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ABSTRACT

The microculture XTT antiviral assay method is used to quantitate HIV—1 induced cytopathic
effects as modulated by test substances. This relatively simple assay facilitated the safe and
rapid determination of in vitro antiviral activity of selected chemicals as well as direct cytotoxicity.
This experiment also confirmed that this system measures infection and subsequent viral replica-
tion in target cells and XTT formazan formations correlated with the accumulation of extracellular
virions, as measured by quantitative HIV—1 induced syncytium foramtion.

The present results with Glycyrrhizin using this in vitro culture system demonstrated that
effective dose, EC50(the concentration at which increases XTT formazan production in infected
cultures to 50% of that in untreated, uninfected controls) was 250g/ml. As comparison, AZT
was included in this experiment and demonstrated that EC50 AZT of was 0.05g/ml, approximately
5,000 times more potent than Glycyrrhizin based on ECS50 ratio’s alone.

However, this potency is limited by severe cytotoxicity of AZT, while Glycyrrhizin is approxima-
tely 16 times less toxic(IC50 of Glycyrrhizin 800 and AZT 51 g/ml).

While AZT's anti-HIV—1 viral activity is mediated by inhibition of reverse transcriptase of
the virus, Glycyrrhizin faild to demonstrate any inhibitory activity against reverse transcriptase.

Further study is necessary in order to understand the precise mechanisms of Glycyrrhizin
action against HIV-—1 viruses.

* BRI WEHKE BARRESE
~ MERAET REHAE MBRRERE

—209—



(23 HE# < Human Immunodeficiency Virus—1 M gEA BHE BroE

Althouth Glycyrrhizin is less effective antiviral agent than AZT, much less toxicity of Glycyrrhi-

zin is desirable in terms of chronic treatment. Combination treatment of AZT and Glycyrrhizin

may be therapeutically beneficial.

Clinical effectiveness of two drug combination therapy for AIDS patient is unknown at this

time. However, this experimental investigation presents the scientific rational basis for such

therapeutic approach.

I. %%

B

®XHE SEBRZ  EI(Acquired Im-
muno-Deficiency Syndrome, AIDS)-& FET-XR
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Kaposi’'s AlEE Tt fEHEFLRE 270
A3 AE HFE® 19833 REA KRS
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A dAA A 6TAR HagRkYe] HA ol
3 #Eoloh

HIV-1 389 EEAES gpl200] T-AX
FHo CD, A ZEstEA ZE& A
ZEH’,  T-AlZRolA  RNA-genomee
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. ¥t o] HIV-12 B-AXE &43AA hy-
pergammaglobulinemia® X #3t2*, HfE
HEeEe AaxbiEe] A4S S/ Gge™,
EF HIV-12 @7, W4 Al X, dendritic A1 X
& AIA7I AL, o] F A X & HIV-19
FAT dojun AZ7 X @71 9§
vlol g2 Hute] Fa g &S Fob®, HIV-
1 #Ee AMAM3 HP=o] BF 7~8d0]
AU Aol AIDSE W=, olg) vl
3t} T-AHES 5 ZAgch

HIV-10] AIDS9] €gldeo] &7 ol F,
XN @A Mol B2 ATy JAFAG, 1
7h& el Al 2, 3-dideoxynucleosides A € 9]
kA (AZT, DDC, DDI, 18] it D4T 5)7} th4&
Bt Jopmrwrenies B ik 1
Blu} olE Al BIfFMe] 4H8td A 8A
B2AM AL E4H7dE 438 HiBol e
Aeg HAY,

QAR oz EEo] FiFolA iKY %
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gk A} Agy REHEE, 28T KH#H
ZL i WER KB X5 43 &
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598 F79 MEAD Mg Hoz 2§}
A Zet7] ufFol A MEet A FdA
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glacial acetic acid 1.5 L & 7}8td 60~70TC
ol A 1A G F AL 1~29T K
@3ttt ol & oAl Buchner funnel® <3
3t AFAR72 HF3] AdxA1 ¥ 600
ml 8] =A& 80% ethanol ol thA] =< 100
t2 1583 iR F °l§ 4Ce] 1~2Yzt
ubx] 8k crystallization A7) @84
Crystallization #7388 4~53] ¥HE-3} 1 Norit
€ &n ¥ gt 428 AANE ae
mahEkes 4

