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N-{2-MERCAPTOETHYL)-1,3-PROPANEDIAMINE (WR-1065) PROTECTS
THYMOCYTES FROM PROGRAMED CELL DEATH!

NARAYAN! RAMAKRISHNAN? ano GEORGE N. CATRAVAS
From the Office of Chair of Sclence, Armed Forces Radioblology Research Institute, Bethesda, MD 20889

Gamma-irradiation, glucocorticoid hormones, and
calcium jonophores stimulate a suicide process in
thymocytes. known as apoptosis or programed cell
death, that involves internucleosomal DNA frag-
mentation by a Ca?*- and Mg**-dependent nuclear
endoniiclease. in this study we report that N-{2-mer-
captoethyl)-1,3-propanediamine (WR-1065) blocked
DNA fragmentation and cell death in thymocytes
exposed to y-radiation, dexamethazone, or calcium
ionophore A23187. WR-1063 protected the thymo-
cytes from radiation-induced apoptosis when incu-
bated with cells after irradiation but not before and/
or during {rradiation. WR-1063 inhibited Ca**-and
Mg**-deperdent DNA fragmentation in {solated thy-
mocyte nuclei. Our results suggest that WR-1065
protects thymocytes from apoptosis by inhibiting
Ca?*- and Mg**-dependent nuclear endonuclease ac-
tion.

Thymic small lymphocytes, commonly known as thy-
mocytes, undergo a sulcide process known as apoptosis
or programed cell death in response to several stimuif,
Including exposure to y-radtation (1-3), glucocorticold
hormones 4-8), calcium fonophores {6), antibodies to the
CD3-TCR complex (7). or the. environmental contaminant
2.3.7.8-tetrachlorodibenzo-y-dioxin (5). ‘The apoptotic
death of thymocytes, lymphocytes, and Intestinal crypt
cells after clinically relevant doses of Irradiation (2-%
Gy") distinguishes them from most other cells, which
undergo reproductive death at these radiation doses (9-
14). In reproductive death the cell functions until it at-
tempts one or more cell divisions, after which it dies (15).
In apoptosis, however, the damage mantfests itself in the
absence of mitosis. Apoptosis {s characterized by several
morphologic and biochemical changes, Including plasma
and nuclear memhrane blebbing, impatrment In mem-
brane permeability, chromatin condensation, DNA (rag-
meatation, and impairment of ATP synthests (9). The
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most characteristic biochemical marker for apoptosis is
nuclear DNA fragmentation into oligonucleosomal sub-
units that can be recognized from random cleavage ob-
served In cells undergoing necrosis (1-6).

The radioprotectant drug WR-2721 is a well-known
protective agent that selectively protects normal tissues
against cytotoxicities of radiation and chemotherapeutic
alkylating agents (16-21). WR-1065 the dephosphory-
lated form of WR-2721 and generally considered to be
the active form of the drug. has been shown to protect
the mammalian cells tn vitro from radiation-induced re-
productive death (22-25). In this report we describe the
protective effects of WR-1065 on apoptosis in thymocytes
Induced by ¥+ ‘radiation. dexamethazone, and calcium
fonophore A23187.

MATERIALS AND METHODS

TCM. RPMI 1840 medium supplemented with 23 mM HEPES
buffer. 2 mM L-glutamine. 33 4M 2-ME, 100 U/mi penctilin, 100 «g/
ml streptomycin, 0.23 sg/ml amphotericin B, and 105 heat-inacti-
vated FCS was used (n all the studtes,

Cell isolatton. CDY2F 1 male mice, 8 to 7 wk oid. were asphyxtated
with CO4, and their thymuses were removed and placed 1» TCM on
ice. Single cell aunpenatons were prepared Dy pressing the organa
through wire mesh screens followed hy pasaage throngh a 28-gauge
needle. The suspensions were washed once in TCM and resuspended
in cold Tris-bullered 1sotonic ammonium chloride (o lyse the red
cells |28). The celin were washed once tn TUM and resuspended in
TCM  Viable cell numbers were determined by trypan biue dye
exclus.on method (27}

y-lrradtation. Thymocytes (2 x 10*/m)) were exposed to | 510 6.0
Gy *'Co yradiation at a dose rate of | Gyimin.

