
Antiviral activity of O’-methylated derivatives of adenine 
ara binoside 



Short communications 795 

Table I. Effect of O’-methylatcd deriwtives of :Lra-A on wus-induced cqtopathogcni- 

city in PRK cell cultures 
-. 

Minimal inhibitory concentration* (/lg;rnI) 

C‘ompoundst 

Vaccinizt 

virus: 

Ara-A 
2’.O-nicthyl am-A 

i’-O-methyl at-~-A 

2’..1’-O-dimethyl am-A 
i’-O-methyl am-A 

0.3 (0.1 I) 3(1 IO) 30 
30 3. 100 > 100 

‘0 (3-X)) > IO0 > 100 
> I00 > 100 > 100 

> IO0 > IO0 > 100 

* Rcyuirtd to inhibit virus-induced c~t~~~ltllo~cnic~t~ hq W’,, (Mom vnlucs for 5 

e~perimwts). The data in p;u-mthcscs refer to the rango of minimal inhibitor)- conccn- 

trations oht:tincd in the individwl csperimcnts. 
+ Compounds added immcrliately after virus adsorption. 

$ 1’irus input: IO0 CCll)il, per tube 

virus-infected cells amounted to 30 :md 3) ,qql rcspect- 

ivcly (Table Ii. 
That the inhibitors clTccts of ?‘-O-methyl :tr;+A znd 

3’-O-methyl am-A on vaccinia virus CPE actwIly reflected 

an inhibition of virus multiplication, was ascertained by 
measuring virus growth in PRK ccl1 cultures which had 

been inoculated with wccinla virus and subsequently 

exposed to either IO or 100 @ml of ara-A or the 0’-methyl 
ethers thereof (Fig. I ). At IO +ml. only :Lra-A c:~used an 
appreciable inhibition of v~wzlnia virus growth (FIN. la). 

At IO0 bcg:ml. amA cornplcielq‘ orrested virus multiplica- 
tion. Z’-O-methyl am-i\ and 3-O-methyl ar;t-A brottght 

about a significant rcduotion in virus yield. and 5‘-O- 
methyl ara-.A and 2’.J’-0-dtmcth\;l ;tra-A were devoid of 

any inhibitory effect (Fig. I h). 
As shown in Table II none of the 0’.methylated dcl-iw- 

tivss of ara-A proved p;irticularly effcctivc against hcrpcs 
simplex virus. To cnsurc th;Lt this lack of ;ictivitj wus not 
related to some peculiariticr of the HSV-PRK awty system 
employed. our invcstigtions WCI-c extended to diffcrcnt 

herpes simplex strains in human diploid cclla Am-A inhi- 
bited the CPE of all HSV strains tested: HSV (lypc I) 

stmin KOS. HSV (t!-pc 3) strain 333. HSV (type 1) stram 

LYONS and HSV (tjpc 2) stntin I%. In these tests. the 

MIC of am-A wiped from 4 to 20 icg:ml. dcpendiny on 
the virus stmin. The ~~‘-nieth~l~~ted derivntiws of .tm-A. 

howcvcr, fzled to inhibit the c~top~lttl(~~cnicit~ of any of 
the four HSV btrtbms iit concentrations crlual to or below 

IO0 pcg,:ml. 

Is ara-A ;I selective antiviral agent or should Ita nntivirzll 
activity. like that of ara-C [ 13. 201. he regarded as the dl- 
rect consequence of its inhibitory effect on ccllulnr DNA 

synthesis’! Shipman iat a!. [2 I] reccnlly rcportcd that am-A 

specifically~ inhibited the synthesis of herpesvirus DNA at 
conccnt~itlons (3.2-33 ig,ml) ujhich did not ;Iffect host ccl1 
DNA synthesis. In our assay system. ;irii-A ef5cctivcl~ inhi- 

hitcd DNA synthesis, az monitor& by [“HImethyl-thymi- 
dine incorpowtion. of ;tctively growing PRK cells (Fig. -?a). 

