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ara-Cytidine (cytarabine, 1-8-p-arabinofuranosylcytosine, CA, ara-C) has shown antiviral activity
against a broad spectrum of DNA-containing viruses in vitro, in certain experimentally induced infections in
animals, and also in man. The antiviral activity of 27 phosphorylated derivatives (including 24 dinucleoside
phosphates) containing ara-C has been studied in vitro and in vive. Using a plaque-inhibition test as a measure
of in vitro antiviral activity, all compounds containing ara-C were inhibitory for herpes simplex virus (a DNA-
containing virus), whereas no inhibition was noted for five RNA viruses. Quantitative in vitro studies revealed
that herpes virus multiplication was more readily inhibited by some isomers than by others, e.g., ara-C 3’-mono-
phosphate was much more inhibitory than either the 2’- or 5-monophosphates. Similarly, those dinucleoside
phosphates containing ara-C linked from the 3’ position to the 5’ position of the second nucleoside were some-
what more active than those with 5'—5’ linkages, while those with 2’—5’ linkages were least active. Reduced
activity resulted from those compounds containing ara-C linked from the 5’ position to either the 2’ or 3’ position
of the second nucleoside. These data, taken with the observation that deoxycytidine reversed the activity,
suggest that the nucleotides and the dinucleoside phosphates are cleaved to the free ara-C, the active moiety.
The differences in activity which are observed probably reflect the stability of the conipound to enzymatic hy-
drolysis. Compounds were tested for activity in mice by giving a single intracerebral treatment 3 hr after
intracerebral inoculation of herpes virus. Several dinucleoside phosphates showed activity under these coun-
ditions; however, there was no consistent correlation between results in vitro and in mice, suggesting that in the
brain, the fate of the molecule may be different than in vitro. Several compounds showed activity against
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experimental herpes infection of rabbit eyes. In the various tests, none of the phosphorylated compounds was

more active than ara-C:

1-8-v-Arabinofuranosyleytosine (cytarabiue, ara-cy-
tidine, CA, ara-C) is a nucleoside with antiviral proper-
ties. In cell culture, ara-C has been shown to inhibit the
intracellular multiplication of all viruses containing
DNA, yet has no effect on several RNA-containing
viruses.!=* The antiviral activity is partially pre-
vented by deoxyeytidine. ara-Cytidine has been
shown to be effective in the treatment of herpes kera-
titis in experimentally infected rabbits® and also in
man.b

Recently, a large number of phosphorylated deriva-
tives (as nucleotides and dinucleoside monophosphates)
of ara-C have been prepared.” With the goal of un-
covering agents with improved activity over that of
ara-C, these compounds were studied in vilro, and in
many cases in vivo, for their antiviral effects.

Methods

In Vitro Antiviral Activity by Plaque Inhibition.—Monolayers
of susceptible cells were prepared in 60-mm plastic Petri dishes
and infected with an appropriate dilution of each virus. Em-
bryonic chick kidney cells served as the host for influenza A
(PR-8), infectious bronchitis virus, and Newcastle disease virus;
ML monolayers served as the host for Coe (Coxsackie A-21) virus,
and HEp-2 monolayers for parainfluenza 3 (HA-1) virus. Pri-
mary rabbit kidney monolayers were used for the growth and
plaque assays of herpes (MRS) virus which was originally iso-
lated from an oral herpetic lesion.?

The method of Siminoff® was slightly modified for the detection
of antiviral activity. Monolayers were incubated at 37° for 1 hr
after the addition of virus. The infected monolayers received
4 ml of medium 199 containing 5% calf serum and 19 agar. A
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well cut into the agar medium received 50 ug of the test com-
pound in 0.2 ml. After incubation to permit plaque formation,
the monolayers were examined for protection of the cell sheet
from virus destruction. The antiviral activity was scored from
0 to 4 depending on the diameters of the zones of protected
monolayers,

Compounds,—The compounds, supplied by W. J. Wechter,
were used in agueous solution.

Virus Multiplication Studies,—The growth medium was re-
moved from the monolayers and, after washing the monolayers
with 2 mi of Hanks’ solution, 0.5 ml of the virus was added to
each culture. The virus was allowed to infect the monolayers
at 37° for 1 hr. The excess virus was removed and the plates
were again washed with Hanks’ solution. To each plate was
added 4.5 ml of Eagle’s medium?® containing 3%, calf serum (BME-
39, C8) and 0.5 ml of the drug in Hanks’ solution. The cultures
were incubated at 37° in a humidified atmosphere of 59, CO; it
air. Virus was harvested 24-36 hr after infection and stored at
—70° until the time of assay.

