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N-(2-MERCAPTOETHYL)-1,3-PROPANEDJAMINE (WR-1065) PROTECTS
THYMOCYTES FROM PROGRAMED CELL DEATH'

NARAYANJ RAMAKRISHNAN 2 AND GEORGE N. CATRAVAS
From the Office of Chair of Science. Armed Forces Rndlobiology Resmarch insttute. Bethesda. MD 20889

Gamma-irradiation, glucocorticoid hormones, and most characteristic biohemical marker for apoptosts is
calcium lontophores stimulate a suicide process in nuclear DNA fragmentation Into ollgonucleosomal sub-
tliymocytes. known as apoptosis or programed cell units that can be recognized from random cleavage ob-
death, that involves internucleosomal DNA frag- served in cells undergoing necrosis (1 -6).
mentation by a Cal*- and Mg2*-dependent nuclear The radioprotectant drug WR-2721 Is a well-known
endonitclease. 'n this study we report that N-{2-mer- protective agent that selectively protects normal tissues
captoethyl).1.3-propanediamine (WR-1065) blocked against cytotoxdcies of radiation and chemotherapeutic
DNA fragmentation and cell death in thymocytes alkylating agents (16-21). WR-1065 the dephosphory-
exposed to -7-radiation. dexamethazone. or calcium lated form of WR-2721 and generally considered to be
Ionophore A23187. WR-1065 protected the thymo- the active form of the drug. has been shown to protect
cytes from radiation-induced apoptosis when incu- the mammalian cells in vitro from radiation-induced re-
bated with cells after irradiation but not before and/ productive death (22-251. In this report we describe the
or during Irradiation. WR- 1065 inhibited Ca 2*-and prttvefecsoW-105n ppoi nIhy cys
Mg 2 -deplerdent DNA fragmentation in isolated thy- indtectie byeco W- radiato n eametaone. nd mclciu
niocyte nuclei. Our results suggest that WR-1065 inueby*-ralto.dxmhzn.adclim
protects thymocytes from apoptosis by Inhibiting lnpoeA317
C&24_. and Mg"-dependcnt nuclear endonuclease ac- MAT91111M.5 AND0 METHODS

tion.7CM. RPMI 1640 medium supplemented with 25 mM HEME
buffer. 2 mM L-giutamfre. 55 oM 2-ME, 100 U/mi penctllnv. 100 oW

Thymle small lymphocyte%. commonly known as% thy- 'I stIeplomyrin. 0.25 sE/mI amphoterivin Kt and 10% heat-mnacti-
vated lFCS wait used in all the studies.

mocytes. undergo a suicide process known as apoptosis ce-ll iotation. cnflFI male mice. 6 to?7 wit old. we-re asphvitated
or programed cell death In response to several stimuli. with CO, . arid their thymuses were remowved and placed in fCM oni

Including exposure to ryradiaiion (1 -3). giucocorticoid kcr Single cell %ispensonsa were pre-pared by pressing th. organs
hormoes i-6).calcum lnophres 6). nt~bdiesto! e tag wsife mesh screens "olowed by pasAss thrretgb a 25-tauge
hortionn t46).calcum onopore (6) anibodes o t e "edle. The suspensins wer washed once In TCM. and resuspended

CD3-CR ompex 7).or he~nvionmnta cotamnan inrnTrInlered at 00 q or AOmmonu r chlopede to frshe ed
1. In trp roien eath the cell ucTn untl i at. l 1t261 Th cellI ande Inwahed onhce .lt in TV Can rlnt ln in

temptsonermorecellivislnna afirwic itde(5J imIrAlse t numbers a euteminfed ibtrn u dedneatos howeer tymheoymaes mandiestinl inyp t excaimrnet od (20,inar
Gy)din trguihesthe frm mst the cels.whih G nn Ithdaille wtas dlaled inarolmvoue of lbsnol
absence ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~Iruno of mtss ppoi scaatrzdb eea rddltdI thd r-ie . Ion'entIltri w t r Irradiahtmon.e wre