Incubation of thymocytes. Immediately after irradiation, rells
were centrifuged at 200 X gfor 10 min, resuspended in {resh redium
at 2 x 10% cetla/mi, and incubated with WR- 1065 in TCM containing
100 U/mi catalase at 37°C In 8 humidified incubator under an
atmoxphere of 3% COy In ale.

Dexametharone was dissolved in a minimum volume of sthanol
and diluted to the desired concentration with TCM. Thymacvtes were
Incubated with different concentrations of dexamethaznne in TCM
with of without WR-1083 ae described above A similar quantity of
rihanol was added (o controls. The dtudies were repeated with
different concentrations of caletum ionophore A23187,

DNA fragmentation assay. At sel'~ ted is.re cella were Rarvested
by cente! gation at 200 X q for 10 min The cells were haed with
0.5 il we-cold hvptonic iyaing buffer (10 mM Tris-HCL pH 7 5,
containing | mM EDTA and 0.27% Triton X-100] and centrifuged at
13,000 x g [or 20 min to separate Intact from fragmented DNA. The
petlet was then sonteated for 10 8 1n 0 3 mi iveis bulfer. DNA In the
pellet and supernatant fractions waa determined by an automated
fluorometric method ustng Hoe hat 13258 uorochrome (28 29,
maodified for our studies. Thia DNA analvsis 1 hased on the ability
of Hoechat 331238 to bind DNA quantitatively to form a {luoreacent
e nplex

A stock solution of Hoechat 332%8 (1 mg 'ml) wae prepared In
distilled water Tiils aolutton te stable for 2 wi if kept at 4°C in the
dark. A 1 e 'ml working sohition was peepared daily by diluting the
stock with ranning butter ;0 3 M phoaphate buifer. pH 7 0. contain-
Ing 0 05% Bri] S-3%) The working dve container was wrapped In
aluminaim foll to protect it from ambient lght during the analysia.

Continuone Now analvs was performed with Technicon Autoan-
alyzer it componenta (Technicon Inatruments Corp.. Tarrvtown, NY).
Inchuding an automampler fited with & 40-place sample tray. a single
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speed proportioning pump, and a fluoronephelometer. The fluores-
cence signal was directed to a Hewlett-Packard 3390A integrator
(Hewlett-Fackard, Downer’'s Grove. IL), which automatically identi-
ied and quantitated sample peaks. Ail tubes were {low-rated Tygon
tubing {Fisher Scientific, Pittsburg, PA). We used a sampler cam that
allowed the analysts of 40 samples/b with a 1 min running buffer
wash between 30-s sample draws. A minimum sample volume of
0.35 ml was required with the pump tube used (0.6 mi/min).

The concentration of DNA corresponding to the peak height value
of each sample was calculated from a curve of calf thymus DNA
standards, by using a computer software. We found that fluorometric
autoanalysis of DNA is more sensitive and reproductble than diphen-
ylamine method. Sample concentrations ranging from 1 to 20 ug/m!
were easfly analyzed with the system. The sensitivity can be in-
creased by increasing the volume of the sample draw and adjusting
the sensitivity of the fluoronephelometer and integrator. Measure-
ments were unaffected by the presence of cell homogenates or
reagents in the sample.

Percentage of DNA fragmentation refers to the ratio of DNA in the
13000 x g supernatant to the total DNA in the pellet and 13000 x g
supernatant.

DNA electrophorests. The pellets and the supernatants were
fncubated with RNase (50 xg/ml) for 1 h at 37°C. After this incuba-
tion, 50 xg/mi proteinase K were added and the incubation conttnued
for an additional 1-h pertod. The DNA was sequentially extracted
with equal voiumes of phenol and chioroform:isoamylalcohol (24:1).
The aqueous phase was precipitated with two volumes of ethanol at
-20°C overnight. Pellets were air dried and resuspended in Tris-
EDTA buffer {10 mM Tris-HCI, pH 7.8, and | mM EDTA). Horlzontal
electrophoresis of DNA was performed for 2.5 h at 100 V in 0.75%
agarose gel with 90 mM Tris, 90 mM boric acid. and 2 mM EDTA.
pH 8.0. as running buffer. DNA was visualized after electrophoresis
by ethidium bromide staining.