Virus Titrations,—Virus titrations were made using the plaque
method. Tenfold dilutions of the virus samples were prepared
in Hanks’ solution and 0.5 ml of each dilution was added to mono-
layer cell cultures. After 60 min to allow for virus attachment,
an agar medium was added. The agar medium contained 19
agar, medium 199 supplemented with Eagle’s vitamins and amino
acids, 59, calf serum, and antibiotics. Plaque counts were
made 3—4 days after infection and are expressed as PFU/0.5 ml.

Bioautography—Whatman No. 1 paper was spotted with 24-28
ug of each dinucleoside phosphate. Each paper also contained
30 ug of ara-C as a marker. The papergrams were developed in a
solvent consisting of EtOH-1 M NHOAc (5:2 v/v).’® The
developing time was 13 hr. The uv absorbing zones were located,
then lines were drawn through the origin and the center of the
uv absorbing spot, and 0.5-in. strips were cut with the line at the
center., The paper strips were then placed on rabbit kidney
monolayers infected with herpes virus. Zones of antiviral activity
were detected after incubation at 37° to allow for plague forma-
tion.

Antiviral Activity in Mice—Herpes virus (MRS) inoculated
into mice had been serially passed nine times in rabbit kidnev
cell cultures. The virus stock was diluted 5000-fold so that 0.03
ml contained approximately 40 LDs (50% lethal doses). This
volume was inoculated intracerebrally (ic) into 12-g white mice.

(9) H. Eagle, Science, 122, 501 (1955).
(10) 8, S, Cohen, private communication.
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Three hours later the test compound as an agueous solution or
suspension was also inoculated intracerebrally in a volame of
0.03 ml.

Deaths occurring within 72 hr after inoculation of compounud
were attributed to toxicity or trauma. Siurvivors were checked
twice daily from day 3 through day 10 pmtinmulation and deaths
were recorded. At the conclasion of the experiment, the 50
survival time of the mice that died (8T4) and the per cent .
vivors (9 8) were caleulated for each test group of 20 mice.
Three groups of water-treated coutrols were ran oun each ex-
periment and the mean STy and 97 & values for these 3 groups
were determined. For significant activity (p = 93), the A“Tw
(treated minus control) must be at least 20 hr or the AT, S must
be at least 20. When foxic on the first experiment, s amples were
retested at a lower level, usaally one-teni h the oviginal concentra-
tion. Samples found active ou the first experiinent were retested
in duplicate at the orlgmal concentration.

Antiviral Activity in Rabbit Eyes.~An expertmental herpes
keratitis was produced, treated, aral scored ws previoasly de-
scribed. ! Treatinent with agueois solations of the test sample
wasinitiated 24 hr after vins inoculation and was repeated howey
from 8:00 AM to 4:00 PM for 5 comsecative days. There wore
four rabbits in each group,

Results

Using the modified plagque inhibition test, all of the
compounds containing ara-C protected the cell niono-
layer from destruction by herpes virus (Table I).
Under the conditions of thix test, the compounds all
appeared to have upproximately the same activity,
i.., the zones of protection were of approximately the
same diameter except for CAYCA'? which was some-
what less active than the others. None of the coni-
pounds was active against the RN A-containing viruses:
Newecastle disease, influenza A (PR-8), parainfluenza 3,
Coe, or infectious bronchitis viruz. These results indi-
cate that the spectium of antiviral activity of the ara-C-
containing nucleotides is the same as that previously
reported for ara-C.' -3

Previous studies have shown that at low concentra-
tious, ara-C inhibits plaque formation of DNA viruses
when added to the agur medium covering the infeeted
monolayer.t*  Stuce all of the compounds under
investigation contained wra-C, it was essential to estab-
lish that the compaunds were not being degraded to
free ara-C during storage.  Biloautograms of sonte of the
compounds are shown in Figure 1. The solvent systemn
used separated the nucleotide derivatives from frec
ara-C.  Vree ara-C could not be detected in any of the
preparations either by examining the papergram under
ultraviolet light or by biological aetivity. It is con-
cluded from this experinient that the antiviral activities
observed are due to the nucleotide derivative and can-
uot  be attributed to free ara-C coutamination.
Whether the compounds nnder investigation cuter the
cell intact or wre first broken down to the nneleoside
caunof be axcertained by this experiment.

