DMSO 1N Acute Toxicity DETERMINATIONS

previously exposed to small amounts of the
antibiotic and render them more susceptible
to the host response. The fact that nafcillin,
of the penicillins studied, showed the highest
index of activity in disorganizing the cell
walls of susceptible cells and subsequently
rendering them vulnerable to lysis by lyso-
zyme and trypsin, might account for its su-
perior therapeutic activity against experi-
mental infections in mice(8). To what extent,
if any, this property of nafcillin contributes
to its therapeutic efficacy in clinical situations
remains to be clarified.

Summary. Resistance of Staphylococcus
aureus and other bacteria to lysis by lyso-
zyme and trypsin is abolished in cultures
grown in sublethal concentrations of anti-
biotics. Antibiotics which inhibit synthesis
of the mucopeptide polymer of bacterial cell
walls differ widely in their ability to influ-
ence the lysis of cell suspensions. Such dif-
ferences are revealed by both the speed of
reduction of turbidity and final level of tur-
bidity reduction. Under the influence of naf-
cillin, cells of Staphylococcus aureus, Strepto-
coccus faecalis and Diplococcus pneumoniae
are readily lysed but Neisseria catarrhalis,
Sarcina lutea and Gaffkya tetragena are re-
sistant, suggesting that bacterial cells differ
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in resistance or susceptibility to enzymic lysis.
Lysis is not conditioned by the in vitro anti-
bacterial activity of the antibiotics; nafcillin,
which has the same activity against Stepkylo-
coccus aureus as oxacillin, cloxacillin, cephalo-
thin, novobiocin and vancomycin, gives a
greater rate and extent of lysis than the other
antibiotics when used in comparable concen-
trations. Of the antibiotics interfering with
protein synthesis, only erythromycin gives a
significant lytic response. The results sug-
gest that sublethal levels of antibiotics may
mediate a favorable interplay between the
host tissue environment and the parasite.
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Reports relating to various pharmacological
effects of dimethyl sulfoxide (DMSO) have
appeared recently in the literature. A review
by Block (1) cites references for both physio-
logical and chemical properties of this com-
pound.

Some of the studies showed DMSO to in-
fluence permeability and absorption of drugs.
For this reason it was decided to investigate
the effects of this compound when used as
a solvent for toxicity (LDjo) determinations.

Some data in this area have already been
presented(2,3).

Ten quaternary ammonium salts were
selected for test because as a class they are
poorly absorbed by the oral route. Further
selection was made on the basis of physio-
logical activity: 2 ganglionic blocking agents,
2 muscle relaxants, 2 “antispasmodics,” 2
parasympathomimetics and 2 cationic germi-
cides were employed.

Methods, Both male and female albino
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mice (Charles River CD-1 strain) ranging in
weight from 14 to 29 g and male albino rats
(Charles River CD strain) ranging in weight
from 158 to 293 g were used in this study.

Weight ranges were dictated by the supply
of animals; over 3,000 mice and rats were
used. On any given day of testing, the ranges
were much narrower than listed.

All animals were fasted approximately 18
hours before oral dosing. A constant volume
of 16 ml/kg was used for both mice and rats;
preliminary tests showed this volume of 50%
DMSO to be well tolerated.

Two acute oral toxicities, drug in water vs
drug in 50% DMSO, were made on a single
day. When using the DMSO-water mixture,
drugs were first dissolved in water and then
mixed with DMSO to the desired volume and
50% concentration.

In some instances, as expected with poorly
absorbed compounds, 10 animals per dose
were insufficient to give a satisfactory mor-
tality curve. In these cases, the test was
repeated and the cumulative data utilized.

Statistical evaluation of the data was by
the method of Litchfield and Wilcoxon(4)
and based on 14-day mortality. Values re-
ported are the LDj,, the slope of the mor-
tality curve and their respective 95% con-
fidence limits,

Results. Tables I and II show the results
obtained.

A. Ganglionic blocking agents. 1. Pentolin-
ium tartrate—50% DMSO significantly in-
creased toxicity in rats while having no effect
in mice. 2. Hexamethonium bitartrate—50%
DMSO significantly increased toxicity in rats.
No change was noted in the mouse toxicity.

B. Muscle relaxants. 1. Decamethonium
iodide—In rats, DMSO decreased toxicity to
a significant degree. This was the only in-
stance in which toxicity was decreased. There
was no difference in mice. 2. Tubocurarine
chloride—A significant increase in toxicity
was noted with DMSO in both mice and rats.

C. “Antispasmodics.” 1. Homatropine
methylbromide—There was no significant
change in rat toxicity. The slopes of the
mortality curves in mice were significantly
different from each other, with the DMSO
being considerably steeper. The LDj;, ratio
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of the two also showed a significant difference.
2. Atropine methylnitrate—No significant
changes were found in either rat or mouse
toxicities.