2. Glycyrrhizin@] antiretroviral activity2

BE F3E

AIDS ° A& fidlolal 2 #EE HE 7]
A% BHAENQ DHER Zdo] o1F &Y
A & e dd, 2 9159 National Ca-
ncer Institute oA A@H o2 olF HAIY
g AT WS MEAG. o] TP cell
free HIVY} HIVZE Zd € H9 AXE &5
AL} o] BEFEF oA Jojuhe 4¥H
#EE, #HF Aot BT 5+ sdletE
WA, 2 FHE T-cell derived cell lines
of HIVZt = Ax7t dase 938
FAS g, dotddes MEE tetrazolium
reagent(2, 3-bis(2-methoxy-4-nitro-5-sulfon-
phenyl) -5-((phenylamino) carbonyl) -2H-tet-
razolium hydroxide (XTT)) & #TAIA A&
UEl & formazanl & W3lA §cholof <
A& H71eA & AT FAE Yo Aol
243 viaso] ol Az FERES HAE
7VE formazan & goll & Mo BEE Uyt
v FFr2 FFFoIN 4 F A, o
W& A F7HA infectious virusE ER e
W 9l syncytium formation ¥ olY p24 anti-
gen AAPHE T w9 @t @i

3. Cell lines T viruses

HIV-1 o] 9% BFAMa s CEM-SS

AEF9E o] g3t e, HIV-1& A
AEE BHmeE HIV-1 o] ZgHo] gle
H9 AXFE o] §3At ZE AXEE 10%
fetal calf serum®} gentamicin 50 ug/mle] &
$¥ RPMI-1640 media 1M 5% 3ttt}

4. XTT assay™

F1o] Vel 23} o] FrlA e Hhgo g
fiatol & fgg AT ¥1-A © HIV
7t ZE o] e HY MEE vho] 8] £ 9] sou-
rce £ o]&3 A& vepd Zojth 96 well
microtiter plate®] Z+ well ©ll target cell I
CEM-SS 104 cells® HIV infected H9 400 cells
& TRl B 100 ulet 2k T2 media
100ulE ¥l 37C, 5% CO.Y Zd&olA 7
At FF F XTT 1 mg/ml# 0.01~0.02
mM2]  N-methylphenazonium methosulfate
(PMS : Polysciences, Washington, PA) &&
# S0ulE H7hshed 4AIE FF A1 F
plates & adhesive plate sealers & ¥ 3 450
nm X9 F3FEE ELISA reader & o] &
& &4

H1-BE HIV infected H9 M EE o] £-38}3]
%< cell free virus infection °] 2% A&
Yebd Roldt, CEM-SS Al £ & hexadimeth-
rine bromide (polybrene) 1-2 ug/ml BHK 2
A 2]t &, 50ml tube Woll A cell free virus
o} & 37C, 5% CO vl F7] Wl A 1A17H
RES-A1A 100ul® 2} well o 381 23|
%<& media 100ulE H7Fste 7947 wigF
Aot #Fe WyHoz XTT formazan A A
o3 AT E ZA{c),

d3e] AL gEmle] WS YEl =
EC50(HIV-1 Z3 g7 <tAE Fo3 A
ToA B == XTT formazan & %ol 7+
A ¥ FAE Tz g A X
9% XTT formazan B4 9] 50% ol &) 23t
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ok 8] ¥ X, protection in infected cells) &
Eme FHE YRl Fe IC(FEHA
R Mo FAT F3l-E o, FIHA
&3 Al E F3HR] g ol ¥l 3t XTT

formazan 4ol 50% H¥ 99 ¢AFE,
cytotoxicity in uninfected cells) 223 IC50
/EC50 o2 BB EE therapeutic index 2
Yeh A

1. Time lines of critical events in drug-screening protocols.

A

Q sreemreeneenen teeesnenans 7 days post incubation srererreeremeereerasaraes 4 hrs later
Pipette 10,000 target cells, Add XTT & PMS Cover with
mixed with 400 HIV-infected (50 ub) adhesive.
or uninfected H9 cells in100 ul. Mix.
Add dilutions of test drug. Read O.D.
B.

