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Inhibitory Effects of Campsis grandiflora on HIV-1 reverse
Transcriptase, HIV-1 Protease and a-glucosidase
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Abstract - For the elucidation of action mechanism on anti-HIV of natural resources, the extracts of Campsis grandiflora
were tested for their inhibitory effects on HIV-1 replication and its essential enzymes as the reverse transcriptase (RT),
protease and a- glucosidase. In the assay of HIV-1-infected human T-cell line, water extracts of stem inhibited the
HIV-1-induced cytopathic effects with IC (inhibitory concentration) of 100 £g/ml. Moreover water extracts (100 ¢g/ml) of
stem showed strong activity of 37.9% on anti-HIV-1 RT using Enzyme Linked Oligonucleotide Sorbent Assay (ELOSA)
method. In the HIV-1 protease inhibition assay, methanol extracts of stem and leaf extract showed 33.6% and 31.5%
inhibition of the enzyme activity to cleave an oligopeptide resembling one of the cleavage sites in the viral polyprotein
which can only be processed by HIV-1 protease, but did not exhibited glucosidase inhibitory activities. From these results,
it is suggested that the inhibition of the viral replication in vitro is due to the inhibition of reverse transcriptase by water
extracts of stem of Campsis grandiflora.
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al,, 1992; Kusumoto et al., 1995), & d-Lo]A+= of o] ARt ()] g = g, o AAS
Zo] 130 vlojel el HIV-19] 2 Faoh L ulolels  AASHe AGiH) fiol o] BA, WA, ¥
S oz U ABES BN G5 ATHae o) Aol BT ASITE FROU, AFHD,

Etl 1 F 523t 7|9 A 259 Ao T Ao (ifidid) o] Fso] QLo FF AR, TS
B stR} st} 543K Campsis grandifolia K, Schum) O] A 7o AFEEe] 231 Qh(Kim et al, 2004).

= L4313} (Bignoniaceae) o £3H= Z0] 10 m9] YA =4010] SJSMAJEL O 2= acetoside, oleanolic acid, ulsolic
o g2 AER YBto] oFste] = o] YAt acid, beta—sitosterol, daucosterol % A|-g&Al AHEEO]
Alole}, ¢l mEUr|she G eko|al 74 13] SR uka] 7] 9l o (Zhang et al,, 2011; Kim et al,, 2004),

9lo A= cachinold} 1-O—methyl cachinol% iridoid
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AEo] HaEo] QIth(Jin et al, 2005), FjEAoRE=
cholesterol acyltransferase inhibitors 24] maslinic acid,
corosolic acid, 23—hydorxyursolic acid, arjunolic acid
g0l dHA o (Kim et al,, 2005), T3] ofgE
FEEY ML FEsEEol HuEHem(Cui et al,
2006), oleanolic acid, hederagenin, ursolic acid, tormentic
acid, myrianthic acid 5 triterpenoid 4259 F&A
Zkgo] BaElo] QIth(Jin et al, 2004). 3t ursolic
acid®] &UEA S5 A3t Bt QoY (Jung et
al., 2007) 2319 £7] 9 QLo =R E HIV oA 24|
I AL obasb wus) gk gtk

& AFoMe 23] ¢, 719 & 9 vgE 9
£ 0]&35}o] HIV-1 7| d49l reverse transcriptase
oA &AS ELOSA(Enzyme Linked Oligonucleotide
Sorbent Assay) WO 2 HIV-1 protease AL
HPLC A&¥o2, 183 a—glucosidased] AA|ZAL
spectrophotometer ZAMOZ HI7IEATLE A5}
I, HTLV —19] 7+ MT—4 cell line o]&5}o] ujo]
2o A S Al 2 At ol ao] Bakslo]
sk g

