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NUCLEOSIDES & NUCLEOTIDES, 8(5&6), 833-836 (1989) 

EFFECT OF PHOSPHONIC ACID ANALOGS OF ACYCLOVIR AND 
GANCICLOVIR ON IN VITRO CYTOMEGALOVIRUS INFECTIONS 

Robert W. Sidwell*, John H. Huffman, Dale L. Barnard and Elmer J. Reistl 
Dept. of Animal, Dairy and Veterinary Sciences, Utah State University, 

Logan, UT 84322-5600. ’SRI International, Menlo Park, CA 94025 

Abstract: Eight phosphonic acid analogs of acyclovir (ACV) or 
ganciclovir (DHPG) inhibited human cytomegalovirus in vitro. Therapeu- 
tic indices were: phosphonate diacid of DHPG: 500; DHPG: 500; phospho- 
nate monoethylester of DHPG: 258; phosphonate monoethylester of ACV: 9 4 ;  
cyclic phosphonate of DHPG: 6 4 ;  ACV: 60; phosphonate monobutylester of 
ACV: 1.5; phosphonate monoethylester of deoxy DHPG: 4 . 6 ;  8-bromo ACV 
phosphonate monoethylester: >2; phosphonate monoethylester heptyl of 
ACV: 1. Types 1 and 2 herpesvirus (HSV-1, HSV-2) and varicella zoster 
virus (VZV) were poorly inhibited by these new compounds, suggesting 
highly specific anti-HCMV activity. None exhibited significant cyto- 
toxic effects as measured by uptake of [3Hlthymidine, 13H]uridine and 
[ 3H] leucine. 

Introduction: A need exists for an effective drug for the 

treatment of human cytomegalovirus (HCMV) infection, which is a major 

problem in immunosuppressed patients, including those with acquired im- 

munodeficiency syndrome (AIDS)’**. One of the most effective inhibitors 

of HCMV now available is DHPG (9- [l, 3-dihydroxy-2-propoxymethyl] gua- 

nine), which is the first consistent inhibitor of this virus3. Although 

used for treating clinical HCMV infections, DHPG is reported to have 

side effects which limit its a~ceptability~,~. A series of acy- 

clonucleoside analogs of DHPG and of the related antiviral, ACV, were 

subsequently synthesized as described by Reist et al. in this volume in 

an attempt to develop an equally potent anti-HCMV compound which would 

have less toxic effects. The in vitro antiviral evaluation of 8 of 

these analogs is described in this report. 
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834 SIDWELL ET AL. 

Materials and Methods: Viruses : S t r a i n  AD169 o f  HCMV, s t r a i n  

22122 o f  g u i n e a  p i g  CMV (GPCMV),  s t r a i n  McCrae of  HSV-1, s t r a i n  E l 9 4  o f  

HSV-2 a n d  t h e  E l l e n  s t r a i n  of  V Z V  were u s e d .  Each was u s e d  a s  a c e l l  

c u l t u r e  p r e p a r a t i o n .  

Cells: C o n t i n u o u s  p a s s a g e d  human l u n g  (MRC-5) c e l l s  grown i n  

b a s a l  medium E a g l e  (BME) w i t h  f e t a l  b o v i n e  s e r u m  (FBS) a n d  NaHC03 were 

u s e d  f o r  HCMV s t u d i e s .  Guinea  p i g  embryo (GPE) ce l l s  grown i n  minimum 

e s s e n t i a l  medium ( M E M )  w i t h  FBS a n d  N a H C 0 3  were u s e d  f o r  GPCMV t es t s .  

E x p e r i m e n t s  w i t h  HSV-1, HSV-2 a n d  VZV w e r e  r u n  i n  monkey k i d n e y  ce l l s  

(MA104) w i t h  MEM, FBS a n d  N a H C 0 3 .  Gentamic in  ( 5 0  J l g / m l )  was i n c l u d e d  i n  

a l l  media  when a n t i v i r a l  tes ts  were r u n .  

w: A l l  test  compounds w e r e  s y n t h e s i z e d  by  R e i s t  a n d  a s s o -  

c i a t e s  a t  SRI I n t e r n a t i o n a l ,  Menlo P a r k ,  CA (see R e i s t  e t  a l .  t h i s  v o l -  

u m e ) .  A c y c l o v i r  was p r o v i d e d  by  Burroughs  Wellcome Co. ( R e s e a r c h  T r i a n -  

g l e  P a r k ,  NC) ; DHPG was o b t a i n e d  f r o m  S y n t e x  R e s e a r c h  (Mounta in  V i e w ,  

CA)  . 
e v a l u a t i o n :  Each compound w a s  p r e p a r e d  i n  c o n c e n t r a -  

t i o n s  o f  2 0 0 0 ,  640, 2 0 0 ,  6 4 ,  20,  6 .4 ,  a n d  2 pg/ml i n  t h e  a p p r o p r i a t e  

c e l l  c u l t u r e  medium. T h e s e  were s u b s e q u e n t l y  d i l u t e d  2 - f o l d  when a d d e d  

t o  c e l l s  i n  t h e  a n t i v i r a l  t es t .  Anti-HCMV e x p e r i m e n t s  u s e d  a p l a q u e  re- 

d u c t i o n  a s s a y  r u n  i n  t r i p l i c a t e  i n  1 2 - w e l l  t i s s u e  c u l t u r e  p l a t e s ,  w i t h  

v i r u s  a l l o w e d  t o  a d s o r b  1 h r ,  t h e n  r e p l a c e d  w i t h  a n  o v e r l a y  o f  medium 

c o n t a i n i n g  t e s t  d r u g  a n d  a g a r o s e  which  s o l i d i f i e d  o v e r  t h e  c e l l s .  

