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Ai?, a 3'-azido analog of a dideoxynucleoside, is a potent inhibitor of HIV-1 replication in vitro [l] ard -- 

is being used in AZDS tlwrqy [2,3]. I&ny nucleoside analogs which lack a 3'-OH group inhibit the infectivity 

ard cytopathic effect of retrovirusea [4] including HIV-1 [l]. These effects occur preamebly as a consequence 

of the incorporationof such canpxads into theviralDNA, dd-nucleosides after phosphxylaticn canbecaw 

incorporated into DNAwhich leads to prensture tennlnation of the eLmBating DNA chain [5] and inhibition of DNA 

replication since there is M attactment site for the fornraticm of the next 3',5'-phosphodiester band. Under 

these ci-tances, it isrntthe vbutratherthe elongatingdau&ter strand templatewhichis being 

inactivated; thus, the better a DNA polymxase utilizes such a substrate, the greater wiLl. be the inhibition of 

DNAreplication. It seens clear that the effectiveness of AZ stew fran the ability of its triphosphate to be 

utiUzed efficiently bytheHJXrwerse transcriptase [6-9]whxeas, in camkmwiththreeother previously 

studied DNA chain terminators, naurzly ddGlT, ddTP. md ddCI?P [lO,ll], this substrate is mt well utilized by 

~pol~rasea,lraldngrnrlear~repllca~onsesistanttothedrug. 

The therapeutic usefulness of MT is limited by its toxic effects, particularly that of bow mxrcw 

~~sion[12],ardthisisreinforcedbyitstaxicityto MII&bXUlh~SKJ@etiCprogenitOrCC&inZiIl~ 

vitronndel[13]. DNApolynwasey, amitochordrial enzymz initially isolated in cne of 0.x laboratories 

[14,15] snd which is responsible for &DNA replication [16,17], is laxxn to avidly utilize ddM'Ps [lO.ll], and 

ddClJP has in fact been shown to inhibit mttNA replication [ll]. It is therefore rot an m-mammb lehypxheais 

that the tcodc effects of MT result fran its inhibition of mtDNA replicaticn in bone marrcw cells. &en a 

s&l effectofthis kJrd could, though several cell cycles, lead to a diminishing cellular content of 

mito&n-&iauatilATP or sutz other criticalrnztabolite becanesltiting for cell gmwth orviability. The 

prfrnsxythmstof our initial studies,here reported,wasto askwhetherA?X can in factinNbitmtCW\ 

replicaticn. Ir~addition,~wtshed toleamwhetherotherpotentlal chainterndnators could affect this 

pmcess. For this ptrpose,we selectedagrarp of elevendd-nucleoside ccqamds allofwbichhadbeenshown 

previously to possess active anti-HIV activity 05 to actively Inhibit DNA replicaticn in the reverse 

transcriptase assay system [l, 18-25, ind unpublished observaticms]. 

Should be addressed. 

5 
Abbreviaticns: dd, didwxy; AZT, 3'-&do-3' ee; MJTP, 3'-azido-3'~thyu&iw triphosphate; 
dMP, deoqnwleoside triphxphate; d2C. dideoxycytidine; N3--IIDR, 3'-azida-2',3'~~icdouri~; 
N3-BlJdR, 3'-azido-2',3'-dideq-5; M3-IIMR. 2,5'-~3'-azido_2'.3'-di~~i~e; 
An-N3-BLkiR, 2,5'-~~3'-rai',3'-dF; N3-UdR, 3'-azidc-2',3'-dideq&dine; d4T, 
3'~2'-ene; An-N3-TdR, 2,5'-anhydn~3'-azido-3'-; 5++d4C, 
2',3'-dideoxy-5+%hylcytidi~2'-ene; ArrN3-UdR, 2,5'-s&ydm-3'-azido-2'.3'&decqrMne; d4C, 
2',3'dideoxycytidin_2'-;dIhd,de~~~; IdUrd, iododeoxyuridIne; AIM, acqulredimwodeficFency 
syrdmne;~,hunan~iciencyvirus;andmt~ndtochondrLalcNA. 
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M4TE&UANDMEIKlDs 

Livers wxe revved aseptically [ 261 frclm 150-175 g male SpragueDawley rats and mitochondria were prepared 

as described [27] except that the 0.25 M sucrose solution contained 10 ti Tris, pH 8.0, and 1 &I ETYU. We 

liver provided sufficient mitochondria for nine incubation flasks. Incubation ditions for the labeled 

precursors, [ 3H lthymidine [28] and [3H]dATP [26], wxe as described except that in the latter case, tiled 

dWP concentrations were 1 uM @l-fold less than in the [3H]thymidine medim) and the concentration of 