R
AR ARG Sk A 2 HA]
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Br= S5 2 1 AloRE ARESISITE Microplate washer
+ Immunowash model 1250(Biorad, Nippon Biorad KK,
Tokyo, Japan)<, microplate reader+ Biorad 3550—UV
(Biorad, Nippon Biorad KK, Tokyo, Japan)S, HPLC
+ [System controller: Shimadzu SCL-6B, Pump:
Shimadzu LC—9A, Detector: Shimadzu SPD—6A(UV
spectrophotometric detector), Recorder & integrator:
Shimadzu C—R6A Chromatopac,]S 27 o]-&35}4 T},

Ng 32
A& 5 g& 47 (100 ml) B HWE-E(100 m)=

BT Qo 23 T 2 BTN gl BIHE
297k WA A BARES B AR AR A
shsick, Al 24 AR Aol BiE 254 DMSOo]
100 ug/mlo] F=

I.m oZ,
o}t

ot

_O'L

2

>

ofo

QL

2

5

HIV-1 reverse transcriptase 2JA] &4

Reverse transcriptase(RT) &JAZA A2 Dupont
AF2HE G98F RT-Detect™ kit NEK—070A (Dupont
medical products, Boston, MA, USA)E ©0]-&3F ELOSA
HRog 4T olstoA] AAeFHA assay 274 A3}
ot Ao A Azl ol A4kE HIV-1 RT (10
U/ul, 100 mM potassium phosphate, pH 7.1, 1 mM
dithiothreitol, 50% glycerol)E FALEN[100 mM Tris
—HCI, pH 8.0, 160 mM KCl, 1 mM EDTA, 3 mM di—
thiothreitol, 0.3% (v/v) Triton X—100, and 10% (v/v)
glycerol]of 0,005 U/ulz 3]A4sto] ARSI Hh--29)
E(reaction mixture)2 primer”} 2= RNA template
9} triphosphate—DNA nucleosidesS HF-E-E 815 9=l
(reaction buffer: 200 mM Tris—HCl, pH 8.0, 40 mM
MeCl) ol B]8i3ko] ALEHAITE 10 11 WHSEEE S5,
20 Wl BR3-E3kE, 4 W AlE FE=, 5.2 Wl A4AFAS
500 ul test tube (ependorf)o]] Wil 37°Col|A 487+
HIHjFRE & 82 0.8 wE 7Hsf 37°Coll Al 1AI7HESE 9
ARAZ132 90 Coll A 187 BHg-2 AR AIZ T whg-& mf
RNA templateS 47}2]-8HM(5.62% potassium hydroxide,
94.38% water) 2.2 37T of|A] 1587 7l=883 & ¢
200(13,6% sodium phosphate, monobasic monohydrate,
86.4% water) 0.2 Z3}5}9it}. ELOSA ¥H-2 ¢3f =3}
A7l gl 50 wE streptavidin—coated microplate
wello]l &7]3l, horseradish peroxidase(HRP)—labeled
detector probe®} biotin—labeled capture probeE 3*¥3§t
S}= ELOSA -89 50 ul H7}sto] 37°CoflA] 2417152t vl
3 tH Weber et al., 1989), ¥H-3-& w21l microplate
wellof| &2 Alofolu} 7hp7aEl RNAE A|A3t7]| ¢lsf
A2 H(2—chloroacetamide &M 20X)S DW= 3]Als}
o] 33 A|Ast%tE A3 microplated]] FFHZN(S,
3',5,5'— tetramethylbenzidine substrate &%) 100 ul
£ 7sto] Aol A 1A7HE HEEAITL 3 HX] 9 (2.2%
citric acid, 1.5% HCI, 1,5% sulfuric acid and 94.8%
water) 100 plE H7psto] Whe-5 AAAIZATE WA

o 2

)
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spectrophotometer® 450 nmoj|A] SF=E =439S
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Inhibition(%) = (Activitycontro—Activitysample) /
Activitycontror X 100