mo. erpoctdiochdemalth ce . iuncin untl Ita of 2Xuadinubed with di .- etrncnrsio oti enamelhamnoeintrilt
temts ne r orecel dvisons aferwhih I de,%(15. wth m urataihai Wt7^ as hmibe id Imilbar quntitr an

and nuclear membrane biebbing. Impairment In mem- wi rwas aexitn -1035Adrot. he dirA ir repaedy oft
brane permeability, chromatin condensuation. D)NA fr3g. dtifferent conicentrAiioqis ofiariumn inoohore A21 S?
me~ritatlon. and impairment of ATP synthesis (9). The 0NA trorjmentofln ossats. At "!" t-i fto,es cells weearved

by cent.'l'.4jinn it 2WK x q rotr in min The cells were lsed with
0 5 ol ike-cold hvpatntc lysintl huffer (t0 mM Tris-liCI. pt 7 !).

R"cIvrd for pmuhli.tion~hine 11, 1491. rttAinhitg I mM EI)TA arid 21, Triton X-IOWl and r-ni-otrgd at
Acrepted for puit.-fatln lDer,-el 11. 1 Wo!. l.IltiXx a ti2() m nlneparate ntact fnrmfrAgmevitdt)NA The
The csa (of ptshI1-a"4- of 1his arie were dJefrayed tn part h, the pellet wats then wintirated for 10 sIn 0 5 ml.vsi% htjfrr. D)NA In the

payment of pig.-r.* a. its artice muisw therefor he berehy marked pele mrid vita-rnitAta fractions was rieerniined bv An autrcmated
adoertiaemot, in A.-corriao.-e with I MiW S C Setiokn 17:14 *)lely to indlt fluioowetrtc methodi ustig :tor, hst 3t.125A tuorhrome 1214 2%1
rate this tAdI mtii ld for our studi". This DNA Arlalvis is Iawed on the Abilli

'This work woo sojptaried by Armed Fron-es Itadkohioligy Hesenah of It'a--hst :112314 to hind DNA quantitiveli, tn fir a Iltioriwent
Institte. [Defense Nuclear Agencry N It w.4% %silil to, Nitiunl He. cir x
search C'ouncil AVHHI Heseri I Aqwwciaieship Re-iearch *A% ooidit. led A %itx It %iluitlon of loes-hit .13t25A (I nig,mtl w~ia pretwored inacvor.iog to the principles eftinrcitird in the Gittee torte ihr- oe 1(01 I 1%r il-iwtrTissoutni ttt.fr2 - fk~la ( h
of Llulairo'nt Animalsb prepared hv the iiiflue of [AlE(ratory Aol,iimaitilv ae i4Rlto 4ia~ o i fkp i 1i h
Rfevs rres. NattonAi Hew-anth (ouric11i dark A I ao'l working %nitition was prepatrd lily by diluist the

'Adaessorrstjodewead rprit reuesstote araantfanak- siolt with rimillng buffer 10 5SM phosphatr btitler, pi 7 0. contain-
risoan ifdiani th. hrnitr l~p..tmeitArmd Frce Hdi.t~t.io~y it () on i5 r t S.i'il The working dyeP crntAlner wis% wrApped in

Rewert, Institute. liethewda. MDt PMuCI4-5145 aluimint loll tn Im'i(rt it firmn. Ambient light duhringe the arialvats.
'Ahbre'iaiions used in thiq INIpr (v. Kray. TUM. tissue coliitire Coillntiniiii flow analysis was perlewtued with TetchnIl-on Aitlnan-

med1:.m WkIoDi N 12 me pot1.3 .1I .Lo&tt..mioe Wi4 i?7i. alyrrr It omptimenis lTec~hnk-on Instinhments Corp. Tarrowin. NY).
S-2.3.amnoprjwlai-ehytphu.ptayrohika acidJ including an Atuanief fitted with a 40-plave sample tray, a single
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1818 WR- 1065 INHIBITS DNA FRAGMENTATION IN THYMOCYTES

speed proportioning pump, and a fluoronephelometer. The fluores- 60[ A 1.5 G [cence signal was directed to a Hewlett-Packard 3390A integratorso.0G
(Hewlett-!tackard. Downer's Grove. IL), which automatically Identi-
fled and quantitated sample peaks. All tubes were flow-rated Tygon 40
tubing (Fisher Scientific. Pittsburg. PA). We used a sampler cam that 30-
allowed the analysis of 40 samples/h with a I min running buffer 20
wash between 30-s sample draws. A minimum sample volume of
0.35 ml was required with the pump tube used (0.6 mI/mmn). 1 10

