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EXECUTIVE SUMMARY

Dimethyl sulfoxide (DMSO) is a versatile molecule, with interesting
physical and chemical properties. It is quite stable under normal condi-
tions, but can be oxidized, reduced, and decomposed by vigorous means,
Physically, the high degree of self-association of DMSO causes it to
have a high boiling point (189°C) and to be a liquid over a wide tem-
perature range. The ability of DMSO to be polarized without dissociation
is the basis for its ability to sct as a solvent for a wide range of
chemicals, As a chemical reactant, DMSO can act either as an electro~
phile (at the positive S atom) or as a nucleophile (at the negative O
atom); most often it acts as the latter. Various chemical reactions are
possible, including substitutions, dismutations, and others. DMSO makes
dipole—dipole complexes with a number of chemical entities (e.g.,
nitriles and ketomnes), charge transfer complexes with others (e.g.,
iodine and iodine-halogen compounds), and coordination compounds with
nearly all inorganic cations, Particularly noteworthy are the associa—
tion of DMSO with transition states of reactants and its solvation of
reactive species. As a "super solvent’ DMSO promotes the rate of
bimolecular reactions, allowing these to achieve their true rates,
without the hindrance observed in other solvents, The electron—donating
function of DMSO allows it to participate in H-bonding as an H-bond
acceptor, This, as well as its effect on the structure of water, and its
complexing ability, are the basis for its effects on biological
molecules and in bioclogical systems,

The chemical properties of DMSO allow it to pass rapidly through
biological membranes, and it can easily be taken up through the skin,
Accidental spillage of the solvent would not, however, pose a major
health hazard, because, of itself, DMSO has a relatively low level of
acute toxicity. Clinical studies indicate that cutanecus doses as high
as 1 g/kg/day of a 80% DMSO gel, even if given for a 3-month-long
period, would not produce signs of toxicity. Tolerance limits, however,
have not been established for all exposure conditions, Higher doses,
more concentrated solutiomns, a greater frequency of exposure, or a
longer exposure period may produce ome or more of the toxic effects seen
in some laboratory and clinical studies; these include (1) scaling
erythematous dermatitis; (2) damage to the epithelial tissue of the
lungs following inhalation; (3) teratogenic effects; {(4) increased fre—
guency of chromosomal aberrations; (5) lenticular changes in the eye;
(6) hemolysis; and (7) biochemical :indications of kepatotoxicity and
possibly nephrotoxicity, although the latter might be a secondary effect
of DMSO-induced hemolysis. At present there is no clinical evidence that
DMSO is teratogenic in humans or that it causes ocular changes in
humans, but further study is warranted. Substantial data, bowever, indi-
cate that it is not mutagenic or carcinogenic.

Laboratory studies have also shown that secondary to its toxic
effects, DMSO (1) acts as a strong diuretic; (2) alters muscle tone a&nd
muscle response to stimulation in vitro ard can cause vasodilation; (3)
is an anti-acetylcholinesterase agent, but high concentrations may block
cholinergic transmissions; (4) has analgesic properties; (5) stimulates
adrenal and pituitary gland secretions in vitro but may not do so in



vivo; (6) has little effect on metabolic rate, but may influence lipo—
lysis, protein synthesis, and some enzyme activities; and (7) increases
membrane permeability and thus enhances intracellvwlar and extracellular
transfer of chemical compounds throughout the body.

Because of its effects on membrane permeability and its excellent
solvent properties, DMSO has been used as a solvent vehicle for a wide
variety of substances administered to humans and to several species of
laboratory amimals, While the broad solvent properties of DMSO have been
the chief reason for its extenmsive application, results of many experi-
ments demomnstrate that it can wmodify the biological response to sub-
stances for which it has been employed as a vehicle. The observed modif-
ications reflect rxather poorly umderstood interactions that involve
DMSO, the substance, and the target tissue,

DMSO can alter the response to many classes of substances including
carcinogens, hepatotoximns, teratogens, mutagens, stercids, allergens,
dyes, cytotoxins, and e wide variety of drugs. Ia many instances, the
alteration involves an increase in the magnitude of the response, par~
ticularly in cases involving percutaneous absorption of a substance, The
oral, intraperitomeal, or intravenous mode of administration of DMSO
with a substance, however, often results in an unaltered respomse; and
in some situations a reduction of response can be attributed to DMSO,
Aside from their solubility in DMSO, there does not appear to be any
physical or chemical characteristics common to those substances whose
action is enhanced, diminished, or unchanged by this vehicle. Conse-
quently, it is not possible at present to predict from knowledge of a
substance’s physical and chemical properties if and to what extent DMSO
might modify its action, It would seem judicious to assume that an
untested substance would pemetrate the skin faster when in the presence
of DMSO.

How the response to a particular substance is altered by DMSO is
not clear, but generally it is thought to act as a penetrant carrier of
substances through membranes at all levels of biological orgamization.
Two important properties of DMSO as a penetrant carrier involve its
ability to change conformation of proteins and to replace water; either
action can alter penetration rates of substances dissolved in DMSO.
Changes in penectration rates of a substance through a membrane consti-
tute a likely basis for an altered response to that substance. Although
there is some evidence for a direct chemical reaction between DMSO and
its solute, e.g., hydrate formation, these kinds of reactions do not
appear to play a major role in DMSO-induced alteration of the respomnse
to most substances tested.

In assessing the interactive health effects of DMSO and another
liguid, a direct comparison can be made between the liquid alone and the
liquid administered in conjunction with DMSO. However, it is not possi-
ble to make the same type of comparison for solid substances for which
assessment can be made only relative to the solid in a vehicle other
than DMSO., Therefore, DMSO diminishes, increases, or has no effect on
the biologic response to a substance relative only to the respomse of
that substance administered in amnother vehicle,



A most important experimental variable related to the action of
DMSO on the response to a substance is the concentration of DMSO used.
In general, high concentrations of DMSO are tantamount to maximum
alterations of the response, especially those responses associated with
percutaneous absorption,

At present there are no known restrictions in using DMSO as an
industrial solvent. Although there is substantial evidence for its
therapeutic value in a variety of human disorders, prior considerations
of its potential toxicity have prevented its being licensed for use as a

increasing data supporting the contention that it is therapeutically
effective without significant toxic side effects, it may soon be
licensed for use by the U.S. Food and Drug Administration for the treat-

Finally, it should be noted that little information exists on the
effects of subchronic and chronic percutaneous exposure to DMSO in com—
bination with other agents., In view of the conditions that would be
present in the workplace, further studies of this kind would seem to be
in order for both RDX and HMX. Agents chosen for study should be those
to which personnel may be expected to be exposed.
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1 INTRODUCTION
1.1 PURPOSE

The current initiative by the U.S. Army to replace cyclohexanone/—
acetone with dimethyl sulfoxide (DMSO) as the recrystallization solvent
used in the manufacture of RDX/HMX explosives requires am evaluation of
the potential health hazards associated with the proposed processes.
Design and operation decisions for the new system will require con-
sideration of potential worker exposure to DMSO at several points along
the process stream. The main concern is the potential for rapid skin
adsorption of DMSO contaminated with varying concentrations of RDX, HMX,
and smaller amounts of other cyclic and linear nitramines such as SEX,
TAX, and BSX. The objective of this report is to identify and define the
known mechanisms of action and biological effects of DMSO when combined
with other chemicals, and to define the similarities to nitramines of
military concern, and also to briefly characterize the range of biologi-
cal effects of DMSO. ~

1.2 APPROACH TO THE PROBLEM

The initial step to define and characterize the interactive effects
of DMSO with other chemicals was a comprechensive search of the litera-
ture by both computerized and manual methods. This included a search of
commercially available data bases such as DIALOG and TOXLINE as well as
the holdings of the Defense Technical Information Center. Also, the
proceedings of the September 1982 New York Academy of Sciences’
Conference on Biological Actions and Medical Applications of DMSO was
reviewed and pertinent referemces cited (see de la Torre 1983).

In describing and evaluating the published data relevant to the
interactive effects of DMSO with other substsnces, certain qualifica-
tions should be considered, not the least of which is g definition of
the term interaction. In the context of the present objective, interac~
tion is considered to be a process that occurs in conjunction with
administration of DMSO and another substance(s), resulting in a biologic
response, In almost all cases to be described, the response measured was
attributable to the substance rather than to DMSO. The substance and
DMSO were usually administered as a mixture, occasionally in sequence,
and by various routes,

The characteristics of the process and of the response require
further comment., A process can occur at different levels, one of which
involves physical and chemical reactions between DMSO and the substance
before, during, or after administratiom to the organism. One of the most
important physical interactions is reflected in the fact that DMSO is a
very good solvent for a variety of polar and nonpolar substances, and it
is this solvent feature which probably accounts for many of the interac-
tive biologic effects of DMSO with anotber substance. Indeed, a compel-
ling reason for studying the biologic effects of DMSO in conjunction
with another agent has been its solvent capacity. Clearly, however,
other modes of the process can be considered. The most important of

11



these is the modification of a tissue component by DMSO that results in
alteration of the respomse to an agent,

The biologic respomses resulting from administration of DMSO in
conjunction with an agent are varied and in almost all cases sre
responses to the agent per se. Thus investigators usually have been
interested in the effect of DMSC om the respomse to a specific agent,
although conversely, some of the effects of DMSO (see¢ Section 3 of this
document) may be altered by another agent. The principal responses stu-
died have been survival, hepatotoxic, tumorigenic, mutagenic, terato-
genic, pharmacologic, physiologic, cytotoxic, biochemical, and therapeu-—
tic, some of which involve an undesirable toxic component.

DMSO can increase, decrease, or have no apparent influence on the
response to an agent. In judging the influence of DMSQO on the response
to a liquid, the effect of DMSO can be evaluated quite readily because
the control is the effect of the liquid per se., In assessing the influ-
ence of DMSO on the effect of a solid, however, results can be expressed
only in relative terms {(i,e., the effect of that substance administered
in another vehicle). As a referemce or comparison vehicle, investigators
often used the least innocuous confounding or influential vehicle
(water, saline, vegetable o0il) or a vehicle that was an acceptable sol-
vent for the test substance, In many of the experiments reviewed, vari-
ous kinds of organic reference vehicles were used, including acetone,
dimethyl foramide, and ethanol. This variable should be kept in mind in
evaluating an observation that DMSO increased, decreased, or had no
effect on the biologic response to a particular substance,.

It is not within the scope of this document to consider those reac—
tions that would occur under extreme conditions encountered in indus-
trial processes, Considerations of this kind would require an evaluation
of those conditions involved in the varied industrial processes in which
DMSO was used, an assessment of the biologiec respouses to the substances
generated by these processes, and determipations of the effect of DMSO
on these responses,

1.3 ORGANIZATION OF REPORT

This report is divided into six sections plus appendices. Section 2
describes the physical and chemical properties and behavior of DMSO and,
although somewhat technical in its presentation, sets the stage for Sec-—
tion 3 (DMSO Toxicity) and particularly for Section 4 (Interactive
Effects of DMS0). Sectiom 3 presents a concise yet comprehensive cover—
age of the range of effects of DMSO and is orgamnized by the nature of
the effect (e.g., carcinogenicity and mutagenicity). Section 4, the
focal point of the report, discusses the interactive effects of DMSO
with other chemicals, The Summary of Interactions Subsection (4.1) is
divided into two parts: (1) nonpercutancous admimistration and (2) per—
cutaneous administration. This dichotomy, although somewhat arbitrary,
was based partly on the past and current interest of imvestigators in
the enhancement of percutaneous penetration of substances by DMSO, This
interest translates to situations in the workplace where the most likely
mode of human exposure to DMSO, with or without amnother substance, is

12



cutaneous, In both parts of Section 4.1, interaction is comnsidered
according to groups of substances that produce similar responses (e.g.,
teratogenic, pharmacologic).

Sections 3 and 4 are intended to summarize the relevant informa-
tion. For more detail the reader is directed to the review and analysis
of individual papers (Appendix A) and the tabular data summaries (Appen-—
dix B).

13



2 CHEMICAL AND PHYSICAL PROPERTIES OF DMSO AND MONITORING TECHNOLOGY

2.1 PHYSICAL CHARACTERISTICS COF DMSO

DMSO (dimethyl sulfoxzide) (CAS Registry Number 67-68-5) is desig—
nated "methyl sulfoxide” in the 7th (1962-1966) and 8th (1967-1971) Col-
lective Indexes of the Chemical Abstracts Service and "methane,
sulfinylbis~*" in the 9th (1972-1576) and 10th (1977-1981) Collective
Indexes, The name ""metbylsulfinylmethane’” has also been used (Intermna-
tional Union of Chemistry, Hodgman 1947).

Some physical characteristics of DMSO, and operational parameters
concerning it, are given in Tables 1-4 and Figures 1-9 taken from
Rothrock et al, (1981).

2.2 CHEMICAL BEHAVIOR OF DMSGC

The chemical behavior of DMSO largely reflects its makeup as a non-—
protic dipolar molecule, Although both the § and O atoms can act as
electron domors, the greater polarizability of the ponbonding electrons
at the S atom causes this "softer” (in Pearson's terminology of “hard”
and "soft”™ acids and bases; Pearson 1968) terminal of the base to
interact preferentially with a corresponding "softer” electrom acceptor,
or acid (Szmant 1971)., Thus the § atom is gemnerally a positive center
and the O atom a negative one, giving rise to the observed polarity. In
terms of resomance theory, the DMSO molecule may be represented as fol-
lows (Martim 1975):

B3C H3C
\+ - L
§-0: (—> S=0
/ I
H3C H3C

In this representation the (-8 bonds are normal single covalent
bonds, while the S—~0 bond is & resonance hybrid of a semipolar bond and
2 (p—>d)x SO double bond., The S atom is a spg—hybridized, and the SO
bond is formed by an sp3»px o overlap along a n bond of the type dzz—pz
(or dz—py). This kind of (p->d)y overlap is not very stromng, and a
strongly polar SO bond results, the S being positive and the O megative,
as mentioned. The question of the nature and orientation of the bonds in
DMSC has been studied in detail by Guimon et al, (1973), and the partial
double-~bond character of the SO bond has been confirmed,

In the represeatstion of Guimon, et al. (1973), the C, S, and two
of the H atoms are in a plane, with the 0 and the four other H atoms
projecting at angles upwards or downwards from the plame. The DMSO
molecule may also be pictured as a tetrahedron (Szmant 1971), with the S
occupying a central positiom and the CH3, 0, and a nonbonding electron

14



TABLE 1. PHYSICAL PROPERTIES OF DMSO

Molecular weight

Boiling point at 760 mm Hg
Melting point

Specific gravity at 25°C (77°F)
Refractive index at 25°C

Vapor pressure at 25°C

Surface tension at 25°C
Viscosity at 259C

Specific heat at 29.4°C

Heat of vaporizationm at 25°C
at 189C

Heat of solution in water at 20°C
Heat of fusion

Heat of combustion at 25°C

Flash point (TOC)

Ignition temperature in air

Flammability limits in air lower
upper

Thermal coefficient of expansion

Electrical conductivity 20°C
80°C

Water solubility

78.13

189°C (372°F)

18.55°C (65.4°F)

1.096 (9.15 1b per gal)
1.477

0.62 mm Hg

42 .85 dynes per cm

2.00 centipoise

0.47 + 0.015 cal/(gm)(°C)

12.64 Kcal/mole (291 Btu/1b)
10.31 Kcal/mole (237 Btu/lb

60 cal/gm

44 cal/gm

6050 cal/gm

95eC (203°F)
300-302°C (570-575°F)

3-3.5 vol %
42-63 vol %

0.00088 cc per degree C

3 x 10 “8ohmicm™1
7 x 10 “8ohmlcm™1

Completely miscible

Adapted from Rothrock et al.

15
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TABLE 2. HEAT CAPACITY OF DMSO

Temp, °C Cp (liquid), cal/(g)(°C)
30 0.47
60 0.47
100 0.48
150 0.52

Adapted from Rothrock et al, (1981).

TABLE 3. DENSITY OF DMSO

Temp, °C Density, grams/cc
25 1,096
60 1.062
100 1.023
150 0.974

Adapted from Rothrock et al,
(1981).
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TABLE 4. VAPOR-LIQUID EQUILIBRIUM DMSO-WATER
(ONE ATMOSPHERE PRESSURE)

Temperature Mol fraction Mol fraction
(°C) water in liquid water in vapor
100.0 1.000 1.000
100.6 0.988 0.9998
101.0 0.975 0.9997
102.0 0.945 0.9994
103.3 0.909 0.9989
105.0 0.865 0.9983
108.0 0.810 0.997
113.0 0.740 0.994
118.0 0.675 0.990
120.0 0.645 0.986
130.0 0.513 0.964
143.0 0.378 0.921
149.0 0.313 0.890
165.0 0.176 0.773
174.5 0.100 0.628
177.0 0.081 0.573
183.0 0.046 0.353
184.6 0.034 ' 0.282
187.7 0.011 0.100
189.0 0.000 0.000

Adapted from Rothrock et al. (1981).
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atmosphere., Source: Adapted from Rothrock et al.
(1981).
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pair (arising from the §) entities being located in the apex positions,
The polarity of the molecule is evident from this visualization.

As a dipolar molecule, DMSO associates strongly with itself, which
results in its being a liguid over a wide temperature range {ca. 170°C),
and to have a high boiling point (189°C) and = high entropy of evapora-
tion (29.6 cal/deg/mole), higher than that of water (Martim 1975).

Because of its aprotic polar nature and "soft” electronic makeup,
DMSO does not solvate small and "hard” aniomns and solvates large and
polarizable anions only weakly, whereas cations and transitiom states
with delocalized charges are highly solvated by it (Martin 1975). The
electron-donating characteristic of DMSO causes it to associate strongly
with protons. Compounds which are acids because they contain OH, NH, or
CH groups form association complexes with DMSO, DMSO forms dipole~dipole
complexes with nitriles and carbonyl compourds, charge-transfer com-
plexes with iodine— and iodime~halogen compounds, and co-ordination com-
pounds with nearly all inorganic cations (Martin 1975).

A striking consequence of the structure of DMSO as a "rapid” dipo~
lar aprotic solvent is an observed enormous increase in the rates of
bimolecular reactions in DMSO compared with rates of these same reac-—
tions in protic solvents (Szmant 1971; Martin 1975). Although the
mechanism is complex, it may be ssid that in DMSO a nucleophile shows
its true substitutive reactivity, whereas in protic solvents this
activity is hindered. DMSO shares this characteristic with other dipolar
aprotic "super solvents” such as dimethyl sulfone, dimethyl formamide,
and N-methylpyrrolidone, but, in contrast with these, it can also act as
an important reactant and as a pharmaceutical agent, in facilitating
absorption of substances across membranes and in associating with
molecules of bioclogical interest.