To compure the antilierpes activity of wa-C and
some of the nucleotide derivatives, rabbit kiduey nono-
layers were infected with high multiplicitics of herpes
virus (virus:cell ratio about 10) and treated with dif-
terent levels of each compound. The virus vields were
determined after u single growth eyele. The effect of

(11 G K Underwood, G AL Blioi¢, and D, AL Hnthala, Ao, Vo 1L Acad,
Ner., 180, 151 (1965).

(12) The nomenclatare ased in (his paper i= a= follows: & p to the left of
(lee syinbol indicates a H* linkawe. o superseripe p 1a ¢l right of tle syinbol
indicates a 2’ linkaye, and a sabscript 1 to ¢he right of the syviubol indicates
a 3’ linkage.
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Tapre 1
INg1BITION OF PLaQUE FORMATION BY NCCLEOTIDES AND
MMxvetRasInE ProsrHATE: CoNTAINING 0ra-CYTIDINE

Andr-

.‘n'll‘[--lw

Coagnd Ahihress st
ara-Cylidine CA 5
ara-Cytidine 5’-phosplice pCA B
ara-Cytidine 2’-phosphaic CAe 1
wra-Cy lldme 5’-phosphate CAL 1
ara-C A-{27 — 5/} -thymidine CAPT 1
ara-C \Tld) lv [27 — 5’}-deoxyuridine CArdU i
arg-Cytidylyl-[27 — 3/]-devxyadenosine CArdA 3
ara-Cytidylyl-12¢ — 5’]-tridine CAclr {
Uridylyl (2 — 3/}-ara-cyiidine UeCA !
ora-Cyiidylyl-[27 — 5']-ura- cyviidine CArCA 2
wra-Cytidylvi-127 — 3'Fadenosine CArA 3
Adenylvi-12) — 5| cwru-evtidine AsCiA 4
Thyviidylvl-]5" ~ 5/ -wro-eviidine IOA B
arg-Cyridylyl-157 — 5/}-thymidine CALT 1
arg-Cyridylyl-13" — 5/]-deoxyaridine CAIT 5
Deoxyuridylyl-1: ¢ — 5'}-ara-eviidine dU.CA l
ara-Cy1idylyl-{37 — 5’]-deoxyvadenosine CAdA !
wae-Cytdylyl-[37 — 5/]-uridine CALU 1
Uridylvi-{37 — 5/]-wra-cy1idine UnCA !
wre-Cytidylyl-15" — 5/1-ara-cytidine CALCA 4
ara-Cyiidyivi-[57 — 5'l-adenosine CAA |
Adenylvl-[3 — r/'—tll(l-l\lldlll(‘ A CA |
ara-Cyrityvl-{3 - 5/ {-aru-cyiidine p( ACA 3
are-Cyridyly =157 — 3 f-ara-nridine pCAUA 3
wra- Cytidyvlyl-{17 — 3¢-denxyeytidine pCAdC 1
ara-Cytidylyl-15" — a'l-eviidine pCAC 3
ara-Cynidylvl-[57 — 5] -deoxyiridine pCAdU 1
wra-Cyiidylyl-15¢ — 3'j-adenosine pCAA 4

» The abbreviarions wre taken from vef 7. % Activily ox-
pressed as relutive diameters of zoves of protecied cells from D10 4,

different concentrations of ara-C and its nucleotides on
the vield of herpes virus ix shown in Vigure 2. These
results mdicate that CA, was el nore inhibitory
than cither CAY or pCA, although aig-C was the nmost
aetive compournd.