The concentration of DNA corresponding to the peak height value 0 a 0

of each sample was calculated from a curve of calf thymus DNA G
standards. by using acomputer software. We found that fluornmrtrtc so 4.5 Gy D 6. Gy

ylamine method. Sample concentrations ranging from I to 20 xg/ml .9 40-
were easily analyzed with the systerr. The sensitivity can be in- 0 3creased by increasing the volume of the sample draw and adjustingthe sensitivity of the fluoronephelometer and Integrator. Measure- 2
ments were unaffected by the presence of cell homogenates or to
reagents in the sample. 0

Percentage of DNA fragmentation refers to the ratio of DNAIn the 0 2 4 6 S 0 2 4 6 a
13000 X g supernatant to the total DNA in the pellet and 13000 x 9 Postieatiofi tim. (h)
supernatant. Figgwe l. Effect of WR-1065 an DNA fragmentation in thymnocytes

DNA electrophoresis. The pellets and the supernatants were exposed to increasing doses of -y-radialton. Thymocytes (2 x 10) were
Incubated with RNase (50 A/mI) for I h at 37*C. After this Incuba- irradiated in TCM at a dew rate of 1.0 Gy/min. The percentage of DNA
tion, 50 m/mI proteinase K were added and the Incubation continued fragmentation was measured after various times of Incubation with or
for an additional I-h period. The DNA was sequentially extracted without 10 mM W4-1065, under the conditions mentioned in Matterials
with equal volumes of phenol and chloroform:isoamyialcohol (24: 1). and Methods. The results are mean * SE from three experiments. A.
The aqueous phase was precipitated with two volumes of ethanol at unirradiated: A. unirradiated + WR-1065: C. irradiated: 0. irradiated +
-201C overnight. Pellets were air dried and resuspended in Trs- WR- 1065.
EDTA buffer (10 mM Tris-HCI. pH 7.8. and I mM EDTA). Horizontal
electrophoresis of DNA was performed for 2.5 ht at 100 V In 0.75% A 8 C 0 E F G H I
agarose gel with 90 mM Tris. 90 mM boric acid, and 2 mM EDTA. b
pH 8.0. as running buffer. DNA was visualized after electrophoresis
byt ethidium bromide staining.

Nuclei Isolation and endogenous nuci' -ase activity. Nuclei were
prepared from the thyn.ocytes by the method of Cohen and Duke (5).
The nuclei were suspended in Tris-buffered (10 mM. pit 7.5) Iisotonic
sodim chloride and Incubated at 37*C for 4 h in the presence of
different cations. After Incubation, the nuclei were sedimented at
200 x g for 10 min. The supernatant was discarded because it 5090
contained no DNA. The nuclear pellet was lysed with lysis buffer. 3054
and intact DNA and fragmented DNA were estimated as described
for whole cells. 23

Materials. RPMI 1640 medium. 2-ME, and the antibiotic mixture
were purchased from GIBCO. Grand Island. NY: FCS was obtained
from HyClone Laboratories. Logan, UT; Hoechst 33258 fluorochrome
was purchased from Calbiochem-Rehring. La Jolla, CA: Dexameth-
azone and calcium lonophore A23 187 were purchased from Sigmatos
Chemical Co.. St. Louis. MO: and WR-2721 and WR-1065 were
kindly provided by the Drug Synthesis and Chemistry Blranch. Divi-
sion of Cancer Treatment. National Cancer Institute. Bethesda. MVD.

