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SUM MARY

Sodium borohydride at noninimibitory concentrations (50 �tg/imml) reverses almost commm-
pietely time lethal effects of mitomycin C when added! witimin 5 mm (imuman cell cultures

or 10 sec (bacteria) after cell exposure to time antibiotic. Sodiunu cyanide, dinitrophenol,
and phenethyl alcohol, shown previously to augnment. time bactericidal effects of nmitonmy-
ci have no influence on the letimal action of timis antibiotic for imummman cells.

Mitomycin is nonreactive in its natural

oxidized (quinone) form, but beconmes eon-

verted to a reactive “alkylating” intermedli-
ate when reduced either cimemically or en-

zymicaily (1, 2). The cytocidal effects of
mitomycin are time result of crosslinking of
the complenmentary DNA strands by this
intraceliularly reduced interimmediate (2).
Analogous in vitro crosslinking of purified!
DNA can h)e achuieved! by reduction of nmito-

mycin in time presence of DNA, using so-

dium hydrosulfite (Na2S2O4) or sodiunm
horoimydride (NaBH4) (1, 2) . In time present

study an attenmpt ss’as imuade to evaluate the
conmbined action of mitonmycin and cimenmical

reducing agents on hmunian and bacterial
cells in the imope timat time results nmight be
of sonme value in designing chemothera-
peutic strategies for either selective activa-

tion or selective inactivation of this anti-

neoplastic antibiotic.
To determine cell survival, the D985

imunman cell line was exposed to mitomycin

C (MC) and NaBH4 under time conditions
outlined in time legend to Fig. 1. NaBH4
was selected as time reducing agent, since it

did not exhibit any toxicity toward D985
cells at concentrations up to 100 �g/m!.

Anotimer reducing agent, Na25204, was toxic

at concentrations above 0.5 �g/imml (90, 47,

and 1.5% survival at 0.5, 5, and 10 jig mmii,
respectively ; 2 imr exposure) . Figure 1 mdi-

cates timat under in vivo conditions NaBH4,
instead of enhancing MC action, abolislued!

its cytotoxic effects, either completely (up
to 0.1 /.Lg MC/ml) or very substantially (at
0.5 an! 5 ,ig MC/ml) . Moreover, it appears

timat MC exerts its irreversibly lethal ef-
fects rather slowly, since MC-exposed cells
could still be resuscitated by pronmpt (Fig.
1, curve C) or even somewhat delayed

(Fig. 1, curves 1) and! E) reduction witim
NaBH4. Altimougim it was known that en-

zynuic or chmemmmical reduction of MC leadis
to rapid loss of its activity (1-4), time in

vivo effect of time reducing agent and! MC
commmhinat.ion could not have been easily

predicted, since reduction of MC was found
to he obligatory for its in vitro reaction
witim nucleic acids (1, 2). The same experi-
ments indicate timat MC is slow in reaciming
and irreversibly inactivating these critical
structures (DNA?), and that the enzymic

reductive system of the cell is fully capable
of “activating” MC without any synergistic
imelp frommm extraceilular reducing agents.
The DNA of MC-kiiled human cells is
crosslinked, as simown in earlier studies

(1, 5).
When NaBH1 was added 5 mm prior to
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Fio. 1. Inactivation of D9SS celLs by nmitomycin

C (MC) in the absence (curves A,B) or presence

(curves C-F) of NaBH.4

Curves represent time survival of D98S cells

scored as the percentage of cells giving rise to

clones. Plastic dishes (60 mmn diameter) were

seeded with 5000-10,000 D98S cells, incubated

overniglmt in E� medium to I)ermit firm cell at-

tachment, and then supplemented witiu time mdi-

cated concentrations of MC and 50 pg NaBH4/nml.

The schedule of cell exposure to MC (solid hori-

zontai bars) and to NaBH4 (open horizontal bars)
is represented by the bar diagram on the left side

of the figure: A, 5 mm exposure to MC; B, 2 hr

exposure to MC; C, exposure to MC (0 to 120

imuin) and to NaBH4 (5 to 120 mm); D, exposure

to MC (0 to 120 nuin) and to NaBH4 (30 to 120

nuin); E, exposure to MC (0 to 120 mm) and to

NaBH4 (60 to 120 mm); F, exposure to MC (0 to

120 mm) and to NaBH4 (-5 to 120 nuin). The

treatment was terminated by total replacement of

time medium with 5 ml of fresh E� medium. The

colonies (clones) formed by the surviving cells

were stained and counted after 7-9 days of incu-

bation. The metimods of cell cultivation, plating,

incubation (370 in 5% CO2 atnuospimere) and scor-

ing were described earlier (3, 7) as was E00

medium, consisting of Eagle’s me(hilmm supple-

nuented with 10% horse serum.