The virus vields Trom monolaver eultures infeeted
with herpes virus and treated with different concentra
tions of pCACA, pCAdC, and pCAC are shown i l‘lgun'
3.0 Al three compounds have approxiniately the same
tuhibitory effeet on herpes virns multiplieation at the

Ca @
CapdU O -

caPdu -
pCaca [
Ca @

Ca ®
CapT ox

caPT <
pudc o

Ca . J

Figare |.—Biaaatography of selected dinacleostde phospliares.
Wlhamar Noo e wper. spotted with ca. '.I)pg of eaclt componnd,
wix developed for 13 he i WO H-1 W N1T,OAe (3:2 v/v), The
v absorbing zones sae indicated as clear areas:  1hose zones
showing both uv absorption and bloactivity are indicated as the
dark areas
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HERPES VIRUS YIELD (LOG|g PFU/0.5 ml)
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Figure 2.—Herpes virus yields from cultures receiving different
concentrations of ara-C and nucleotides of ara-C.

HERPES VIRUS YIELD (LOG)q PFU/0Q.5 ml)
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3

INHIBITOR CONC. {mgM/mi1)

Figure 3.—Effect of different concentrations of dinucleoside
phosphates containing ara-C and cytidine or deoxycytidine on
herpes virus yields,

higher concentrations (60-75 uM). At the lower con-
centrations (less than 30 mumoles/ml) pCACA may
have been somewhat less active than either of the other
derivatives. It is of interest that the activity of
pCAdC was not reversed by incorporating deoxyecyti-
dine, the antagonist of ara-C, into the molecule. The
activity of pCAdC was the same as that of the eytidine-
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HERPES VIRUS YIELD {LOG;o PFU/0.5 ml)
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Figure 4.—Effect of different concentrations of dinucleoside
phosphates containing ara-C on herpes virus yields.

containing dinucleoside phosphate. Cytidine is not
effective’in reversing the antiviral activity of ara-C.!
Similarly, the dinucleoside phosphate containing two
molecules of ara-C (pCACA) was no more active than
the other compounds with ouly one molecule of ara-C.
ara-Cytidine was included as a positive control.

A comparison of the inhibitory effect of three iso-
meric dinucleoside phosphates containiug two molecules
of ara-C esterified from the 5’ position of one molecule
to either the 2, 3’, or 5’ of the other is shown in Figure
4. Of these three compounds, CA,CA was the most
active, followed by pCACA. The CAPCA was only
slightly inhibitory in this test at concentrations where
both of the other compounds were quite active. Less
than 0.5 log reduction in virus titers resulted with the
CAPCA, whereas greater than 2 and 3 log reductions
were noted with CA,CA and pCACA, respectively.
All of these compounds were less active than ara-C
itself.

The effect on virus yield of different concentrations
of a series of dinucleoside phosphates containing
deoxyuridinie 5'-phosphate esterified to ara-C at the
2’ 3', or 5’ positions is shown in Figure 5. At high
levels (75 aud 38 uM), the compounds containing are-C
esterified at the 3’ and 5’ positions appeared to have
about equal activity and were nearly as active as ara-C
itself. At lower couceutrations, it appears that the
pCAdU was slightly more active than the CA,dU.
The least inhibitory compouund was CAPdU. Thus,
the activity of this series of compounds was similar to
that seen with the dinucleoside phosphates containing
only ara-C as shown in Figure 4.

The data shown in Figure 6 are a comparison of the
virus yields from cultures treated with different cou-
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HERPES VIRUS YIELD (LOG;q PFU/0.5 ml)
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TFignre 5.—Iffect of different concentrations of dinacleoside
phosphates containing ara-C and deoxyuridine on herpes virus
vields.

HERPES VIRUS YIELD (LOG;g PFU/0.5 ml)
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Pigure 6.—Effect of different concentrations of dinucleoside
phosphates containing ara-C and uridine on herpes virus yields.

centrations of four dinucleoside phosphates containing
ara-C and uridine. The most active ara-C derivative
was the one containing ara-C linked from the 3’ posi-
tion of ara-C to the 5’ position of uridine, followed by
the 2'—5" derivative. Both of tliese compounds were
utore active than those in which the uridine was linked
froni the 57 position of @ra-C to either the 27 or 3’ posi-
tion of uridine. While none of the compounds was as
active ag ara-C itself, it is clear from these data that the
position of the hydroxyl group on the molecule involved

EN1s, Co AL Howvowenn, axp G, . UNDERWOOD
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RPES VIRUS YiELD (LOGjg PFU/0.5 ml)
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Figure 7.--LEffect of different concenirations of dinacleoside
phosphates contalning «ea-C and adenosine on herpes virus yvields.

i ester formation is hmportant to the antiherpes ae-
tivity.