[%]thymidine was 0.06 ti (20 Ci/mr& and of [‘H]dATP was 0.3 uM (22 Ci/nnul). After the incubation, the 

contents of the flask wre quantitatively transferred to a 1.5-ml Qpendorf tube which was spun at 12,OW rpn 

for 15 min. The supematant fraction was rmuved, the walls of the tube wre blotted carefully, 0.5 ml of 

buffer (50 ni+l N&l, 5 dl Tris, pH 8.0, 0.5 ti EDTA) was added. and the pellet was resuspaaded with a Vortex 

mixer. The suspension was subjected to a freeze-thaw cycle, stirred as above, 200 ul was transferred to a 

second Fppendorf tube, and 200 ul of 20% trichloroacetic acid was added. The tube was stirred with the Vortex 

and allowed to stand in ice for 30 min. ‘Ihe precipitate was thm filtered onto a 24 w Killipore disc (Type HA, 

Cat. No. HAWP 025 00) and was washed three times with 5% trichloroacetic acid, three tW with 95% ethanol and 

air dried. ?he disc was transferred to a scintillatim vial so that it laid flat and 1.2 ml of 0.05 M El was 

added. The vial was closed with a cap fitted with a special Teflon-silicone liner @f-Bond; Pierce Chemical 

Co.) and was maintained at 90” for 1 hr. Liquiscint (10 ml) was added to the clear hydrolysate and, after 

shaking on an orbital shaker for 30 min or mtil the filter disc became transparent, the vial was comted. To 

determine whether sny label fran [ 3H ]dATP had been incorporated into mtT(NA, the RNA was isolated by the 

guanidinium isothiocyanatecscl step gradient procedure [29] and counted. 

RmJLTs 

Labeled precursor incorporation into the ENA of isolated mitcchondria [26] has been shown to reflect true 

DNA replication [3O], and the system has been widely used. We either dNIPs or deoxynucleosides nay be used 

as the labeled precursor, the canpounds uz studied WE all deczynxleosides, and weld so be used in viva. W -- 

therefore felt it wuld be a nure relevant test of the in viva ability of a dd-nncleoside to inhibit mtcNA -- 

replication if it did not have to canpete with an added dNTP which needs M further phosphorylaticm. Inasmuch 

as [ ‘k]thymidine had been shown to be efficiently incorporated into ENA by isolated mitochoxiria [28], w used 

it aa one of the labeled precursors [28]. On the other hand, since many of the Companxts which were to be 

tested were thymidine derivatives, their competition with [$thymid’ me for thymidine kinase or for other 

enzymes in the pathway to DNA could lead to spuriously high inhibition values. Hence, w also tested the 

analogs using [3H]dATP, chosen because now of the compwnds is a dd-adenosine derivative. Kxeover, the use of 

the triphosphate avoids the otherwise possible effects of the snalogs on the deoxyadenos- pathway. In 

addition, in this system w set the unlabeled dNI’P concentrations very low relative to the analog concentration 

in order to avoid excessive substrate canpetition which could militate against a potential inhibitory analog 

exerting an effect. Finally, separation of RNA fran labeled DNA after mitochondrial incubation with [$dATP 

showad that the RNA was unlabeled. ‘Ihe structures of eleven dd-nucleoside &gs possessing anti-IUV-1 

activity are shrxm in Fig. 1. 

The results show (Fig. 2) that 25 uM AZT inhibits [3H]thymidine incorporation about 90%, 1 uM inhibiting as 

rmch as 2538%. hhen [&ATP is used as the precursor (Table l), the inhibition is 19% at 5 ti AZI and reaches 

alnust 50% at 50 uM. Thus, the stmng inhibitory activity of AZT irrespective of which precursor is used 

supports the view that AZC does in fact inhibit mtDNA replication in this system and is not acting merely as a 

canpetitive substrate for one or rare of the enzymes in the pathway to dTIF. The inhibitory activity of eleven 

other dd-nucleosides toward ( 3k ]thymidine incorporation into mtDW (Fig. 2) varied widely with a range at the 25 

uM level fran 84% to about zero, and they appeared to fall into tw groups. ‘Ihe strong inhibitory group 

canprised AZT, N3-IXdR, &N3-IUdR. A”N3-BLUR, and N3-BUdR, while the kn?ak group comprised N3-UdR, An-N3-TdR, 

5++d4C, &N3-UR, d4T. d2C arad d4C, the latter two analogs having ShaJn ID inhibitory effect until the 25 uM 

level when inhibition by d4T rose to 17%. 
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Fig. 1. Structural fonnilas of dideoxynxleoside dogs tested. 