As a reactant, DMSO can act as either an electrophile or a nuclec—

phile, Thus, uvnder acid catalysis, DMSO can effect electrophilic substi-
tution of a susceptible aromatic system as follows (Szmant 1971):

CHj

+
\ -
DMSO + HCL / :S—OH C1
CHa
+
N CHy  _H H , CHj
|+ o
O D
[ \
CHj CHj
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In the case of emolic systems, HCIl catalyzes not only the formation
of the electrophilic sulfonium ion center in DMSO as above, but also the
formation of the nucleophilic tautomer of the ketone, snd the reaction
occurs as follows (Szmant 1971):

HCL o
Ph—C =0 = Ph — ¢ -¥0
| I
CH»
CHNGH 3
\ ot
/1S — OH
CHsy Cl
Ph—C=0 -
| 3
- |
H20 i CH, 5. F
l cl
CH,

Notwithstanding the existence of the above reactioms amd others,
such as derivatization of DMSO to enhance its electrophilicity (Szmant
1971), the electron—donating property of DMSO tends to prevail over the
electron—accepting property, and DMSO reacts most commonly as a nucleo-
phile. This predominantly electronm—donating property of DMSO is respon—
sible for numerous reactions initiated by pucleophilic attack of the
"hard” O terminal upon C, P, 8, and other atoms in structures containing
a good leaving group. An example is the reaction of DMSO with an acid
chloride (Szmant 1971):

+ - +
Me,3 — O: +  RC=0 —> [Me,S—0-C=0]C1”

Cl

The initial product may then react in several ways, depending omn
conditions. As indicated by Szmant, such reactions are oftem highly
exothermic and unless properly controlled cam be explosive,

DMSO can also act as a nucleophile at the S atom, in that case act-
ing as a "soft’ base (Pearson 1968; Szmant 1971). It can act as either a
reducing or an oxidizing agent. Furthermore, the H atoms can be ionized
in the presence of strong bases to give the "dimsyl?” aniom. At the same
time, DMSO contains an excellent leaving group in the form of the
methane sulfinate anionm CH3S0Q , givimg rise to a series of interesting
consequences in the chemistry of the dimsyl iom (Szmant 1971).
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Although DMSO can be reduced by reductants such as zinc, diborane,
and aluminum hydride (Szmant 1971), it is sufficiently resistant to
reduction to be a useful solvent for polarographic reduction, in elec~
trolysis, and in selective reductions (for instance, reductions with
sodium borohydride). Likewise, while it is oxidized by stromg oxidizing
agents such as permanganate and peroxides (Szmant 1971), it is suffi-
ciently resistant to oxidation to be a useful solvent for base-catalyzed
oxidations employing molecular oxygen, or oxidation reactions employing
nitrogen tetroxide, triodide ion, periodic acid, lead tetraacetate,
etc,, and in electrolysis.

An important characteristic of DMSQO is its action on the structure
of water. As discussed by Szmant (1971), at low concentrations the
effect of DMSO is to stabilize or rigidify the normally present water
aggregates without causing major perturbations of the characteristic
intermelecular distances. At higher concentrations of DMSO the formation
of H-bonded DMSO-water complexes causes a breakdown of the structure of
liquid water and inhibits the formation of hexagomnal ice., This latter
effect is considered to account for the cryoprotective properties of
DMSO in living cells.

The effect of DMSO on water has significance with respect to its
effects on proteins and nucleic acids. DMSO replaces “bound"” water in
these substances, and at high enough concentrations complexes with
groups of the proteins and nucleic acids, resulting in a ‘“loosening” of
these structures. The ability of DMSO to exchange sites with "bound”
water molecules in relatively immobile protein structures is thought to
account for the transfer of DMSO across the dermal barrier without tis-
sue damage (as discussed by Szmant 1971). The association of DMSO with
the polar portion of lipids also cannot be ignored in this connection,
DMSO competes with water as an H-bond acceptor in proteims and mnucleic
acids, and while it can hardly compete with water as an H-bond donor, it
is superior to water ‘in associations based on the indection of dipoles
in aromatic rings, methyl mercapto and disulfide bonds, and other struc-—
tures in proteins and nucleic acids.

DMSO can be decomposed to some degree by heat, light, acids, bases,
free radicals, electron impact, and iomizing radiation, but it is, prac—
tically speaking, gquite stable. For instance, refluxing DMSQ at its nor—
mal boiling point of 189°C for 72 hr causes production of only 3.7%
volatile products (Szmant 1971).

In conclusion, DMSO is a versatile solvent and reactant, with
interesting chemical and physical properties. Its self-association
causes it to be a liquid over a wide temperature range, with a high
boiling point. Its dipolar aprotic nature causes it to be a solvent for
a wide range of chemicals. Chemically, it can act as either an electro~
phile (at the S atom) or a nucleophile {(at the ¢ atom), most often the
latter. Various chemical reactions are possible, including substitu-
tions, dismutations, and cycloadditions, DMSO makes dipole~dipole com-
plexes with a number of chemical entities, charge—transfer complexes
with iodine— and iodine—halogen compounds, and coordination compounds
with nearly all inorganic cations. Particularly noteworthy are the
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association of DMSO with transition states of reactants and its solva-
tion of reactive species., As a "super solvent” DMEO promotes the rate of
bimolecular reactions, The electron—donating function of DMSO allows it
to participate in H-bonding as an H-bond scceptor. This, together with
its effect on the structure of water and its complexing ability, forms
the basis for its effects on biological molecules. DMSO can be oxidized,
reduced, and decomposed by vigorous means, but under normal conditions

it is quite stable,

2.3 MONITORING TECHNCLOGY

2.3.1 Biological Media

No NIOSH standards or recommendations were found pertaining to mon-—
itoring of DMSO in body fluids and tissues of occupationally exposed
workers., In laboratory and clinical studies a number of different
analytical techmiques have been used to identify and quantify DMSO, as
well as its metabolites, dimethyl sulfide and dimethyl sulfone. Dimethyl
sulfide has been identified by means of gas chromatography and/or mass
spectrometry in samples of expired air of experimental animals injected
intravenously with DMSO (DiStefano and Borgstedt 1964). Dimethyl sulfone
has been extracted from urine samples, purified and then identified by
its characteristic infrared spectrum (Williams et al, 1965). Isotope
dilution analysis of 24 hr urine samples from a patient rteceiving a
daily dose of 21 g of DMSO showed that 3% of the dose was excreted as
dimethyl sulfone (Hucker et al, 1966). For determining DMSO in various
biological samples (serum, plasma, urine,}gnd CSF), chromatographic
methods have been most often used, and a recently described gas chroma-
tographic procedure coupled with flame ionization detection is reported
to have excellent accuracy, linearity and precision (Garretson and
Aitchison 1982). A laboratory method, possibly applicable for enzymatic
and cytological studies utilizes mass spectrometry with a variable pH
interface, which under certain conditions may eliminate the need for
chromatographic separation (Weaver and Abrams 1979).

2.3.2 Environmental Media

No standards or recommended methods were found for determining DMSO
levels in environmental medis; however, gas chromatography appears to be
the method most often used inm laboratory and field studies. Seager and
Stone (1971) describe a rapid chromatographic technigue for detecting
DMSO in aqueous solutions at concentrations as low as 0.02 weight per-—
cent, The method involves the use of isothermal gas—solid chromatography
with porous polymer beads as the column packing, coupled with dual
bydrogen flame ionization and dual hot wire detectors. Andreae (1980)
has described a method in which the DMSO is reduced to dimethyl sulfide,
separated by gas chromatography and then detected with a flame pho-
tometric sulfur detector and/or a flame ionization detector. This tech-
nique, used to measure DMSO in seawater, freshwater, rainwater, and phy-
toplankton culture solutioms, was reported to have a detection limit of
1 ng 5 (DMSQ) per sample, equivalent to 0.02 ug S (DMSO)/L, with a pre-
cision of 5-10%,
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3 TOXICITY OF DMSO

3.1 SUMMARY OF EFFECTS

3.1.1 Lethality

The median lethal toxicity of DMSO to laboratory animals ranges
from 2 to about 50 g/kg depending on species and route of administra-
tion. The LDsg for intravenous injections of DMSO has been reported to
be 3.1-7.6 g/kg for mice (Sommer and Tauberger 1964; Willson et al.
1965; Fishman et al, 1969); and 5.36-8.1 g/kg for rats (Sommer and Tau~-
berger 1964; Willson et al. 1965) and 4-8 g/kg for monkeys (Mason 1971).
The LD5g for oral doses was found to be 16.5-21.4 g/kg for mice and
14,5-28.3 g/kg for rats (Sommer and Tauberger 1964; Willson et al. 1965;
Fishman et al. 1969). Intraperitoneal injections in mice resulted in an
IDsg of 10.9-15.4 g/kg (Worthley and Schott 1969), and subcutaneocus
doses gave an LD50 of 13.9 g/kg in mice and 12.0 g/kg in rats (Sommer
and Tauberger 1964). The LDsp for cutaneous exposures has been estimated
to be about 40 g/kg for mice and 40-50 g/kg for rats {(Mason:1971). In
rhesus monkeys a daily oral dose of 9 mL/kg of 90% DMSO (8.8 g/kg)
resulted in a 83% mortality rate after 53 weeks, but a daily dose of 3
mL/kg was not lethal (Vogin et al. 1970).

3.1.2 Mutagenicity

The mutagenicity of DMSO has been evaluated in several microbiolog-
ical studies. Simmon et al. (1977) and De Flora (1981) tested the sol-
vent in the Ames Salmonella/microsome assay, and in both cases DMSO was
found to be nonmutagenic. Abbondandolo et al. (1980) exposed cell
suspensions of the Py strain of the yeast Schizosaccharomyces pombe to
0.5, 2.0, or 5 DMSO and found that forward mutation rates were similar
to those of the controls in both the presence and absence of 8 mouse
liver microsome extract, Callen and Philpot {(1977), bhowever, found that
when log phase cells of the D4 strain of the yeast Saccharomyces cerev—
isine were exposed to 0.5, 1.0, or 1.4 M DMSO for 4 hr at 37°C, there
was a dose-related increase in geme conversions at certain locii, This
was attributed to the metabolic conversion of DMSO to a genmetically
active compound by cytochrome P~450-dependent mixed function oxidation
reactions.

In tests on cell cultures prepared from rainbow trout gonads, Kocan
et al. (1982) observed no significant changes in the incidence of ana-
phase chromosomal aberrations after exposure to 0.5% DMSO, In vivo
application of 1% DMSO to 3— and 4-day-o0ld chick embryos resulted in no
increase in chromosome breakage or sister chromatid exchanges (Bloom
1982).

In rats, daily intraperitoneal injectiomns of 5 mL/kg of 1%, 10%,
50%, or 100% DMSO for five days resulted in an increase in chromosomal
aberrations and chromosomal breaks in femoral bone marrow cells (Kapp
and Eventoff 1980). Dose levels of 1 mlL/kg/day, injected intraperi-
toneally in male rats for 10 weeks, did not induce dominant lethality im
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wated females (Sheu and Green 1979). Similar results were obtained when
male Swiss mice were dosed intraperitomeally with 5, 7.5, or 10 g/kg of
DMSG two times at an interval of about 20 hr (Araviandakshan et al.
1975).

In tests using cultures of Chinese¢ hamster ovary cells, Tates and
Kriek (1981) found that 10% DMSO induced significant numbers of chromo—
some aberratioms, but only when administered with xat liver microsome
extract, One—percent DMSO did not cause such an effect, either with or
without metabolic activation, Neither concentration changed signifi-
cantly the number of observed sister chromatid exchanges.

3.1.3 Carxcinogenicity

The potential carcinogenicity of DMSQ has been evaluated using
several in vivo and in vitro systems, Applied to hamster cheek
epithelium, DMSO produced mild dyskeratosis but no carcinogenic
transformations (Elzay 1967). Similarly, 2% DMSO did not cause cell
transformations in c¢ell cultures of Syrian hamster embryos (Pienta 1980)
or of hamster sternal hyalimne cartilage (Katoh 1977). Oral doses of 2.5
and 5,0 ml of undiluted DMSO to male Wistar rats had no effect on the
number of mitoses in cells of the adrenal cortex, and this was con—
sidered as supporting evidence that DMSC is not a tumor promoter or
active carcinogen (Danz and Urban 1979). A DMSO concentration of 10 =M
did not induce DNA damage in vitro in cultures of Chinese hamster V79
cells, although known carcinogens did (Swenberg et al. 1976). Lohs et
al, (1971) reported that rats exposed weekly to subcutaneous injections
of DMSO in the presence of H202 and TiCl3 did mot show any signs of
tumer formation after one year. Mondal (1971) exposed C3H mouse ventral
prostate cells to 0.5% DMSD and found that 5% of the treated cells gave
rise to malignant clones.

3.1.4 Teratogenicity and Embryotoxicity

DMSO has been reported to have teratogenic effects in several
species of experimental animals. Developmental abnormalities including
malformations of the limbs, beak and eyes, anourous embryos, and celo-
somia were observed by Caujolle et al., (1967) in chick embryos injected
with 50% DMSO. Ferm (1966), Marin—-Padilla (1966), Staples and Pecharo
(1973), and Gill et al. (1981) all! have described abmnormalities of exen—
cephaly, microphthalmia, fused ribs, cleft lip, and others, in hamster
embryos from maternal animals inmjected with 2.5 g/kg or more of DMSO on
day 8 of gestation, Both Caujolle et al. (1967) and Staples and Pecharo
(1973) found abnormal embryos {(anencephalia, malformed limbs, and celo-
somia) in mice injected intraperitomeally with 5§ g/kg/day or more of
DMS0 during the second week of gestation, Jums and Staples (1967)
reported that 10.25 g/kg/day of 90% DMSO given to pregnant rats omn days
8-10 of gestation incrcased embryo mortality rates but caused no terato—
genic effects; however, Caujolle et al. (1967) obsecrved am inrcrease in
developmental abmormalities when the DMSO (5 or 10 g/kg) was admin-
istered daily from the 6th through 12th day of gestation. In rabbits
daily oral or subcutaneous doses of 4-5 g/kg given on days 6-14 of ges—
tation caused no embryolethality or teratogemicity (Caunjolle et al.
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1967), and subcutaneous doses of 3 g/kg on days 8-11 increased embryo
mortality, but also had no teratogenic effects (Staples and Pecharo
1973).

3.1.5 Other Effects

3.1.5.1 Skin

Studies conducted by several investigators have shown that DMSO is
a8 skin irritant when used in sufficiently high or multiple doses. Klig—
man (1965b) applied 9 mL of 90% DMSO daily to 20 human volunteers over
the entire area of the trunk, and found that during the first few weeks
15 subjects had a mild reaction of transient burning and stinging and 5
had transient erythema, Similar observations have been made by Zuckner
et al. (1967) and Steinberg (1967). In Kligman's study, two subjects
developed mild scaling diffuse erythematous dermatitis after 2-3 weeks,
but this eventually disappeared. When the frequency of exposure was
increased to twice daily, most subjects experienced the transient burn~
ing and stinging, about half displayed transient erythema, and two
showed more severe reactions including extreme dermatitis, abdominal
cramps, nausea, chills, and chest pain. Occlusive skin patch tests
demonstrated that 90% DMSO would cause a mild scaling dermatitis in 15
min to 1 hr, 50% would result in epidermal alteratioms in 1 hr, and 38%
was the threshold concentration producing local irritation in 24 hr,
Biopsy samples from the most severe cases revealed mild perivascular
lymphocytic infiltration, moderate acanthosis, sbsence of a granular
layer and a parakeratotic, increased hormy layer, Forty-eight-hour
patches on sites previcusly inflamed by 10% sodium lauryl sulfate showed
no contact semsitization by DMSO. Intradermal injectioms of 0.1 mL aque-
ous DMSO resulted in wheals and flares at the injection site when con—
centrations were 0.01% and above (Kligman 1965a), (see also Sulzberger
et al. 1967). Cutaneous exposures to DMSO can also cause a wheal reac—
tion in humans (Sulzberger et al., 1967; Frosch et al. 1980). Severity of
the response was found to be dependent om concentration, exposure time,
and frequency of exposure. There was comnsiderable variation in response
between individuals., No differences were observed between sexes, but
whites were more sensitive than blacks. In tests on different regions of
the body, it was found that the forehead was most semsitive to DMSO,
followed in decreasing order by upper back, antecubital fossa, mid-
ventral forearm, lower leg, and ventral wrist. Any damage to the stratum
corneum intensified the wheal response, but prior treatment of the skin
with adrenalin minimized the effect (Froch et al., 1980).

Irritant effects of cutaneous exposures fto DMSO disappear when sol-
vent use is discontinued (Kligman '1965b), and the observed reactions
become less severe during the course of daily repeated exposures (Klig-
man 1963b; Scherbel et al. 1967). Such reduced reactivity of the skin
has been attributed to depletion of histamine from the mast cells and
general hardening of the stratum cormeum (Kligman 1965a, 1965b).

Numerous studies have demonstrated that DMSO increases skin permea~

bility in both humans and animals (Sweeney et al. 1966; Baker 1968;
Mitryokovskii 1970; Scheuplein and Ross 1970; Astley and Levine 1976;
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Malten and Den Arend 1978). The degree of change in permeability is a
function of DMSG concentration and exposure time, and removal of the
solvent results in partial or complete recovery (Kligman 1965b; Astley
and Levine 197§), Turco and Canada (1969) reported that 40% DHMSO plus 9%
Nall decreased electrical resistance of human skin from 150 kilohms to
about 30 kilohms.

3.1.5.2 Lungs

Fishman et al. (1969) have reported that mice inhaling 1600 mg
DMSO/m3 (497 ppm) for 4 hr or 2900 mg/m® (860 ppm) for 24 hr, had edema-
tous changes in their lungs. Daily 7-hr exposures to 200 mg/m3 (5 days
per week for 6 weeks) did not cause such an effect. Six months of daily
4-hr exposures to an atmosphere saturated with DMSO resulted in vascular
rearrangements, proliferative and dystrophic changes in bronchi and
alveolar epithelium, hyperplasia of the septal cells, and lymphoid accu-
mulations (Filippova and Kalimullina 1974). Atelectasis and emphysema
have been observed in rhesus monkeys dosed intragastrically with 9 mL/kg
of 90% DMSD (Vogin et al. 1970)., The lung damage was attributed to
regurgitation and/or tracheal imspiration,

3.1.5.3 Eye

At high concentrations, topical application of DMSO causes ocular
irritation., In rabbits DMSO produced transient erythema and conjunc-
tivitis (Fishman et al, 1969). In humans two drops of 50% DMSO into the
conjunctival sac produced tramsient burming and stianging, and occasional
vasodilation, but no other adverse effects (Xligman 1963b). The inflam—
matory responsc of human eyes is aggravated by 90-100% DMSO, but a con-
centration of 30% has antiinflammatory properties (Hanna et al, 1977).
However, human corneal endothelial cells, in vitro, are damaged by con-
centrations less than 10% when the exposure time is 70 min (Sperling and
Larsen 1979).