The dinueleoside phosphate derivatives contaiuing
ara-C and adenosine were contpared for their anti-
herpes activity (I'igure 7). The most active compound
was the one containing the ara-C linked from the 37
position to the 57 position of adenosine; however, the
pCAA was less netive only at the higher coneentrations.
The CAPA wux niore active than either the APCA or the
A,CA at the lower concentrations (8-16 mpmoles/ b,
whereas, at the higliest concentration tested (1H8-70
muinoles,/ mb), CA™\ waslessnetive than APCA. At the
tower concentrations, A CA and A"CA were of nearly
cqual netivity.

The reversal of the antilierpes netivity ol =evernl
ara-C-containing  dinueleoside phosphates by deoxy-
evtidine has been studied (Table 11). The presence

Tanvrr 11
REVERS AL OF ANTIHERPES AcTIViTY BY DBEOXYCYPIDINE

Placae-forming units (PFLU) D5 v

Conmud Agen(t Agonnd -+—§(‘(1H"
Control LR x W 1.8 X Hxe
CA 305 X 108 1.65 X 1P
CA,CA 1.4 X UF 145 X HE
PCACA a7 X e (I R
pCAC L X e 500 % 10
pCAdC 2.1 X | 12 x
CArdU 2.8 X 108 1.8 X 10t
CA dU 2.4 X 1Dt 2.6 X 10t

a The agent was added at a concentration of 20 ug/ml immedi-
ately after infecting rabbit kidney monolavers with herpes viras.
¢ Titers from caltures receiving Heoxvevtidine HCL (50 ug/ml).

of deoxyeytidine caused an inerease i virus vields of
1-2 logs conipared to those treated cultures not receiv-
ing the reversing agent.  ara-Cytidine was included ns
w positive control. The results indicate that in all
caser studied, deoxyevtidine reversed the antiherpes
activity siruilar to that observed for ara-C.
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DAYS POST — INOCULATION
Figure 8.—ara-C dinucleoside phosphates vs. herpes keratitis in rabbits,

Mice.—Since ara-C showed consistent antiherpes
activity in the intracerebral mouse test ws well as
marked activity against experimental herpes keratitis
inn rabbits,® it was used as a positive control in n vivo
testing of the dinucleoside phosphates. Results ob-
tuited in mice (Table III) show that ara-cytidylyl-

TasLe III
PrnosraoryLarED DERIVATIVES OF CA vs. HERPES 1N MicCE
—————Fxpt 1 Expt 2
Compd mg/mmouse Result” mg/mouse Result?
CarU 0.3 —+ 0.3 -+
UrCA 0.1 + 0.1 +4
U,CA 0.1 -+ 0.1 +
CAU 0.4 -
CArdU 0.4 + 0.4 ++
CA,dU 0.4 Toxie 0.04 -
pCAdU 0.3 Toxic 0.03 -
CArA 0.4 + 0.4 +
CA A 0.5 + 0.5 +
CA dA 0.2 —
CA,T 0.4 Toxic 0.1 +
CA, 1.0 Sl toxie 0.3 +
pCA 1.0 Toxic 0.1 +
pCAC 1.0 Toxic 0.1 -
pCAdC 1.0 Toxic 0.1 -
CA 0.9 ++ 0.9 ++

@ —, AST; and A9 S each <20; -4, ASTy or A%, S 20-33;
4+, ASTs or AY, S 36-50. ST, calculated as antilog of aver-
age log survival time, is an estimate of the 509 point in survi-
val time in hours, assuming the survival time is log normal. 8
is survival, expressed in per cent.

uridine phosphates were active with CAPU, UPCA, or
U,CA linkages, but inactive at 0.4 mg/mouse when the
bond was CA,U. With the ara-cytidylyldeoxyuridine
phosphates, CAPdU was aetive but CA dU and pCAdU
were inaetive at nontoxie levels.

Adenosine 5'-phosphate esterified to either the 2’
or 3’ position of ara-C was active, but CA,dA was in-

active at the concentration tested. CA,T was toxic
at 0.4 mg, but active at 0.1 mg/mouse.

Both CA, and pCA were toxic at 1 mg/mouse, but
both showed some activity at lower levels. It is of
interest that ara-C was considerably less toxic than the
phosphate derivatives; thus, ara-C was tolerated at
least up to a level of 3 mg/mouse.