P l a q u e s  w e r e  c o u n t e d  a f t e r  a n  8-day i n c u b a t i o n  a t  37 C .  A l l  o t h e r  an-  

t i v i r a l  e x p e r i m e n t s  u s e d  i n h i b i t i o n  o f  v i r a l  c y t o p a t h o g e n i c  e f f e c t  i n  

96-well  m i c r o p l a t e s  a s  w e  have  p r e v i o u s l y  d e s c r i b e d 5 .  The 5 0 %  e f f e c t i v e  

( v i r u s  i n h i b i t o r y )  d o s e  (ED50) was d e t e r m i n e d  f o r  e a c h  compound, a n d  t h e  

50% c y t o t o x i c  d o s e  (CD50) a l s o  d e t e r m i n e d  by  u s e  o f  c o n c o m i t a n t l y  r u n  

t o x i c i t y  c o n t r o l s  which  w e r e  e x a m i n e d  m i c r o s c o p i c a l l y  f o r  c e l l  anoma- 

l i e s .  A n t i v i r a l  a c t i v i t y  f o r  HCMV was e x p r e s s e d  a s  t h e r a p e u t i c  i n d e x  

( T I )  measured  a s  CD50 + ED50. 

u o t d k e  s t u a :  E f f e c t s  on c e l l u l a r  DNA, R N A  a n d  p r o -  

t e i n  s y n t h e s i s  w e r e  d e t e r m i n e d ,  r e s p e c t i v e l y ,  by  m e a s u r i n g  u p t a k e  of 

[ 3H] t h y m i d i n e ,  L3H]ur id ine  a n d  [3H] l e u c i n e  i n  MRC-5 c e l l s  a c c o r d i n g  t o  

a n  e a r l i e r  d e s c r i b e d  p r o c e d u r e 6 .  

Results and Discussion: The p h o s p h o n a t e  d i a c i d  o f  DHPG was 

e q u i v a l e n t  t o  DHPG i n  i t s  HCMV-inhibitory a c t i v i t y ,  f o l l o w e d  c l o s e l y  by  

t h e  p h o s p h a t e  m o n o e t h y l e s t e r  o f  DHPG a n d  t h e  c y c l i c  p h o s p h o n a t e  o f  DHPG 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
3
3
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



PHOSPHONATE DERIVATIVES OF ACV AND DHPG 835 

TABLE 1. IN VITRO ANTIVIRAL ACTIVITY OF PHOSPHONIC ACID ANALOGS OF 
ACYCLOVIR AND GANCICLOVIR 

ComDound 
Phosphonate diacid of DHPG 

DHPG 
Phosphonate monoethylester 

of DHPG 
Phosphonate monoethylester 

of ACV 
Cyclic phosphonate of DHPG 

ACV 
Phosphonate monobutylester 

of ACV 
Phosphonate monoethylester 

of deoxy DHPG 
8-Bromo ACV phosphonate 

monoethylester 
Phosphonate monoethylester 

c125Qa 

1000 
-1000 

-1500 

-1500 
320 

-1500 

-1500 

-1500 

-1500 

ex 
H m Y G P C M V H S V - 1 H S V - 2 y Z y  
500 50 3 2 -b 

500 4.3 500 100 - 

258 75 1 2.5 - 
94 30 4.2 1.5 - 
64 38 0.3 0.3 - 
60 13 375 320 0 

7.5 6.4 0 0 0 

4.7 1.3 0 0 0 

22 10 0 1.4 0.8 

heptyl of ACV 1000 1 0 0 0 - 
a50% cytotoxic dose determined in MRC-5 cells. 
hot determined. 

TABLE 2. EFFECTS OF PHOSPHONIC ACID ANALOGS OF ACYCLOVIR AND GANCICLOVIR 
ON RADIOLABEL UPTAKE IN MRC-5 CELLS 

50% ; . I  

~ ~ 1 ~ r i d i n e  13- ComDound 13- 
. I  

DHPG 2.0 500 >loo0 >loo0 

of DHPG 5.8 >loo0 >loo0 >loo0 

of ACV 16 >loo0 -100 >loo0 
ACV 25 750 >loo0 >loo0 

Phosphonate monoethylester 

Phosphonate monoethylester 

Phosphonate monobutylester 

Phosphonate monoethylester 

8-Bromo ACV phosphonate 

of ACV 100 -1000 >loo0 320 

of deoxy DHPG 320 >loo0 >loo0 >loo0 

monoethylester S500 750 >loo0 >loo0 
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836 SIDWELL ET AL. 

(Table 1). Acyclovir was essentially equal to the latter compound in 

inhibiting HCMV. Other compounds considered to have reasonably strong 

activity vs HCMV included the phosphonate monoethylester of ACV and the 

cyclic phosphonate of DHPG. These latter materials also appeared to ex- 

ceed ACV's anti-HCMV effects. The other materials shown in Table 1 were 

considered of lesser in vitro efficacy. With the exception of the phos- 

phonate monoethylester heptyl analog of ACV, all of these materials were 

also active against GPCMV, but efficacy against HSV-1, HSV-2, and VZV, 

where tested, was minimal o r  not detectable. 

Five of these new substances were also evaluated for effects on 

DNA, RNA and protein synthesis as measured by radiolabel uptake (Table 

2). None were considered to be significantly cytotoxic by these parame- 

ters, and closely resembled both DHPG and ACV in this aspect. Also 

shown on the table are the ED50 values for HCMV to illustrate the major 

differences between antiviral activity and cytotoxic effects. These 

data suggest that these phosphonic acid analogs of ACV and DHPG are 

likely candidates for further evaluation as potential drugs for treat- 

ment of HCMV infections. 
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