Several studies have shown that chromnic multiple exposures to DMSO,
by subcutaneous, cutaneous, oral or imtravemous administratiom, can
result in ocular abnormalities in experimental amnimals. The observed
ocular changes involve alterations in the refractive power of the lens,
leading to a myopic condition, followed in some cases by opalescence in
the nucleus., Lenticular changes have beenm observed in rabbits after 10~
15 days of 5 g/kg/day, dermally or imtraperitoneally (Wood et al. 1971),
and after 90 days of daily cutaneous doses of 4 mL/kg of 100% DMSO
(Rubin and Barmett 1967) Similar chamnges occur im swine after 90 days of
twice daily cutaneous doses of 8.1 ml/kg of 90% DMSO (Rubim and Barnett
1967; Noel et al, 1975), and cataracts have been observed in guinea pigs
receiving cutanecus and subcutaneous doses of DMSC three times per week
for 3 weeks (Renmgstoff et 8l. 1971). Studies on dogs indicate that the
ocular effects of DMSO are dose~ related. Lenticular changes are
apparent in 7 weeks or less when a daily subcutaneouns dose of 11 g/kg is
administered (Smith et al. 1969), in 9 weeks duxiung daily oral doses of
5 g/kg, in 13 and 18 weeks during 2.5 g/kg/day orally (Rubin and Barnett
1967), and not until after two years of exposure to 1 ml/kg 5 times per
week (Noel et al, 1975).
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DMSO—induced ocular changes have not been observed in most studies
conducted on primate species. de la Torre et al. (1981) found that 3
g/kg/day of 40% DMSO administered intravenously to rhesus monkeys for 9
days resulted in no opthalmologic abnormalities during a 4-month post—
exposure observation period. Similar negative fimdings for ponhuman pri-
mates were reported by Rubin and Mattis (1966) who used a daily dose
level of 5 g/kg for 100 days; by Smith et al, {(1969) who used a dose
level of 11 g/kg/day for 185-200 days; and by Vogin et al. (1970) who
used a twice daily dose level of 4.5 mL/kg (90% DMSO) for 53 weeks when
given orally and for 83 weeks when given cutaneously. However, Barnett
and Noel (1967) have reported that rhesus monkeys given oral doses of 9
ml./kg 5 times per week had lenticular changes similar to those seem in
nonprimate species, Such changes occurred in 2 of 8 monkeys after 9
weeks and in 7 of 8 after 14 weeks. Monkeys receiving 3 ml/kg of DMSO
also developed lenticular areas of increased brightness, but only after
15 weeks or more of exposure,

In one human study, 1 g/kg/day of DMSO given cutaneously for 12
weeks did not result in any opthalmological abnormalities during the
treatment period or for up to one year afterward (Hull et al. 1969). In
anotbher human study, a 3-month exposure to 1 g/kg/day of 80% DMSO, given
cutaneously, did not result in any opthalmological abnormalities during
the treatment period or during a 15-month postexposure observation
period (Brobyn 1875).

3.1.5.4 Blood Cells

In vitro and in vivo studies indicate that under certain conditions
DMSO can cause hemolytic effects., Willson et al. (1965) observed that
rats receiving 8 g DMSO/kg/day imtraperitoneally six times per week
became anemic with decreased hemoglobin and hematocrit values and some
evidence of reticulocytosis. These values returned to normal after a 4-
week recovery period. Similar effects, plus & reduced red cell count,
and hemoglobinuria and hematuria were seen in dogs receivinmg daily
intravenous doses of 2.4 g/kg/day, six times per week. DMSO-induced
hemolysis has also been reported in cats exposed to DMSO by intravenous
injection every 15 minutes (DiStefano and Xlahn 1965). Wood et al.
(1971) have reported a transient rise in serum hemoglobin in rabbits
receiving daily 1 g or 5 g DMSO/kg intraperitoneally. Noel et al, (1975)
observed elevations 'in hemoglobin, total red cell count, and packed cell
volume in dogs dosed orally with 9 mlL DMSO/kg/day 5 times per week for
eighteen weeks., However, rhesus monkeys given this same daily dose by
oral or dermal administration for 18 months showed no changes in any
hematological parameters (Vogin et al. 1970). Similar negative results
were reported for rhesus monkeys given daily intravenous injections of 3
g/kg for 9 consecutive days (de la Torre et al. 1981). '

In one homan study in which 45 volunteers received 1 g DMS5O/kg/day
cutaneously for 90 days, a transient eosinophilia occurred in 23 sub-
jects and a decreased hemoglobin, hematocrit, and red blood cell count
occurred in 2 subjects {(Brobym 1975). In two climical cases of DMBO-
induced toxicity, two intravenous infusions of 100 g of 20% DMSO, 24 hr
apart, resulted in decreased hemoglobin concemtrations, decreased white
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cell counts, and shortened prothrombin time and partial thromboplastin
time (Yellowlees et al. 1980).

3.1.5.5 Liver

Histomorphological and biochemical methods have been used to evalu-
ate the potential hepatotoxicity of DMSO. Mathew et al. (1980) injected
Wistar rats with single intraperitoneal doses of 3.6 or 4.8 mlL DMSO/kg
and found that after 12 and 24 hr there wsas a trapmsient fatty infiltra—
tion of liver tissue which was associated with depletion of glycogen
stores. No pathological lesions were seen. Centrilobular fatty changes
of the liver have also been observed in vervet monkeys injected intra-
peritoneally with 0.4 mL/kg of DMSO (van der Watt and Purchase 1970).
Diffuse hepatocellular fatty changes occurred after injection of 2
mL/kg. Caujolle et al. (1967) saw signs of degenerative modification of
the hepatocytes and inflammation and irritation of the portal spaces in
rats receiving oral DMSO doses of 5 g/kg for 45 days, and Willson et al.
(1965) described cloudy swelling and granularity of the parenchymal
cytoplasm in dogs injected intravenounsly with 0.3-2.4 g DMSO/kg six
times per week for a total of 24 doses,

Several researchers have studied the effect of DMSO on liver
enzymes, Feuer et al., (1965) reported that relative liver weight and
activity of glucose 6—phosphatase anrd glucose 6-phosphate dehydrogenase
were unaltered in rats receivimng 11 g/kg/day of DMSO for seven days, and
Fishman et al. (1969) found no changes in liver lactate levels or liver
alkaline phosphatase activity im rats exposed to atmospheric DMSO levels
of 2900 mg/m3 (860 ppm) for 24 hx or 2000 mg/m3 (621 ppm) for 40 hr.
Gerhards et al., (1965) reported that the im vitzro metabolism of cor-—
ticosterone by rat liver slices was not affected by prior seven day
intravenous exposure to 75 mg DMSO/100 g. Dobbs et al, (1980) found that
bile secretion and urea synthesis were inhibited inm isolated rat liver
perfused with a solution of 10% DMSO (1.4 mol/L). Durinmg the 30-min
exposure, and for 2.5 hr after, there was an increase in perfusate glu-
cose levels. Aspartate aminotransferase synthesis was not altered for
six hours, but after this period the rate of enzyme release from the
liver increased. Tyson et al. (1980) reported that aspartate amino-
transferase was not released from isolated rat hepatocytes treated with
10 m¥ solution of DMSO. However, in two climical cases of DMSO toxicity,
resulting from two intravenous infusions of 20% DMSO, the patients
appeared jaundiced and had elevated bilirubin and asparate amino-
transferase levels in the blood (Yellowlees et al. 1980).

A recent report has indicated that a 1% DMSO solution will reduce
myeloid erythropoiesis and induce the proliferation of stromal elements
in human embryonic¢ liver cultures (Makartseva 1982).

3.1.5.6 Kidney
The effects of DMSO on kidney function have been evaluated in
experimental animals and human subjects. Small and Ide (1976) exposed

Sprague-Dawley rats to daily intraperitomeal injections of 2 g/kg and 4
g/kg of 40% DMSO for 28 days and found no change in serum urca and
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creatinine concentrations even though the higher dose was lethal to 50%
of the test animals. In vitro tests om renal cortical slices taken from
the exposed animals showed that DMSO had no adverse effect on the abil-
ity of the kidney to tramsport p-aminchippurate or N-methylnicotinamide.
Baxter and Lathe (1971) reported that prior 20 min exposures to 30% DMSO
had no effect on respiration of rat kidmey slices, but anerobic glyco~
lysis was markedly decreased, due, in part, to activation of fructose
diphosphatase.

In tests on rhesus monkeys, Vogin et al. (1970) found no changes in
blood urea nitrogen, creatinine clearance, and in urinalysis data taken
during and at the end of 18 months of daily exposure to topical or
intragastric doses of 1~9 mL/kg of 90% DMSO. Similar results were
reported by de la Torre et al. (1981), who exposed rhesus monkeys for 9
consecutive days toc daily intravenous doses of 3 g/kg of 40% DMSO, There
was, however, a fourfold increase in diuresis in the test animals.

Bennett and Muther (1981) investigated the potential mnephrotoxicity
of DMSO in patients who had stable spinal cord injuries. The subjects
received a daily intravenous injection of 1 g/kg of 10-40% DMSO for 3
consecutive days. There was no change in serum creatinine or in
creatinine clearance, urine sediments were normal, and renal excretion
of beta~2-microglobulin was within the normal range.

A clinical case of DMSO-induced acute tubular necrosis has been
reported on by Yellowlees et al, (1980). In this instance a 77-yr-old
woman, who had received DMSO therapy for arthritis 9 months ecarlier, was
undergoing a second treatment of 100 g of 20% DMSO daily by intravenous
infusion for three consecutive days. After two infusions she experienced
clinical symptoms of cramps, vomiting, and drowsiness, and showed signs
of jaundice and flapping tremor, Laboratory tests showed that in addi-
tion to decreases in hemoglobin, prothrombin, and partial thromoboplas-
tin time, and serum elevations in certaim liver and muscle enzymes,
there were elevations in blood urea (16.3 mg/dL) and creatinine {221
pmol/L) indicative of remal tubular damage. A second patieant receiving
the identical treatment also had elevated urea and creatinine levels,
but showed no outward clinical symptoms of toxicity.

3.1.5.7 Muscles

Sams et al. (1966) conducted in vitro studies on the effects of
DMSO on isolated inmervated guinea pig muscle preparatioms. At concen-
trations of 3% and 6% the response of diaphram muscle to direct and
indirect electrical stimulation was reduced significantly. The response
of stomach muscle preparations was increased by 0.6-6% DMSQ, and that of
cardiac atrial preparations was increased at 3% (amplitude of contrac-—
tion increased) and 6% (both amplitude and rate of contraction
increased)., Bonnardeaux (1971) demonstrated that the amplitude of spom—
taneous contractions of rat smooth muscle preparations (uterus, duode-—
num, and rectum) was reduced by a DMSO concentratiom of 2.5 pug/ml, and
Jackson et al. (1979) found that DMSO induced relaxation of vascular
smooth muscle (rabbit aorta).
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In vivo studies on dogs indicate that DMSO, at intravenous dose
levels of 1-2 g/kg, will cause a tramsient increase in cardiac imndex
with increased heart rate, blood pressure and pulse rate (Peterson and
Robertson 1967; Hameroff et al. 1981). Lower concentrations had wno
effect. In vitro studies, however, have given very varying results
depending on DMSO concentration, exposure time, temperature, muscle
preparation, and species used (Shlafer and Earow 1975).

In one ninety—day clinical study in which 78 volunteers received a
daily cutaneous dose of 1 g/kg, some subjects developed a reduced sys~
tolic blood pressure (Brobyn 1975). Im a clinical case diagnosed as
acute DMSO toxicity, which resulted from two 100-g intravenous infusions
of 20% DMSO about 24 hr apart, the patient had a pulse rate of 84/min,
blood pressure of 140/90 mm Hg, and a normal serial electrocardiogram
Yellowlees et al, 1980).

3.1.5.8 Endocrine Glands

Histomorphology of thyroid parenchyma of mice was not altered by
daily oral administratiom of 1-2 g DMSO/kg for 49 days (Lanza et al.
1970). Fifteen percent DMSO in vitro, and 63% in vivo (0.4 ml, intraper—
itoneally) inhibited thyroidal uptake of iodine in mice (Hagemann and
Evans 1968); however, similar effects were mot observed in rats injected
intraperitoneally with 63 or 85% DMSO (Goldman 1973).

Allen and Allen (1975) injected rats with 2.0 mL of 25% DMSO (0.55
mg) and found that the DMSO acted indirectly owm the adremal gland to
stimulate the release of corticosterone and directly on the pituitary
gland to stimulate the release of adrenocorticotropic hormone. Increases
in plasma levels of either hormone were mnot observed in five human sub-
jects given an oral dose of 8.0 mL of 70% DMSO. Nagasawa {(1983) reported
that DMSO stimulated the synthesis of mouse pituitary growth hormone and
prolactin im vitro but had the opposite effect in vivo,

3.1.5.9 Nervous System

Mice dosed with 0.5 mlL of 15% DMSO intraperitoneally and 0.25 mL
intravenously showed no gross or microscopic changes in brain paren-
chyma, but when the intrsperitoneal dose was increased to 0.5-1.0 mlL of
20-30% DMSO, anterior pituitary and superficial cortical hemorrhages and
poorly preserved cell and organelle membranes were observed (Broadwell
et al. 1982). DMSO concentxations of less than 1% inhibit acetylcho-
linesterase activity, but concentrations above 10% block cholinergic
transmission entirely (Sawada and Sato 1975). One hundred percent DMSO
failed to produce nerve block in frog sciatic merve-gastric muscle
preparation, it had no local corneal anesthetic effect im rabbits, and
in mice the median effective dose for analgesia was 6.7 g/kg (Morris
1966) . In rats 5.5 g/kg administered intravenously or intraperitomeally
produced significant anmalgesia which lasted for 6~7 hr (Haigler and
Sprimg 1981).
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3.1.5.10 Physiological Effects

A DMSO concentration of 1.10 M decreased imsulin-stimulated glucose
oxidation and increased lipolysis by fat cells of rat adipose tissue
(Wieser et al. 1977). The increase in lipolysis was attributed to an
increase in cyclic AMP levels (Wieser 1983).

Kocsis et al. {1975) reported that rats ezposed to DMSO exhibited a
lowered body temperature, and mice showed a reduction in motor activity.

Gerhards et al., (1965) found no change in the ipn vitro oxygen con-
sumption of liver, brain, and hemidiaphragm tissue of rats given an
intravenous dose of 75 mg DMS0/100 g. Uresse, trypsin, and chymotrypsin
activities were inhibited by DMSO, but glucose—6-phosphate dehydrogenase
activity was pot (Gerhards et al. 1967).

In vitro studies by Gerhards et al. (1967) revealed that protein
synthesis in rat liver supernatant extract was stimulated by 5-9% DMSO,
inhibited by 10% DMSO and completely blocked by 30% DMSO. Fleming (1977)
reported that 10% DMSCG inhibited incorporation of amino acids into pro-—
tein in vitro in mice brain supernatant, but 1% DMSC had no effect; how-
ever, mice given 5% DMSO at a rate of 50 g DMSG/kg/day for up to 6
months showed increased incorporation of amino acid into protein in
brain, liver, and kidney.

Altland et al. (1966) administered 4.5 mg/kg of DMSO intraperi—
toneally to rats and observed slightly increased serum transaminase lev—
els within 24 hr. Combined with 5 hours of exercise, DMSO produced
elevations in serum transaminases, serum dehydrogenases, and urea nitro—
gen, significantly higher than those caused by exercise alone. Tranmsienmt
increases in serum levels of enzymes such as glutamic oxaloacetic tran-
saminase, lactic dehydrogenase, and creatinine phosphokinase, have been
reported in human subjects exposed to DMSO (Brobyn 1975; Yellowlees et
al. 1980; Fowler 1981).

Paine et al, (1970) reported that DMSO caused a shift of water from
the extracellular to the intracellular fluid in the rabbit, and Vlasova
(1974) observed a generally increased permesbility of the blood-tissue
barrier in the heart, lungs, kidneys, and spleen, but not the liver.

3.2 DISCUSSION AND CONCLUSIONS

Laboratory studies have shown that, regardless of species tested or
route of administration, DMSO has a relatively low level of acunte lethal
toxicity. For single exposures, the median lethal dose ranges from about
2 g/kg to about 50 g/kg (see Table B-1). The most toxic exposure route
is via intravenous injections, which result in IDs5@Q values of less than
10 g/kg. Oral, intraperitoneal, and subcutaneous exposures follow, with
1LDsg values between 10 and 30 g/kg. Cutaneous exposures are the least
toxic, with median lethal levels as high as 40-50 g/kg {(Mason 1971).
Regardless of exposure route, the toxicity of DMSO is highest when the
concentration used is at or near 100% (Worthley and Schott 1969%; Mason
1971). Toxicity appears to increase only slightly when the solvent is
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administered in multiple doses one or more days apaxi (Smith et al,
1967). This may be due to the rapid metabolism and excretiom of DMSO,
combined with a momspecific amd transitory binding with body tissues
without any long—-term bioaccumulation in a specific organ system, Multi-
ple exposures to DMBS) on a daily basis do result in an incresse in DMSO
serum levels, but in one human study it was shown that for oral doses of
C.5 g/kg/day, given for 14 days, serum levels reached a maximum value
after 9 days and then began to decline (Mucker et al., 1967). Thus, it
may be that only whem exposures are close to being acutely toxic will
multiple dosing have a significant cumulative effect, but this effect
may still be tramsitory. Further study on this topic is warranted,

Extrapolation from subacute and c¢linical studies on humans and
sacute bioassays on primates, suggests that the lethal toxicity of DMSQ
to humans is probably similar to that observed in animal studies. An
intravenous dose of 1 g/kg of 20-40% DMSO given for 3 consecutive days
caused only 2 mild toxic reaction in humans (Bennett and Muther 1981),
but 1 of 2 patients receiving 100 g/day (1.4 g/kg) intravenously for 2
consecutive days developed what appeared to be am acute reaction (Yel-
lowlees et al, 1980). No toxic effects were reported in humans receiv—
ing an oral dose of 0.5 g/kg/day for 14 days (Hucker et al. 1967). Imn
contrast, 8.9 g/kg/day, intragastrically, resulted in 83% mortality in
rhesus monkeys (Vogin et al. 1970). Humans ecxposed cutaneously to 9 mlL
of 90% DMSO daily for 26 weeks showed no i1l effects except transieat
erythema, but when the dose was doubled (two applications per day), 2 of
20 subjects developed a severe toxic reactiom after 12-13 days (Kligman
1965b). In amother clinical study a daily dermal dose of 1 g/kg of 80%
DMSO for 90 days resulted in no significant toxic resctions in any of 78
volunteers (Brobyn 1975)., These data indicate that, for humans, toxic
levels of DMSO are above 1 g/kg/day, although they may be only slightly
above in susceptible individuals receiving intravenous doses, Cutancous
doses sppear to have a low level of toxicity, but this may be increased
considerably when exposures occur more frequently than once per day.

