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INHIBITION OF HUMAN IMMUNODEFICIENCY VIRUS ( HIV 1 PRODUCTION BY 
5'-HYDROCENPHOSPHONATES OF 3'-AZIDO-2',3'-DIDEOXYNUCLEOSIDES 

Natalya B. TARUSSQVA. Marina K. KUKHANOV& Alexander A. KRAYEVSKX, 
Edward K.KARAMOV , Vladimir V.bUKASHOV , Calina B.&ORNILAYEVA , 

Mar i ana A. ROD1 NA , Ceorgi 1 A. CALECOV 

V-Engelhardt Institute of Molecular Biology, the USSR Academy of 
Sciences, Vavilov str.32, Moscow 117984, USSR; D.Ivanovskii 
Institute of Virology, the USSR Academy of Medical Sciences, 

Camaleya str. 16. Moscow 123098, USSR 

ABSTRACT. 3'-Azido-2'.3'-dideoxynucleoside 5'-hydrogenphos- 
phonates with thymine, adenine, guanine and cytosine bases inhi- 
bit HIV-1 reproduction In MT4 cell cultures. The most active was 
5'-hydrogenphosphonate of 3'-azldo-2',3'-dideoxythymidlne. Equi- 
molar mixture of all four hydrogenphosphonates is shorn to be 
less toxic in comparison with each of compounds taken separately. 

Among 3'-azido-2',3'-dideoxynucleosides a high anti-HIV 
activity has been found for 3'-azido-2',3'-dideoxythymidine 
(AZT). whereas 3'-azido-2',3'-dideoxynucleosides with adenine 
(AZA), guanine (AZCI and cytosine ( A Z C )  bases are s h o w  to be 
less active I1.21. The reasons for such difference in activity 
depend mainly on poor phosphorylation of the latter three 
compounds into their 5'-triphosphates in cells as compared with 
AZT. At the same time 5'-triphosphates of all 3'-aZldO-2',3'- 
dideoxynuc leos 1 des b 1 oc ked vi ra 1 reverse transcr 1 ptases 
activity in nearlythe same degree [3,41. 

marrow supression [51. It probably occurs due to AZT dependent 
disbalance of natural pool of 2'-deoxynucleoslde triphosphates 

The main toxfc effect of AZT on human is connected with bone 
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irt ccl i s  f b  1 ;  t h i s  dfstmiarrce Irtduces depression of DNA r e p i i -  
cat lor i  in pr*o l I f c ra t i r rg  c e l l s  [ T I .  

As i t  'ms r e p o r t e d  by us ear l ler ,  t h r e e  types  of 3'-phO..j- 
phona,tes of 3'-nrido-%' .9 '-dldeoxynucIeor;ldes t8 ,9  I and some o t h e r  
modirled nutrleosldesl  10 1 blocked e f f e c t i v e l y  t h e  productioti  o f  
tlIV-1 i n  cel  1 c u l t u r e s .  The.;e Investlgatlons wure con t  lnued i n  
t h e  H I V - I  i t l fectcd MI'¶ c e l l s .  

0 I H = Thy 
I 1  Ade HO-+I-< >0 1 T I  Gua 

H I V  CYt 

% 
Syn thes i s  of  I-IV was made as i n  [8 ,91 .  The act ion of phos- 

phonates 1-IV on HIV i .eproduction was eva lua ted  on t h e  4 t h  and 
7 t h  day of Incubat lon by measurirrg reversc t r a m s c r i p t a s e  a c t l -  
v-ltjr. immunoenzyrm? a n a l y s i s  L8 I ,  r e c l a s t e r i n g  method I10 I 
and coun t ing  a l i v e  ce l l s .  

111V-1 reproduct ion.  t h e  s e l e c t i v l t y  Index of 1 - I V  us a ru le  IS 
hlgher  than  t h a t  o f  t h e  corrcspondinp nuc ieos ides .  I t  shou ld  be 
noted s p e c i a l l y  t h a t  t h e  t o x i c i t y  of' t h e  I-IV mixture was 2-3 
fold lower BS compared. with t h a t  f o r  phosphortatcs I-IV : jeparately.  
We b e l e i v e  thii t  thl!, f a c t  can be I n t e r p r e t e d  BS d c c r e a s l n p  of' t h e  
d Is balance of the na tura 1 2 ' --deoxynuc leos  1 d e  !> - t r  1 phosphate 
pool 1 1 1  cells. 

Table 1 S h O W  t h a t  a l l  four  phosphonates I-1V block t h e  
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Table 2. Protection of HIV-infected cells with phosphonates 
I-IV by reclustarinp method and cytotoxic effect of I-IV on 

Compound and its Clusters formation* Survival cells after 7 

nonlnfected cells .............................................................. 
after incubation days incubation with 

substances concentration, -----during ------ 
IJ.M x ..................... %-daYk7-@&YS ............................ 

+++ - 71 - 73 10 ++ 
I 1 +++ +- 80 

+++ +- 75 - 72 
10 

- 70 
I1 1 

- 69 
10 

- 68 
I11 1 

- 68 
10 

- 69 
IV 1 

10 ++ 
mixture I-1V 0.25 each +++ + 72 

2.5 +++ + 81 
19 

mock-infected cells 
( control 1 +++ +++ 96 

AZT 1 

++ 
++ 

+++ 
+++ 

+- 

- - - 
________-_------__--____________^_______------------------------ * - no clusters; +- a few clusters contain less than 20 cells In 
each; + clusters contain more than 20 cells; ++ clusters 
contain more than 60 cells; +++ all the cells in clusters 

Table 3 .  Anti-HIV-1 activity of AZT and I 
--------------------_____________^______------------------------ 

Substances ED50. pM CDs0, pM SI Cell cul- Reference 
---------------------------------------rure ..................... 

AZT 0.005 * 210 30800, MT-4 [11 I 
0.0139 154 11079 

0.2763 2500 9050 
I 0.072 * 2500 34700, 

AZ T 0.02 >200 A301 J . A. H . Verhe iden 
I 0.017 >200 Personal commu- 

All designations as in Table A .  Activity of substances w s  tested 
by immunoenzyme analysis and reverse transcriptase test. 

Analysis of the above mentioned data show that all hydro- 
genphosphonates inhibit the HIV reproduction in MT4 cells and 
the equimolar mixture of I-IV is less toxic as compared with 
each of I-IV taken separately. 
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According to the immunoenzyme analysis the activity of the 
I-IV mixture was higher as compared with each of I-IV (data not 
show 1. 

Table 2 demonstrates the results of determination of the 
I-IV activity by reclustering method. Clusters of infected cells 
during incubation with virus dissociated. Each compound I-IV pro- 
tected clusters due to HIV reproduction inhibition. As one can 
see from Table 2, after 4 days of incubation AZT and I-IV prote- 
cted cell clusters comparatively ~ 1 1 .  but after 7 days incuba- 
tion a minor protection WAS reglstrated only for I. In contrast. 
the mixture of I-IV protects more than 20% of cells in clusters. 
This fact illustrates higher efficiency of the I-IV mixture as 
compared with I-IV taken separately. 

Activity of I synthesised by us W[LS tested in some other 
laboratories. Table 3 summerizes these data. 
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