0 -coererreeneareneaaans 1 R ereeeeereeneaenenenaens 7 days cooeereeeneensieeanies 4 hrs
Treat cells with Distribute/well Add XTT Cover
polybrene. Infect 100 ul cells & Mix.
cells in 50 ml tubes 100 ul test drug PMS Read O.D.

with cell free HIV-1

5. Syncytium assay™
Mg LER WA ZIdAE £ 9

ultoj ] 2 & T E3t7] A3t syncytium assay
E NI, BE LB 40 vl & @A
Ao g 3 Mo CEM-SS cell monolayers ©l
718 ¥ syncytia 83 =& SFU(syncytia
forming unit)/ml ¢ @92 VeI

6. Reverse transcriptase activity™

AMV (avian myeloblastosis virus) reverse
transcriptase (RT) (P-L Biochemicals, Inc,
Milwalkee, WI) 1 unit o] 98] Fx¢ SAE
(sea algal extract from Schizymenia pacifica,
cytotoxicity & f1lo¥A AMV & RT & ¢
A she B 32) =& glycyrrhizin €9 50 ul ¢
% 29] reaction mixture (50 mM Tris HCI

pH 8.4, 2mM dithiothreitol, 100mM KCI, 10
mM MgCL, 0.1% Triton X-100, 50 ug/ml of
poly{rA)-oligo{dT)P-L Biochemicals), and 1.
25 uCi O°H-dTTP (57 mCi/mmol)) & &%
std 37CA A 308 KEg A F 5% trich-
loroacetic acid 200 ul & #H7islod W&
FAAFIL AHEE glass fiber filter & ¥
HA A qFF F liquid scintillation counter
2 radioactivity & &7 ¢th. SAE 9] 1 inhibi-
tory unit (IU) © 1U 9 AMV-RT &} 4% &
50% AA3e Aoz A

7. SHAE|

AEg Ao HASA wE F4% F
&9 A HAAL Student's t-test E o} &3
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1. XTT formazan A0 2ist Hiv-1 H)
HIBE RKEAE

¥ 12 74y MEv| gl A XTT for-
mazan ¢ FA4L FAF Ze|tk HIV o %
A e *ﬂ£°ﬂ A XTT formazan & A
A& 49 AAe A% sttt 2 ol F =
plateau & ¥4 A3, HIV of 28 A
T A XTT formazan A4 & 34 71A& o
Z23 ¥ ZolE Kol %oy 49 o]
ZREE o 80% FE9 FAE BATH
g8 XM XTT formazan |3 syncy-
tium assay ol 93 @ FFEFA Hef upo
eag FFPste 2 2A7E AT

(Z1¥92). Trypan blue dye exclusion 22
Z24% oty AEY £ cell viability

BAbA ZEEA gL AETAME 79
Bt AXF7E Ag F7H3R 29 cell viabi-
lity £ ¢F95% Ax 2 A9 Wi} giey
HIV o] g8 AEFdAE dolsles ME
9] 49} cell viability 25 tiZxatol 8]3t4
Fold #AAE 2o (2E3, 4).

o Hiv-1 M&IEES] K&

a3 59 6914 JERA A3 o], AZTY
9= R0 HEeg UEl = EC50 2 0.05
ug/mi, ZEFS FHEE JER = IC50 & 51
ug/ml, 28} 3 in vitro therapeutic index (IC
50/EC50) & 1,002 929, Glycyrrhizin 9
EC50 2 250 ug/ml, IC50 2 800 ug/ml, 1
"‘1 i in vitro therapeutic index (IC50/EC50)
321*1 AZT7} Glycyrrhizinoll ¥} 3ked 2%

mo A e EHSAT #EHe BFHES O
S RAE o4 UchE2).

2. Glycyrrhizin

%“é rr

Sy
}:.-U

Tabie 2. Comparision of EC50 and IC50 between AZT and Glycyrrhizin.

EC50 1C50
AZT 0.05 51
Glycyrrhizin 250 800

* ECS50 represents concentrations of drugs that protects XTT formazan formation in infected

cultu-es to 50% of that in untreated uninfected control cells.