Nuclet (solatton and endogenous nucl -ase activity. Nuclel were
prepared from the thymocytes by the method of Cohen and Duke {5).
The nucle) were suspended in Tris-buffered (10 mM. pH 7.5} Isotonic
sodfuin chloride and incubated at 37°C for 4 h in the presence of
different cations. After incubation, the nuclel were sedimented at
200 x g for 10 min. The supernatant was discarded because it
contained no DNA. The nuclear pellet was lysed with lysis buffer,
and Intact DNA and fragmented DNA were estimated as described
for whole cells.

Matertals. RPMI 1640 medium, 2-ME, and the antiblotic mixture
were purchased from GIBCO, Grand sland. NY: FCS was obtained
from HyClone Laboratories, Logan, UT; Hoechat 33258 fluorochrome
was purchased from Calbiochem-Behring. La Jolla, CA; Dexameth-
azone and caictum lonophore A23187 were purchased from Sigma
Chemical Co., St. Louis, MO: and WR-2721 and WR-1065 were
kindly provided by the Drug Synthesis and Chemistry Branch, Divi-
ston of Cancer Treatment. National Cancer inatitute, Betheada, MD,

RESULTS

WR-1065 (nhtbits radlation-induced DNA fragmen-
tation and cell death (n thymocytes. Single cell suspen-
sions were prepared from thymuses and exposed to dif-
ferent doses of y-radiation. After irradtation the thymo-
cytes were resuspended in fresh medium containing 10
mM WR-1065 and incubated at 37°C as described In
Matertals and Methods. The level of DNA fragmentation
was determtned at various times postirradiation. 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
Incubated with WR-1065 after different doses of y-radla-
tion (Fig. 1, A-D). In all experiments, the background
DNA fragmentation In unirradiated thymocytes in-
creared with time to a maxtmum level of 10 to 15% at 8
h. There was no background DNA fragmentation in itnir-
radiated thymocytes after WR-1065 treatment (Fig. 1A),

Electrophoretic analysis of pellet and supernatant DNA
isolated from 6.0 Gy-irradiated thymocytes showed typt-
cal "ladder” pattern, consisting of DNA fragments of a
size, multiple of 200 bp unit {Fig 2. lanes D and [,
respectively). This pattern of DNA frarmentation has
already been shown after y-irradiation (1, 2) and gluco-
corticoid .reatment {4} oi thymocytes. The pellet DNA

WR-1065 INHIBITS DNA FRAGMENTATION IN THYMOCYTES

60 r
50 A 1.5 Gy B 3.0 Gy
40
- ”» ]
£ 20}
§ rof -
- e —
Y . . 2
‘g N ) 2 4 6 8
60 r
? o c 45 Gy [0 so0y
g 40+ o
a 20
0+ /‘
10
i 3 bt
o 2 4 6 80 2 4 & 8

Postirradiation time (h)

Ftgure 1. Effect of WR-1065 on DNA fragmentation in thymocytes
exposed to increasing doses of y-radiation. Thymocytes {2 x 10% were
irradiated in TCM at a dose rate of 1.0 Gy/min. The percentage of DNA
fragmentation was measured after varfous times of incubation with or
without 10 mM WR-1065, under the conditions mentioned tn Materials
and Methods. The resuits are mean + SE from three experiments. A,
unirradiated: A. unirradlated + WR-1065: C, irradiated: @, irradiated +
WR-1065.
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Figure 2. Agarose gel electrophoresis of pellet and supernatant DNA
tsolated from unirradiated or 8.0 Gy-trradiated thymocvtes after 8 h
incubation with or without 10 mM WR- 1065, The molecular size standard
DNA is a §-kb DNA ladder purchased from GIDCO, Lane A, standard 1-
kb DNA indder; lane 8, unirradiated.peltet; tane C, untrradiated + WR.
1065 pellet: lane 1), 8.0 Gy-peliet: lane £, 8 O Gy + WR-1065-pellet: lane
F. unirradiated-supernatant; !ane G. unirradiated + WR-1065-supermna-
tant: lane H. 8.0 Gy-supernatant: lane I, 6.0 Gy + WR- 1065-supernatant.

isolated from trradiated thymorytee utter WR-1065 treat-
ment was of high m.w. and remained at the top of the
gel. and there was no “ladder” pattern of DNA bands (lane
E). The supernatant obtained from irradiated-thymo-
cytes treated with WR- 1065 had no DNA fragments (lone
1). The pellet and supernatant DNA of unirradiated thy-
mocytes contained a small amount of fragmented DNA
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{lane B and lane F, respectively). The pellet DNA isolated
from unirradiated cells treated with WR-1065 was of high
m.w. (lane C). There were no DNA fragments in the
supernatant isolated from unirradiated cells treated with
WR-1065 (lane G). These results clearly indicate that
WR-1065 protects the thymocytes from radiation-in-
duced DNA fragmentation.