RESULTS 
-

WR- 1065 inhibits radiation- induced DNA fragmen-
tatlon and cell death In thymocytes. Single cell suspen-
sions were prepared from thymuses and exposed to dif-
ferent doses of -y-radiation. After Irradiation the thymo-
cytes were resuspended in fresh medium containing 10 20
mM WR-1065 and Incubated at 37C as described in 20'-

Materials and Methods. The level of DNA fragmentation
was determined at various times postirradlation. DNA
fragmentation Increased with radiation dose and with
time postirradiation. (Fig. 1. A-D). It Is Interesting to note
that DNA fragmentation was completely blocked in cells rtqure 2. Agarose gel elect rophon-sis of pellts- and stspernatant DNA
Incubated with WR- 1065 after different doses of -- radia- Isolated from unirradi.ted or 8.0 Gy-irradlate-d thvnux" Is-s after 6 It
tion (FIg. 1, A-D). In all experiments. the background lncuhation withor without 10 mMWR. 1065The moiet-ulnrsire standard

DNA In a I -kit tNA ladder purchihated from GIIK'0. 1,one A. standard I -
DNA fragmentation In unirradiated thymocytes In- kit lNA Insider: lane iH, uniirradlatedpelts: lane C, umlrradiurtd + Wit.
creaieed with time to a maximum level of 10(to 15% at 8 1065.-peltet:tune 1),6.0 Gy-pellet:!lane K. 6 0Gy *. tI6,5.peliet: Ine
h. There was no background DNA fragmentation In linir- F tnrt lned- 80 GtperatAnt: ne .. radae + wRt- i065-oupertanti.

radiated thymocytes after WR- 1065 t reatment (Fig. IA). tn:ln t . ypmtn;ln .60G R 05I~ehat

Electrophoretic analysis of pellet and supernatant DNA Isolated from irradiated thymnryte's titter WR-1I0435 treat-
isolated from 6.0 Gy-irradiated thymocyt s showed typi- -ment was of high m .w. iind remained at the top of the
cal 'ladder" pattern, consisting of DNA fragments of a get. and there was noladder'pattern ofDNA bands(lane
size, multiple of 200 bp unit (Fig 2. lanes 1) aiiid 1i. E). The supernatant obtained from Irradiated-thymo-
respectively). This pattern of DNA fra'lnientation has cytes treated with Wil- (065 had no DNA fragments (lane
already been shown after -s--rldlation (1. 2) and gluIco- l). The pellet and supernatant DNA of unirradiated thy-
corticoid 5reatmrnt 11,1 ol thymocytes. The pellet DNA mocytes contained a small amount of fra~mented DNA
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(lane Band lane F. respectively). The pellet DNA isolated others (1 -6).
from unirradlated cells treated with WR- 1065 was of high In the above-mentioned studies, thymocytes were in-
m.w. (lane C). There were no DNA fragments In the cubated with WR-1065 after irradiation. Further studies
supernatant isolated from unirradiated cells treated with were carried out to determine whether the addition of
WR-1065 (lane G). These results clearly Indicate that WR- 1065 before irradiation protects the thymocytes from
WR-1065 protects the thymocytes from radiation-in- DNA fragmentation. Thymocytes were exposed to -y-ra-
duced DNA fragmentation. diation after 60 min Incubation with 10 mM WR-1065.

Figure 3 shows the effect of varying concentrations of After irradiation. the cells were centrifuged, resuspended
WR-1065 on DNA fragmentation in thymocytes after in fresh medium without WR-1065. and DNA fragmen-
different doses of -r-irradiation. The inhibition of radia- tation was measured after 8 h of postirradiation Incuba-
tion-induced DNA fragmentation depended on the con- tion. The results shown In Table I indicate that WR-1065
centration of WR-1065 during postirradlation Incuba- added to thymocytes before irradiation does not protect
tion. At 2.5 mM WR-1065 there was I to 10% DNA them from radiation-induced DNA fragmentation.
fragmentation In thymocytes exposed to 1.5-6 Gy -/- WR-1065 blocks dexamethazone- and calcium Iono-
radiation, and maximum Inhibition of DNA fragmenta- phore A23187-induced DNAfragmentatioi. in thymo-
tion was obtained at 5 to 10 mM WR- 1065. We used 10 cytes. Glucocortlcoid hormones and calcium lonophores
mM WR-1065 In all our studies, and It was not toxic to are known to stimulate apoptosis In thymocytes. which
the cells, as shown in Figure 4. Cell viability was assessed in. lives extensive DNA fragmentation by Ca2 -and Mg 2*o

