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An Investigation into the Mechanism of Cytotoxicity of Levorphanol
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SUMMARY

Levorpinannol, a synt inetic analogue of morphine (L-3-inydroxy-_V-nmet lmylmorphimmann
tantnate), has bcenn reported to inmhmibit. RNA synthesis. The effect of thus compouird U�Ofl

tine replication of Sinmdbis virus and upon time host. cells inn culture was studied. Propagation
of time virus as uvell as symnthesis of RXA arnd protein by time cells was inhibited by the drug.

Light microscopic examinmation of time tremited cells revealed extenmsive nuorpimological altenmi-
tions at. doses lower than those uvhiclm produced biochemical effects. Tinese results indicate
that levorphanmol imas cytotoxic actiu’ity otiner than its ability to diminish RNA synthesis.

I

Levorpimammol , mt symit imetic analogue of
nnorpiminme (L-3 -inydroxy-X-methylmorpiminman

tantrate), iras been reported to inmimibit HXA

synthesis in bacteria (1), rat hiven� (2), arid
HeLa cells (3, 4). A related morphminmanm,

levallorpimanm, ss’mts reported to inhibit. synm-

thesis of Menngovinus RXA (5), based on

incorporation studies in act inomycinm-inn-

inibited cells. As a result of several of timese
studies, it has been suggested that time cyto-

toxicity of these compounds results primarily
from inmterferenrce svith RNA synntimesis (1, 2).
It. has beenm suggested recently, houvever,
timat these agents may affect other metabolic
pathuvays, resultinmg secondarily in inhibition

of RXA syntimesis (3, 4). There is evidence

that. ievorpimannol affects the membranes of
Escherichia coin; and the squid axon (6, 7).

To gain further insight into the mecha-
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nism of action of hevorpimannol, I lie effect of

timis agent uvmus determined imi cultured
mesencimymal arid epithehal cells arid urn
Simmdbis virus propagation inn chick embryo
cells (5).

Time use of Sinndbis virus enabled us to
examine RNA-depemndenmt RNA synthesis.
To st udy time effects’ of levorphannol on virus
yield, duplicate nmonmoiayers of primary
chick embryo cells us’ere incubated for 45
miii inn Eagle’s minimal essential medium
uvit.lm test. levels of levorphanol (see Table 1).
The fluids uvene removed, arid Simmdbis virus

(3 plaque-forming units/cell) was added.

After a 1-hr adsorption period, time cultures
uvere washed four times mmd 2 ml of medium
were added. After 10 hr of viral replication,

fluid samples uvere collected. Levorphanol

was present. at the test. level throughout the

growth cycle. The samples uvere assayed for

virus yield by plaque formation on chick

embryo cell monolayens (8) (Table 1).

Viral yield uvas unaffected at concentra-

tions belouv 1 mut. Doses above this level

produced a progressive decrease in viral
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yield, although doses as high as 10 m�i had
only a limited effect.

To determine time effects of levorphanol
on chick embryo cells, confluent. primary
or secondary coverslip cultures uvere pre-

pared (8) . Primary cultures uvere prepared
from cells explanted directly from embryos,
wimereas secondary cultures uvere seeded

from the primary cultures. The cultures uvere
incubated inn levorphnanol-containing me-

dium for 3 un, pulse-labeled uvit.h [3H]unidine
(specific activity, 2 Ci/mmole), 5 MCi/mi,

or [3H]leucirne (specific activity, 2 Ci/
mmole), 5 MCi/mi, for 45 mini, amid then

extracted (8).

Iii the secondary cultures no inimibition of
RNA synthesis uvas produced wit.im levels of
levorphannol as high as 2.25 mun. At. Imigimer

doses, a limited decline us-as detected (Table
2). Primary cultures uvere more sensitive,
arid 20-25 9� inimibitiorm uvas achieved uvith

2.25 mM levorpimanol. Higher levels, hmouv-

ever, had little further effect (Table 2).
Imniuibitionn of protein symntliesis increased

us’itim inncreasinmg levels of levonpimannol, but
uvas also limited inn extent.

Similar experimemmts uvene therm performed
utilizing grous-inmg, secondary cultures. Unlike

confluent. cultures, levorpiranmol produced

TABLE 1

Effect of levorphanol on yield of Sindbi.s’ virus

Three plaque-formimmg units of Sindbis virus

per cell were added to monoiayers of chick embryo

cells. After 1 hr of absorption and then washing,

the cells were incubated in 2 ml of medium for 10

hr. The concentrations of levorphammol listed
below were present during all steps. Fluid samples

were assayed for viral yield on other chick embryo

fibrobiasts.