D. Parasympathomimetics. 1. Neostigmine
bromide—A significant increase in toxicity
with DMSO was found in rats, along with
a change in slope; no change was found in
mice. 2. Carbachol—The greatest changes in
toxicity occurred here. This compound in
50% DMSO was 2.4 times more toxic than
when given in water to mice; with rats, tox-
icity in DMSO was almost 6 times greater
than in water.

E. Cationic germicides. 1. Cetylpyridinium
chloride—Both rats and mice showed signifi-
cant increases in toxicity with DMSO. 2.
Benzethonium chloride—Here again, DMSO
increased toxicity in both rats and mice.

These results show that DMSO, when used
as a solvent for quaternary ammonium salts
of varied pharmacological effects, can influ-
ence oral LDj, values .in rats and/or mice.
The changes ranged from none to statistical
significance, which in some cases on a prac-
tical basis may be doubtful (A-2, C-1, D-1),
up to a highly significant 6-fold increase in
toxicity. More changes were seen in rats than
in mice. Decreased toxicity with DMSO was
obtained in only one instance, decamethonium
iodide in rats. Changes of slope were seen in
2 instances, homatropine methylbromide in
mice and neostigmine bromide in rats. Only
the former is of practical importance.

This study emphasizes something beyond
its original purpose. It points up the fact
that caution must be exercised when a
vehicle, other than water, is selected as the
carrier for toxicity testing of drugs. This is
by no means a new or original thought but
it is brought to the fore by these results.

Summary. Dimethyl sulfoxide and water
were compared as solvents for determination
of LD, values by the oral route in rats and
mice using 10 quaternary ammonium salts as
test compounds. Toxicity changes were ob-
tained in some instances with 50% DMSO;
more changes were observed in rats than in
mice and the two species did not always
parallel each other. When toxicity was al-
tered by DMSO, it increased in all instances
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except one. Slope was changed in only 2
tests, one each in rats and mice but not with
the same compound.

We wish to thank Mr. Charles Davies for valuable
technical assistance.
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IRC 741 rat leukemia, also known as Dun-
ning leukemia, is an acute leukemia that oc-
curred spontaneously in a Fischer line 344
female rat bearing the transplanted acetyl-
aminofluorene-induced mammary adenocarci-
noma IRC 741(1), and has since been car-
ried in vivo in various laboratories. The
pathophysiological features of the leukemia
have been described(2), and several reports
on its use in screening chemotherapeutic
agents have appeared(3-8).

We felt that it would be of interest to
perform biochemical, karyogenetic, and chem-
otherapeutic studies with parallel cultures of
IRC 741 leukemia in vive and in vitro. To
our knowledge, no previous reports have been
made of in vitro culture of this leukemia,
hence we would like to summarize our studies
of its growth in viiro.

Materials and methods. We obtained IRC
741 leukemia from Dr. Dunning in Novem-
ber 1963 in the form of solid tumor trans-
plants growing in Fischer rats. A suspension
of single cells was prepared by mincing solid
tumor masses, suspending the particles in
Ringer’s solution, and screening the fluid.
This suspension was used to initiate an ascites
form of the tumor. Both the solid and ascites
forms of the leukemia have since been carried

* This study was supported by Grants CA-08204-
01 and SO1-FR-05250-1 from Nat. Cancer Inst., Nat.
Inst. Health, US:P.HS.

in our laboratory by weekly transfer in
Fischer rats.

In December 1963, a biopsy of a solid
tumor was minced, and was treated with
0.5% collagenase for 1 hour at 37°C in a
rotary shaker, The resulting single-cell sus-
pension was inoculated into various cell-cul-
ture media under a single layer of perforated
cellophane in T-15 flasks. Immediate pro-
liferation occurred in a culture grown on
medium RPMI #906(9) supplemented with
5% fetal calf serum. The cells did not ad-
here firmly to the glass, and hence subcul-
tures of the cells in the supernatant fluid were
established in spinner cultures.

Almost all subsequent studies have utilized
suspension cultures. A detailed description
of the methods used has been published else-
where(9). Cell counts and viability deter-
minations were made by direct observation of
cells exposed to 0.1% trypan blue and placed
in Speirs-Levi counting chambers. Cell counts
and glucose levels were determined daily.
When necessary, adjustment of the pH to
7.2-74 was done daily with NaHCO; or
NaOH. Preparations for chromosome studies
were made according to methods that we have
previously used for cultured cells(10). Cells
grown both in vivo and in vitro have been
stored in liquid nitrogen for extended periods,
with good viability after recovery. They are
usually frozen in cell-culture medium supple-
mented with 20% fetal calf serum and con-