* 1C50 represents inhibitory or toxic concentration of drugs that reduces XTT formazan formation

in uninfected cultures to 50% of that in untreated, uninfected control cell

* The concentrations of EC50 and IC50 are expressed as ug/ml.
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XTT & formazan formation

XTT Formazan Formation(Q.D. at 450nm)

12

—+ uninfected

£~ infected with HIV—1

08

T

0.4

Days in culture

Fig 1. XTT formazan formation in the CEM—SS cells. 10,000 CEM—SS cells are mixed with
400 infected or uninfected H9 cells per well. Samples are taken from triplicated assays
of XTT formazan over 7—day incubation periods.
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XTT & Syncytium formation

SFU XTT Formazan
100 0.7
—— Syncytium formation
—— XTT Formazan
-10.6
80 -
405
60 L.
-10.4
-103
40
-10.2
20,
-10.1
0; | ! 1 1 1 1 0
0 1 2 3 4 5 6 7 8

Days in culture

Fig 2. Comparision of XTT formazan assay and syncytium assay in HIV—1 infected CEM—SS
cell cultures over 7—day incubation periods.
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Viable cell numbers

Viable cell Numbers X 10%ells

25
20 1
15 7
—+— infected with HIV—1 /Z’/
—2- uninfected
10
5
0 { 1 I\ i !
0 1 2 3 4 5 6 7 8

Days in culture

Fig 3. Viable cell numbers of CEM—SS cells as measured by trypan blue exclusion method.
10,000 CEM —SS cells are mixed with 400 infected or uninfected H9 cells per well.

—~217—



(101 H#8 ©] Human Immunodeficiency Virus— 1 #gE] B% B

Cell viability

Percent viability

-~ infected with HIV—1

-~ uninfected

40

20

Days in culture

Fig 4. Percent viability of CEM —SS cells as measured by trypan blue exclusion method. 10,000
CEM—SS cells are mixed with 400 infected or uninfected H9 cells per well.
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Infected Treated Culture

Percent of Protection

100

—+— Glycyrrhizin

80 f

60

40

20

0 4 ! ' \N :“

-2 -15 —1 =05 O 0.5 1 15 2 25 3

Logi of Sample Concentration(ug/ml)

Fig 5. Quantitation of XTT formazan formation in both serial dilutions of AZT and Glycyrrhizin
treated cultures of HIV—1 infected CEM—SS cells. EC50 represents concentrations of
drugs that protects XTT formazan formation in infected cultures to 50% of that in untrea-

ted uninfected control cells.
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Uninfected Treated Culture

% of Uninfected Untreated Control

100
80+
60 F
iIC50
ICS0

40
201

—k~ Glycyrrhizin

== AZT

0 L —1 H i i . : { 1

-15 -1 —05 0 0.5 1 15 2 25 3

Logw of Sample Concentration{pg/mi)
Fig 6. Quantitation of XTT formazan formation in both serial dilutions of AZT and Glycyrrhizin
treated cultures of uninfected CEM — SS cells. IC50 represents inhibitory or toxic concent-

ration of drugs that reduces XTT formazan formation in uninfected cultures to 50%
of that in untreated, uninfected control cell.
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Cell Free Infection & Treated

Percent of Protection

100
-3 direct infection

80 r
60 -

EC50
40 i
20+

0 T T T T~
1 ! 1 1 A 1 1 i |

Logi of Sample Concentration(ug/mb

Fig 7. Quantitation of XTT formazan formation in cell free virus infected CEM — SS cells, treated

with various concentrations of Glycyrrhizin
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3. Direct exposure of HIV-1 to Glycyrrhi-
zin

HIV o]l Z4€ H9 ANEE o] &84 &3
ujol gl AE A CEM-SS Al X ZFA 7=
v & o] &3 B¢, Glycyrrhizin ¢} EC50 &
250 ug/ml, IC50 & »700 ug/m}, in vitro thera-
peutic index € ¢F 2.8 2A $9] F¢9 A9
e e 2o FU (2E7).

4. Glycyrrhizin 2f CIE #i HIV 84FI=te|
bo st 1

H3 & g2l 2 F7/Y & HIV AAEY
EC50 #& ¥ Aolt}. 1 HFo] 2%
Ao upet € A3 AZT ) DDA ) cyclospo-
rin ) suramine analogue ) castanospermine
> glycyrrhizin ) pepstatin & o]t}

Table 3. Comparison of CEM-SS cell line sensitivities with protection induced by various

antiviral agents.