Expt Levorphanoi Plaque-forming
units/culture

mM

1 0

0.0225

0.225
2.25

1.54 X ion
1.52 X ion
1.57 X lomo
9.7 x io�

2 0

2.25

4.50

11.25

9.95X109

1.37 X i0�

1.20 X 10�

i.08 X i0�

T.uIn�E 2

Effect of levorphanol on R.VA and protein synthesis

in chick embryo confluent monolayers

Petri dishes containimig three coversiips each

were seeded with either primary (6 X iO� cells/

dish) or secondary (2 X 10� cells/dish) chick

embryo cells. These cultures were allowed to grow

to conmfluence. They were then inctmbat.ed in levor-

phanoi-cont.aimming minimal essent iai medium for

3 hr, pulse-labeled, extracted, and counted.

Unnlabeled t.hymidine (0.5 rrmnm(Ile) was added in the

experimemits with uridine to prevemmt incorpora-

tion into DNA.

Levor-
phanol

l3HlUridine .
l3HhLeuc’ne

Primary�-�-

Secondary Primary

,pn.mi

0

0 .225

2.25

4.50
11 .25

22 .5

cpnn,.cozerslip

5580 6963 � 2633

5570

5612 5152 (84� ) 2402 (91%)

5279 (87� ) 2081 (79%)

4758 (78’ ) 1546 (58%)
3643 (65e�)

TAttLE 3

Effect of levorphanol on JLVA and protein synthesis
in growing cultures of chick embryo fibroblasts

Secondary chick enmbryo fibroblasts (1 X 10

cells/dish) were seeded and allowed to grow for

18 hr. After inicubatiorn for 3 hr inn minimal essen-

tial medium containing levorphannol at the con-

centrationis listed below, the cells were pulse-

labeled, extracted, and coummted (8). Results are

average values of 3 coverslips per dish.

Levorphanol [3HjLeucine [3HjUridine

mu cpm/ coverslip

0

2 .25

4.50

ii.25

517

449

295

98

(86%)

(57%)
(i8�)

717

767

495

320

(i06%)

(69%)

(44%)

increasing inhibition of RNA and protein
synthesis in these cultures at higher doses
(Table 3).

In a separate group of experiments using

rabbit kidney cells, a similar degree of inhi-

bition was produced by comparable levor-
phanol levels.

Stained coverslip preparations were exam-
med by light microscopy for each experi-
mental situation. In both growing and con-
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FnG. i. Jl’right-staincd coverslip.s’ of chick embryo fihroblasls

After 18 hr (If growth, these were imicubated for 3 hr imi either rnininmai essemntimil medium alone (a) or

minimu misal essemi t intl muedi tim comit ai ninig 2.25 mnnr levorpliami(Il (b ) ninid t hemi st ai mmcd . Extensive vacimoliza -

tic Inn of t lie cv t.ol)lasmii mmmiv be seemi mi (1)) . l\Iit ot ic ac t ivi 1 � � ap�)aremit i n 1)1 It Ii �)reparat i(Ins . X 5(X).
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fluent cultures, a severe, dose-related vacu-
ohizationn of time cyto�)1asm occurred at levels

as hour as 0.1 niisn (1’ig. 1). At levels above

2.25 m�, many cells rounded up, some ap-
penned to be lost from the glass, and mitot.ic

activity uvas rio loingen noted in growing
cells.

Timese results indicate that levorphanol

has cytotoxic activit.y other than its ability

to diminish RNA synthesis. Thus, at 0.225
mst levorphanol, uvimiclm had rio detectable
effect on RXA symntimesis, extensive cyto-

plasmic vacuolization occurred. It. may be
argued tinat these morpimological alterations
were artifacts of fixatioin or staining. How-
ever, they appeared only in levorpimanol-

exposed cells, amid timen at extremely low
concentrat ions. Timey suggest alterations
in time cell membranes, possibly as a result of
metabolic alteration or direct. drug-surface
interaction.

It. should also be rioted that. protein

synthesis uvas at. least as sensitive to levor-
phamnol as was RNA synthesis, and, at
higher drug levels, even more so. Tine cell

alterations observed in the present experi-
menmt.s could imave resulted from levorphammol-
induced depletionn of ATP, as postulated by

Greenie arid Magasannik (9). Houvever, even
this depletion of ATP may be secondary to
alterations in cell surfaces, as suggested by

experiments using E. coli amid the squid
axon (6, 7).

The effects of levorphanol on RNA symi-
thesis arid Sindbis virus neplicatioim presently

reported were less pronounced than those
demonstrated for Menngovirus RNA and
tine RNA synthesis of its host cells (5).
Several batches of levorphanol were used
in our experiments, and each of these pro-
duced severe inhibition of RNA synthesis
inn rat 1iver.� The tnorpimological a�lterations
of our cells occurred at concentrations of
lev�rpimanol as low as those previously
reported to inhibit RNA synthesis. In the

main, the earlier reports used long-standing
tumor cell lines while our experiments were
all conducted witim recently explanmted and
normal cells, suggestinmg the possibility of
interesting differences inn cell lines used in
drug testing.
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