by trypan blue dye exclusion method. After irradiation dependent nuclear endonuclease (4-6). We studied the
the fraction of dead cells Increased progressively with effect of WR-1065 on dexamethazone-induced and cal-
time. Addition of WR-1065 to unirradlated or Irradiated clum lonophore A23187-stimulated DNA fragmentation
thymocytes maintained their viability at 90 to 95% (Fig. in thymocytes. Thymocytes were Incubated with increas-
4). The results also Indicate that DNA fragmentation In Ing concentrations of either dexamethazone or calcium
irradiated thymocytes precedes the loss of viability (Figs. lonophore A23187 with and without WR-1065 in me-
I and 4). which Is consistent with the results reported by dium at 37°C for 8 h. Dexamethazone and calcium iono-

phore A23187 stimulated concentration-dependent DNA
60 "fragmentation and cell death (Table 11) In thymocytes.

WR-1065 blocked the dexamethazone-induced and cal-
cium ionophore-stimulated DNA iragmentation and cell
death (Table II) In thymocytes.

40 WR-1065 Inhibits Ca' *- and Mg'-dependent DNAr0  fragmentation in thymocyte nuclei. Several studies In-
C dicate that DNA fragmentation observed during apoptosis

TABLE I
E20 [fect of prefrmdtation Incubatfon of WR. 1065 on DNAfrmqmentatfon

in thymoctyes

10 Tresime - DIA Ir-airffientation (1
T n - OGy 30Gy 6OGy

0 Control 15.tO.5" 437± ± 1 505±0,
0 2 4 6 6 10 WR. -O56 14.3 ± 1.5 405± 3.2 497± 17

WR-t0es conlCotr3tion (Im" IThe results are mean * SF from three erperlments

P'f1ure3. Effect o( tncreaing concentrationot of WR.105 on radia- 'Thymncoei were Irradiated after 60 min Inruhation with 10 mM
tlion-Induced DNA fragmentation In thymvcyte,. Thvmoryte, we" ex- WR-tOl65 In TCM containing 100 U/m catalase After irradiation. e11%
posed to different dtes of t-radlatlon. and perrentaie of DNA fraremen. were rentrtfuged. resuspended in freth medium without WI- 105. and
ration was me auredaflerl h Incuhatinn with Increa-iing roncentratIons Inijhatd fnr A h. Inrubaltons and DNA analylt were arrlied out under
of WR-1065. The retults are mean 5 F. fronm three epertment%. 0, 1., the condltions mentioned in Materlals and Methods.
Gy; 0. 3.0 Gy: A. 4 5 Gy: A. 6.0 Gy.

TABLE a1
1 ____________0_____ Effe-ct of WNt. 1065 on i-ill t-inhittr and DNA frnqmrn:nfin in

thtimnoi-!l exposd to dexamethajnme or atlcum ionophore A21 197

Vablity iV INA Vraginiait¢ ('

- WR.i0 S eWR-t0i - WR. I0 * WR toiui

OnM 95±3 96*2 125t 17 1 5±06
T 100 nM 711±6 91 *3 400:r25 I R 2 2

200nM 69 ± 10 92±5 472± I2 2.1 t 1 340 1 oM 40 ±4 90 ±4 531 t1 5 2:t09

lIoM 25±6 91 t6 575± 1.2 2,9:t 12

20 A23197
OM 95±3 96±t2 145t 1 10±05

IOOriM so±7 91 ±3 206 ±1 6 10t05
1 1.1 20 rM 7.5±5 89-t-4 261±09 1 7±07

0 2 4 6 t 0 12 4O nM 67±t 90:±2 336t I A 19±09
PoslrrAdMAon time ft.) I oM 56±t 1 R7 ± a 44 1 * 0 7 1.9 ±0