Standard bioassays have indicated that DMSO is not mutagenic in
bacteria (Simmon et al. 1977; De Flora 19281), or in ome species of yeast
(Abbondandolo et sl. 1980); that it does not induce chromosomal damage
in cell cultures from fish (Kocan et al, 1982) or chickens (Bloom 1982);
and that it does not induce dominant lethality in mammals (Aravindakshan
et al, 1975; Sheu and Green 1979). However, other studies have shown
that DMSO can increcase gene conversioms in log phase yeast cells (Callen
and Philpot 1977), and can increase chromosome aberratioms in vitro aed
in vivo in mammsls (Kapp and Eventoff 1980; Tates and Kriek 1981). The
reported occurrence of chromosomal abnormalities in the absence of
experimental evidence for cnhanced mutagenicity might be explained by a
decrease in the viability of the affected cells, Iu both chromosomal
studies there was an imcrease in the mumber of aberrations per cell, but
not am incrcase in the number of abnormal cells (ezcept at 100% DMSO0).
Unless these data can be corvelated with adverse effects on reproduction
or with carcinogenicity, they may not be a cause for comcern, At
present, all available evidence indicates that DMSO is not carcinogenic
(see Section 3.1.3), and there is some experimental data showing that
DMSO can actually induce reversions in witro in cultuxres of neoplastic
cells (Vyadro et al, 1981).
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Substantial data have been generated which show that DMSO is tera-
togenic in some species of animals {Ferm 1966; Caujolle et al. 1967;
Staples and Pecharo 1973; Gill et al. 1981). The severity of the terato—
genic effects varies with DMSO dose and concentration, exposure route
and time of exposure reiative to gestation period, and with the species
tested, Hamsters are especially semsitive to DMSO, with the embryvos
exhibiting exencephaly, microphthalmia, and other abnormalities., In con-
trast, DMSO is mnot teratogenic in rabbits even at dose levels that are
lethal to the embryos (Caujolle et al. 1967; Staples and Pecharo 1973).
These data indicate a definite potential for DMSO to be tetraogenic in
humans, Until more information is obtained, particularly from nonhuman
primate studies, the solvent must be considered a possible teratogen and
dealt with accordingly. :

DMSO is a primary skin irritant when used in high concentrations
and/or multiple doses (Kligman 1965b). The most severe reactions,
resulting from exposures to DMSO concentrations of 90-100%, are typified
by erythematous scaling dermatitis, and wheals and flares, and may be
accompanied by signs of systemic toxicity (muscle cramps, nausea,
chills, and chest pain). Such a reaction was observed at a dose level of
9 ml of 90% DMSO twice daily for 12 days. Mild attacks of erythematous
dermatitis often disappear during the course of multiple exposures, due
to histamine depletion and hardening of the stratum corneum, In the case
of an acute exposure, the skin slowly returns to a normal state after
the solvent is removed, There is no evidence that the damage from
chronic or acute exposures results in long—term adverse effects,

The fine epithelial tissue of the lungs is also susceptible to dam-—
age by DMSO. A 4-hr exposure to 1600 mg/m3 caused edematous changes
{(Fishman et al. 196%), and six months of daily 4-hr exposures to an
atmosphere saturated with DMSO caused substantial histological altera-—
tions in the lungs of mice (Filippova and Kalimullina 1974). Further
studies are needed to determine minimum exposure levels causing such
effects, to determine the long—term health implications, and to corre-
late these with actual workplace exposure levels.

Chronic exposures to DMSO have resulted in ocular abmormalities in
a variety of experimental animals including rabbits, swine, guinea pigs,
dogs, and monkeys (see Section 3.1.5.3). The rapidity in which the con-
dition appears is a function of dose and length of exposure period and
appears to be independent of the route of exposure. Lenticular changes
occurred in dogs after only 7 weeks of subcutaneous doses of 11 g/kg/day
(Smith et al. 1969), but took two years to develop in dogs exposed to
only 1 mL/kg five times per week (Noel et al. 1975).

For nosnhuman primates there is conflicting data as to whether DMSO
produces the ocular changes seen in other animals. In two studies, doses
as high as 9 mL/kg/day, orally, for 53 weeks, or 11 g/kg/day, dermally,
for 185-200 days caused no ocular effects (Smith et al. 1969; Vogin et
al, 1970), but in another study, 9 mL/kg/day, orally, five times per
week did produce the typical lenticular changes seen in other animals
{(Barnett and Noel 1967).
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There is mo clinical or experimesntal data to indicate whether expo-
sure to DMSO would cause ocular effects in bumans., Exposures to low
doses (1 g/kg/day) for three months or less have not resulted in lentic—
ular changes (Hull et 2l. 1969; Brobyan 1975); however, it cannot be
assumed from these studies that higher doses, or chronic low—-level expo-
sures over a period of years, such as might occur in a workplace
environment, would not result in such changes.

Laboratory and clinical studies have showan that exposure to DMSO
can produce hematological abnormalities, Decreased hemoglobin and hema-
tocrit values, reticulocytosis, decreased blood cell counts, hemoglo—
binuria, and hematuria are some of the conditions observed in DMSO-dosed
laboratory animals (DiStefano and Klahn 1265; Willson et al, 1965; Mason
1971) and in humans (Brobyn 1975; Yellowlses et al, 1980). Hemolytic
effects of DMSQO, most often seen in cases where the solvent is used at a
concentration close to or st 100%, have been attributed to the osmoti-
cally induced cellular damage caused by such high concentrations. Hemo~
lytic effects might also occur during chronic exposures. Two of 45 human
volunteers developed such a condition during a 90—-day exposure to 1 g
DPMSO/kg/day (Brobyn 1975). Hematological studies may be useful in moni~-
toring potential worker exposure to DMSO.

Although DMSO has been shown in many studies to have mno hepatotoxic
effects, particularly at low dose levels, some data suggest it might be
hepatotoxic at high doses, Histomorphological changes have been seen in
liver tissue from animals dosed with DMSO, and these changes included
fatty infiltrates (van der Watt and Purchase 1970; Mathew et 21, 1980),
cloudy swelling and granularity of parenchymal cytoplasm (Willsonm et al.
1965) and, in one case, necrosis of hepatocytes and inflammation of
liver tissue (Caujolle et al, 1967). Some liver enzymes, such as
glucose—-6—phosphatase and glucose—6-phosphate dehydrogenase, are unaf-
fected by DMSO (Feuer et al. 1965). Serum aspartate transferase levels,
although generally unaffected by low doses of DMSO (Fishman et al. 1969;
de la Torre et al, 1981). are sometimes elevated following high doses
(Willson et al., 1965). Release of asparate aminotransferase and
increases in serum bilirubin levels have been observed in ome climical
case, suggesting that some liver functions were imhibited by DMSO (Yel-
lowlees et al. 1980),

Although a strong diuretic, DMSO bhas been found, by analysis of
serum urea and creatinine levels, to have no nephrotoxic effect in
experimental animals, even when doses were at lethal levels (Vogin et
al. 1970; Small and Ide 1976; de la Torre et al., 1981). Similar results
were obtsined in ome clinical study in which subjects received 1
g/kg/dey for three consecutive days (Bemnett and Muther 1981); however,
in a2 second clinical study, intravemous doses of 1.4 g/kg/day for twe
days resulted in elevated blood urea and creatimine indicative of renal
tubular damage (Yellowlees et al., 1980). Under these conditions tubular
nephrosis has been attributed to the breakdown products of DMEO-induced
hemolysis (Masom 1971).
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In vitro studies on muscle-nerve preparations have indicated that
DMSO can have direct‘ahd indirect effects on muscle activity (Sams et
al. 1966; Bonnardeaunx 1971; Jackson et al. 1979). The response of skele~
tal muscle to electrical stimulation is reduced, and that of smooth and
cardiac muscle is increased. The spontaneous contractibility of smooth
muscle is reduced, resulting in vasodilation, Cardiac contractile rate
in vitro is reduced but contractile strength can be increased or
decreased depending on concentration. Low concentrations generally cause
an increase while high concentrations cause a decrease {Shlafer and
Earow 1975). The indirect effects of DMSO on muscle tissue has been par-
tially attributed to the inhibition of acetylcholinesterase activity
{(Sams et al. 1966). DMSO concentrations below 1% inhibit such activity
but those above 10% block cholinergic transmission entirely (Sawada and
Sato 1975). In laboratory animals DMSC can produce analgesia at dose
levels above 5 g/kg (Morris 1966; Haigler and Spring 1981). There is
little evidence that DMSO causes any direct toxic effect on the nervous
system; however, in ome study conducted on mice, cortical hemorrhages
and poorly preserved cell and organelle membranes were seem in brain
tissue following an intraperitoneal dose of 0.5-1.0 mL of 20-30% DMSO
(Broadwell et al, 1982).

Although it has been reported that DMSO alters thyroid activity inm
mice by inhibiting iodide transport and organification (Hagemann and
Evans 1968), such effects were not seen in a later study on rats {(Gold-
man 1973), and there are no histomorphological data to indicate that
DMSO is toxic to the thyroid (Lanza et al. 1970).

One laboratory study om rats found that DMSO exposure resulted in a
release of corticosterone and adrenocorticotropic hormones, but,in
humans, plasma levels of these hormones were not increased by am oral
dose of 8.0 mL of 70% DMSO (Allen and Allen 1975).

Metabolic rates appear to be uwnaffected by DMSO (Gerhards et al.,
1965), but insulin-stimulated glucose oxidation may be inhibited and
lipolysis may be enhanced (Weiser et al. 1977). Protein synthesis may be
stimulated or inhibited depending on concentration (Gerbhard et al. 1967;
Fleming 1977), and activity of certain enzymes, such as urease, trysin,
and chymotrypin, may be irhibited while that of others, such as glucose—
6~phosphate dehydrogenase, is not (Gerhards et al, 1967). Blood levels
of some tissue enzymes increase after exposure to DMSO, but this may be
partially accounted for by a gemeralized increase in membrane permeabil-
ity (Altland et al, 1966). Increased permeability of the blood tissue
barrier has been observed for the heart, lungs, kidney and spleen, but
not for the liver (Vlasova 1974). )

In conclusion, it can be stated that the major toxic effects of
DMSO, as reported in studies on laboratory animals, include damage to
the skin and lungs, lenticular changes in the eye, teratogenicity, hemo-
lysis, and hepatotoxicity. It should be noted that large doses of highly
concentrated solutions, and/or multiple doses are usually regquired to
produce such effects., In humans, DMSO can produce scaling erythematous
dermatitis and hemolysis. At acutely toxic dose levels, DMSO may be
hepatotoxic and nephrotoxic, as sugpgested by a climical case in which
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abnormal increases in serum levels of aspartate transferase, bilirubin,
creastinine, and ures were seen following twe intravenous doses of DMSO,
Although no evidence exists to show that DMS) causes ocular changes or
is teratogenic in humans, there is imnsufficient data to conclude that
such effects would not occur under all exposure conditions,
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4 INTERACTIVE EFFECTS OF DMSO WITH OTHER CHEMICALS

4.1 SUMMARY OF INTERACTIONS

4.1.1 Nonpercutaneous‘Administration

4.1.1.1 Hepatotoxins

There are several reports of the effects of DMSO on a variety of
aromatic hydrocarbons that cause liver damage, signs of which can be
evaluated by histologic, enzymatic, urine metabolite excretion, or bar-
bituate sleeping time methods. Studies from two laboratories showed that
DMSO enhanced the lethal potency of carbon tetrachloride (CCl4) as
reflected in the intraperitoneal ILDs5¢ for rodents (Freston and Bouchier
1967; Kocsis et al. 1968a; Mancini and Kocsis 1974). Although Freston
and Bouchier (1967) found histologic and serum enzyme evidence for a
concomitant increase in liver injury, Mancini and Kocsis (1974) reported
that DMSO reduced CCl4~induced hepatotoxicity and that DMSO did not
alter the mechanism by which CCl4 produced its lethal effect. The lack
of increased CClg4—induced hepatotoxicity by DMSO was confirmed by
Siegers (1978).

The effect of DMSO on the toxicity of other hydrocarbons in rodents
has also been studied. DMSO reduced the oral toxicity of paracetamol,
bromobenzene, and thioacetamide (Siegers 1978) and the intraperitoneal
toxicity of dehydroheliotridine (Peterson et al. 1972) and DDT (Lewin et
al., 1972), but increased the toxicity of benzeme, chlorobenzene, and
toluene (Kocsis et al. 1968a, 1975) and of the PCB, Arochlor 1254 (Lewin
et al, 1972). Unlike the effect of DMSO on CCly toxicity, the mode of
toxic action of benzene or toluene can be modified by DMSO (Kocsis et
al, 1975).

It was reported that the toxicity of methylchloroform in mice was
increased by DMSO (Shah and Lal 1976) as was the toxicity of an iron
complex of octamethylpyrophosphoramide (OMPA) (Joesten and Hill 1966).
On the other hand, the toxicity of OMPA alone or complexed with sodium,
magnesium, cobalt, manganese, or zinc was not appreciably altered by
DMSO (Joesten and Hill 1966); in one study, OMPA toxicity was reduced by
DMSO (Kocsis and Harkaway 1967).

In a series of in vitro experiments on the influence of different
solvents on drug metabolism in rat liver of five toxic substances, the
presence of DMSO in the assay mixtures did not have a singular effect
compared to the other eight vehicles examined (Kawalek and Andrews
1680). In rat liver, metabolism of aniline and phenacetin was imcreased,
while metabolism of ethylmorphine and benzphetamine was unchanged by
DMSO (Kitda et al, 1978).

The serum levels of the herbicide 2,4,5-trichlorophenoxy acetic
acid administered to rats were altered by pretreatment with DMSO, and
the metabolism of 2,4~dichlorophenoxy acetic acid was slightly stimu-
lated by DMSO (Courtney 1970).
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4.1.1.2 Anticholinesterases

Several investigations have been made into the effect of DMSO on
the toxicity of anticholimesterases. The oral toxicity of carbaryl ia
rats was not significantly affected by DMSO (Weiss and Orzel 1967)
despite the observation that the relative absorption rate of this pesti-
cide from the duodenuw was high (Cambon &t al. 1981i). The toxicity of
two other anticholinesterases, paraoxon and tetraethyl pyrophosphate, as
well as OMPA was antagonized by DMSO (Kocsis et al, 1975). Pesticides
other than carbaryl have been examined, i.e., thiram, dieldrin, 4-
benzothrenyl N-~methyl carbonate, and parathion, amd their oral toxici-
ties were not found to be modified significantly by DMSO (Weiss and
Orzel 1967).

4.1.1.3 Drugs

A variety of drugs have been tested in DMSO in view of the ability
of this vehicle to modify penetration characteristics of cell membranes,
Presumably, an alteration in membrane penetration of a drung could quali-
tatively and quantitatively affect responses of a cell to the drug.

DMSO did not alter the intraperitoneal lethality in mice of seven
drugs commonly used clinically — chlorpromazine, curare, insulin, mor—
phine, ouabain, penicillin, pentobarbital (Dixon et al. 1965). Other
LD5g studies with mice showed that the toxicity of tetracycline, tula-
zid, novocainamide, and arecoline was decreased by DMSO; however, the
solvent increased the acute toxicity of norsulfazole, streptocide, theo-
phylline, and oxytetracycline (Berezovskays and Rudzit 1976).

Ten quarternary ammonium salts comprising two representstives each
of ganglionic blocking agents, munscle relaxants, antispasmodics,
parasympathomimetics, and cationic germicides were tested in rodents to
determine the effect of DMSO as a vehicle for these substamces, Oral
ILDsp data showed that in most cases DMSO increased the toxicity of these
substances, but there were no instances in which this vehicle reduced
toxicity (Rosen et al, 1965). Although the cardiovascular effects of the
cardisc glycosides ouabain and proscillaridin were somewhat amplified in
cats by DMSO, these effects were transiemt, and none appeared to be life
threatening (Melville et al. 1968). There is evidence that DMSO facili-
tated tramsport of drugs like lL-dopa and toxogonin across the blood
brain barrier (Rump et al. 1969; de la Torre 1970).

In studies by Mallach (1967, 1971), it appeared that the lethal
effect of ethanol given orally to mice was increased by DMSO especially
if given before or after ethanol administration. In humans it was found
that DMSO applied percutaneously affected the blood levels of ingested
ethanol, the exhaled level of dimetbylsulfone, nerve conduction rate,
and mental performance (Mallach 1967, 1971).

4.1.1.4 Antineoplastics

The therapeutic efficacy of the alkylating agent cyclophosphamide
(CYC) was found to be enhanced by DMSO administered to humans with
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malignant neoplasms (Garrido ard Lagos 1975) and to rats bearimg a tran-
splantable mononuclear cell leukemia (Warrem et al. 1975). In the latter
study it was shown that amplification of the effect by DMSO was not
associated with an increase in CYC activation by liver microsomes,
Results of these two studies indicate that DMSO remdered the organism
more sensitive to the antiblastic effect of CYC, but results from other
laboratories showed that DMSO was not effective in augmenting the anti-
tumor property of CYC in patients with long carcinoma (Fuks et al.
1981). Negative results were also reported for DMSO used in conjunction
with othér antineoplastic agents (ifosfamide and daunomycin) in rodents
(Von Ardenne and Reitnauver 1975; Marian and Mathkovics 1982).