HIV-1 protease A 84

SAA QxFFoE AYARE HIV-1 proteased]| &J5t 7]
A 9] cleavageES HPLCE &A1 A YL Otake et
al, (1994)¢] W] oJsl] Fr|5}¢ITh < HIV-1 protease
(PR)9] DNAE YEM = JM 105 Escherichia coli oA
AJALE] HIV-1 proteaseZ {[50 mM NaOAc(pH 5.0), 1
mM EDTA-2Na, 2mM 2—Mercaptoethanol]:Glycerol}
=75:25 gof| 3]Asto] ARE-5IAL, 7]--E oligopeptide
{His—Lys—Ala—Arg—Val—Leu—(pNOs—Phe)—-Glu—Ala
— Nle—Ser-NH; (M.W. 1315)}5 (FHTd A3
(Osaka, Japan) 25 E F¢5}0] 22N (50 mM NaOAc,
pH 5.0)0l 2 mg/ml F=2 3450} ARESIGITE o HIV
—1 protease Whg-2 k5ol 1 ul, 7|2 1.0 I, A& =&
= 1lu, AagH 2 ulE 27 7hete] Awk 5 wel vheE
FES 2AIBEL 37Col| A 1A17F §EGAIZ] F 90Coll A 60
27t 7hgsto] aa w2 AAAZY veEdES S
F4 35 W2 843 F HPLC £4)& 3319.on] HPLC
X 2A0Z columne LiChrospher 100 RP-18 (column
size, 250 X 4 mm, Merck, Darmstadt, FRG)<, &=
0.1% TFAS} acetonitrile(20%—50% gradient) = 3}% S

, 742 1.0 ml/min® A} UV 280 nmoj|A] 4]8}
cH(Fig. 1),

a —glucosidase A 84

a—glucosidase®] 93t p—nitrophenyl—a—D—glucoside
9] cleavageE spectrophotometer @ Z43}= HH-S o]
L3l Adof ARRS 3 A4Y-E Saccharomyces sp, ©|
A AL q—glucosidase(Toyobo Company, Osaka, Japan)
£ ¢=N(10 mM sodium phosphate, pH 7.0, 20%
glycerol)oll 0.5 U/ml7} E|=E35}o] AREsIGloH, 7]4
2 p—nitrophenyl—a—D—glucopyranoside(Nacalai Tesque
Inc., Osaka, Japan)S E4 550 10 mMo| =5}
o A&ttt 3 a—glucosidase §Hg-H2] 2/AJL2 50 ul
¢}=0H(100 mM Sodium phosphate, pH 7.0), 100 pl 7]

1 £7] 3&59] Human Immunodeficiency Virus Type 1 A4

12.00

5.80

Absorbance(280 nm)

pNO;-Phe-Glu-Ala-Nle-Ser-NH;
His-Lys-Ala-Arg-Val-Leu-{pNO,-Phe)-Glu-Ala-Nie-Ser-NH,

| .

Fig. 1. HPLC profile of the reaction mixture of HIV-1

protease. The substrate and its hydrolysate were detected
at 280 nm and their retention times were 12.00 and 5.80

min, respectively.

AEHT} 20 Wl AE FZEE SRl 37 CoflA] 587 oju]

= £ A7kste] 37Col|A 1087 ujFs
A AZN(0.2 M sodium carbonate) >
2 528 AX| A7l & microplate wellof] 27 405 nmo|
q =