irture4. Erffet of 10 mM WR-tON5 on cell death a! vlritm timel *Viabilitv I-s rprr ied a% the percentage o" cells that exchided trypart
after irradiation at 6 0 !y Viability Is exprevsed at the perenLige of bhlue after N h Itirtuhattion with the indicated roncrntratlon-t of either
rells that excluded trypan hbie, The re-tults are mean ± SE from three clexamethatnte or calihum Innoph we A23t17 with or without WR. 3065.
expertment, A. unirradiated: A. unirradiaied + WR- 1065; 0. Irradfaterd: 'DNA fragmentation wax determined after 9 h incubation. The reslqts
0. irradiated + WR- 1065 are mean t SI'. from three experiments.
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of thymocytes is due to action of a Cal*- and Mg 2"-de- for DNA fragmentation. It has been reported that the
pendent nuclear endonuclease that cleaves host chro- magnitude of radioprotection against reproductive death
matin into oligonucleosome-length fragments (1-6). We depends on the intracellular concentration WR-1065 at
tested the effect of WR- 1065 on Ca 2 *- and Mg 2 -depend- the time of irradiation (32). The ability of WR-1065 to
ent DNA fragmentation in thymocyte nuclei. Nuclei were protect against DNA fragmentation during apoptosis de.
isolated from thymocytes and incubated in Tris-buffered pends on the concentration of WR-1065 during postir-
(10 aM, pH 7.5) isotonic sodium chloride with and with- radiation incubation (Fig. 3).
out added Ca 2  and Mg 2 .We found that most of the DNA Dexamethazone and calcium ionophore A23187 induce
remained intact in thymocyte nuclei incubated with Mg 2  a similar degree of DNA fragmentation in thymocytes as
or Ca2  alone, but when both ions were present about those observed after irradiation. WR-1065 inhibits DNA
68% of DNA was fragmented (Table Il). Interestingly. fragmentation in these cases also, suggesting a common
WR-1065 inhibited Ca2 - and Mg 2 -dependent DNA frag- mechanism of action. Our studies with thymocyte nuclei
mentation in thymocyte nuclei (Table 1ll). The results of indicate that WR- 1065 inhibits a Ca 2*- and Mg 2 -depend-
this study suggest that WR- 1065 could be protecting the ent process responsible for DNA degradationi. In our stud-
thymocytes from DNA fragmentation by inhibiting les, more than 50% of the DNA was fragmented in iso-
the action of Cal'- and Mg -dependent nuclear endo- lated nuclei incubated in the presence of Cal*- and Mgl
nuclease. (Table Ill). DNA isolated from irradiated cells (Fig. 2. lane

D) and cation-treated unirradiated nuclei (not shown)
DISCUSSION showed no difference in their electrophoretic patterns.

The specific pattern of degradation of DNA into oligonu-
The results of these studies clearly indicate that WR- cleosomal subunits suggests that an endonuclease may

1065 inhibits the internucleosomal DNA fragmentation be involved in the process. It is possible that a Ca 2 - and
and cell death in thymocytes ex' osed to -y-radiation. dex- Mg+-dependent nuclease may be constitutively present
amethazone. and calcium ionophore A23187. WR-1065 in an inactive form in thymocyte nuclei. When optimum
is known to protect mammalian cells from radiation- concentrations of Ca and Mg 2  are present. the enzyme
induced reproductive death when incubated with the may be activated to degrade DNA into oligonucleosomal
cells before and during irradiation: It does not inhibit subunits. A nuclease of similar specificity has been de-
reproductive death when added to cells after irradiation scribed in nuclei of thymocytes and other mammalian
(22-25. 30-32). When mammalian cells are exposed to cells (34-37). Nuclei incubated with WR-1065 showed no
ionizing radiation. DNA damage occurs during irradiation cation-dependent DNA fragmentation (Table Ill), suggest-
due to direct interaction of free radicals with DNA and it ing the inhibition of action of nuclease.
can be measured immediately after irradiation (33). It is A variety of molecular and cellular mechanisms has
thought that the presence of WR-1065 in cells during been proposed to explain the ability of WR-IO5 to pro-
irradiation prevents reprodctive death by interferring tect mammalian cells from radiation-induced reproduc-
with the interactions of radiation-induced free radicals tive death (20. 38). The mechanism of protection offered
with DNA (30-32). by WR-1065 in our experiments is not clear. However.

