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The Extracts of Solanum nigrum L. for Inhibitory Effects on HIV-1
and Its Essential Enzymes

Yu Youngbeob
Korea  Institute of Oriental Medicine

For the purpose of developing new anti-HIV agents from natural sources, the extracts of Solanum nigrum
L. 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 inhibited the HIV-1-induced cytopathic
effects with IC (inhibitory concentration) of 100 ug/ml. Moreover water €xtracts (100ug/m1) of aerial parts .
showed strong activity of 32.6% on anti-HIV-1 PR using the activity of the enzyme to cleave an
oligopeptide. In the HIV-1 reverse transcriptase inhibition assay, aqueous extract a inhibited 17.4%, but no
glucosidase mhlbxtory activities.

We found out this result for these samples it is possible that the inhibition of the v1ra1 repllcatlon in v1tro
is due to the inhibition at least one of PR and RT. It would be of great interest to 1dent1fy the compounds -
which are respon51ble for this inhibition, since all therapeutlcally useful agent up. to date are PR,RT and a.
-glucosidase inhibitors. -
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AAEE difog 3 oej= XgA 977t #
2o elBelAn Jot' B ATNAE ool
o 931 welelAdl HIV-19) %8 Ead 1 o]
A2E o 87 2829 AAARE Asfy
stov §oi2) B4o] BATlel uushun ek
SH(HEZE Solani nigri Herba): 7}A]3%} Solanaceae
of| &3l= 7lulE(Solanum nigrum Linne) A2 5

2 e}z ey Al E3] v 11d20]
th 7] 20-90cmo] 7}A7F Do wo] wA|x,
AE7)elle 7] SAlo] Yehdel 2 34, ¢
3 wx= k43, Zo] 6-10cm, & 4-6cm ©| 717
A wusiAY EAxeke] FUst ok E2
A7 Ao 385014 ey, A AF
6-7mm, e s7e 1709 &F 59

o} giek dul= AT F2 2okolw ZA Az,
25L& o 6mm, ©5te] glov} okt EAo] i)
P sl sk BOMHSI ESFEXe HEW
W, fks, FUR, 1%, MEBEET, 8% K s
g A2 2% Solanine, olasonine,
Solamargin, Diosgenin, Tigogenin, Vitamin ATC.
Steroidal oligoglycosides$] nigrumnin I, nigrumnin
I 5o 4BA Qlom® &30 dejBydoz: 74
2R AAANERFALD ZRAAAAA
FHMEAE"Y & Gy, APRAE, 39
Zkg- 5ol B glov, g+te] HIV 4AIRA
o 3 B = A=A okt ,

£ d7olde 49 AEe] E 9 HEge A2E
o] &3} HIV-1 7}19¢] &41Q reverse transcriptase
AA| &S ELOSA(Enzyme Linked Oligonucleotide
Sorbent Assay) BFHo® AHSG T HIV-1 protease
AHBAE 714 E3E HPLCR AEHe e
2, 183 a-glucosidase2] HJAIZAL p-nitrophenyl
-a-D-glucoside 2] ¥3E spectrophotometer® Z}zk
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ZAQsl9ck Algaae) ¥ HIV-1 SAdAEA
MT-4 Aol dlgk HIV-1 F5 ATHAdAE 2
gtgu| Ao g Hakslgich

2. & ¥

1. AlEX

Hu

AER AL e A €34 dEAklA
AT F-cAdsta depAdEaels A F
EFo] FEE RelA &4 AAslq 28 AR
3 Agskglcl (Table 1).

2. N2t & 7171

$ui= B3 2 15 A2k ARSIt Microplate
1250(Biorad,
Nippon Biorad KK, Tokyo, Japan), microplate
readert Biorad 3550-UV(Biorad, Nippon Biorad
KK, Tokyo, Japan)E, HPLC+ System controller:
SCL-6B, Pump: LC-9A,
Detector: Shimadzu SPD-6A(UV spectrophotometric
detector), Recorder & integrator: Shimadzu C-R6A
Chromatopac. & 77 ol&-3gith

washer~ Immunowash  model

Shimadzu Shimadzu

3. AlRe =&

NE 5 g Z7 2100 ml) & wEEA(100
mh)E 3A7H 944 2T F EEEs ad
29 FE2Exol 2%7t YA @A Az &
AR Are ARgsiglth Ase S4AFA
d#5 284 pMS09] 100 pg/ml1e 52 3
Ao} AMg3oAch
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4. HIV-1 reverse transcriptase &4 x|