4.1.1.5 Carcinogens

A few studies have demonstrated that DMSO can affect certain
characteristics of the actions of known potent carcinogens administered
orally or intraperitoneally. In the presence of DMSO, the pattern of 3-
methylcholanthrene or benzo(a)pyrene binding to subcellular components
of rat liver homogenates was altered such that a greater fraction was
bound to microsomes (Levime 1972, 1975). Other studies at the cellular
level showed that 3-methylcholanthrene or Clophen A-50 used as inducers
of drug-metabolizing enzymes were more potent in DMSO than in olive oil
(Hietanen et al, 1980). DMSO did not enhance metabolism or adduct bind-
ing to DNA of dimethylbenzanthracene in primary cultures of epidermal
cells, but it prevented reduction in metabolism and binding of this car-
cinogen during an extended culture period (Yuspa et al. 1976).

On the other hand, the acute toxic effects of 7,12~
dimethylbenzanthracene in rodents were not altered by the use of DMSO as
a vehicle (Schmid et al. 1967; Somogyi and Kovacs 1970). Likewise, DMSO
did not significantly affect the influence of diethylnitrosamine, ace—
tylaminofluorene, benzo(a)pyrene, or methylcholanthrene on mitosis of
the rat adrenal cortex (Amlacher et al, 1974), a presumptive test for
carcinogenesis. However, the mitotic effect of trimitroso—trimethylene—
triamine was enhanced by DMSO (Amlacher et al. 1974), and there is mar-
ginal evidence for inc¢creased tumorigenicity of this chemical when admin-
istered with DMSO (Urban et al. 1975). The urinary excretion of the
hepatocarcinogen N,N-diethyl—4~aminozobenzene or its methyl derivative
was delayed and diminished in rats when given orally with DMSG (Danz et
al, 1978). The potential tumorigenicity of methyl and methane sulfonyl
radicals resulting from the interaction of DMSO with hydrogen peroxide
in the presence of a metal salt of titanium was not realized in experi-
ments with rats (Lohs et al., 1971).

4,1.1.6 Viral Oncogens

In experiments with mice and guail, injections of DMSO before
infection with sarcoma virus decreased incubastion time for tumor appear-—
ance, increased viral titers, and decreased spontaneous regression of
tumors (Warrenm et al. 1973). Stewart et al. (1971) reported that in the
presence of DMSO and 5-iododeoxyuridine, virus production in s human
tumor cell line was greatly increased and that this combination
activated a human virus. Enhancement of viral transformation and

47



infectivity by DMSO bave also been reported for the polyoma wvirus (Kisch
1969). In these and many studies with DMSO aand viruses, it is mnot c¢lear
whether the effect is on the cell or on the virus,

4.1.1.7 Teratogens

Several studies have beer conducted on the cffect of recognized
teratogens on embryonic and fetal abmormalities in rodents, The terato~
genesis of a single injection of the antimalarial pyrimethamine or the
antitumor agent 6—mercaptopurinme to pregnant rats on day 13 of gestation
was reduced by pretreatment with DMSO (Barilyak et al, 1978). But in
another study, DMSO appeared to have little modifying effect on the
teratogenic action of pyrimethamine (Anderson and Morse 1966). The
incidence of fetal malformations resulting from an injection of the
tranquillzer diazepam into pregnant rats on day 8 of gestation was
increased considerably by DMSO (Gill et al, 1981). Multiple injections
of the imnsecticide dieldrin (days 6-14) into pregnant mice resulted in
maternal and fetal toxicity that was increased when DMSO was used ss a
vehicle (Dix et al, 1977). Embryonic and fetal toxicity induced by the
fungal metabolite secalonic acid, however, was reduced somewhat by DMSO
(Reddy et al, 1981), Fetal mortality and abnormalities in hamsters given
the insecticide thiram or disulfiram orally on day 7 or 8§ of gestation
were increased by DMSO (Robens 1969).

Seven diverse substances were tested in chicken embryos to ascer—
tain what effects DMSO might have on developmental abnormalities and on
mortality (Landauer and Salam 1972). The chemicals, tested on 4-day-old
embryos, were 3—acetylpyridine, 6—aminonmicotinamide, Bidrin, sulfanilam~—
ide, 3—amino-1,2.,4~triazole, physostigmine, and nicotine. DMSO either
protected against or had no effect on mortality of embryos, and the
teratogenic effects of each substance were increased (sulfanilamide),
decreased (3~acetylpyridine, 6-aminomicotinamide, 3-amino-1,2,4-
triazole), or unchanged {(physostigmine and nicotine) by DMSO.

Clearly, no gemeralizations of any kind can be drawn about the
influence of DMSO on the action of teratogens because of the differences
in experimental procedures and the types of abnormalities scored,

4.1.,1.8 Mutagens

Mammalian Studies. Limited information is available concerning the
influence of DMSO on known mutagens in laboratory animals, There is evi-
dence that DMSO protected rats against chemically induced chromosome
abnormalities (Barilyak et al, 1978). Rats were given DMSO 30 min before
an injection of the antimalarial pyrimethamine or the antineoplastic §—
mercaptopurine. Two days later the bone marrow was examined, and it was
found that DMSC protected against chromosome sberrations induced by
these mutagens, Other studies with rats suggested that pretreatment with
DMSO protected against hepatic DNA strand breaks induced by the hepato-—
carcinogen dimethylnitrosamine but not by the carcinogen nitrosourea
(Sosnowski et al. 1976). It is of interest that the former reguires
metabolic activiation to induce carcimogenicity while the latter does
not. Thus, DMSO may have inhibited activation of the amime. In the
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presence of DMSO, cytostatic agents such as colchicine were more potent
in causing chromosome: aberrations and giant cell formations in epidermal
cells of the mouse (Stjernvall 1969).

Nonmammalian Studies. Difficulties in finding solvents that are not
toxic for use in bacterial mutagen assay systems have led several imves~
tigators to test DMSO as an appropriate solvent for their assays.
Because of its solvent properties, its relatively low toxicity to bac~
teria, and its nomreactivity with microsomal enzymes, DMSO has been
found to be most useful. Nonetheless, some problems with its use in the
bacterial assay system have led to conflicting results {(Maron et al.
1981). An early report indicated that 2.5% DMSO had no effect om sur-
vival or on mutstion frequency in E. coli exposed to N-anitroso—N-
methylurea (Vasil'eva 1975). However, the mutagenicity of two other
agents, 2—amino—anthracene and benzo{(a)pyrene was enhanced in S.
typhimurium exposed to a low concentration of DMSO (Hermann et al., 1978;
Anderson and McGregor 1980), while higher concentrations of DMSO (14%)
inhibited the mutagenic effect of N,N-dimethylnitrosamine in this organ—
ism (Yahagi et al, 1977). These kinds of contrasting results may be
related to the length of time and conditions under which the mixture of
the mutagen and DMSO has been standing, A fresh solution of DMSO and p-
phenylenediamine was not mutagenic in §. typhimurium but became active
on standing for 4 hours (Burnett et al, 1982). DMSO mixtures of
dimethylcarbamyl or diethylcarbamyl, however, lost their mutagenic
activity upon standing (Hermann et al, 1978). The influence of standing
may involve a reaction between DMSO and the chemical, as in the case of
the mutagen hexachloroacetone, which reacts with water in DMSO solutions
to form the non-mutagen hexachloroacetone hydrate (Zochlinski and Mower
1981). '

The mutagenic activity of N-mitrosco~N~methylbiuret in Penicillium
chrysogenum was increased by DMSO (Zakhorova et al, 1974).

In Drosophila melanogaster, the frequency of sex—linked lethal
mutations induced by ethyl methane sulifonate was increased by DMSO
(Sharma et al. 1973).

There is evidence both for (Bhatia 1967; Sharma et al. 1973; Singh
et al, 1979) and against (Khalatker 1976) enhancement of mutation fre-
quency of mutagens by DMSO in green plants.

4,1.1.9 Miscellaneous

The effect of DMSO on the response to a wide variety of agents was
identified. The anaphylactic reactions of rats to dextram was inhibited
by administration of DMSO daily for 11 days (Rodriguez et al. 1966).
Orally administered DMSO enhanced the immunosuppressive effect of imuran
in mice (Aronov and Radiomar 1979), and the potency of Salmonella
typhimurjum injection in mice was increased by administration of DMSO
{(Klein and Kunze 1971),

DMSO enbanced the toxicity of snake venom {Tiru—Chelvam 1974),
accelerated the onset of effects of alpha-glucochloralose (Braude and
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Monroce 1965), increased the radioprotective effect of mercaptoethylamine
(Roerig et al, 1973), cysteamine, and S,2-aminoethylisothiourea
(Ashwood-Smith 1962), and enhanced the toxicity of mercaptoethylamine
(Roerig et al. 1973).

Modifications of respomnses to hormones by DMSO in rats have been
reported. DMSO provided some protection against epinephrine—induced tis-—
su¢ damage (Highman and Altland 1969), and, compared to the vehicle pro-
pylene glycol, DMSO enhamced toxicity of diethylstilbestrol (Klaassen
1973).

A potentially practical use of DMSO involves tissue oxygenation by
hydrogen peroxide. This chemical in a perfusate can be used as a sounrce
of oxygen in maintaining or resuscitating the smnoxic heart, and the
addition of DMSO to the perfusate may enhance ozygenation by the perox-
ide (Finney et al, 1967).

Pretreatment of rabbits with DMSO intensified the febrile—inducing
response to the exogenous pyrogens sodium nucleate or purified bacterial
lypopolysaccharide; however, pretreatment did not affect the response to
endogenous pyrogen (van Miert and van Duin 1976).

The in vitro hemolysis of rabbit erythrocytes by the antibacterial
agent chlorhexadine diascetate was reduced almost to zero in the presence
of 15% DMSO (Ansel 1967)., In a related type of study, DMSO was found to
enhance the ability of carbamyl phosphate to inhibit sickling of human
erythroeytes in vitro ith and Allen 19735). Damage to mitochondrial
and lysosomal membranes by butylated hydroxyanisole — an antioxidant
used in food - was increased in the presence of DMSO (Sgaragli et al.
1975).

The efficiency of fusiom of human dipleid cells by polyethylene
glycol was greatly enhanced by additiom of DMSO to the cultures (Norwood
et al, 1976).

Extensive studies in mice have shown that the addition of DMSD to
vaccines did not improve the effectiveness of bacterial or viral vacci-

nations by oral, nasal, or rectal routes (Raettig 1971).

4.1.2 Percutaseous Administration

4.1.2.1 Carcinogens

Several aspects of the effects of DMSO on tumor induction by potent
skin carcinogens in rodents have been reported. Repeated applications of
dimethylbenzanthracene (DMBA) in DMSO to the hamster cheek pouch reduced
the mean latent period for tumor appearance (Dachi et al. 1967; Elzay
1967; Lalonde 1969); and evidence for sltered tumorigenesis was
presented (Elzay 1967; Shklar et al. 1969; Siegel and Shklar 1969). In
the vat, however, DMSO as a vehicle, resulted in a decrease in DMBA-
induced skin tumors (Stemback 1970). For two-siage skin carcinogenesis
in mice treated with DMBA and a promoter, repeated applications of 10%
DMSO in acetone during the promotion stage resulted im 2 significant
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inhibition of tumors (Belman and Troll 1974), but with neat DMSO, there
was no effect on tumor parameters (Hozumi et al, 1972). Likewise, neat
DMSO failed to affect tumorigenesis when applied to mouse skin during
the initiation stage with DMBA (Stenback and Garcia 1975). Somewhat dif-
ferent results were obtasined in experiments with repeated applications
of another potent carcinogen, benzo(a)pyrene, on mouse skin, the results
of which showed that DMSO as a vehicle reduced the total number of skin
tumors but tumor incidence was not altered (Stemback and Garcia 1975).

With five applications of 2-methylcholanthrene (MC) to hairless
mice, DMSUO as a vehicle increased mortality and had an inhibitory effect
on MC-induced skin carcinogenesis (Iversen et al. 1981). More frequent
applications of MC with DMSCG may have somewhat shortened the latent
period of tumor development (Finogenova 1974).

4.1.2.2 Steroids

An important therapeutic approach to the management of humen skin
lesions has involved the carrier penetrant quality of DMSO as a means of
increasing percutaneous absorption of sterocids., Studies from several
laboratories have shown that in bumans DMSO enhanced the percutaneous
penetration of testosterome and hydrocostisone (Stoughton and Fritsch
1964; Kligman 1965a; Munro and Stoughton 1965; Feldman and Maibach 1966;
Maibach and Feldmann 1967; Feldmann and Maibach 1968; Munro 1969). DMSO
also increased penetration of topically applied prednisolone, estradiol,
triamcinolone acetonide, and fluocinolone acetanide (Stoughton and
Fritsch 1964; Kligman 1965a; lLafille and Sagon 1969; Munro 1969)}.

Fxperiments have been conducted on the effect of DMSO on stereid
absorption through surface epithelium. Unlike the enbanced penetration
of fluocinolone acetonide by DMSO through human skin (Stoughton 1965),
the effect of this steroid applied directly to the eye was not altered
by the presence of DMSO (Wood et al. 1967). In rats, topical application
of estradiocl or cortisone in DMSO resulted in biological changes, viz,
organ weights, comparable in magnitude to those achieved with subcutane-
ous administration of these steroids in an aquecus vehicle (Djan and
Gunberg 1967). No change in blood level kinetics of corticotropin
resulted from the use of DMSO as a vehicle for this steroid applied to
rat skin (Kastin et al. 1966).

Preliminary results from patients with cervical carcinoma or dys—
plastic lesions indicated that applicetion of 0.01% dexamethasone in a
DMSO gel brought about regressive cytologic changes in these lesions
that progressed to a more normal cellular architecture (Ayre and LeGuer-
rier 1967). These normalizing changes were not observed with DMSO alone,.
In the same study, it was also reported that application of a DMSO~
bariom chloride mixture to the cervix led to reversible epithelial cell
dysplasia not unlike early changes indicative of preneoplasia.

4.1.2.3 Salicylic Acid

Principally because of the antiinflammatory properties of salicylic
acid, there has been some interest in the use of DMSO as a penetrant
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carrier vehicle for the topical application of this drug. Investigators
from two laboratories have shown that DMS0 enhanced the penetration of
salicylic acid through rabbit skin as judged by appearance of salicylate
in the blood (Stelzer et al., 1968; Marcus et al. 1970). Results obtained
from an in vitro method, in which the pemetration of substances through
a silicone rubber membrane were measured, indicated that enhanced pene-
tration of salicylic acid by DMSO may be due to facilitated release of
the drug (Nakano and Patel 1970). In another study, DMSO enbanced pene-
tration of sodium salicylate through the urinary bladder of the dog
(Jacob et al, 1964). In a rat model designed to cvaluate the antiinflam-
matory and antiarthritic potential of topically applied substances,
vehicle mixtures containing DMSO appeared to best augment the therapeu-
tic efficacy of copper salicylates (Beveridge et al., 1982).

4.1.2.4 Cytotoxic Agents

The influence of DMSO on percutaneous penetration of the antineo-—
plastic drug, methotrexate, through human skin in vitro has beecn
evaluated., Penetration of this folic acid antagonist was not altered
when applied together with DMSO (McCullough et al. 1976). Preliminary
findings with the c¢linical use of 5-fluorouracil, podophyllim, or 5-
iododeoxyuridine suggest that DMSO may be useful in increasing the
effectiveness of these drugs in the treatment of skin dyscrasias (Gold-
man et al. 1967). FEnhanced penetration of these cytotoxic drugs may well
account for their increased effectiveness,

4.1.2.5 Dyes

Because of the ease of following the movement of a colored or
fluorescent substance, the influence of DPMSO on the percutaneous pene-—
tration of several dyes has been examined. DMSO was found to increase
the penetration of fluorescein (human, im vitro), tetrachlorsalicylani-
lide, demethylchlortetracycline (demeclocycline), and methylene blue
(human, in vivo) (Kligman 1965a), rhodamine B in fish (Narula 1967), and
Evans blue in the dog urinary bladder (Jacob et al, 1964). There is sug-
gestive evidence that DMSO did not enhance penetration of tetrachlorsal-
icylanilide through the human finger nail (Kligman 1965a).

4.1.2.6 Allergens

The action of 2,4—-dinitrochlorobtenzene, a chemical which causes
contact semsitization in humans and laboratory animals, was enhanced
when applied with DMSO to the skin of guinea pigs (Heise et al. 1969)
and of rats (Vakilzadeh et al. 1973).

DMSO as 2 vehicle for tuberculin antigen abolished the skin reac-
tion in tuberculin sensitive humans, and the dermatitis manifested by
topical trypsin was prevented when applied in DMSO (Kligman 1965a). In
the same series of studies, it was reported that for humans who were
demonstrably contact semsitive to penicillin, streptomycin, neomycin,
nickel, chromium, or cobalt, DMSO sometimes increased and sometimes
diminished 25-hour allergic responses to the allergems, Reductions were
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more common with nickel, chromium, or cobalt which may signify the for—
mation of a DMSO-metal complex.

4.1.2.7 Miscellaneous

The percutaneous penetration of some organophosphorous compounds
can be influenced by DMSO. The penetration of the insecticide butonate
through cattle skin was increased by DMSO but not the pemetratiocn of
trichlorofon or dimethoate (Dedek et al. 1975)., The potent anticho-
linesterase, soman, penetrated the skin of guwinea pigs at a faster rate
in the presence of DMSO (McDermot et al. 1967). One of the antidotes for
anticholinesterase poisoning is 1-methyl-2-hydroxy~iminomethylpyridinium
methane sulfonate, which has been shown to penetrate guineas pig skin
faster when applied with DMSO (McDermot et al, 1965).

The effect of DMSO has been studied on the response of mice to
eight topically applied drugs whose actions counld be readily momitored
visibly. In general, the response to the following drugs was most pro-
nounced when DMSO was used as a vehicle: d—amphetamine, thiosemicarba-
zide, chlorpromazine, reserpine, d—tubocurarine, pheniprazine with
intraperitoneally administered reserpine, and metrozol (Horita and Weber
1964). Absorption of vasopressin by rat skin was slightly incresased by
DMSO (Kastin et al. 1966). Penetration of the vasoconstrictor naphazo-
line through human skin was also increased by DMSO (Stoughton and
Fritsch 1964).

The percutaneous penetration of mercuric chloride in the guinea pig
(Wahlberg and Skog 1967), iron chloride in the pig (Oliver et al. 1969),
hexachlorophene in the rat (Nakaue and Bukler 1976), and penicillin in
the cow (Walser 1966) was increased by DMSO as vehicle while penetration
of phenol appeared to be hindered (Roberts and Andersom 1975). There is
evidence that penetration of three antiperspirants, benzoyl scopalamine,
aluminum chloride, and hexopyrronium, was accelerated in humans in the
presence of DMSO (Stoughton and Fritsch 1964; Kligman 1965a; Goldman et
al, 1967). Absorption of a wide variety of substances through the
mucosa of the dog urinary bladder was increased by DMSO: heparin, insu-—
lin, sodium salicylate, Evans blue dye, sulfadiazine, aminophylline, and
triethylene thiophosphoramide (Jacocb et al., 1964). ‘

In a2 rat model system, DMSG appeared to emhance the ability of
alpha tocopherol to protect against adriamycin—induced skin ulcerations
{Svingen et al. 1981).