Figure 3 shows the effect of varying concentrations of
WR-1065 on DNA fragmentation in thymocytes after
different doses of y-Irradiation. The Inhibition of radia-
tion-induced DNA fragmentation depended on the con-
centration of WR-1065 during postirradiation incuba-
tion. At 2.5 mM WR-1065 there was 1 to 10% DNA
fragmentation in thymocytes exposed to 1.5-6 Gy y-
radiation. and maximum inhibition of DNA fragmenta-
tion was obtained at 5 to 10 mM WR-1065. We used 10
mM WR-1065 In all our studies, and it was not toxic to
the cells, as shown in Figure 4. Cell viability was assessed
by trypan blue dye exclusion method. After irradiation
the fraction of dead cells increased progressively with
time. Addition of WR-1065 to unirradlated or irradiated
thymocytes maintained their viabtlity at 90 to 95% (Fig.
4). The results also indicate that DNA fragmentation in
irradiated thymocytes precedes the loss of viability (Figs.
1 and 4). which is consistent with the resuits reported by
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Fiqure 3. Effect of increasing concentrationa of WR.1085 on radia-
tion-induced DNA fragmentatinn In thymocytes. Thymocytes were ex-
posed to different dowes of v-radiation. and percentage of DNA {ragmen-
tation was measured after 8 h incubation with increas(ing concentrations
of WR-1083. The results are mean ¢ SE from three experiments. O, 1.9
Gy:9.3.0Cy: 4. 45GCGy: 4. 80Gy.
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Flgure 4. Elfect of 10 mM WR-1083 on cell death a? various times
after irradiatien at 6 0 Gy Viahility is expreased as the percentage of
cells that excluded irypan blue. The results are mean ¢ SE fenm three
experiments. A, unirradlated: A, unirradiated + WR-1065; O, Irradiated:
@®. irradiated + WR- 1065,
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others (1-6).

In the above-mentioned studies, thymocytes were in-
cubated with WR-1065 after {frradiation. Further studies
were carried out to determine whether the addition of
WR-1065 before irradiation protects the thymocytes from
DNA fragmentation. Thymocytes were exposed to y-ra-
diation after 60 min incubation with 10 mM WR-1065.
After frradtation, the cells were centrifuged. resuspended
in fresh medium without WR-1065, and DNA fragmen-
tation was measured after 8 h of postirradiation incuba-
tion. The results shown in Table [ indica’e that WR-1065
added to thymocytes before {rradiation does not protect
them from radiation-induced DNA fragmentation.

WR-1065 blocks dexamethazone- and calctum l(ono-
phore A23187-induced DNA fragmentatioi. in thymo-
cytes. Glucocorticold hormones and calcium lonophores
are known to stimulate apoptosis in thymocytes. which
i ~lves extensive DNA fragmentation by Ca®*-and Mg?*-
dependent nuclear endonuclease (4-6). We studied the
effect of WR-1065 on dexamethazone-induced and cal-
clum fonophore A23187-stimulated DNA fragmentation
in thymocytes, Thymocytes were Incubated with increas-
ing concentrations of either dexamethazone or calctum
lonophore A23187 with and without WR-1065 In me-
dtum at 37°C for 8 h. Dexamethazone and calcium fono-
phore A23137 stimulated concentration-dependent DNA
fragmentation and ceil death (Table 1I) In thymocytes.
WR-1065 blocked the dexamethazone-induced and cal-
cium tonophore-stimulated DNA rragmentation and cell
death (Table Il) in thymocytes.

WR- 1065 inhibits Ca**- and Mg**-dependent DNA
Jragmentation tn thymocyte nuclel. Several studies in-
dicate that DNA fragmentation observed during apoptosis

TABLE |

Effect of preirradiation (ncubation of WR- 1085 on DNA fragmentation
tn thymocytes

DMA Fragmentation (4}

Trestment -

0Gy JoGy 860Gy
Control 1582 03%" 437211 505208
WR-1068* 143215 405+ 3.2 497217

* The results are mean £ SE (rom three experiments.