Drugs CEM-SS cells(EC50 uM)*
AZT 0.2
DDA 7
Cyclosporin 13
Suramine 28
ATA 35
Castanospermine 201
Glycyrrhizin 285
Pepstatin 380

+DDA(2', 3-dideoxyadenosine), ATA(aurintricarboxylic acid)
* ECS50 . concentration of drug at which infected cells produced level of XTT formazan 50%
of that produced by uninfected control cells.
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5. Glycyrrhizin 2| reverse transcriptase

activity O] THEh BE:

F 4ol ebd 23 o] Glycyrrhizin® EE

Table 4. AMV Reverse Transcriptase Activity.

FENA AMV reverse transcriptase ¢ &
A= g dAse A% YU

Log concentration
Glycyrrhizin

RT Activity*
(% of Control)

100
96
99
97

102
98

* No statistically significant difference was observed.

V. £ £

HIV-1¢] AIDSO] BRIl ¥ ol ¥,
HIER Y] BARE ol Viruse HtEDFR ] &3]
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o] % FitfeEn, 12 At HE M
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7l HiR st #& BRE & o, - g9
BES B & Q070 ok 8
e “HE/s o8 £y3 F Mmestes
TES Yol Ax, B FHE BRI =
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B Soz 24 13'— Mo w2 kg
T FEWRA, Mol BEXRAZ AT g
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Figh T2 S8 Aok i
e NEFE, HEUED o8 850
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EYRA HESR, FFE?@ Soeg #8351
Ak w R HEE el MHE FEUE
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3 e

ol g HES Fyd digt ERM WE
2, 19463 Bk BES *3 e BE
EA HEHES %S Aol FEF HRE
vetli e @E7T Aem™, HES]
Glucocorticoid Hormone™ JH{LIF HRE 7}
A o2 XM Addison's diseasel = HE T BH
g Jehidde B3} e,

=g HESHol pivlolelLfEMel Aty
BRog oy dled, ol R HEH 2 iR
DNAS} RNA vielei2 ol MR et flik&
mEgce Aoty wide HER S Mia
FEEhtk ol BlEENd e ZFE7 e Re
2 93 Hd. 53] vaccinia, Herpes simplex
type 1, Newcastle disease, vesicular stomatitis
9 polio type 1 vlelals Fo FKEIPH
N BRE ALY WM AP Z 3, Her-
pes simplex® ¢F 8mM<e] HEG EEA
o] & fol ¥ RRGH BEE BA 2, polio
type 1 vpold 2ol e FES BEIHE &
#£7} gle e g e §3 varicella-zo-
ster virust 0.55 mg/mle] H &G Bl A
HES &N 2R de Resd e
ged, ol R utole| A8 BAAINA] X
A e HEH Ao 3t Aozt
g™ HEGS AHHEY HWHNE
FEE ®T ojyel NK Cells?] 84& &
T3 e e Hax g

grrH o 2 pivol el W vpojel 2o
BRRAL S o d, vrel2f 2o o] fakEle &
M, wtoids AET, @ TEl T
vlolgl Ao HAEl BAF AU GE A
LAEFH ¥Edto HEE YA g

HIV (Human Immunodeficiency Virus)
RetrovirusZ, 2715 2] RNAS} reverse transc-
riptase, ©1 & NI U viold = HEAEE
(p24, p17), 2R3 743 wig g Ejd o

Z9) AA A (gpl20, gpdl) L2 T H o
At

HIVE E9Hd CD4 € 7IAE T cells 9
HEEMoR Zdso] o8 AXE sy
W, HIVZE A& Eo7te 2 RAAde 5+
B9 gp120 T CD49] 2@ o2 A FAG™,
CD4 & AfI F ulojei2o} MK el
@4 (fusion process) °©] dojuA Hed,
gpl20 # Aol de gpdl o] H7jodl F
|3, o8 A & HIV 7} #iEE W=
E7HA =R upol 29 W{HF BEFE (reve-
rse transcriptase) o] {FFi S & RNA & o] &%
DNA &mEe] doivti, kAl RNase H 9] £
o2 RNA 7H&e s 9A F3A
7betel DNA 7} &5l double-stranded
form 22 X&d®, o]AE provirus 2}l
el Provirus © R L2 Hol BARE &
o7} T cells o & {@Fol 7lojEA =z ojm
A X7V FURBIES A & oW latent provi-
ral form &8 B Uo7t AEZ7 HIRE
FE-E V%L = proviral DNA o]4 RNA
g &pEhA 9@ 4K E viral mRNA 2
FE §A L viral ©¥ & viral protease
9%}t cleavage Y}, myristoylation, 18] gly-
cosylation™ 59 B7tA B @EE A2
FAE U0 SAAT HEILH A
2& vtol ] 27} budding o] o) &) Mi¥uto g
WA Ul =08 AXd dgdn. o
AN ZEA T cells & A Hed ojR L
M IFA (cytopathic effect) o]} ghr},