The II>~<, (dose inhibiting DNA synthesis hk 50 per cent 
after :1 I6 hr incuh:ition period was :tpproxitnn~cly 
25 jcg/ml. Smce the metoholism of am-A in a virus-infected 

cell may differ drastically from Its metabolism in a normal 
ccl1 [X]. am-A wils also tested for its Inhibitory effect on 
DNA synthesis m HSV-infected PRK cells (Fig. ?hl. The 
wsO of ;~a-A in ~lrus-illfcctcd cells was almost idclltic~tl 

to the II)~,., in noninfected ceils. At lower c(~l~cclitr~tti(~ns 

4 i! 
1 2L L8 72 1 2L 10 72 

T i m e Ihours) after Infectton 

Fig. I. Effect of the O’-methylatcd dcrivutivcs of ara-A on vacoinia virus gruuth in PRK cells. C‘om- 
pounds added at tither IO pg;mI (0) or 100 pg ‘ml (h), immcdi:ttel> after virus adsorption. Virus input: 
104,“ PFU ((0 or 10”’ CCID,<; (h) per petri dish. Control (m). iii-:+A is). 1’.0-mc!hyl cm-b, (Of, 3’.O- 

methyl :ire-A (A). ?.i’-0-dimcthyl X-A (0). 5’-O-mcth?l ~a-,4 (A), 



796 Short communications 

Concentrotron ipg/m// 

Concentration lpg/mlj 

Fig. 2. Effect of the O’-methylated derivatives of am-A on 
[-‘H-methyl]-thymidine incorporation into DNA of normal 
PRK cells (0) and PRK cells infected with HSV (type 1) 
(10’ CCIJ>,, per ml)(h). The cells were exposed to different 
concentrations of the compounds (indicated in the ab- 
scissa) for 24 hours. Data represent means ri: SD. An-A 
(III), ?-O-methyl am-A (0). 3’-O-methyl am-A (A). 7.3’.O- 

dimethyl am-A (0). 5’-O-methyl am-A (A). 

(II&12.5 pg/ml). ara-A inhibited DNA synthesis in nonin- 
fected cells by 15 to 30 per cent (Fig. 2a). In HSV-infected 
cells, it failed to do so (Fig. 2b). 

2’Gmethyl ara-A, S-O-methyl am-A and 2’,3’-O- 
dimethyl ara-A exerted little, if any, inhibitory effect on 
DNA synthesis in either virus-infected or noninfected PRK 
cells (Fig. 2). 3’-O-methyl ara-A. however, displayed a dose- 
dependent inhibitory effect which resembled that of am-A. 
As compared to ara-A. the doseeresponse curve of 3’-O- 
methyl ara-A was shifted to a Z-I-fold higher concen- 
tration (Fig. 2a and b). 

The results described herein with ara-A. as well as those 
reported previously with am-C [ 13.221 and formycin [23]. 
support the general contention that 2’-, 3’- or 5’-O-alkyla- 
tion renders nucleosides, whether ribosyl or arabinosyl, less 
active, if not inactive, as antivirai or antimetabolic agents. 

The inactivity of 5’O-methyl ara-A is understandable 
if it is assumed that no free am-A is released, hence phos- 
phorylation to the biologically active 5’-triphosphate form 
does not occur. The inactivity or low activity of 2’-O- 
methyl and 3’-O-methyl ara-A is more difficult to rational- 
ize unless one assumes steric hindrance in the interaction 
of these anaiogues with the cellular kinases. or the neces- 

sit) of 7’. and 3’.OH ill cnLvmc-substmtc complc\ form,t- 
tion. 

In fact. 3’-O-methyl ara-A rctaincd partial ;ic‘tlv it> which 
varied considerably from one assay \)stcm to .tnothc~~. 
3’-0-methyl am-A was about 60 times less ctlcctivc th;tr~ 
am-A m inhibiting caccnna v-irus (‘Pi? 111 PRK ~Tahlc 1 I_ 
hut onI\, 7 4 times Icss cffcctivc 111 inhlhitln~ DY.4 \\II- 
thesis in PRK cells (Fig. la and 1~). 
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Ascorbic acid and heme synthesis in deficient guinea pig liver 

(Receierd 2 July 1976; uccrpted 17 September 1976) 

Ascorbic acid deficiency in guinea pigs results in marked 
reduction in the activity of the hepatic microsomal drug 
metabolism system. Examples of the type of reactions 
affected include 0-demethylation, N-demethylation, hy- 
droxylation, nitroreduction and steroid hydroxylation 
[l 51. Furthermore. there is a marked decrease in the 
quantity of the microsomal electron transport component, 
cytochrome P-450 [68]. Luft rt ul. [9] found that the 
quantity of the heme protein, cytochrome P-450, 
approached normal levels when ascorbic acid-deficient 
guinea pigs were Injected with b-aminolevulinic acid 
(ALA), a key substrate in heme synthesis. These authors 
suggested that the reduced quantity of cytochrome P-450 
could be due to an impairment in heme synthesis 19, lo]. 
It was important. therefore. to determine the effect of 
ascorbic acid deficiency on the activities of the key 
enzymes involved in heme biosynthesis, namely ALA syn- 
thetase. ALA dehydratase and ferrochelatase. 