ST ALY ARE Tt Zo| 3

Inhibition(%) = (Activitycontro—Activitysample) /
Activityeontror X 100

HIV-1 4] 94

HIV-1 BEA A DA AF-2 Otake et al, (1994)9] 1
ol ofs Bsto] Ak, Aol ARSE AlE= HTLV-1 9
Y= MT-4 cell line® & penicillin G 100 U/ml
(Banyu Pharmaceutical, Tokyo, Japan)2} streptomycin
100 pg/ml(Meiji Seika, Tokyo, Japan) “12]al 10% fetal
calf serum(FCS, Flow Laboratories, North Ryde, Au—
stralia)S X §é}l= RPMI-16408]X|(Flow Laboratories,
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Irvine, Scotland)Z ©]-8-3}e] 5% €O} 37C2] ZA3}|
A} Hjefsto] Aol AR SIGILh. Hlolel At MOLT—4/HILY
=3l 22 HE A& HIV-1 (strain HTLV-1Ip)& 9]
L3519t & HIV-1 XL MT-4 A2ZE 50%—tissue
culture infective dose(TCIDso)ollA 1A]7F E<F HIV-1
(HTLV-T1,)o 7%A17ich. 12]3 RPMI-164084]0] A
1 X 10° cells/mlZ A7l FEFE A EZ 200 pl
/well® 96—well culture plateo] 2EAA0} 317 2]
StaL 5U7E wiFslt, A=A A MT-4A4|3Zof ofgh
HIV-1 S&= ANZ2HA(CPE, cytopathic effect)S €H413]
AA5}= = (C, inhibitory concentration)E 3t ]|
o7 sl o HIEEA(CC, cytotoxic concentration)
o MI-4 HES] ALY A 2N drEe
HIV-10] 1904170 A28k A7) g Aol Ao 28
WA ok 2ot} GPHThETS AZTS} DSB000S 2

7} olg319

s

s
Zn o o3

RNAS {4 HEj2 sl= dERHlo2|29

HIV-1(human immunodeficiency virus type )

ofN

2l
o
0]Z(acquired immune deficiency syndrome, AIDS)9]
Holsha ele 2 4#A QIth(Kaminchik et al,
1994; Peliska et al., 1992). HIV-12 RNAS &3 A%
o] Ao|5}al o] reverse transcriptase (RT)(Prasad
and Goff, 1989)o] 93} viral DNAZ ZAA}E]o] host
chromosome®| proviral DNAFE|2 Z2|stc} <FA|E
oA ZE7)1E AA protease(PR)of|(Katz and Skalka,
1994), glucosidase (GL)S9] Z-&9 = (Taylor et al,
1994; Mohan, 1992) Al<% virion©=Z budding¥ T},
HIV-1 vpo| A= BA| 2o A host cellS T O =
A QIZEel W7 He ARt AollE fiddhs AeRE o
A ek, o] AtRbel osf & HIV-1 &4& 2he
AAEde] st d-50] HilE il 9t} gossypoldt 1
A 8= A (Prusoff et al,, 1993), 3F A dvlzo|=Q]
pyrido[4, 3,2— mn]thiazolo [5,4—b]acridine (Taraporewala
et. al,, 1992), Bd (Nakashima et a/, 1992), S5
o0& (Kusumoto et al, 1995) 59| & HIV-1 AA|&
Aol RAE A, T3 AAFA A FHES screening

o] 3| X]aL QIc}t (Yu et al, 2007; Kusumoto et al,

flo

2 Aole 543 FEE9 HIV-1 AAES A
1 A 543} ¢, €719 MeOH F2&2 9

HAL B A gAdo] EAU A glglon, 543t &7
o] & FZE°lA 100 pg/ml 5= A 37.9%2] HIV 3
ad A 4L UESick(Fig. 2). 1E]ar A2
HIV-1 Z2HoM| AAE Ao A = 543 At £7]
HehE FEE0] 100 wg/me] sEo|A ZHzt 33 6%t
31.5%2] oA gAdo] WAE QI (Fig, 3). T4} I &
719 & FEEoMe SFIAITHA 9A 245 YA
AT £719] gk FEEA= 10.5%2] n|gh o
AgdE et lth(Fig. 4). 543 #2592 HIV-1 v
olg|A FAZ ¢AE] YAel: Hashs £719 & F
&0 100 pg/m=z Yepton 7|9 HghE FEE,
N & Y HEE FEEolAe EHdo] WAEA Mot
(Table 1), T3t 548 FEES FEHR Aajsto] wj
9S W AZEAS Uehfes Hashs BE 559
A1 100 pg/ml oFo g Ut AlREEAE A9 dor|A|