¥ o]2]¥ human immunodeficiency vi-
rus (HIV) ¢ #H& MElsts ) Bas
2 Table 5 oA e A3} 2ol FRE
2} Bpgel disl fFAHSI=E e oA
fagksol ok 2 FollAM 2, 3-dideoxynuc-
leoside analogs ®} #°] HIV 2] reverse tran-
scriptase & T & A= E#lo Bl
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7V RS o,

JlEHLoZE HIVY AFERY & BVt
AEA 9 F3o] & & led, AAE HIVY
SFER BEtd N2E A4 A HEA
o # 7R 9] M P HIV BB/ 28 s
. 2§ FHE A HIV-1 protease inhibi-
tors W7 A2 HEHL e FA 3
oo},

1. Inhibition of viral entry

uvlojgi 2ol M X ZEEee 2
Z29E dodicd ZAEAHA 48L 3
u Foll gujolE2a)e] M ZERI B
A& Tt HIV & ER 9 gpl20 ] hep-
ler T cells, menocytes/macrophages, dendritic
cells, Langhans cells, brain glial celis
€ CD4 molecule & B3t 7ol A
HedY, 482322 CD8 T cells, some neu-
ronal cells, muscle cells, fibroblastoid cells
o] CD4 & 7HAA ¥ A Xdx Zgdrt
59 HIV Zd 29 miFdA LAde
old #ifige HIV 29 & 2318 ghRAIH
3 g}, Recombinant soluble CD4 (rCD4)
7t RBASZ HIV RS e e
7 Ao,

CD4 & CD4 & 8 TEWE ol &3l
HIV-1 3 HIV-2 o] &% B 3A % fresh pri-
mary HIV-1 isolates o ™ & i< Ao
{ﬂ_qzﬂ. 50).

CD4 EAHEN KFESEEYY constant
heavy-chain domains & 2% hybrid CD4
< unmodified CD4 ol ¥l&ted R7EA9] F
AE NHAAR? o] Az o] YA AHNE
UeldE A o3 gEffo] op s,

Dextran sulfate 9} heparin, L2} 3L pentosan
sulfate 59| sulfated polysaccharides 7} HIV
9} CD4 $}o] A3 syncytia K-S A&

e Bark JdATRee® g gde ge A
Zopes uloleiie] AEY BABR F fu-
sion process ° T3t gpdl F WH3-dte
23 obF geld AA Fed, fusion F
uncoating #}7% o] &8} aromatic polycyc-
lic dione compounds ¢! hypericin ¥} pseudch-
ypericin® o] RES 1 gch gpl20 o] #E
Miget FastA =W AxJ #HERE ZEol
<29 BEVE F718HAl Seu® oled AX
© HIV 7} Z¥EEA 94 ddoiz A7
M E Q] &7Fo] dojdriil gt} Dihydropyri-
dine calcium channel antagonist?] nimodipine
o] gpl20 <l 2% AEW BFY F=9 F
7t AZMNE BEES TAE £ Udn
.é—l_q_an.

2. Reverse Transcriptase as a target mole-
cule

Uncoating &7 F =, reverse transcrip-
tase ol 2] 3} viral RNA & template([Ri) 2.2
3t proviral DNA &8k°l dojdt. o] #
7o) 5T HIV WA BAEE S £ ol =™
W 3-azido-2, 3'-dideoxythymidine(AZT)E
8| £3to, 2, 3-dideoxycytidine(ddD), 2, 3-
dideoxyinosine(ddl), 2', 3'-didehydro-2’, 3'-di-
deoxythymidine (d4T), 3'-azido-2', 3-dideox-
yuridine(AZddU), 28|31 phosphonylmetho-
xyethyladenine (PMEA) 2 ¥% 9| dideox-
ynucleosides A A7} Aeso] 2 5 AZT &
2 AR FAe oln BRMeR ¥y &
o] glopjrmsuanms Ao bensodiaze-
pin FHEE (TIBO FHEER) o dipyridodiazepi-
non FEEE7F HIV-1 9] reverse transcriptase
g ZNEHA dASE Aoz B Hge >,
HIV-1 2] reverse transcriptase © H{HF &
Boll A o}F HESIA errorg Yo7,
AR A i3] S vl genome @ 5~
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10 nucleotide 9] error § o0} a™ &
o, o] 2 A&t HIV of #R7] ol 43
A g A ] & ¥Hg3A g strain o] A VA
HEe Reg AadE.