Reverse transcriptase(RT) A4 A& Dupont
AzRE P43 RT-Detect™ kit NEK-070A
(Dupont medical products, Boston, MA, USA)E
o]-&g ELOSA WoR 4T oJstollA A4l A
assay =4S ARG Eas AR Az
o8] A= HIV-1 RT (10 U/l, 100 mM
potassium phosphate, pH 7.1, 1 mM dithiothreitol,
50% glycerol)2 EAEA[100mM Tris-HCl, pH
80, 160 mM KCI, 1 mM EDTA, 3 mM
dithiothreitol, 0.3% (v/v) Triton X-100, and 10%
(viv) glycerol]®ll 0.005 U/ulE 2Aste A4314
3 ¥hEE3ME(reaction mixture) primer7} F-2H
RNA template?} triphosphate-DNA nucleosidesS
WSS S (reaction  buffer: 200 mM
Tris-HCI, pH 8.0, 40 mM MgCl)el 343l A}
foiglch AR 249 BAGAE 10 p HE
e 9439, 20 w HRERE, 4wl AEFEE,
52 pl EA%EBE 500 ul test tube (ependorf)®l]
93 37°ColA 487 e F &2 08 wE
7BN 37°ClA 1AIZREE AAAAZIAL 90 TAlA
1£7 9S AAAZY ds "l RNA
templateS L7}e]-2-H(5.62% potassium hydroxide,
94.38% water) 25 37T oA 1587 7lesig
3, $H9 (13.6% sodium phosphate, monobasic
86.4% water)23  F3}3)4id
ELOSA whg& sl FEAZ g 50 wg
wellel  &7)a,
horseradish peroxidase(HRP)-labeled detector probe
9} biotin-labeled capture probe®E L3I
ELOSA £ 50 pl #7l3be] 37°CollA 241753t
wjoksta . Hk-S-S Wi microplate wello) &
< Aely 7lpRaE RNAS AASE] S8 A
#ol(2-chloroacetamide £ 20X)S D.W=E 34

monohydrate,

streptavidin-coated  microplate
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ste] 33 A3k AAE microplated] ¥4
ZM(3,3'5,5 tetramethylbenzidine  substrate &)
100 pE A7kste] Agela 1A2Hs3 wEAR
Z AAMN22% citric acid, 1.5% HCI, 1.5%
sulfuric acid and 94.8% water) 100 plE A7}3le
s AAAZCE YRS AE spectrophotometer®.
450 oA FEEE SAsG e dgAE] At
< v 2ol sigltt
Inhibition(%) = (ActiVityeontror ACtIVitYsampte)

Activityconmat X 100

5. HIV-1 protease 4 x|

FAA Azgoes A HIV-1 protease®] 9
3 7149 cleavage® HPLCE FA}IT Ao
& Kusumoto 59 wWhiVel o3 Ewjzligch &
HIV-1 protease (PR)2] DNAE Yeldl= IM 105
Escherichia coli °1A A4 HIV-1 proteaseE
{[50 mM NaOAc(pH 5.0), 1 mM EDTA-2Na,
2mM  2-Mercaptoethanol]:Glycerol}=75:25 &40
g Aste] ARG, 7]AL oligopeptide{His-Lys-
Ala-Arg-Val-Leu-(pNO;-Phe)-Glu-Ala-Nle-Ser-NH:
(MW, B15)IE () A A74(0saka, Japan)
2RE F9lste] gl (50 mM NaOAc, pH 5.0)
o 2 mgml ¥EE A ALsAL I
HIV-1 protease ¥M5-2 &5 1 ul, 7IA 1.0 ul,
AEFEE 1, B489 2w 27 7iste] A
F s W EEFES 2AS 37CAHA 143
HREA7 F 90Tl 6027 sty a4 HhE
2 AANZ EELES SR 35 uE 34
& 3 HPLC ¥4% #siglen HPLC #4 =72
2 columne LiChrospher 100 RP-18 (column size,
250 x 4 mm, Merck, Darmstadt, FRG)Z, £V
0.1% TFAS} acetonitrile(20%-50% gradient) 3t
gdom $42 10 ml/minZ 3HA UV 280 nm
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oA EAsHGFig. 1).

Fig. 1. HPLC profile of the reaction mixture of HIV-1
protease. The substrate and its hydrolysate were
detected 280nm and their retention times were
12.00 and 5.80 min. respectively.

12.00

Absorbance{280 nm)

PNOPhe GiusAla-Nis-Ser-NH;

5.80
HisLys-Ala-Arg-Val-Lou-{pNO;-Phe)-Glu-Ala-Nie-Ser-NH,

A

6. a -glucosidase %Ml &M

a-glucosidaseo] <J3ll p-nitrophenyl-a-D-glucoside
9 cleavageE spectrophotometer® 573 W
S olgsiget Ade| AM8gE 84U Saccharomyces
sp.olA A2 a-glucosidase(Toyobo Company, Osaka,
Japan)E 45 H(10mM sodium phosphate, pH 7.0,
20% glycerol)ol 0.5U/ml7} S| 55 3lo] AML3igle
w 7|12 pitrophenyl-a-D- glucopyranoside (Nacalai
Tesque Inc., Osaka, Japan)E Ed FH5ol 10mM
o] 5 & slo] A&3alglc) 3 o glucosidase HHE-
Ao} AL 50 (100 mM Sodium phosphate,
pH 7.0), 100p 7)2g47} 20u AEFSEE 3l
37CAA 527 cuufd F 30u E2E A7}
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o 37CANA 1087 wiFstict. =i 140u A
AH©0.2 M sodium carbonate) &5 WS AAA
71 & microplate wello] &7 405 nmeld F3=F
s g AR che3} 9] ahsle)