4.2 DISCUSSIONS AND CONCLUSIONS

Several generalizations emerge from the results of the experiments
reviewed herein, In studies in which substances were administered with
DMSO, either orally, imntravenously, or intraperitoneally, the gffect of,
or response to the agents was increased by DMSO in about 40% of the
cases, reduced in 20%, and was unchanged in about 40%., Different pro-
portions were observed for substances applied percutaneously; the
responses to about 79% were increased, 19% were inhibited, and only 2%
were unaffected. Thus, in many instances, DMSO was found to be an
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enhancer of a biologic response to a substance, especially after percu-
taneous applications. While it appears that in about all experiments
reviewed the altered biologic response reflected a synergistic actiom of
DMSO with another substance, there are some cases in which an observable
effect of DMSO itself was influenced by amother agent. For example, the
teratogenic effect of DMSO (Robens 1969; Lamndauner and Salam 1972; Gill
et al, 1981) was enhanced by the tranquilizer diazepam (Gill et al,
1981).

VWhether a response is enhanced or dimimnished, DMSO is capable of
modifying the actions of a wide variety of polar and nonpolar sub-—
stances. An examination of the substances reviewed in this section indi-
cates that there are no apparcnt physical or chemical properties common
to those classes for which DMSO ephanced, diminished, or had no effect
on biologic responses. However, regardless of whether or to what extent
the effect of a substance was modified, it was soluble in DMSO, and in
many of the cases cited, solubility was the sole reasom for using this
vehicle, The solubility factor was particularly relevant to the use of
many kinds of ponpolar organic chemicals such as carcinogens (e.g., see
Somogyi and Kovacs 1970), hepatotoxims (e.g., see Danz et al. 1378),
insecticides (e.g., see Weiss broad solvent characteristics of DMSO
result from its ability to form solvates or solvemt-solvate associations
by hydrophobic interactionms (Rammler 1971; see also Section 2).

The so-—-called penetrant carrier capacity of DMSO (Jacob et al,
1964) has beem the subject of many kinds of investigations involving
percutaneous administration, especially in humans (Kligman 1965a,
1965b). The penetrant concept not only serves as a working basis for the
DMSO-enhanced percutaneous absorptiom of topically applied substances,
but also may be implicated in altering body distribution of substances
and in their transport across cell membrames (Misch and Misch 1975; Vol-
den et al. 1980). These changes in distribution and transport kinetics
could very well alter the response to a substance, gualitatively as well
as quantitatively. Although it may be more logical to consider that the
penetrant carrier concept would increase the biologic action of a sub-
stance, a basis for a diminished effect may also involve changes in mem-
brave penetration. Thus, a case can be made that rather than allowing
more substances to pemetrate a membrane, DMSO broadens distribution of
the substance in the body to the extent that the target tissue is
exposed to less substance had DMSO not been present,

It is difficult to escape the conclusion that the penetration
characteristies of DMSO are closely related to the interaction of DMSO
with water and proteins, Some of these characteristics have been con—
sidered in detail (Rammler and Zaffaroni 1967) and principally involve
comples formation with water, i.e,, hydrate formation, and replacement
of protein-bound water by DMSO, leading to reversible conformational
changes in the protein, These interactions would be expected to influ-
ence the biologic respouse to any agent if only because of the impor-
tance, abundance, and widespread distribution of water and proteimn in
living systems, It was also suggested that DMSO might associate with
many other kinds of biologic molecules (e.g., nucleic acids) and thereby
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provide a wider basis for altered biologic responses to substances
(Szmant 1975).

To what degree, if any, chemical reactions between DMSO and a sub-
stance could occur in vivo or under ambient in vitro conditions snd con-
sequently modify the biologic response to that substance remaimns largely
speculative. As cited, there is evidence for hydrate formation in a mix-
ture of DMSC and the mutagen hexachloracetone upon standing; and the
resulting hexachloracetone hydrate was found not to be mutagenic for
bacteria (Zochlinski and Mower 1981). It was also suggested that DMSO
could form complexes in vivo with carcinogens such as methylcholanthrene
gnd benzo(a)pyrene (Levine 1975).

Another aspect of DMSO interaction with tissues that could affect
the biologic response to a substance involves a reservoir phenomenon., It
was shown that DMSO could enhance the persistance of a storage pool in
the outer layer of the skin for topically applied glucocorticosteroids
{Stoughton 1965). Thus, for some substances, an epidermal reservoir
would provide a slow release type of administration that possibly could
alter dermal or even systemic effects of a substance.

Two parameters of DMSO-chemical interaction studies require further
comment, the temporal aspects of administration and the concentration of
DMSO. In most studies cited, DMSC was administered simultaneously (i.e.,
as a vehicle for the substance)., In several studies, however, DMSO was
injected several minutes before administration of the test substance
(e.g., Courtney 1970; BSosmowski et al, 1976; Barilyak et al. 1978). The
temporal modes of administration are cogent to problems of potential
interaction (Witschi and Hakkinen 1982), but no documents were found in
which a comparison was made between simultaneous or sequential adminis—
tration of DMSO and another substance. In studies whereby substances are
given in seqguence, it is possible to begin to sort ocut the mechanisms of
how an observable tissue response to one agent is altered by another
agent. When two agents are administered simultaneously by the same
route, they may reach a target tissue at the same time, thereby making
it more difficult to provide an explanation for a change in response
resulting from interactions. The latter point is especially applicable
to DMSO, which may help keep its solute in a form that has access to a
target tissue.

Regarding DMS0O concentration, it was found that for most experi-
ments the test substeance was dissolved in undiluted DMSG, In general, it
appears that high concentrations of DMSO were tantamount to a maximal
alteration in response., This feature was clearly demonstrated by some
human data which showed that the average penetration rate of topical
steroids was fastest at DMSO concentrations of 60% or greater {Kligman
1965s). The concentration factor is essentially confined to percutaneous
absorption, and presumably has less relevance to oral or intraperitoneal
administration because of rapid dilution when given by these routes., On
the other hand, the concentratiom of DMS0O in body fluids, which is
dependent on the amount given orally or intraperitomeally, presumably
could determine whether and to what extent 2 substance administered with
DMSO elicits a biological response,
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From a toxicological standpoint there are numeroms deficiemcies in
the literature concerning the interactive effects of DMSO with other
substances, These deficiencies are no more numerous, however, than
present in other cases where toxicologic factors involvimg interaction
between two or more substances are expected to be encountered. Nomethe-—
less, a meaningful evaluation of the potential hazards to humans
involved with RDX and BMX production would bemnefit from more information
about effects of subchronic and chronic percutancous exposure to DMSO in
combination with other agents including these explosives. The choice of
other agents would be predicated on those to which personnel may be
expected to be exposed, accidentally or ctherwise,

The detailed study by McNamara et al. (1974) provides a firm basis
for further toxicologic evaluation of HMX and RDX. Their broad base
investigations established in laboratory animals the acute toxicities
for each of the 2 explosives administered in DMSOQO., These data do not
permit comparative assessment of DMSO with other wvehicles for HMX and
RDX because, with one minor exception, different concentrations of the
explosives had to be used. It is mnot possible, therefore, to determine
whether DMSO had any influence om the toxicity of EMX or RDX relative to
effects in other vehicles,

The following conclusions can be drawn from data in the documents
reviewed:

1. DMSO enhanced the biologic response of many kinds of substances
regardless of the route of admimnistration, With topical applica—
tion, the effect of some substances was reduced while very few were
unaffected. When given orally or by injectiom, the biologic
responses of a large number of substances were unaffected while
some were reduced,

2. There does not appear to be a common physical or chemical charxac—
teristic of those substances whose action is enhanced, diminished,
or unchanged by DMSO. Consequently, it is not possible at present
to predict whether or to what degree DMSO wounld influence the
action of a substance from its physical or chemical characteris—
tics, That the penstration of almost 80% of the substances applied
topically was increased by DMSO dictates that until shown other—
wise, it would be prudent to assume that aany untested substance
would penetrate the skin faster in the presence of DMSO,

3. Interaction effects of DMSO have been demonstrated for agents other
than chemicals, e.g., bacteria,

4. DMSO appears to alter the biological respomse to a substance by

virtue of its ability to act as a penetrant carxier through biolo-
gic membranes,

56



5 REGULATORY ACTIONS

DMSO was first used commercially as an industrial solvent im 19353
(Brown 1982). The potential pharmacological value of the solvent was
recognized several years later, and clinical studies were initiated and
continued until 1965 when the U.S. Food and Drug Administration (FDA)
terminated all human studies because of evidence that DMSO caused ocular
abnormalities in experimental animals (USFDA 1965). Specific require-
ments were established for testing the drug on humans, and in the clini-
cal studies that followed, no DMSO-induced ocular changes were observed.
In 1970 the FDA approved the veterinary use of DMSO for treating acute
musculo—skeletal injuries in horses, and in 1972 this use was extended
to dogs (see Brown 1982). In 1978 the FDA approved a New Drug Applica-
tion (NDA) for the use of a 50% solution of DMSO in the treatment of
interstitial cystitis, and in 1980 the restrictions governing the clini-
cal testing of the drug on humans were revoked (USFDA 1980). Currently,
33 clinical studies are being conducted on DMSO under the Imvestiga-
tional New Drug Regunlations of the FDA (Karusaitis 1982, personal com-
munication). It is anticipated by the FDA that in the near future NDAs
pertaining to the use of DMSO in the treatment of scleroderma and
musclo-skeletal disorders will be submitted by the pharmaceutical indus-—
try for agency approval (Karusaitis 1982, personal communication).
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APPENDIX A-1

REVIEW AND ANALYSIS OF
PERTINENT REFERENCES ON DMSO TOXICITY
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¢ Abbondandolo, A., S. Bonatti, €. Corsi, G. Corti, R, Fiorio, C,
Leporini, A. Mazzaccaro, R. Nieri, R. PBarale, and N. Loprienoc, 1980. The
use of orgamic solvents in mutagenicity testing. Mutat. Res. 79:141-150.

Review:

Cell suspensions of the yeast Schizosaccharomyces pombe (P1 strain
were mixed with 0.5, 2.0 and 5% DMBO (v/v) and the effects on cell sur-
vival were evaluated after 1 hr and after 24 hr, Relative survival was
63-67% for 0.5% DMSO, 57-66% for 2.0% DMSG, and 29-33% for 5% DMSO,
indicating a moderate degree of toxic action. Sixty— minute expcsure to
5% DMSO resulted in a forward mutation rate of <1.10 mutants/l()4
colonies in S. pombe as compared with 0.74 for the control. In the pres—
ence of a mouse—liver microsome extract, the mutation rate was 0.61 as
compared with 0.66 for the control. A separate study showed that 5% DMSO
had no direct inhibitory effect on the mouse liver enzyme system. Under
in vitro conditions the DMSO had no effect on aminopyrime demethylase
activity. :

A second series of cytological toxicity tests were conducted using
cultures of V79 Chinese hamster cells. Monolayer cultures and free cell
suspensions were exposed to 0.5, 2.0, 5.0 and 10% DMSO for 1 hkr at 37°C,
Relative survival values were 79 and 100% at 0.5% DMSO, 102 and 103% at
2.0% DMSO, 89 and 74% at 5.0% DMSO, and 75% at 10% DMSO,

Analysis:

This study is valuable in providing data on the mutagenicity and
cytotoxicity of DMSO. Although the results seen here may not necessarily
apply to other cell systems or in vive conditions, they do contribute to
the evidence suggesting that DMSO is nonmutagenic and only mildly cyto-—
toxic.

¢ Bennett, W.M. and R.S. Muther. 1981. lLack of'nephrotoxicity of
intravenous dimethyl sulfoxide. Clin, Toxicol. 18(5):615-618.

Review:

Nephrotoxicity of DMSO was examined in seven patients who had
stable spinal cord injuries. DMSO was given intravenously, 1 g/kg in 5%
dextrose water, daily for three consecutive days. Concentrations ranged
from 10 to 40% with infusions lasting 30 min to 24 hr, All patients
receiving 20-40% DMSO showed signs of hemoglobinuria within minutes of
the start of the infusions. Hemolysis was evidenced by depletion of hap~-
toglobin and pink serum, Serum creatinine and creatinine clearance did
not change, Urine sediments were normal and without protein, casts, cry-
stals, or tubular cell debris., Renal excretion of beta—2-microglobulin
was not out of the normal range.
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Analysis:

This study shows that normal remal tubular function, in terms of
reabsorption of beta-2-microglobulin, is not impaired by the hemolysis
induced by short-term intravenous admimistration of DMSO,

¢ Caujolle, F.M.E., D.H. Caujolle, S,B. Cros, and M.-M.J, Calvet.
79:141-150, 1967. Limits of toxic and teratogenic tolerance of dimethyl
sulfoxide. Ann, N.Y, Acad, Sci. 141:110-126.

Review:

Standard acute toxicity tests were conducted on Swiss mice (25 + 1
g), Wistar rats (200 + 10 g), L. Fawn Burgundy rabbits (average weight
2.88 kg), and dogs. The doses were administered as a 50% DMSO solution
in 0.9% sodium chloride. In mice the 24~hr LD5¢ values were: 11.0 g/kg,
iv; 20.1 g/kg, ip; and 16.0 g/kg, sc. In rats the 24-hr LD50 values were
13.7 g/kg, ip, and 13.7 g/kg, sc. Rabbits were given a 40% solution of
DMSO intravenously at a rate of 90 mL/hr, The mean survival time was 92
min and corresponded to an average dose of 19.2 g/kg. Dogs were given an
intravenous perfusion of 50% DMSO. Lethal effects were observed only
when doses reached 30-40 g/kg.

In chronic toxicity studies, mice and rats were given 50% DMSQ sub-
cutaneously, intraperitoneally, or orally six times per week for 3 to 12
consecutive weeks, Daily oral doses of 5 g/kg to mice caused an initial
loss of weight, and 2.5 g/kg over a 5-week period resulted in a slower
rate of growth (data not given). Histological studies revealed that 2.5
g/kg given intraperitoneally caused tubulonephritis and some damage to
organs in the area of the injection (liver, pancreas, and spleen).
Growth rates of young rats (120-140 g) were reduced by intraperitoneal
injections of 5 or 10 g/kg, and oral doses of 5§ g/kg for 45 days caunsed
slight weight loss (data not given) and damage to the liver (degenera—
tive modification of the hepatocytes) with inflammation and irritation
of the portal spaces.

Teratogenic studies were conducted on chick embryos, mice, rats,
and rabbits, The chick embryos were injected with 50% DMSO in saline at
72 or 96 hr of incubation, The LDs§Q values were 10.3 mg for the 72-hr
embryos, and 12.2 mg for the 96-hr embryos. Toxic doses of DMSO caused
developmental abnormalities including malformations of the limbs, beak,
and eyes, anourous embryos, and celosomia, Mice were given 50% DMSO
orally or intraperitoneally from the 6th to the 12th day of gestation.
Oral doses of 5 to 12 g/kg caused no embryonic malformations, but intra-—
peritoneal injections produced four abmormal fetuses (anencephalia, mal-—
formed limbs and celosomia) in animals given 12 g/kg and three abnormal
ones in animals given 5-10 g/kg. A total of 100 fetuses were examined.

Maternal rats were given 5 and 10 g/kg of DMSO orally, or 5, 8, or
10 g/kg of DMSO intraperitomeally on days 6 through 11 of gestation,
Intraperitoneal doses of 8 and 10 g/kg resulted in an increase im the
percentage of aborted fetuses, a decrease in fetal weight, and an
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increase in developmental malformations. Eleven of 729 fetuses were
abnormal, Malformations involved the mervous system, limbs, jaw, tail
bud, abdominal wall and edema.

Ten pregnant rabbits were given daily oral (5 g/kg) or subcutaneous
(4 g/kg) doses of 50% DMSO on days 6 through 14 of gestation. Of 23
fetuses examined (20~24 day of gestation) only one was found to be
abnormal with celosomia. There were no differences in weight or number
of aborted fetuses between treated and cosntrol animals.

Analysis:

The median lethal toxic doses of DMSO to mice and rabbits as found
in this study are similar to those reported by other investigators. The
chronic exposure studies were incompletely described and analyzed.
Reported histopathological damage resulting from intraperitoneal injec—
tions may bhave been due to direct injury rather than systemic toxic
effects of the DMSO. The frequency and severity of the hepatic injury in
orally-dosed rats requires more detailed analysis. An increased number
of developmental abnormalities were seenm in chick embryos dosed with
DMS0O and in the fetuses of mice and rats given multiple doses of DMSO,
The data were not analyzed statistically, and in most cases toxic dose
levels were required to produce the teratogenic effect. In a comment
reported in a discussion section at the end of this paper, it was noted
that the DMSO solutions used were not stable and thus impurities may
bave caused some of the effects seen.

¢ de la Torre, J.C., J.¥W. Surgeon, T. Ernest, and R. Wollmann. 1981.
Subacute toxicity of imtravenous dimethyl sulfoxide in rhesus monkeys.
J. Texicol, Environ, Health 7:49-57.

Review:

This study evaluates the subacute toxicity of DMSO in male rhesus
monkeys weighing 3-6 kg. Four monkeys received 3 g/kg (40% DMSO solution
in saline), one received 2 g/kg (40% DMSO solution in saline), and cne
control received 3 mL/kg of 0.9% saline. The iv doses were administered
daily for nine comnsecutive days. All but omne test animal were monitored
for four months, at the end of which time period they were sacrificed
and examined for gross and microscopic pathology. The sixth monkey was
sacrificed on day 4 of the DMSO administration. Blood and urine analysis
were conducted on samples taken 1 hr before the first exposure, 1 hr
after the last exposure and 18 weeks after the study began. For all test
animals, blood chemistry (serum electrolytes, C02, creatinine, urea
nitrogen, glucose, total protein, albumin, calciuvm, phosphorus,
cholesterol, uric acid, total bilirubin, alkaline phosphatase, lactic
dehydrogenase, and serum glutamic-oxaloacetic transaminase); hematology
(red, white, and total cell counts, hemoglobin, and hematocrit); and
urinalysis (pH, specific gravity, protein, glucose, ketones, bilirubin,
blood, urobilinogen, and turbidity) were not significantly different
from those of the control animal, No neurological or ophthalmologic
abnormalities observed in any of the snimals, and gross and histologicsl
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examination of body organs, muscle, lymph nodes, salivary glands, and
peripheral nerves revealed no pathological condition. The DMSO animals,
however, did show a fourfold increase in diuresis, a slight increase imn
cardiac rate, and a significant increase in respiratory rate.