Two compounds were toxic at 1 mg/mouse and nega-
tive at 0.1 mg/mouse: pCAC and pCAdC. Noue of
the compounds tested was more active than ara-C itself.
Negative controls averaged 49, survivors and an ST
of 118 hr.

Rabbits.—Three ara-C-coutaining dinucleoside phos-
pliates were tested for activity against herpes keratitis
in rabbits. These were CA,T, CA,dU, and pCACA.
Each showed (Tigure 8) antiviral activity approxi-
mately equivalent to that of ara-C, at least during the
time of treatmeunt.,

Discussicn

Based on the spectrum of viruses inhibited and the
results of the reversal studies, the antiviral activity of
the nucleotides and the dinucleoside phosphates con-
taining ara-C is like that of ara-C itself. Quantitative
studies in vitro revealed that these compounds contain-
ing ara-C were less inhibitory for herpes virus multipli-
cation than was the free nucleoside. This decreased
activity probably reflects the necessity of prior enzy-
matic cleavage of the molecule to the nucleoside, since
it has been demonstrated that the cell is much less
permeable to the nucleotide than to the nucleoside.3:14
The greater setivity of the 3’'-phosphate ot ara-C com-
pared to the 2’- and 5'-phosphates suggests that the

(13) (a) P. Reicharil, J. Biol. Chem., 284, 1241 (1939); (b) D. G. Parsons
and C. Heidelberger, J. Med. Chem., 9, 159 (1966).

(14) A. Bloch, M. H. Fleysher, R. Thedford, R. J. Maue, and R. H. Hall,
ihid., 9, 886 (1966).
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former is more readily hydrolyzed at the cell surface.
These results are consistant with those of Mukherjee
and Heidelberger,’* who reported that the thymidine
antagouists 5-fluoro-2'-deoxyuridine 3'- und 5'-mono-
phosphates were both less active than the nucteoside in
Ehrlich ascites cells; the 3'-phosphate wax more aetive
than the 5'-phosphate.

The dinueleoside phliosphates containing ara-C 5'-
phosphorvlated to the 5 position of evtidine or deoxy-
evtidine were found to have nearly equal thibitory
netivity toward herpes virus multiplication and were
somewhat more active than the pCACA. Al three
5'—5" dinueleoside phosphates appeared to be more
active than pCA, but less netive thau are-C. Thus, the
presence of deoxvevtidine, the reversing agent for
ara-C.M "% i1 the moleeule did not appreeiably reduce i
activity, and the presence ol twa molecules ol ara-(,
as o pCACA, did not enhancee the activity. These
datat ave similar ta those abtained in =tudies using
dinueteoside phosphiates containing FUDR Y or FUR
it was concluded in botl caxes that the dinueleoside
phosphates were first cleaved to the nueleoside and
nucleotide prior to entering the ecll.  Montgoniery,
et al..'" showed that a dinuelenside pliosphate contain-
ing two molecules of G-mereaptopurine ribeside phos-
pliorylated through the 5 position of cach molecule wax
highly active against HEp-2 cells resistant to i-mer-
aptopurinie. It was concluded that the molecule
entered the cell as =uch and was then cleaved to the
corresponding nueleotide.  Smith, ef al.,' have shown
that the dinueleoside phesphates containing  ace-(*
phosphorylated from the 5" position to the 57 position
of deoxyveyvtidine or evtidiuie were equal to ara-Ct with
respeet to the inhibition of WB cells in culture, wherens
the pCACA wux =omewhat less active. It hns been
shown®™ that 5'—=3" dinucleoside phosphutes contain-
g ara-C are cleaved by venom diesteraze to ara-C
and the S'-nueleotide. The antiherpes activity ob-
tatned with the 5'=>3" dinueleoside phosphates con-
taining ara-C* suggests that the compounds do not
enter the cell without prior hyvdrolvsix.  In view of the
resulting activity, it would appear that the hydrolysis
= xelective, producing ara-C and the corresponding
nucteotide.  If the hydrolyvsis were random, produeing
two nucleosides and two nueleotides, the deoxyevtidine-
containing dinueleoside phosphate would be expected to
be redueed in aetivity compared to the exvtidine-con-
taining compound.  The lesser antiherpes getivity of
the pCACA may =imply refleet o <lower rate ol hy-
drolysix,