0r6.5 o 2= gloitHTable 1),
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Fig. 2. Inhibition rates of stem water extracts of Campsis
grandiflora on HIV-1 reverse transcriptase. The results
are the mean + S.E. from three replication. Different letters
indicate a significant difference by Duncan’s multiple
range test at p < 0.05. Water extracts were dissolved in
distilled water, and methanol extracts were dissolved in
DMSO or 10% DMSO in water. NE, not effective.
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Fig. 3. Inhibition rates of leaf methanol extracts of Campsis
grandiflora on HIV-1 protease. The results are the mean
+ S.E. from three replication. Different letters indicate a
significant difference by Duncan’s multiple range test at
p < 0.05. Water extracts were dissolved in distilled water,
and methanol extracts were dissolved in DMSO or 10%
DMSO in water.
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Fig. 4. Inhibition rates of stem methanol extracts of Campsis
grandiflora on a-glucosidase. The results are the mean +
S.E. from three replication. Different letters indicate a
significant difference by Duncan’s multiple range test at
p < 0.05. Water extracts were dissolved in distilled water,
and methanol extracts were dissolved in DMSO or 10%
DMSO in water.

Table 1. Inhibitory effects of extracts of Campsis grandiflora against HIV-1 viral replication

Sample No. Used Parts Extracts IC (ug/ml) CC (ug/ml)
1 leaf W NE >100
2 leaf M NE >100
3 stem W 100 >100
4 stem M NE >100
AZT 0.00195 >1
DS8000 0.97 >1000

W, water extract; M, methanol extract. Water extracts were dissolved in distilled water, and methanol extracts were dissolved in DMSO
or 10% DMSO in water. IC, the minimum concentration for complete inhibition of HIV-1 induced CPE(cytopathic effect) in MT-4
cells by microscopic observation. CC, the minimum concentration for appearance of MT-4 cell toxicity by microscopic observation.

NE, not effective.

oVgel Az Wol 543t F710) B 2EEO| £ T
QRAEL B 7P A vlolei2e] BAlolAe]
= 7lofsts AL & 4 99L0m] ol S43te] HIV-1 2

F =719 HegE 252+ Az
3 HIV-1 protease JAZ/JoAE =2 TS Uetd
o gxf vlolgiA BA| Ao U 7|tz Aer =7
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al , 1985, Batinic and Robey, 1992). E3t 543} o
o] g4 qole tiopel BalralSo] BEEo] 9lo] A
oA 2 virus—cell 3 2A|(Balzarini et al, 1992;
Mayaux et al,, 1994), 9% A|EZZEE virusEAx}9]
=017 (Rossmann, 1988) Sof|= Tolst= Ao Z Azt
Hol A}, F4adt FEE] HIV-12Hg0f Hofsh= 3¢t

AL 915}0] active guided fractionatione AA| S}
G NMRS B4 S $o BusRE
54 Aol

= ik

1o kI o
20 O
o

-

i

S
¥ 2

=9 HIV-1] tjgt ufolg|As avs &
b AR A Hpolg A B oA AE
%ﬂojl *E*ﬂ% ‘”EP. AHAE A A E/dS ELOSA W
gt £719 & F550] 100 pg/ul
9%4 S Heiigla, 43 At

Z5of|A] 33.6% U 31.5%2] HIV-1 pro—
tease ‘%*Xﬂa*é UrER eloh Z8jal HIv-1 54| A2
8& MT—4 Ao digt HIV-1 -2 AlZHAAAE &
g or Hsto] e A 7|9 & 520
100 pg/ml s=o| A HIV-1 Hiol2]A FAls 23] 94|
Elpi=g
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