Analysis:

This work is a thorough analysis of the subacute toxicity of
intravenously administered DMSO in rhesus monkeys. The results show that
for the cxposure levels used in these tests, there were no significant
toxic effects, Similar experiments using higher or more frequent expo-—
sures and different exposure routes would contribute substantially to
delineating no effect levels.

¢ Ferm, V.H. 1966. Congenital malformations induced by dimethyl sulphox-—
ide in the golden hamster, J, Embryel, Exp, Morphol, 16(1):49-54.

Review:

The teratogenicity of DMSO was evaluated in golder hamsters. On the
8th day of gestation females were injected with 50-8250 mg DMSO/kg in
saline (0.5 mL/100 g body weight). Doses of 50, 250, 500, 1000, 2500 and
5500 mg/kg were given intravemnously (the largest dose was diluted to 1.0
mL to avoid the lethal effects caunsed by the more concentrated solu-
tion). In a second test series, doses of 5500 or 8250 mg/kg were given
intraperitoneally. Test animals receiving 2500 mg/kg or higher iv showed
signs of generalized muscular tremors for about 1 min after the injec-
tion, and the ip dosed animals had some abdominal muscle rigidity for
the same postinjection period,

On day 11 of gestation the maternal animals were sacrificed, and
the embryos were examined for developmental malformations. In each test
group there were five or six females exposed to DMSO and the total
number of embryos examined ranged from 57 to 77. At dose levels of 1000
mg/kg or less there were not more than 2 abnormal embryos in each group;
at 2500 mg/kg there were 4; at 5500 mg/kg, iv, 12; at 5500 mg/kg, ip,
25; and at 8250 mg/kg, ip, there were 18. Exencephaly was the most com—
mon malformation., Rib fusions, microphthalmia, limb abnormalities, and
cleft lip were also present in some embryos. The embryocidal or terato-
genic effects of a dose level of 1000 mg/kg or less was reported to be
no different than that seen in several bhundred nonspecific salime-—
injected comtrol animals examined over several months,

Analysis:

Although the data were not anmalyzed statistically, the temfold to
twentyfold increase in embryomic malformations seen at 5500 and 8250
mg/kg is indicative of a significant teratogemnic effect, The high dose
levels required may have been toxic to the maternal animals and thus
c¢ould have contributed to the cbserved developmental abnormalities.
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¢ Feuer, G., L. Goldberg, and J.R, LePelley. 1965. Liver response tests.
I. Exploratory studies on glucose 6—phosphatase and other liver enzymes.
Fd, Cosmet. Toxicol, 3:235-249,

Review:

Undiluted DMSO was administered to male and female Carworth rats
(80-120 g) in daily doses of 0, 1100, 3300, or 11000 mg/kg for seven
days. The animals were sacrificed 24 br after the last dose, and the
liver was removed, weighed, and processed for enzyme analysis, Relative
liver weight and activity of glucose 6-phosphatase and glucose 6~
phosphate dehydrogenase for all test groups (6 animals each) were not
significantly different from those of the comtrol group.

Analysis:

DMSO did not produce the increase in relative liver weight and the
decrease in glucose 6-phosphatase activity which are often caused by
known hepatotoxic chemicals, However, the effects of DMSO on other
hepatic enzyme systems, and on histomorphology of liver tissue, were not
examined in this study.

® Fishman, E.G., L.J. Jenkins, Jr.,, R.A, Coon, and R.A, Jones. 1969.
Effects of acute and repested inhalation of dimethyl sulfoxide in rats,
Toxiceol, Appl. Pharmacol. 15:74-82.

Review:

This study consisted of three different series of toxicity tests,
The first series involved preliminary dermal and ocular irritant tests
conducted on 20 New Zealand albino rabbits. Topical application of DMSO
(dose—level not reported) resulted in only slight localized erythema.
Ocular application (dose level not given) resulted in slight conjunc-—
tivitis during the initial 24~hr observation period. This effect disap~
peared by 48 hr. '

Acute lethal toxicity tests were conducted on Sprague-Dawley rats
and Swiss mice. The coral IDsg for the rats was 14.5 g/kg, and the iv
ID5p for the mice was 3.1 g/kg.

The third part cof the study inveolved inhalation toxicity tests on
male Sprague-Dawley rats (250-325 g). The test animals were exposed to
an aerosol of DMSC (98% of particles less than 8 microms in diameter) in
a 30-1liter exposure chamber. Eight rats were exposed to 2900,mg/m3 for
24 hr, another group of & to 2000 mg/m3 for 40 hr, and a group of 24 to
1600 mg/m3 for 4 hr. In the last mentioned group, 8 animals were sacri-
ficed immediately at the end of the exposure, another eight after 24 hr
and the last eight after two weeks. In addition, another 32 test animals
were exposed to 200 mg/m3 for 7 hr per day, 5 days per week, for a total
of 30 exposures. Control animals were exposed to normal chamber condi-
tions. Hematologic and biochemical parameters (microhematocrit, hemoglo-
bin, cell counts, serum urea mnitrogen, serum glutamic-pyruvic
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transaminase, serum glutamic—oxaloacetic transaminase, liver lactate,
and liver alkaline phosphatase), in samples taken at the end of the
exposure periods, were not abnormal (statistical amalysis of data not
given) for any of the treated animals except those exposed to 2500 mg/m
for 24 hr; these rats had eleveted serum urea nitrogen concentrations
(31.5 + 8.6 mg/100 mL as compared to 16,6 *+ 2.3 mg/100 mL for the con-
trols)., Histological examinations revealed that some rats exposed to
single acute doses and some control anmimals had areas of hemorrhage in
the lungs and focal and diffuse collections of clear pneumocytes within
the lung alveoli. Areas of pulmonary edema were seen in some of the
animals exposed to 1600 mg/m3 for 4 hr and sacrificed 2 weeks later, inm
those exposed to 2900 mg/m3 for 24 bhr, and in those exposed to 2000
mg/m3 for 40 hr, Similar edematous changes were mot noted in the control
animals, Nonspecific inflammatory changes in the liver occurred in about
one~fourth of all acutely exposed rats and in the controls,

3

In rats exposed to repeated 200 mg/m3 doses, there were no biochem—
ical or hematologic abnormalities (statistical analysis of data not
given), and there were no histopathological conditions except for non-
specific inflammatory changes in the lungs and livers of nearly all
animals, including controls,

Analysis:

The dermal and ocular tests conducted in this study provide only a
limjted amount of information om the irritant effects of DMSO because
dose levels and concentrations of the test solutions were not given. The
acute lethal toxicity tests conducted on rats and mice gave median
lethal dose levels which are, in general, in agreement with those found
by other researchers,

Interpretation of the results of the inhalation tests is compli-—
cated by the fact that exposure levels may have been modified by varying
respiratory activity of the test amnimals, and by potential dermal uptake
of the DMSO. The occurrence of liver and lung abnormalities in the con—
trol animals may have increcased the susceptibility of the test animals
to the edematous effects seen in the higher dosed groups.

¢ Haigler, H.J. and D.D. Sprimg. 1981, DMSO (dimethyl! sulfoxide), mor-
phine and analgesia, Life Sci, 29:1545-1553.

Review: Male albino Sprague-Dawley rats (250-400 g) were treated
with DMSO and then tested for analgesic effect using the bot plate and
tail flick tests, The DMSO was administered either intraperitoneally
(0.55, 2.75, or 5.5 g/kg); topically (100% DMSO omn back, or om feet and
ventral portion of the body); intravenously (2.75 or 5.5 g/kg); and
orally (1.5-2 c¢c). DMSO administered at high doses iv and ip (5.5 g/kg)
and topically produced significant analgesia comparable to that produced
by morphine although its duratiom of 6-7 hr was longer than that of mor-
phine ({ 2 hr). The analgesic effect was not blocked by the narcotic
antagonist, noloxomne, indicating that the mechanism of action was dif-
ferent from that of morphine.
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Analysis:

Statistical analysis of the experiments]l data verified that DMSO
had a definite analgesic effect. There was no evidence that DMSO pro-
duced a general anesthetic effect,

¢ Juma, M.B. and R.FE. Staples. 1967. Effect of maternal administration
of dimethyl sulfoxide on the development of rat fetuses. Proc, Soc. Exp.

Biol. Med. 125:567-569.
Review:

Female Sprague-Dawley rats were given daily subcutaneous injections
of 10.25 g/kg (90% aqueous DMSO solution) on day 8, days 8 and 9, or
days 8, 9, and 10 of gestation. Controls received distilled water, All
animals were sacrificed on the 19th day of gestation, and reproductive
status and the condition of the fetuses were determined, No maternal
deaths occurred, and there were no significant changes in maternal
weight gain or in the weight of the live fetuses obtained om day 19.
Only in the group receiving three injections was there a significant
decrease in litter size (9.8 + 1.1 as compared with 13.8 + 0.7 for the
control group). However, only 2 of the 127 live young obtained from this
group were grossly malformed (slight umbilical hernias). No skeletal
malformations were seen. A dead and macerated fetus, with an abaormally
shaped head, was found in the group of mwaternal rats that received two
injections of DMSO, but all other fetuses, in treated and control
groups, were normal, :

Analysis:

The daily dose used in this study was calculated to be ome—half the
ILDsp for adult rats, Even though no toxic effect was seen in the mater—
nal animals, even after three injections, the dose may have been suffi-
ciently high to the embryos toc cause the observed reduction in litter
size, There was no evidence to suggest that any of the resorbed embryos
were malformed, and the cases of slight umbilical hermias in two fetuses
could not be attributed solely to the effects of DMSO.

¢ Kapp, R.W., Jr, and B.E. Eventoff. 1980, Mutagenicity of dimethylsul-
foxide (DMSO): In vivo cytogenetics study in the rat. Teratogen.
Carcinogen., Mutagen. 1(2):141-145.

Review:

The potential mutagenicity of DMSO was evaluated im an in vivo
series of assays using 50 male albino Sprague-Dawley rats, The 8- to 10~
week—o0ld rats were divided into groups of ten, and each group received =
daily 5 mL/kg, intraperitoneal injection of DMSO (1%, 10%, 50%, or 100%)
for five comsecutive days. Dilutions were made with distilled wster, and
the control group received distilled water only. On day 6 the animals
were sacrificed, and femoral bone marrow was collected and prepared for
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microscopic examination to determine the degree of chromosomal altera-
tions, Fifty metaphasic cells per test animal were analyzed. The
incidence of aberrant cells (percent per animal) ranged from 10% in the
1% DMSO group to 68.7% inm the 100% DMSO group; it was 4% in the control
group, Comparative analyses, based on the Wilcoxon nonparametric test,
showed that (1) there was no significant differences in the incidence of
chromosomal breaks between all test groups and the controls, (2) total
chromosomal aberrations and chromosomal markers (exchanges, rings and
dicentrics) in all test groups were significantly different from that of
the control group, (3) incidence of chromatid breaks in all but the 10%
DMSO group were significantly different from that of the control group,
and (4) only in the 100% DMSO group was the incidence of severly damaged
cells significantly different from that of the control group.

Analysis:

Although the study indicates that the incidence of various chromo-—
somal aberrations in rat bone marrow cells does increase after intraper-
itoneal injections with DMSO, the mean percent aberrant cells per test
animal for three of the four test groups (1, 10, and 50% DMSO) was only
slightly higher than that of the control group (10.0-19.2 as compared
with 4.0; statistical significance not reported). Thus, the cytogenetic
effect of low doses of DMSO may be to increase the number and variety of
chromosomal aberrations in cells which are predisposed to show such
effects., Furthermore, because all test animals were sacrificed on day 6
of the study, the degree to which the bone marrow cells would have
returned to normal cytogenetic state after a longer postexposure time
interval, could not be determined,

The very high incidence of aberrant cells per animal and the signi-
ficantly higher incidence of severely damaged cells in the 100% DMSO
group, as compared to those of the comtrol group, could be the result of
the acute toxicity of that dose level, which was also evidenced by the
30% mortality rate im the group.

# Kligman, A.M. 1965b. Topical pharmacclogy and toxicology of dimethyl
sulfoxide — Part II. J, Am, Med, Assoc. 193(11):923-928,

Review:

In addition to microbiological tests which demonstrated that DMSO
is weakly bactericidal and fungicidal, this study also examined chronic
and acute toxicity of DMSO in human volunteers. In chromic exposures, 9
ml of 90% DMSO were applied to the entire trunk of 20 men once daily for
26 weeks. At 0, 2, 4, 8, 12, 16, and 24 weeks, samples were taken for
blood count, urinalysis, thymol turbidity, serum glutamic oxaloacetic
transaminase, sodium sulfobromophthalein, fasting blood sugar, and blood
urea nitrogen, These values remained essentially normal throughout the
test period (data not given). Symptoms of DMSQO exposure included malo-—
dorus breath, tramsient erythema in about one-fourth of the subjects
during the first two weeks, and transient burning and stinging in about
75% of the subjects during the first few weeks, Two subjects developed
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mild scaling diffuse erythematous dermaititis after 2-3 weeks, but this
eventually disappeared. Skin biopsies of the backs of six subjects at
the conclusion of the study revealed no sbmormal conditions, During the
test period no sedative or tranquilizimg effects of DMSO could be seen
in any of the subjects.

In acute exposure tests, 9 ml of 90% DMSO were applied twice daily
to the entire trumk of 20 subjects for threec weeks. At the end of the
treatment period hematologic, biochemical, and urinalysis values were
normal (data not given). Most patients experienced stinging and burning
during exposure, and about one—half displayed a transient erythema, Cn
day 12 one subject developed a toxic zeaction to the DMSO: diffuse
erythematons, scaling rash accompanied by severe abdominal cramps, These
symptoms disappeared after DMSO exposure was discontinued. On day 13 a
second subject developed & similar’ rash and reported slight nausesa,
chills, and chest pains; all symptoms abated durimg continued treatment.
Biopsies of botk subjects showed a mild perivascular lymphocytic infil-
trate, moderate acanthosis, absence of the granular layer, and a parak-~
eratotic, increased horny layer, Similar, but milder, cutaneous effects
were seer in biopsy samples, taken at three weeks from three subjects
who did not show outward signs of toxicity., Intradermal imjections of
0.1 mL of aqueous DMSO inte the backs of human volunteers produced
wheals and flares when concentration were above 0.01%. Concentrations cf
50% and above produced an inflammatory papule at 24 hr, Riopsies showed
edema, intense lymphocyte infiltrationm, and vasodilation, but little
epidermal change., Conjunctival toxicity was assessed by instilling two
drops of increasingly concentrated DMSO in the conjunctival sacs of
groups of adult men, Except for transient burning and stingipng at con-
centrations of 50% and higher, and occasional vasodilation, there were
no abnormal changes in the eye {(methods of examipation not given).

Contact semsitization was evaluated in 25 human suvbjects. Ninety
percent DMSO was applied in five 48~-hr occlusive patches to sites
inflamed by 10% sodium lauryl sulfate two weeks earlier, None of the
subjects showed signs of contact allergy. Twenty—-four-hour occlusive
patch tests were used to calculate a DMSO threshold irritating concen—
tration of 38%. One-hour occlusive patch tests showed that the histo-—
logically observable threshold for epidermal alteratioms caused by DMSO
occurred at a concentration of 50%. At 90% DMSO 2 papulovesicular reac-
tion occurred within 15 min to 1 hr which resulted in the mild scaling
dermatitis,

Analysis:

Although this study contains a large amount of data on DMSO toxi-
city, it is deficient in terms of experimental technique and presenta-
tion of the data., No controls were used in any of the tests, and
descriptions of bemotological and biochemical methods and results were
incomplete and could not be adeguately evaluated. However, the study
does provide useful data on chronie and acute dermal DMSO toxicity im
humans, particularly in providing an estimate of the minimum DMSO expo~
sures causing histological and clinical signs of toxicity. Descriptions
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of histopatbology and recovery of DMSO exposed cutanecous tissue are also
useful in evaluating potential effects of chromic exposures.

¢ Marin—-Padilla, M. 1966. Mesodermal alterations induced by dimethyl
sulfoxide. Proc. Soc. Fxp. Biol, Med, 122:717-720.

Review: Twelve pregnant hamsters were treated with 5500 mg/kg of
DMSO (concentration not given) on the eighth day of gestation, Groups of
animals were sacrificed 10 bhr, 12 hr, and 24 hr after dosing, and the
embryos were examined for developmental abmormalities. Histological stu-
dies showed mesodermal alterations im the cephalic region of the
embryos. The mesodermal cells appeared to be collapsed, and there was an
increase in tbe intercellular space, possibly due to the accumulation of
edema fluid. The collapse of the cephalic mesoderm results in failure of
the neursal tube to close and cramioschisis in the surviving fetuses.

Analysis:

It was noted by the author that the teratogemic effect produced by
DMSO in hamsters is morphologically similar to that induced by hyper-
vitaminosis A, Previous studies on hamsters have shown that doses of
DMSO of 1000 mg/kg or less, ip, do not produce teratogenic effects,

¢ Mathew, T., R. Karunanithy, M.H, Yee, and P.N, Natarajan. 1980. Hepa-
totoxicity of dimethylformamide and dimethylsulfoxide at and above lev-
els used in some aflatoxin studies, Lab, Invest. 42(2):257-262.

Review:

Hepatotoxicity of DMSO was studied in § to 6—week—o0ld male VWistar
albino rats receiving single intraperitomneal injectioms (1.2, 2.4, 3.6,
or 4.8 mL/kg) of doubly distilled laboratory grade solvent, Thirty to
thirty—two animals were included in each test group allowing for sam-
pling 12, 24, 48, 72, and 120 hr after dosing. A control group of 30
rats, receiving either 1.0 or 2.0 mL/kg distilled water, was sacrificed
at 120 hr.

Only minor morphologic changes occurred in the liver of rats
¢xposed to DMSO, and these occurred mainly in rsts exposed to the two
highest doses., These changes consisted of transient fatty infiltratiom
seen at 12 and 24 hr and were associated with depletion of glycogen
stores; however, the condition returned to normal at 48 hr. No inflamma--

tory changes, cellular atypism, or cell death were observed at any dose
level.