Male albino guinea pigs (Hartley strain) weighing 
18&2OOg were maintained on an ascorbic acid-deficient 
diet or on a normal chow diet for 18-21 days as previously 
described [l I]. Animals were sacrificed by decapitation 
and their livers were perfused in sim with ice-cold physio- 
logical saline. Livlers were homogenized with a Potter- 
Elvehjem glass homogenizer in 0.9”, NaCl and 0.01 M Tris 
(pH 7.4) for the determination of ALA synthetase activity, 
m 0.25 M sucrose and 0.01 M Tris (pH 7.4) for ALA dehy- 
dratase activity. or m 0.25 M sucrose 0.05 M Tris (pH 8.h) 
and 0.001 M EDTA for ferrochelatase activitv. 

ALA synthetase activity was determined us&g a modifi- 
cation of the radiochemical assay of Ebert et al. [12] with 
[2,3-‘JC]succinate as the substrate. One ml of whole liver 
homogenate (2.5 to 5”,,. w/v) was added to 1 ml of a solu- 
tion containing 200 mM glycine, 150 mM Tris (pH 7.4), 
20 mM EDTA. 0.4 mM pyridoxal phosphate and 1 &i 
[i4C]succinate (22.5 mCi$m-mole). Incubations were car- 
ried out at 37 for 10 min and the reaction was terminated 
with 0.25 ml of 50”,, trichloroacetic acid. The trichloroace- 
tic acid supernatants were prepared for chromatography 
according to Ebert et ul. 11271 and subsequently added to 
columns of Dowex 50-Na+ resin (lOt&2OOmesh). The 
columns were washed with 20 ml methanol&Xl.05 M acet- 
ate buffer (pH 4.0)(7:1. v,v). washed with 1Oml of 0.1 M 
HCI. and the [i”C]ALA cluted with I M NH,OH. The 
initial 2ml of 1 M NH,OH eluate was discarded. smce 

it did not contain appreciable radioactivity. [14C]ALA was 
eluted in the subsequent 3 ml of 1 M NH,OH. Aliquots 
(0.5 ml) were added to 10 ml naphthalene dioxane scintilla- 
tion fluid and counted. The recovery of [i4C]ALA from 
Dowex columns was monitored usine 0.01 rtCi I14C1ALA 
(25.4 mCi/m-mole) and was 81 + 3 per cent. Enzyme ac- 
tivity was corrected for this recovery. ALA synthetase ac- 
tivity was also determined in sonicated liver mitochondria 
[13] to eliminate possible effects on activity arising from 
differences in mitochondrial integrity or amounts of endo- 
genous cofactors present. Washed mitochondria were 
diluted to 1 mg protein/ml and sonicated using two 5-set 
bursts at 4-8 A with a model S 125 Bronson sonifier. The 
incubation mixture (2 ml) contained 200 pg of mitochon- 
drial protein, 75 mM Tris (pH 7.4) 10 mM EDTA, 125 mM 
sucrose, 10 mM MgCIZ. 100 mM glycine, 0.2 mM pyridoxal 
phosphate, 0.1 mM GTP. 0.1 mM CoA, 0.5 unit succinyl 
CoA synthetase (Succinic thiokinase from the Sigma 
Chemical Co.) and 1 pCi [i4C]succinate (22.5 mCi/m- 
mole). Incubations were carried out at 37’ for periods up 
to 15min and the [iJC]ALA formed was isolated and 
counted as described above. The modifications described 
were necessary to obtain guinea pig ALA synthetase ac- 
tivity which was proportional to enzyme concentration (up 
to 12 mg of whole homogenate protein or 200 i‘g of soni- 
cated mitochondrial protein) and linear with time for at 
least 15 min. 

ALA dehydratase activity was determined in 15.000~ 
supernatant fractions from guinea pig livers according to 
the method of Gibson et al. 1141 exceut that the reaction 
was terminated with 1.0 ml of lo’,, trichloroacetic acid and 
0.1 M HgC12. The amount of product, porphobilinogen, 
was measured directly in the deproteinized supernatants 
with Erlich’s reagent using a molar extinction coefficient 
of 61.000 1151: its recovery from liver supernatant fractions 
was greater than 94 per cent. In other experiments. por- 
phobilinogen was isolated by column chromatography on 
Dowex l-acetate [16]. 

Ferrochelatase activity was determined in liver mito- 
chondria by the method of Wagner and Tephly [lJ]. which 
measures the incorporation of “‘Fe into heme under anaer- 
obic conditions. Ferrochelatase activity was proportional 
to enzyme concentration (1.5 to 4.0 protein/ml) and linear 
with time for at least 40min. The labeled heme was 
extracted into cyclohexanone as described by Jones [18]. 


