TS

M=z H S

MZZE diol2{A 3 Alef

Baby hamster kidney(BHK) M35+ 37C, humidified
CO2 incubator(5% CO2-95% air)tHollA 10% calf serum
BD)©| 3*3+%¥ Eagle’s minimum essential medium(BD,
Carlsbad, CA, USA)oA vl %3}t Newcastle disease
virus(NDV; Miyadera strain)= =% X 7%+ (National
Institute of Health, Seoul, Korea)ol| A £%1HHS BHK Al 3£ 9]
A 281 S41E ule]# 2 stock E-2 monolayer BHK
A 3224 plaque forming units(PFU) 2] assayS 531 A%
St BE Aol AMEH A|FES Sigma-Aldrich(St.
Louis, MO, USA) AlZ%H #4353t A3t
AE F&

mhst Al g = AWl YA gepto 2 e st
o] AHE3tATh P AR 10 g= ZH7 W EE(100 mL)E
FLo A 24A17H5<QE FZE3] Whatman filter paper
No.1(GE Healthcare, CA, USA)S AM&-3to] oja}alict. 1
2 il WE-ES AAS7] Yot AFAE FAYEFE0T)
ste] FAAZR 3 F 47T Byste] 844 Al AE=

AHE-SFATHR2).

s BN UY
n}3) FFEo A|@ele thaksl glucosidased] thaled
a4 B4 RS Bk glycosidase] assay £ Lee 5(25)

=
(PNP) glycosides(1 mM)E X3}
£ (pH 6.7)S ZA5}] A3}
A7kl 37C, 5 & 84
37C, 108 7+ a4 W8-S S35} =
34 vol.9] 1 M NayCOs5 H7Fetd W85 3 ¥ ODwss
e

=243l E3E W ERE F4A2S At
FAELI2l 1 it EXHSH }_Zﬂoﬂ/\ﬂ’ 13 Z°F PNP 1.0
o,

umol- & Agsket) A48 B4 ko At olAe
Ak olehst 2ol s,

ACtivity(tomral B ACtZUZty sample
ACﬁiUitycontrol =100

Inhibition (%) =

Syncytium &4 2 cytopathic 1}

BHK cell®] 33 AX ©YZF(monolayer) 96 well
microtiter plate®l] 5 multiplicity of infection(MOI) &%=
NDVE ZHEAZl & A9 55 AEF F7lete] wi
stath 18 $ NDV 7 A0l A syncytium 373 o5
9} cytopathic & 5(CPE), cytopathic units(CPU) A -5 33}t
dAr|F o2 FA3HTH26,27).

96 well microtiter plateol] ¥J%FE BHK Aol 2u) 3]
F=7F HA dtel VSVE ARl £ CPU A7 &ttt
CPUE AZHH BRI} doju= F2E 55 o|d9 HAY
34 W &2 Ao, AZHHaTd yiads ze =49
Aol g45=E vt

Cell growth

96 well plates®l] BHK A|¥XE £33 & 20 =2 3]
H vl FE2ES Xg3}e] 37C, CO, incubatoroll A Bl 5}
Atk BHK A|3E 4742 2-(4-iodophenyl)-3-(4-nitrophenyl)-
5-(2,4-disulfophenyl)-2H-tetrazolium monosodium salt(Sigma-
Aldrich)Z ©]-8&3} colorimetric ol S35l AA3}4h

&8 8%l (Hemagglutination) 2 &&=k hemadsorption)
nlo]#) s gelE NDV-hemagglutinin-neuramidase
(NDV-HN) A3H3-2 NDV 79 MEF9] gafl=ol 78
2] (hemagglutination units, HAU)E 273} g3t
of. AE ®HelA NDV-HN HdfF= 753
(hemadsorption, HAD)2] A &0 2 A% 3} tH27,28).
6-well plates(Falcon; BD, Detroits, MI, USA)ol| 1
HAU/mL 552 NDVE 2 mL & 3t 7947 5 14
AJZE, 37°C, humidified 5% CO2-95% air incubatorol] ] BHK
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"1]-:--4 confluent ¥ &S 38Tt v gt w21 E A A%
S Wzte 2] A4 (chilled saline)oll A= 1%(vv) & AT
(chlcken red blood) A|E 2 mLE Z-Z+2] wellol] 3 3
T 47, 30 &3¢+ ij]o]—gicﬂil, 7HEA 7PAAl EE0
o SFEA] Fe SFAELE AA g T cell layers @2t
g 2E9 2 mLE 33] ”"]01‘1‘91‘:}. AT NE= 1% S
Yot E3ke W= swollen $ ODssoS S 3lo] A
stAh

SHEN

= A2 33] o)} whEst AAlsiglon, A3 A%
+ SAS(Statistical Analysis System, SAS Inc., Cary, NC,
USA)E ©]8-3}4] one-way ANOVA #2412 2 A|&}¢0H,
Duncan®] T 9] 7% (Ducan’s multiple range test)= 53}

o 5% FAAA A8 F9FQ AolE ASIIAUTH
(29).
Zn 2 1
0fgt £&E9| o-Clucosidase X &4
Glucosidase As|A] 23 8d A|2ELS o]&3}d] o

-glucosidase®l] st A A 35S 2t= vt —"F%%—%
Aste] AR FEEC 3 A4

$3}ed 50% inhibition(ICso)values2 2733 11] ah
4 Afs A8 AE F2Y w5 2 3ol EH:} 8
24 A3l %S Hate] Ut AT Fig. 1914}k o],
-glucosidase®l] tI$t FEE9] ICso%k2 18 ng/mLo| LS.
FZEo 38 a-Glucosidase A “Zﬂe 37N = a4
skl ICye] Wlal WBHE BHE A FARE FE et

100

=0 a-glucosidase
—&— [l-glucosidase
—&— g-mannosidase

80 _a p-mannosidase

60

40 -

Enzyme Inhibition (%)

20

L L
1 10 100 1000

E. sinica extract (ug/mL)

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 UmL 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).