3. Transcription and translation

HIVE dutAE < retrovirus 7} 7HA& &
F<Q gag, pol, env o] Holx 679 &
AxE o 7HRA o EF olE A upolgx
ERHS AT B AR AW RAe ¥
PAAN 7= s, NF-kBe 22 i<
EHRHES HIV 9 transcription & #0 Al 71Tk
*_ Herpes simplex virus type I ©|, adenovi-
rus, cytomegalovirus, ¥ human herpes vi-
rus type 6 9} 22 DNA vlo] & A7} 48l
S Ax HIV o EBHES BhRIT & o

<3

4. The tat gene

tat BEFE HIV A EEHQ RpsEE
F2A, vtol g2 EEH T LAL FZ AT
I AEE virions o £RE BHETV. tat
ol 2 o] 282 TAR(trans-acting responsive
sequence) &+ AT TN Yol tat
@ o] TAR of ZE3A R84 st anti-
sense oligonucleotides €] 7jwro] A&

At
5. The rev gene

Rev #BFx ulolelx Mo Zad
trans-acting factor & T4 . ol regula-
tory factor 7} QO gag- & env- o o3&
HAd=le gl do] 433 WA Bt Rev &
HIV-1 RNA 9] splicing &3} 83 "oz
A, H 2ol rev 72+ antisense ¢
& el Q! nuclease resistant phosphorothioate
analog 7t wholg| 2ol F48 AAHATGE B

HE B 9] Human Immunodeficiency Virus—1 &R0 B3} 3%

Ia7E AT,
6. Viral protease as a rational target

HIV 8] %3 Bfgols wlolz{29
protease o 2§ vlolel 2 @A (pol gene
products) 2] —¥HY processing ©] Yot
Hl og7lol] ZR-3tE= HIV 9 protease © 5
4% F7M2 monomer £ ol FolA &, HiE
BEE 7IXe Jes #@E9 aspartyl pro-
tease &+ #ErL BSOS 9 HZ o #g
SFrel o8t o] E¥Re FEirik Hirst
28 7 e BRL < 10,000 71A AR
AAH =, Pt A AL-E-3HE haloperidol
o] 1 9 3toltt”, Haloperidol & 1
AN ] Fiko] et A o]&2B F glm,
373 € peptide Al & o] XV o} A77003 5 °}
AgH oz FREHD A=,

7. Maturation and assembly of viral com-
ponents

HIV ¢ gpiZO < heavily glycosylated ®
292 N-inked sugars 7} X7 M FEot vt
S8 of ofd %S G Aoz AztAr) Ca-
stanospermin® ¥} deoxynojirimycine®3} 2
€ trimming glycosidase inhibitors 7} A8
O & syncytia o F4E dAgtm Fot

8. Budding process

ul 22k 2 HIV virion particles -2 viral bu-
dding ¢ #3& AAM Evided o Y &5
Bige Z R &) Interferon-alpha 7} ©]
Fol ALste Aoz deiFdEd® ™, IFN-a
= AIDS #x}9] Kaposi's sarcoma o] £ &3} 7}
AT Fop

2 d8BdAMe HEBS HIV-1 fMsses
W7l ¢3ted, HIV-1 g & #iRig

E 2EE XTT formazan formation S o]

[=3r=1
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£33t B3 o] WHe AT 7#AL
syncytium assay ol H]8lo] ztAst <A
& 2 Z dAsEch & EE viw e
National Cancer Institute ol 4] 19883 % & 3}
HIV-1 AAE g3t HoR ol&H2
Aed A7 o 40,000 T EFZE AT
Ak