*Thymorytes were irradlated after 60 min incubation with 10 mM
V/R-1065 in TCM containing 100 U/ml catalase After irradiation, cells
were centrifuged. resuspended in fresh medium without WR- 1065, and
incubated for 8 h. Incubations and DNA analysis were carried out under
the conditiona mentioned in Materials and Methods.

TABLE 11
Effect of WR- 1063 oa cell viabtlity and DNA frmgmen:iation tn

Viabiltty 15)* DNA Fragmentation {75 1*
Treatments _—
- WR- 1088 + WR- 10835 -~ WR. 1068 + WR- 1088
Dexamethazone
0nM 9523 982 125217 1852086
100 nM 78+ 8 81 +3 400225 18212
200 nM 69+ 10 92+53 472=+1.2 2113
1 M 404 90+ 4 331218 12209
10 uM 25+ 8 9l z8 575+212 29+ 112
A23187
onM 95+ 3 98+ 2 145+18 1008
100 nM 8027 9123 06218 1008
200 nM 58 89+ 4 61209 17207
400 nM 8786 Wt2 3318+ 18 1909
1 uM 56 ¢ 7 87 +8 441207 19+08
* Viability 1 expreased as the percentage of cells that excluded trypan
blue after 8 h (ncubation with the indicated concentrations of either

dexamethazone or calcium tonophore A2:3187 with or without WR- 1065,
* DNA Tragmentation was determined after 8 h incubation. The reaults
are mean £ SE (rom three experiments,

-
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of thymocytes Is due to action of a Ca**- and Mg**-de-
pendent nuclear endonuclease that cleaves host chro-
matin into oligonucleosome-length fragments {1-6). We
tested the effect of WR-1065 on Ca®*- and Mg**-depend-
ent DNA fragmentation in thymocyte nuclei. Nuclei were
isolated from thymocytes and incubated in Tris-buffered
(10 mM, pH 7.5} isotonic sodium chloride with and with-
out added Ca** and Mg?*. We found that most of the DNA
remained intact in thymocyte nuclei incubated with Mg**
or Ca?* alone, but when both ions were present about
68% of DNA was fragmented (Table IIl). Interestingly,
WR-1065 inhibited Ca**- and Mg?*-dependent DNA frag-
mentation in thymocyte nuclei (Table Ilf). The results of
this study suggest that WR-1065 could be protecting the
thymocytes from DNA fragmentation by inhibiting
the action of Ca**- and Mg**-dependent nuclear endo-
nuclease.

DISCUSSION

The results of these studies clearly indicate that WR-
1065 inhibits the internucleosomal DNA fragmentation
and cell death in thymocytes exosed to y-radiation, dex-
amethazone, and calcium {onophore A23187. WR-1065
fs known to protect mammalian celis from radiation-
induced reproductive death when incubated with the
cells before and during irradiation: it does not inhibit
reproductive death when added to cells after irradiation
(22-25, 30-32). When mammalian cells are exposed to
fonizing radiation, DNA damage occurs during irradiation
due to direct interaction of free radicals with DNA and it
can be measured immediately after irradiation (33). It is
thought that the presence of WR-1065 in cells during
frradiation prevents reproductive death by interferring
with the interactions of radtatfon-induced free radicals
with DNA (30-32). :

The ability of WR-10865 to protect against free radical
fnteraction with DNA {s apparentlv not related to its
abtlity to prevent apoptosis in irradiated cells. DNA {rag-
mentation, a characteristic of apoptosis, is unaffected by
incubating cells with WR-1065 before irradiation: frag-
mentation is at the same level in the irradiated cells
pretreated with WR-1065 as it is {n cells not pretreated
with WR-1065 (Table I]. In thymocytes there is no DNA
fragmentation immediately after irradiation: fragmenta-
tion begins at 2 to 3 h postirradiation and increases with
time (Fig. 1). In apoptosis. DNA fragmentation appears to
be a distinctively postirradiation cellular process. Inas-
much as the presence of WR-1065 in the cell after irra-
diation completely blocks DNA fragmentation. it may be
inhibiting a postirradiation cellular process responsible

TAELE il

Effect of WR- 1065 on actlvatton of endogenous endonuclease (n
tsolated thymocyte nucl. {®

CaCly, MgCla, DNA fragmentation
Treatments 5 mM 10 mM !
Nuclel - - 07204
- + 08201
+ - 2502 1.8
+ + 68.2+1.3
tuctet + WR-1065° - - 03203
- + 0.6 £ 0.1
+ - 05=+0.1
+ + 04201

* Thymocyte nuclei were incubated with different concentrations of
cations at 37°C for 4 h and DNA was estimated as mentioned in Materials
and Methods. ~, without: +. with.