ANALOG CONCENTRATIONS l,,Yl 

Fig. 2. Effects of n!xlwside analogs al [3H&midine 
incorporation into mtDIA by isolated rat mitochmdxia. 
Ccntrolvalueswereabcut6COOqxu. 
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Tab15 1. Effects of nucleoside analogs 
on [ HldATP incorporation into mtDNA by 
isolated rat liver mitochondria 

Inhibition of 13H]dATP 
incorporation (X of conrrol) 

Analogy. uo 
5 15 25 35 50 

AZT 19 36 51 37 48 

d4C 
NlXdR 
dC 

100 

90 
25 
19 
12 
9 
5 
5 
2 
2 

N,-UdFt -9 
CGltrolvaluesfmneqVxhEntto 

experkntweragedabout2oooqxa. 
Results are the average of twto 

four experiments. 

'Ihe shaq division rem&&when [~H]~AT? incorporationwas exandned (Table 1). AZT continued to inhibit 

strongly albeitlessthanwith &]tbynddk. InhibiticmbyAn+?3-IWRand AI-&~-E!UdRtwainedveryhighhut 

therewas adr;matic decrease jn the inhibitory effectofN3-IVdRandN3-BUdRsawell as in appreciable decrease 

in the N3-UdR inhibition. In the latter three cases, the strong inhibition of [3H]thynddine incorporation rmy 

result primarily fran the analog competition discussed earlier. Inhibition by d4T increased souewhat while the 

inhibitory effects of the remainder of the derivatives contjnxd to betid. 

The laxxnutilizationof dd-nucleosides byINApolymerasey makea thedd-nucleoeide analog, AZT,a 

candidate for inhibiting r&DNA replication. Since this couldbe a factor in the b~~mwrowsuppressive effects 

ofAZT,wehave askedwhether AZT can in fact inhibitmtDIAreplication sndkehavetestedthis possibilityon 

the DNA replication system in isolated rat liver Irdtoclnr&ia. AZT has proved to be a strong inhibitor of the 

incorporation intomtDNAof either [3H]thymidk, ornnre important because the issue of substrat~thymidine 

snalog~titiondoesnotar-ise,of[3H]dATP. Theseresultsprwkies~nqevidencethatA2Tcaninfact 

inhibitmtENArepl.icztionard therefore that it has potential for cytotoxicity. We e&asize,bawver, that our 

resultshavebeenobtainedwith~latedmitochondriawditis~tyetknaJnwhethertheyapplytoodtochondria 

in situ. Xxeover, thehigbly selectivetoxicityof m againstkonemarrwrwainsto be explained. Asystem 

which~provevaluableasafirststepin~ringsuchquestionsisthekiendmntseleukendacell. 

preliminary experiments in our laboratory (J. Kxchella et al., unpublished observations) show that the gmwth 

of ur&xiuced Friend cells is resistant to at least a 501PIconcentrationofAZT. -the cellawere induced to 

synthesize htmqlobin, hcwver, their grwth becamE sensitive to AZT; 25 uM (the lowest ccmcentration used) 

inhibited cell growth %ar~Imlobin synthesis 40%. 
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With the exception of N3-BUdR, N3-Il!dR and N3-LklR, the analogs which inhibit rxxe strongly in the 

[3H]thymidine systan do so in the [3H]~ system as ~lell and the same is true for the ntxe weakly inhibitory 

caapounds. The structural basis of the variability in the extent of inhibitory activity of the different 

analogs, particularly toward [3H]dATP incorporation which escapes the problem of possible thynrldine 

awlog-[3H]thymidine cmtition. is a matter for further study. It is perhaps of saw interest, hcwever, that 

d2C, which is a wak inhibitor of mtDNA replication in our system, was found, in a phase 1 study, to induce 

peripheral neurcpathy as a major side effect; unlike AZT, d2C evokes 170 rmgablastic changes which are early 

signs of bone marrow toxicity [31]. Also, N3-UdR (CS-87), a mn-inhibitor in the [ 3H ]dATP system and d4T, a 

waler inhibitor than AZI in both the [3H]th, w me ard the [3H]dAIP systers, are less toxic than AZI in 'd' 

somradossi's htnmn bone marrow systan [13], and are expected to enter clinical trials in early 1989. 
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