B Ko &% Glycyrrhizin 9 EC30 2
250 ug/ml i"‘i A g7A Zeld AZT o
u| & (AZT & EC50 2 0.05 ug/ml) A%
‘?“;"ﬂ’ﬂ Wol dolA A gk, ool FHizmmel
Me A BIfFAS Jeld & AZT o & °1r°1
Bkl °]'-r Hoog (AZT 9 IC50 &
ug/ml, Glycyrrhizin ¢ IC50 & 800 ug’ml)
kel g7 4ad HIV 289 Z$d
AP AN € 5 Ue Rez Yndn

T AZT o] EIFA ¥ ol reverse transc-

riptase & #IHste A<l ¥t Glyeyrrhi-

zin & reverse transcriptase & A st T

g2 ge e g A4 Glycyrrhizin ©l
HIV & il she B2 < gpl20 °lu gpal
o i8S WMEAZIo 2 A HIV-1 ©] target
cells ER CD4 A ARste Ae 4
E3le Rolztn AgEd.

gp120 o]} gpdl 2] ¥ ¥ 732 Glycyrrhi-
zin ¥AW 9] glucuronic acid 2} carboxyl
group ¥ gp120 ©]} gp41 2] anchoring posi-
tion © asparagine 2] 452 {o2 Yo
daa gto}, o] 83 Glycyrrhizin 9 2Hg-7]
Ao tigt AL & o2 @iy
ZHo F3FAE 7]HAM fFF A2 4
g ALAA d77F dad Reg £

&80 2 Glycyrrhizin & AZT Bthes 1
GFAVE oA FHo] Honvg 7|t
o AEAZ olg¥ sHs4ol Yen, AZT
ool BERFEALT AFGY ot Adc

Table 3. Stages in the HIV replicative cvcle which may serve as targets for therapeutic infor-

mation.

Stage

Possible intervention

Binding to target cell

Antibodies to HIV or cellular receptorsCD4 analogs »

calcium channel antagonist may rescue neuronal cells

‘rom possible gpl20 cytocidal effect.

Fusion to target cells

Antibodies or drugs that block the gpdl {fusogenic do-

main function.

Entry, uncoating of RNA

Drugs or antibodies that can block viral entry or uncoa-

“ting; hypericin.

Transcription of RNA to

DNA by reverse transcriptase
Migration of viral DNA to nucleus
Integration of HIV DNA

into host genome

Transcription/ translation

unknown

RT inhibitors s AZT, DDI, DDC

Agents unknown.

Inhibitors of Tat or Rev activity . mutant Tat molecu-
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les 5 TAR inhibitors; TAR decays : Rev protein inhibi-

tors.
Translation
rev.
Gag-Pol polyprotein
cleavage
Myristoylation/glycogsylation
by enzyme
Packaging
Viral budding
Extracellular processing

glycosidase

Antisense constructs against regulatory HIV genes like

HIV protease inhibitors and C2 symmetric
protease inhibitors.

Castanospermine and inhibitors of trimmin

Antisense constructs
Interferons or interferon inducers
HIV protease inhibitors

V. &

=

1. HESH S HIV-1 iHES &7 o
3o, HIV-1 RFeoll 93 Ml BE BE S
XTT formazan formation H-& o83t 2
E3G e} o] WYL AF 74A 9 syncytium
assay ol ¥l3le] ZtH3 T kA HERE
ZF —%3Hoh

2. HEH 9 EC50 & 250 ug/ml 24 A
74 48R AZT o H¥13813a (AZT9 EC50
£ 005 ug/ml) EEHAME Fo] oA X
o, oAl EAA™CAME A BIFAS W
Bl = AZT o vistd 5Ado] o5 Houvg
(AZT 9 IC50 & 51 ug/ml, Glycyrrhizin ¢
IC50 & 800 ug/ml) R A 87 B¢
HIV g9 B9 AEE XgA7t 2 F
AL Ao AhdA

3. AZT9] FEfEH B ol reverse transcrip-
tase & #M#HSe RAAd B3ty HEH &

[e3]

. X S

reverse transcriptase & H#ldl= v82 ¢l
T Aoz AAEY. HEE o] HIVE i1
st #iEgel dalde ASEd |y F
2% oz Bt

4. BREICR HES &
Erot o] A A gt

_g]

ool PAREE 2

~1
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