* 10 mM WR-1065. Fhe results are mean = SE from three experiments,

for DNA fragmentation. It has been reported that the
magnitude of radioprotection against reproductive death
depends on the intracellular concentration WR-1065 at
the time of irradiation (32). The ability of WR-1065 to
protect against DNA fragmentation during apoptosis de-
pends on the concentration of WR-1065 during postir-
radiation incubation (Fig. 3).

Dexamethazone and calcium ionophore A23187 induce
a similar degree of DNA fragmentation in thymocytes as
those observed after irradfation. WR-1065 inhibits DNA
fragmentation in these cases also, suggesting a common
mechanism of actlon. OQur studies with thymocyte nuclet
indicate that WR-1065 inhibits a Ca**- and Mg?*-depend-
ent process responsible for DNA degradatioi. In our stud-
les, more than 50% of the DNA was fragmented in iso-
lated nuclet incubated in the presence of Ca?*- and Mg**
(Table I11). DNA isolated from irradiated cells (Fig. 2, lane
D) and cation-treated unirradiated nuclet (not shown)
showed no difference in their electrophoretic patterns.
The specific pattern of degradation of DNA into oligonu-
clecsomal subunits suggests that an endonuclease may
be involved in the process. It is possible that a Ca?*- and
Mg?**-dependent nuclease may be constitutively present
in an {nactive form in thymocyte nuclei. When optimum
concentrations of Ca®* and Mg?* are present, the enzyme
may be activated to degrade DNA into oligonucleosomal
subunits. A nuclease of similar specificity has been de-
scribed in nuclei of thymocytes and other mammalian
cells (34-37). Nuclel tncubated with WR-1065 shovsed no
cation-dependent DNA fragmentation (Table 111}, suggest-
ing the inhibition of action of nuclease.

A variety of molecular and cellular mechanisms has
been proposed to explain the ability of WR-10€5 to pro-
tect mammalian cells from radiation-induced reproduc-
tive death (20. 38). The mechanism of protection offered
by WR-1065 in our experiments is not clear. However,
several possible mechanisms for the action of WR-1065
in thymocyte apoptosis may be suggested from the above
results. First, WR-1065 may inhibit the DNA degradation
by aitering the structure of internucleosomal region in
chromatin. WR-1065 binds to DNA and nuclear proteins
In mammalian cells (39). This binding in thymocyte nu-
clei may alter the conformation of chromatin in such a
way that internucieosomal region may not be available
for degradatior of chromatin into oligonucieosomat sub-
units. Second, WR-1065 may inactivate the enzyme re-
sponsible for DNA degradation. WR-1065 forms mixed
disulfides with sulfhydryl groups in protetn (20, 38). It is
possible that WR-1065 may inactivate the nuclear en-
donuciease by formning mixed disulfides with sulfhydryl
groups of the enzyme. Third. WR-1065 may regulate the
cellular transport of cations necessary for DNA degrada-
tion. Studtes indicate that WR-2721 and WR-1065 mod-
ulate calctlum metabolism in chronic renal failure (40)
and in hypercalcemia of malignancy {41). Recently, WR-
1065 was shown to prevent calcium entry and cell death
in U937 humun premonocytic cell line exposed to hydro-
gen peroxide (42). The precise cellular mechanism by
which WR-1065 regulates calcium transport is unknown.
WR-1065 does not form chelation complexes with Ca**
and Mg?* (43). It may either act directly on calcium chan-
neis in the membrane or inhibit lipid peroxidation of
membranes and prevent calcium entry. Lipid peroxida-
tion alters membrane permeability and increases calcium
influx, and it can be induced by several oxidants Includ-

AR S




WR-1065 INHIBITS DNA FRAGMENTATION IN THYMOCYTES

ing fonizing radiation (44-46). WR-1065 is known to
inhibit the lipid peroxidation of membranes {47, 48).
Studies are in progress to understand the precise cellular
and molecular mechanism of action of WR-1065 in pro-
tecting thymocytes from apoptosis.
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