Inhibition(%) = (Activitycontroi-ACtiVitysampte)
Activityconral X100 ‘

7. HIV-1 SH HH|

HIV-1 BA4AE4 48E Ouke 59 H4"
of sl Aok Aol ALE AX:
HTLV-1 o Zg9%l MT-4 cell line®= penicillin
G 100 U/ml(Banyu Pharmaceutical, Tokyo, Japan)
9} streptomycin 100 ug/ml(Meiji Seika, Tokyo,
Japan) 283 10% fetal calf serum(FCS, Flow
Laboratories, North Ryde, Australia)o] AF5&
RPMI-16404)X|(Flow Laboratories, Irvine, Scotland)
o 5% CO,% 37CE FASHA Ao Ag3S
t}. njo|gAE MOLT-4/HTLV-3Ms MEZHE ¢
HIV-1 (strain HTLV-lp)y& o183tk & HIV-1 &
AL MT-4 AEE 50%-tissue culture infective
dose(TCIDso)ol A 1A1Z7F E¢F HIV-1(HTLV-1s)°l
AR ez RPMI-164081A A 1x10°
cellsml® AFEA 7| Fed ALE 200 pl/well
# 96-well culture plated] AJEA29 &7 A2 s}
T 597 wjeksigich. g2 MT-4A 2] o3
HIV-1 5% AZHWA(CPE, cytopathic effect)S ¢
A3 AASHE E%(IC, inhibitory concentration)s
Hatgu)Ago g AAslg on HEEA(CC, cytotoxic
concentration) MT-4 Ao AZxY 7Hag &4
g 2T HIV-19 29N AZS A7IA
e Ao AEY2E A gz FARH ¥

o)z 7 AZTS DS8000% 747 ol-gsigiet.
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3. 8t & 1E

f|o]X(acquired immune deficiency syndrome, AIDS)
o] Wolshd ¢<9lq) HIV-1(human immunodeficiency
virus type 1)< RNAE 4% REHZ 3= HE
Zujo]g2orf. > HIV-1& RNAE £33 AHZo|
AFl8laL reverse transcriptase (RT)' "ol 23} viral
DNA®E ZAAH o] host chromosome®]| proviral
DNAGHE EAgt SFAXAA ZHEINE AA
protease(PR),"” glucosidase (GL)E9 Ago g™
mature virion® % budding¥th ©)|E% virus7} &
A= BANA host cellE Tt EH 17k
AeAel A4 R Sk A0 LA
k. HZoe AdES o8 AIDS AEFE N
o] BA31E 3 9lom gossypoldt 1 A A=A
3oF A UFlEe]=al  pyrido[4,3,2-mn]thiazolo
[5,4-blacridine,” tannin,” flavonoid 59 & HIV-1
AAZA o] BuEdw, =3 HAFTALY FHS)

N
L4 559 HIV-1 oA
L AR EFEEL 9

xS o] 48 HIV-1 protease AA A4

Fig. 2. Inhibition rates of water extracts of Solani nigri
Herba on HIV-1 reverse transcriptase(RT), HIV-1
protease(PR) and a -glucosidase(GL)

inhibition rate(%)

100ug/mi
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100 we/ml 59X 2 17.4%, 32.6%S) &2 o
A A Yeigioy S53AGA AAEA o
Ae 1 BT YepuA dgkoiFig. 2).

282 £ MeOH 582 100ug/mle] 5=
A GAA &4 FTIAGANAE 1 3]
ulu)sby, fA2 xRS o]83 HIV-1 protease
oA 24.6% = -+ ZA]o] UeltiFig. 3).

Fig. 3. Inhibition rates of methanol extracts of Solani
nigri Herba on HIV-1 reverse transcriptase(RT),
HIV-1 protease(PR) and a -glucosidase(GL)
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Inhibition rate(%)
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e 1s] ARl Aew Jepter AEs
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Table 1. Inhibitory effects of extracts of Solanum nigrum L. against HIV-1 viral replication

Sample

N Botanical Name Used Parts Extracts IC(ng/ml) CC(ug/ml)
0.

1 Solanum nigrum L. aerial part Water 100 >100

2 Solanum nigrum L. aerial part Methanol NE >100
Positive AZT 0.00195 >1
control DS8000 0.97 >1000

Water extracts are dissolved in distilled water, methanol extracts are 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 200
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