addition of MC tcurve F), cell survival was
lower than in experiment C. Time explana-

tion of this result, which at first appeared!

paradoxical, lies in the rapid breakdlown of
NaBH4 in E90 medium, as determined by a

variety of experiments. Wlmen schedule F

was amended by a second introduction of
NaBH4 (50 jig/mi) within 5 mm after MC

addition, survival similar to or higher than
timat represented by curve C was obtained.

When time time interval (ST) between the
NaBH4 (50 �.tg/nul) and MC additions was

varied, the slope of the survival curves

covered a wimole spectrum between curves
A (�T more timan 15 nmin) and C (�T less

timan 10 see).

To deterimuine whetimer ?sIC is irreversibly

bound by the cell or could be removed by
extensive wasiming (Table 1 ) , time cells were

treated in a nuanner similar to timat used in

scimedules A (experimuments I and II) and C

(cf. Fig. 1), witim time latter total treatment

perio(l reduced! to 10 mm (experiments III
and IV) and with an additional variant

(experimmuents II an(! IV) consisting of two
5-immi rimmses with 1)alanced salt solution after

remumoval of time MC-containing medium.

Two rinses were about as effective in re-
versing the toxic effects of MC as addition

of NaBH,. Comparison, imowever, of experi-
mmments II and IV (0.5-25 p�g MC/ml) shows
clearly timat NaBH.1 imas a resuscitating

effect beyond that of cell washing alone.

1mm a bacterial system it was found timat
MC lethality could also be counteracted by
NaBH4, but only wimen the latter was added
very soon after MC. Thus survival of

Escherichia coil B (1.3% after 10 mmuimmcx-

posure to 2 �.tg MC/ml mininmal medium)
could be increased to 70% or to 8% when
XaBH4 (50 1Lg/ml) was added! at 10 sec or

5 mmuin after MC exposure, respectively. In-

activation of time bacteria was even more
enhanced wimen E90 mmmediium (free of peni-

cillin and streptomumycin) was used, confirmn-

ing that MC killing of bacteria is more

rapid tluan MC killing of mamnmahian cells.

Time kinetics of inactivation of D98S cells
in balanced salt solution were approxi-
immately time same as simo�vn in Fig. 1,A-E.

When these studies were alimmost com-
pleted, it was reported timat time letimal
effects of MC for bacteria could be aug-
nuented by sinmultaneous exposure to sub-
toxic concentrations of pluenethyl alcoimol

(PEA), dinitrophenol (DNP), or sodium
cyanide (NaCN) (6). These results were
confirmed in this laboratory, usiimg E. coil



204 SHORT COMMUNICATION

Mo!. Pharmacol. 1, 202-204 (1965)

TABLE 1
Resuscitation of MC-trealed D98S cells by NaBH4 and by two cell washings

The cells were treated either as outlined in the legend to Fig. 1 (experiments I and III) or with two addi-

tional rinses with saline A(3) after the removal of the medium and the agents (experiments II and IV).

Expt.
no.

�IC
exposure

(mm)

NaBH4
exposure

(mm)

Cell

washings

MC concentration (pg/mi)

0 0.05 0.5 5 25

Survival (%)

I 0-5 None 0 100 19 <0.02 <0.02 <0.02

II 0-5 None 2X 100 94 70 0.07 <0.02

III 0-10 5-10 0 100 90 60 <0.02 <0.02

IV 0-10 5-10 2X 100 100 98 86 1

B. However, all three agents employed at

subinhibitory concentrations (5 �.tg PEAl
ml, 50 /.(g DNP/ml, or 50 �.tg NaCN/ml)

were without any effect on the killing of
D985 cells by MC in concentrations be-
tween 0.005 and 5 1zg/ml. More detailed

study of this discrepancy and its relation-
ship to MC activation and various DNA

repair mecimanisms is in progress.
It could be concluded that neither of the

approaches explored in the present study
led to the potentiation of the cytotoxic ef-
fects of MC as directed toward human cell

cultures. On the contrary, reducing agents,
when applied early enough, could be consid-

ered as antidotes to time toxic effects of MC.
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