The ability of WR-1065 to protect against free radical several possible mechanisms for the action of WR-1065
interaction with DNA is apparently not related to its in thymocyte apoptosis may be suggested from the above
ability to prevent apoptosis in irradiated cells. DNA frag- results. First. WR- 1065 may inhibit the DNA degradation
mentation. a characteristic of apoptosis, is unaffected by by altering the structure of Internucleosomal region in
incubating cells with WR-1065 before irradiation: frag- chromatin. WR-1065 binds to DNA and nuclear proteins
mentation is at the same level in the irradiated cells in mammalian cells (39). This binding in thymocyte nu-
pretreated with WR-1065 as It is in cells not pretreated clei may alter the conformation of chromatin in such a
with WR-1065 (Table I. In thymocytes there is no DNA way that internucleosomal region may not be available
fragmentation immediately after irradiation: fragmenta- for degradatior of chromatin into ollgonucleosomal sub-
tion begins at 2 to 3 h postirradiatlion and increases with units. Second. WR- 1065 may inactivate the enzyme re-
time (Fig. 1). In apoptosis. DNA fragmentation appears to sponsible for DNA degradation. WR-1065 forms mixed
be a distinctively postirradlation cellular process. Inas- disulfides with sulfhvdryl groups in protein (20, 38). It is
much as the presence of WR-1065 in the cell after irra-

d possible that WR-1065 may inactivate the nuclear en-
diation completely blocks DNA fragmentation. It may be donuclease by forning mixed disulfides with sulfhydrylinhibiting a postirrad'ation cellular process responsible groups of the enzyme. Third. WR-1065 may regulate the

TAELE III cellular transport of cations necessary for DNA degrada-
Effect of WR. 1065 on activation of endogenous endonuclease In tion. Studies Indicate that WR-2721 and WR- 1065 mod-

Isolated thtmlocyte ntucli; ulate calcium metabolism in chronic renal failure (40) ,
Trestrntts Ca0. MRCl2. DNA fragmentatlon and in hyperralcemia of malignancy (41). Recently. WR-

SmM 10 mm ("1 1065 was shown to prevent calcium entry and cell death
Nuclei - - 0.7 ± 0.4 In U937 humain premonocytic cell line exposed to hydro-

- + 0.80.1
+ - 25.0± 1.6 gen peroxide (42). The precise cellular mechanism by
+ + 68.2 t 1.3 which WR- 1065 regulates calcium transport is unknown.

?Jutel WR-I065+ - - 0.3 ± 0.3 WR-1065 does not form chelation complexes with Cal'
- 0.6±0.1
+ - 0.• 0.1 and Mg 2 * (43). It may either act directly on calcium chan-
+ L 0 ± 0.1 nels in the membrane or inhibit lipid peroxidation of

"Thymocyte nuclei were incubated with different concentrations of membranes and prevent calcium entry. Lpid peroxtda-
cations at 37*C for 4 hand DNA was estImated as mentioned in Materials tionaltersmembrane p b an i
and Methods. -. without: +. with. ne permeablity and Increase, calcium

IIlrnMWR.I065. fhrsutsdre meanS fmthree expreriments. influx. anid it can be induced by several oxidants inciud-
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Ing Ionizing radiation (44-46). WR- 1065 is known to 22 CaboJns P. AL. R. C. Fahsey. 0. D. Smoluk. and J. F. Ward.
1985. Alkaline phophatase promotes radioprotection and accumu-

Inhibit the lipid peroxidation of membranes (47, 48). lator of WR-l1065 in V79-171 cells IncubatedIn medium containing
Studies are in progress to understand the precise cellular WR-2721. Int. J. Radial. Bl. 47:23.

and oleclarmechnis of ctin ofWR-1065in ro- 3.Nort. T.. M. Watanabe. AL Horikawa, P. ikaido. H. Kimturs. T.
andmolculr mchnis ofacton f R-165 n po- AoyamatandT. Sugabara. 1983. WR272l, ts derivatlvesand their

tecting thymocytes from apoptosis. radloprAectlve effects on mammalian cells in culture. Int. J3. Raditat.
Blot. 44:41.
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