The antiviral activity af the @rae-C-containing di-
nucleoside phospluntes i dependent on the hnkage as
well ax the order ol the nueleosides. The greates
uetivity was observed in those compounds containing

15y N. L. Muklerjee and O, eidelliocwer, Coxeee Res., 22, 815 11962,

161 G L Underwood, O N, Wisner, and 8. D). Weed, Arch, Opldicdmol.,
72, 305 (1964).

(17) 1. AL Montgomery, G. 1. Dixon, 1. A\, Dulinage, H. 1. Tlomas, R.
W, Dirockinau, and . I, Skipper, .Velure, 189, 769 (19 .

(18) (. G. Smitle, H. H. Buskirk, and W L. Lumuis, J. Med. Chem., 10,
T4 06T,
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ara-C linked from the 3'-hydroxyl to the 5 -hydroxyl
of the second nucleoside.  The 5'—5'-linked compounds
were also highly active, whereas the 2'—=5'-linked com-
ponnds were nueh less active.  The dinucleastde phos-
phates containing wre-C linked Trom the 57-hydroxyl
to either the 29 or 37 of the seeond nueteaside were tess
ithibitary Tor herpes virus multiplication vu eidro tham
those compounds in which the 27 vr 3% positions
ara-C were nked to the S-hvdroxyl of the s<econd
nucleostde.  These data suggest that i wmfected rabbi
Kidnev monolayers, the 33" Hukages are most easihy
cleaved. the produet= probably betug the nneleoside and
the 5'-nucleotide.  Thus, the praducts expeeted from
the clenvage af CALU would be are-Cand uridine 5°-
phosphate, whereas UpCA would vield nridine and
wra-C 57-phosphides The lesser aerivity of those cone-
pound= containing ara-C phosphorvhaied ar the
or the 5 positian of are-C probably refleets the grewer
<tability ol these hnkages 1o cnzvmatic hydrolysi=. In
mice, UL CALUPCAL s well s CAYUL were quite wetive,
whereas the CALU was inactive at the levels tested.
[t would appear that the fate of these compounds n the
mouse brain is gquite different from that in cell culture.
It is tempting to speculate that i hyvdrolysis aeeurs
the brain, it oceurs <o that the compounds eontulning
ara-Coestertfterl at the 57 position vield wre-Co white
thase contuining 2 vr 37 esters ol ¢re-C are nov as read-
ilv hivdrolvzed.  Both CAL and pCA are toxie to miee
at high doses and <how =ome antiherpes activity o
lower doses. The wost aetive compounds in mice were
those contaming 2'—3" linkages.  The ¢re-C dinucleo-
side phosphates containing 3'=5" lnkages were de-
graded by venom diesteraxe to nueleosides aud 5'-
nucleotides, whereas the prodiets ol spleen phospho-
diesterase petion were 3 -neleotides mud nueleosides®
Therefore, it appears that the hydrolysis in #ifra resemn-
bles that shown for the venam diesterase. whereas it s
quite tikety that o the hraine the hvdrolvsis resembles
that observed with the spleen phosphodiesterase,

A compartsan af the v e/ atihierpes netivity ol the
dinucleoside phasphates containing ara-C' linked 1o
adenasine <howarl <ome devintion of the expeeted -
hibiiary aetivity of thisx <eries ol campomuds compared
to those cantaining pyrimidive riba- or deoxyribo-
nucleostdes.  The nmost active contained ie-Colinked
fromt the 3/ -hyvdroxylt to the 3'-hvdroxyt of adenosine;
les< wetive wus the dertvative,  Hawever,
APCA was ware active than ALCA and aboui as aetive
ax the CAVAL suggesting thet the presenee ol mlengsine
catses g echange i the fate of the moteende. Using s
Skinaseles<" mutant ol 51784 cells which is resistin
to aru=CU™ Sunith, of el Tave <hawn thar CALY
CAPA ve peatindly croxsaresist:ant wherens this eell
wis resistant to 16 other ara-C-containing compannds.
CAPA and CALN svere tested inomdee and both were
found active.  Thus, it appears that the mechantsm
of action of these compounds i inhibiting herpes virns
uwltiplication 7a /o, e pieo, or as toxie agents for
LB cells may vanry,
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