Wlth. olgfgt A= vt FEE0] % YEFHOE a
~glucosidase®] 3+ A o] FrletA vt AlgH
Fig. 1914 Yephd nie} 2o, B-glucosidase, a-mannosidase,
B-mannosidase®l] ™3t v}3 FZE-9] ICs2 22 60, 40,
150 pgmLo 2 UERTh =, vt FE52 Btype
glycos1dases H} a-type glycosidaseo] Hgh &
o] Tttt olY3t AREe v} FEE0] AlEU
o] st 2o Ak Al A %

2 FEEnh

-2 a-glucosidase inhibitorg-2 ol &4 2 %:li
& ATH9-13). =, a-glucosidased] TS JA| A S 1}
Bl 22 AZf oA vho]g 2 el d S0 glycosylatlon
oF e gl FARA S Aste o E HiHY
J#E2Z, Fig. 13 729] a-glucosidase A 442 e}

'E uhek FEEo] AlFEWollA ulo]# 2 gl o] ghAy
I R AEFHEo o BHAY FF olsfst=t] 83
AEZE ol&d F Us Aol 7]"41%‘:}.

@

k

Ofgr F==80] 2olst Hio|HA %h_ Ao ML Wal x|
£ AP AzgEelA vk 4 ol oA
gA43& ZAEH] 918k, NDV 7&?3% BHK A|3Z Yol A4
s = nloles BT A INDV-HN) 9] A3 9 Al
RHO R FH 58 HESINULL
nlgk FFE0] x| A4S JA|A7]= MIC(minimum

inhibitory concentration) #t-> 25 ug/mLZ L]-E}‘/LE‘r(Table
1), 2Rk, B0 HEA F40] ALEE MIC gh
12.5 pgmLZ YERTE B3k NDV 7+ ¥ BHK /\%]4_01]/\1
o] EA FAHLS HIV TEAeE FARsHZ] wiEol
(16,19,21), v}3F FZ &) 2|3t a-glucosidase A A=
virus 7+ A ZF) A 9] glycan FA HA& JAEZ
Fx2A FHS At & & U

Table 1. Effect of E. sinica extracts on syncytium formation.
Concentration (ugfmL) 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.

w1 25Bol o5 uolels FHu A 2
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5}3lths A7 B QTh25,26). NDV 7+ E A u)
oFol S o3 v 5te] T 28 (chicken red blood cells)
S #H7ksk &, &35 E ) 4 hemagglutination 432 =43}
Ak HAUE "1 559 557} 25 7 32 ugml Atole]]
A @A aske s UERAlE FRATHEFg.
2, white bar [), NDV 7+ " AXEof| & HIF HELE
A7¥ste] 7 F2HHAD %) AEE =43 23, 25 ugmL

& % (Fig. 2, black bar l)ol A FH e F259 1As
Yehl St =, NDV 79 A Eo) thate] vjd 25
Ag)e 23, F2E 25 ugml FEE A g A o)A
Hlolg & geti o] Al xy) AL Al HA Fot
(Fig. 2, white bar [)), Y o] MZEHO 2] FH]7}
A =0 dFFato] H A= 2k THFig 2, black bar H).
1”4 ANRES TH = A5, v FEE2 NDV
%% BHK A|XEol|A nfo]e]2e] Gtz
1o 2 1 },—”?J.’EUZIOE Dh:]—uﬂz] 1:1‘__]—@_
F 7 A vlo]# A b 9k o] o A=

i &5 3 AoE FEAL F5 g &
182 E49] £ 2 28712 tigh d+
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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).

(@] [e]
i =

Newcastle disease virusq(NDV) 7+ baby hamster
kidney(BHK) M| 3ol A] syncytium(3EA]) FAJ-2 Alz9)
rHo g 4 nlolzlx A hemagglutinin-
neuramidase(HN)Oﬂ o3l dojdtt. HAU 2 FEE9]

=7k 25 3 32 ug/mL AtolellX= @A Fastl e

U, NDV 79 ¥ HAD(%)+= 25 ug/mL F=04 3393k
XY AAE e vl g o] A "3@'
4 1'3HQZ] AT 2B, FEAER] v} wg
HlolejZs gkl of /‘1]3‘1.9— o] &3 51771]
] A& Aslfste] ggutole] s 285 stk
—irﬁ‘j o] A3|edS ZAKSE A3 a-glucosidase®l] T
5t FEE9] ICoS 18 pg/mLolom, B-glucosidase, a
-mannosidase, 3-mannosidase®l| T3} v}3F FEE-2] IC5o-S
Z}7} 60, 40, 150 pg/mLE WFERY Btype glycosidases H.TF
a-type glycosidasel] Wt §484 Aslso] 3 Th
WekA ICso & =M= AlZ el T AghdS A
3w 2] erom Feide) 55 Afjehs Aow ddy
Now S gutol)x A ’5}%711194 A77F dasit
3 ekEh

Al =

o] T 20143hd e 1@@6—} Az A7) 29
Aol elate] ATH AL
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