Analysis:
This study verifies that single ip exposures to DMSC do not cause

significant morphological changes in the liver of rats. The possible
long~term effects of multiple exposures was not evaluated im this study.
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¢ Rengstorff, R.H.,, J.P. Petrali, and V.M, Sim. 1971. Cataracts Induced
in Guinea Pigs by Acetone, Cyclohexanone, and Dimethyl Sulfoxide. Techn-
ical Report 4550. U.S., Army Medical Research Laboratory, Edgewood Arse-
nal, MD.

Review:

Nine to eighteen week old albinc guinea pigs were exposed to pure
or technical grade DMSO three times per week for 3 weeks. Ocular exami-
nations were made up to 6 months after the initial exposure to determine
the extent of lens alteration. The DMSO was applied either cutaneously
(0.05 ml.) or subcutaneously (0.05 ml of either a 1:1 solvent:saline
solution or a 5% sclution in saline)., Control animals received no treat-—
ment. Of 12 test animals exposed to pure DMSQ cutasneocusly, only one
developed cataracts., The cataracts were seen in this animal in months 3
and 4 but not in momths 5 and 6. Of 12 test animals given technical
grade DMSO cutaneously, three developed extemsive cataracts in months 5
and 6, Subcutaneous injection of technical grade DMSO (1:1
solvent:saline) did not produce cataracts in any of four guinea pigs,
and pure DMSO, administered in the same way, produced only minor, tran~
sitory, vacuolated areas in the lens (during months 2 and 3) in 2 of 4
test animals, Subcutaneous injection of a cutaneous injection of a 5%
DMSO solution resulted in major cataracts occurring throughout the
entire 6-month pericd in 3 of 12 animals given pure DMSO and in 2 of 12
animals given technical grade DMSO. In addition, 2 of the 12 hamsters
given technical grade DMSO developed minor cataracts in months 2 and 3,
but these disappeared in subsequent months,

Apalysis:

The data were not analyzed statistically to determine levels of
significance of the observed effects, and no saline-only control group
was used in any of the tests., The results, however, do corroborate the
findings of other studies showing ocular abnormalities in wvarious
species of rodents following DMSO exposure.

& Sams, W.M., Jr., N.V. Carroll, and P.L. Crantz. 1966. Effect of
dimethylsulfoxide on isolated-innervated skeletal, smooth, and cardiac
muscle, Proc, Soc, Exp. Biol, Med., 122:103-107.

Review:

The effects of DMSO on the respomnse of muscle tissue to electrical
stimulation was evaluated on isolated-innervated diaphragm, stomach, and
cardiac atrial preparations obtained from aduilt guines pigs. The tissues
were exposed to DMSO concentrations of 0.6 to 6%. DMSO depressed the
response of the diaphragm to both muscle and nerve stimulation and
caused spontauneous skeletal muscle fasciculations. It increased the
response of the smooth muscle of the stomach to both muscle and nerve
stimulation. The amplitude of atrial contraction was increased by DMSO,
but the rate of contraction was not altered. In vitro tests demonstrated
that DMSO was a cholinesterase inhibitor (7.8% DMSO caused 85%
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inhibition), and this may account for the observed effects on muscle
tissue,

Analysis:

The experimental data support the contention that DMSO is a cho-
linesterase inhibitor,

¢ Small, A, and R.8. Ide., 1976. Failure to detect mephrotoxicity of
chronically administered dimethyl sulfoxide (DMSO) in rats, Cryobiology
13:328-333.

Review:

Nephrotoxicity of DMSO was evaluated in 21-39-day-old male and
female Sprague-Dawley rats. The test animals, divided into groups of
ten, received intraperitoneal injectiomns of saline (controls); 2 g DMSO
(40% solution in salime)/kg/day for 28 days, or 4 g DMSO/kg/day for 28
days. Five of the rats receiving the higher DMSO dose, and one receiving
the lower dose, died during the test period. Both groups of rats showed
impaired growth, In samples taken at the end of the test period, serum
urea and creatinine concentrations were not higher than those of the
controls, and in vitro tests on remal cortical slices taken from the
test animals showed that the DMSO had no adverse effect on the ability
of the kidney to transport p—aminohippurate or N-methylnicotinamide.

Analysis:

This study is similar to others in demonstrating that chronic DMSO
exposures have no adverse effects on kidney fumnction.

¢ Smith, E.R,, M.M, Mason, and E. FEpstein. 1969, The ocular effects of
repeated dermal applications of dimethyl sulfoxide to dogs and monkeys.
J. Pharmacol, Exp., Ther, 170(1):364-369.

Review:

The effects on DMSO on hematology, hemochemistry, urimalysis, and
on lenticular changes in the eye were studied in dogs and rhesus mon-
keys. The dogs (beagles) were divided into groups of two amimals each
and were exposed to a daily dermal dose of 1.1, 3.3, or 11.0 g/kg (90%
aqueous solution) for 118 days. The monkeys were divided into groups of
eight animals each and received the same dose levels as the beagles, but
for 185 to 200 consecutive days. In both species the 11.0 g/kg daily
dose was divided in half and applied in the morning and aftermoon. Both
species e¢xhibited malodorous breath and desquamation at the application
site; both conditions disappeared after treatment stopped. In the dogs,
a dose—related myopia developed during treatment and intemsified in the
71- to 92— day- period after the last dose was given. The two animals
exposed to the highest dose developed a haze or opalescence in the
nuclens of the lemns of the eye during the 118 day dosing period, and 92
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days after the last dose was given, 5 of the 6 dogs exhibited lenticular
changes. Hematologic and hemochemical tests, corducted on samples taken
before, during, and after the treatment period, revealed no abmormal
values (numeric dats not given). Urinalysis showed that pH and specific
gravity were within reasonable limits, and no sugar, protein, or abmnor-
mal number of blood cells appeared in the urine. However, in the animals
receiving the two highest doses, the 24-hr urine volume and 24-hr total
hydroxyproline values tended to be higher during treatment. The data
were not analyzed statistically. :

No ocular abnormalities were observed in any of the monkeys given
DMSO, and all bematolegic and biochemical parameters were within normal
limits, There was, however, drug-related increases in 24— hr urine out-
put and hydroxyproline exzcretion and, in some cascs, also lowered uri-
nary pH and specific gravity. Gross anatomical examinations of monkeys
sacrificed at the end of the test period revealed no pathological condi-
tion except pleural adhesions or granulomats indicative of lung mites,

Analysis:

The most significant finding of this study was the absence of occu-
lar abnormalities in rhesus monkeys following chronic dermal administra—
tion of DMSO. The DMSO-induced diuresis and elevated hydroxyproline
excretion have been reported by other researchers.

¢ Staples, R.E. and M .M, Pecharo. 1973. Species differences in DMSO-
induced teratology. Acta Univ, Carol. Med. Monogr., 61:131-133.

Review: The teratogenicity of DMSQ was evaluated in hamsters, rats,
mice, and rabbits,

Hamsters received 3.3, 5.5, or 8.25 g/kg of DMSO {concentration not
given) intraperitoneally on day 8, days 7 through 9, or days 7 through
11 of gestation. Single exposures of 5.5 and 8.25 g/kg resulted in exen—
cephaly, cranioschisis, and cleft lip seen on day 11, and exencephaly,
hemangioma, absence of kidney and ureter and fused ribs seen on day 15.
Multiple exposures produced, additionally, microphthalmia, pug nose,
shortened maxilla, altered digits and limbs, heart and vessel malforma-
tions, and pelvic alterations., The use of either high dose on day 10 of
gestation did not elevate the incidence of gross, visceral, or skeletal
malformations above the control level, and single ip injections of 3.3
g/kg did not appear to be embryotoxic or teratogenic,

In rats subcutaneous doses of DMSO of 10.25 g/kg/day on days 8
through 10 of gestation were lethal to the embryos (specific data not
given) but were not terstogenic.

In the CF18 strain of mice, DMSO doses of 11 g/kgz administered
intra peritoneally on day 8, 9, 10, or 11 of gestation were
embryolethal, and very teratogenic. The embryos exhibited gross, vis—
ceral, and skeletal malformations, Significant skeletal abnormalities
were also seen at a dose level of 5.5 g/kg.

93



Subcutaneous injections of 90% DMSO at s dose level of 3.0 g/kg/day
in the Dutch Belted rabbit on days 8 through 11 of gestation resulted in
the death of 3 of 26 maternal animals, embryolethality, as determined on
animals sacrificed on day 28 of gestation, but mo teratogenic effects,

Analysis:

This analysis shows the considerable difference in teratogenic
effects of DMSO from species to species, and comsequently, until studies
are conducted on primate species, no reasonably definitive extrapolation
can be made as to the potential teratogenicity of DMSO in humans,

¢ Tates, A.D., and E. Kriek., 1981. Induction of chromosomal aberrations
and sister chromatid exchanges in chinese hamster cells in vitro by some
proximate and ultimate carcinogenic arylamide derivatives., Mutat. Res,
88:397-410,

Review:

One percent and ten percent DMSO were used as solvent controls imn
tests evaluating the chromosomal alterations caused by carcinogenic
arylamide derivatives. The assays were carried out on cultures of
Chinese hamster ovary cells in the presence and absence of an enzyme
activating system prepared from rat liver tissume (89 mix). Exposures
were for 1 hr at 37°C. Treated cells were analyzed for chromosomal aber-
rations and sister chromatid exchanges. Ten percent DMSO induced signi-
ficant numbers of chromosomal aberratiomns, but only when administered
with S9 mix (B85 aberrations per 100 cells with S9 mix, and 8 aberrations
per 100 cells without 89 mix), The number of sister chromatid exchanges
(SECs) per cell did not change significantly (13.9 + 4.5 with 89 mix,
and 8.9 + 3.1 without). Metabolic activation did not increase the fre—
quency of chromosomal aberrations at the 1% DMSO level, and the number
of SECs was similar to that occurring in 10% DMSO.

Analysis:

An increase in chromosomal aberratioms following DMSO exposure has
been reported in a number of studies. In some cases metabolic activation
was not regquired for the observed effect. However, in this study an S9
mix control would have been appropriate to verify that the reported
effect was due entirely to DMSO.

¢ van der Watt, J.J. and I F.H, Purchase. 1970. The acute toxicity of
retrorsine, aflatoxin and sterigmatocystin in vervet monkeys. Br, J.
Exp. Pathol, 51:183-190.

Review:
As a solvent control in studies on the hepatotoxicity of sterigma-

tocystin, two vervet monkeys were injected intraperitomesally with 0.4
ml./kg or 2.0 mL/kg of DSMO (concentration not given). Both monkeys
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survived for a 10-day-pos exposure period and were then sacrificed. His-
tological examination revealed that liver tissue from the animal exposed
to 0.4 mL/kg showed distinct centrilobular fatty changes, and tissue
from the monkey receiving 2.0 ml/kg had diffuse hepatocellular fatty
changes.

Analysis:

Four animals that received only methyl cellulose (5.0 ml) served as
a second control group and none of these showed any microscopic altera-
tion in liver tisswe. The significance of the fatty changes seen in the
DMSO animals was not evaluated in terms of liver function and enzyme
activity.

¢ Vogin, E.E., §, Carson, G. Cannon, C.R. Linegaf, and L.F. Rubin, 1970,
Chromic toxicity of DMSO in primates. Toxicol. Appl. Pharmacol. 16:606~
612. ‘

Review:

Eighteen—month~long chronic DMBO toxicity studies were conducted on
rhesus monkeys. Daily doses of 1, 3, or 9 mL/kg body weight of a 90%
aqueous DMSO solution were administered topically, on the abdomen, or
intragastrically in equally divided doses each morning and aftermnoon.
Control animals received 9 mL/kg of water. Four or six test animals
{male and female) were used in each test group.

Five of the six monkeys receiving 9 mL/kg per day orally died
between weeks 15 and 53. These animals had emphysema and atelectasis
which were the pathopneumonic csuses of death. It was noted that it was
impossible to exclude the probability that some regurgitation and or
tracheal inspiration of the DMSO may have occurred, These animals were
emetic and anorexic throunghout the test period and exhibited consider—
able weight loss. Monkeys receiving smaller oral doses showed sporadic
signs of emesis and ptyalism and weighed slightly less thanm controls at
the end of the study.

Animals tested topically with DMSO exhibited localized scaling and
flaking of the skin, but only during the initial phases of the study.
Erythema of the skin occurred in some monkeys im all treated groups.

Physical examinations, conducted on all treated animals during
weeks 1, 4, 7, 12, 24, 37, 51, and 73, revealed no DMSO-related changes
in mean systolic blood pressure, heart rate, respiratory rate, body tem—
perature, 48 hr water consumption, neurological reflexes, and electro-
cardiogram.

Ocular examinations revealed that one monkey (in the group receiv—
ing 1 ml./kg topically) bhad & unilateral complete retinal detachment and
syneresis of the vitreous humor. Nome showed any signs of leaticular
changes, ‘
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Hematologic tests, conducted at siz-—month intervals, and including
blood cell counts, hemoglobin, hematocrit, and prothrombin, and biochem—
ical tests such as bloed urea nitrogen, glucose, serum glutamic-pyruvic
transaminase, and serum alkaline phosphatase, were not significantly
different from those of the control group. There were also no differ-
ences in erythrocyte sedimentatiom rate, BSP retentiom, creatinine
clearance, urinalysis, and absolute or relative organ weights,

Histomorphologic examinations were made on liver, spleen, stomach,
small intestine, large intestine, pancrease, kidneys, bladder, adrenalin
glands, thyroid, pituitary, thymus, salivary glands, lymph nodes, heart,
lungs, femoral bone marrow, skin, skeletal muscle spinal cord, brain,
gallbladder, epididymis, seminal vesicles, prostate, uterus, aorta, lar-
ynx, trachea, peripheral nerve, diaphragm, and lacrimal glands, and no
pathological lesions were observed in any of these organs,

Analysis:

Statistical analysis of the hematologic, biochemical, and uri-
nalysis data would have been appropriate, but this may have been pre-
cluded by the small pumber of animals in each test group., Also, the time
periods between dosing and blood and urine sampling were not given, and
the possibility exists that transitory changes in hemotologic and/or
biochemical parameters may have been overlooked. However, the most sig-
nificant finding of this study was the absence of any pathological
change in any organ system, even after eighteen months daily exposure to
DMSQ. Particularly important was the absence of hepatotoxicity, adverse
erythropoietic activity, or lenticular abnormalities.

¢ Willson, J.E., D.E. Brown, and E.K. Timmens. 1965. A toxicologic study
of dimethyl sulfoxide. Toxicol. Appl. Pharmacol. 7:104-112,

Review:

Acute lethal toxicity assays were conducted on male and female
albino mice (19-26 g) and Carworth CFN rats (112-140 g). Intravenous
dose levels were 2.5, 5.0, or 10 g/kg. Oral dose levels were 10, 20, or
40 g/kg. The LD50 values were 5.75 g/kg, iv, and 21.4 g/kg, oral, for
mice and 5.36 g/kg, iv, and 28.3 g/kg, oral, for rats., Chronic exposure
studies were conducted on groups of ten Carworth CFN rats receiving
daily intraperitomeal injectioms of 0.5, 1.0, 2.0, 4.0, or 8.0 g/kg of
undiluted DMSO six times per week for a maximum of 24 injectioms, Con-
trols received normal saline. Half the animals were sacrificed at the
end of the treatment period and half after a 4-week recovery period.
Eight of the animals exposed to 8 g/kg/day died during the treatment
period, Animals in this group were anemic (decreased hemoglobin and
hematocrit values), and some exhibited reticulocytosis; however, the
surviving eanimals had normal hematologic values after the 4-week
recovery period.

Chronic exposure studies were also conducted on mongrel dogs.
Groups of three or four animals received daily iv injections of 0.3,
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0.6, 1.2, or 2.4 g/kg of pure or diluted DMSO (diluted in 5% dextrose) 6
times 8 week for a maximum of 24 doses. About bhalf the animals were
sacrificed 24 hr after the last dose and the remainder after a 3-4-week
recovery peried. All test amimals survived doses as high as 1.2 g/kg. At
2.4 g/kg both males died during the first injection, and the females
died at the 17th and 21st injection., The iv injection resulted in
perivascular inflammatory reactions and intravascular thrombi at all
four dose levels. Anemia, characterized by reduced red blood cell count,
bemoglobin and hematocrit values, and accompanied by reticulocytosis,
was generally dose correlated (data not given). The bone marrow appeared
normal histologically, but showed signs of erythroid hyperplasia. Hemo-
globinuria and hematuria were observed during the treatment period.
{loudy swelling and granularity of the parenchymal cytoplasm of the
liver occurred at all dose levels, and bilary thrombi were occasionally
seen at the 1.2 g/kg dose level. Serum bilirubin values and prothrombin
times did not indicate any evidence of hepatic disease; however, biliru-
binuria was frequently noted and serum transaminase values (primarily
glutamic—oxalacetic) were slightly elevated in some dogs at the highest
dose levels (data not given). Histological examination revealed accumu-
lations of yellowish, brown pigment in sections of the liver, spleen,
kidney, and at the injection site, at all dose levels.

Analysis:

Although not all the hematologic data were given in detail and
although there was no statistical amalysis supporting the conclusions of
the authors, the reported hemolytic effects of high doses of DSMO are
not in conflict with those of other studies. The reversibility of this
condition has also been noted by other researchers.
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REVIEW AND ANALYSIS OF
PERTINENT REFERENCES ON THE EFFECTS OF
THE INTERACTION OF DMSO WITH OTHER CHEMICALS
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¢ Ansel, H,C. 1967. Hemolysis of erythrocytes by antibacterial preserva-
tives., IV. Hemolytic activity of chlorhexidine diacetate, diacetate. J,
Pharm, Sci. 56:616-619.

Review:

DMSO was tested for its effect on chlorhexidine diacetate~induced
hemolysis of erythrocytes. Heart blood of rabbits was collected, and
washed erythrocyte preparations were incubated with 110 pg/ml of
chlorhexidine for 45 min at 37°C. At the end of this period, the degree
of hemolysis was determined colorimetrically. The effect of
chlorhexidine~induced hemolysis was determined in the presence of vari-
ous concentrations of DMSO (0.4-30%) and compared with agent-induced
hemolysis in saline,.

At a chlorhexidine concentration of 110 pg/ml, there was a progres—
sive decline in the hemolysis of erythrocytes with increasing concentra-
tions of DMSO up to 10%. A further increase in DMSO concentration
reduced the protection because DMSO itself caused hemolysis with higher
concentrations.

Analysis:

These results demonstrate the protection of the erythrocyte mem—
brane by DMSO against the hemolyzing action of chlorhexidine at a con~-
centration that otherwise wounld hemolyze 100% of the erythrocytes.
Although the mode of protection was mnot elucidated from these studies,
the author concluded that DMSO interferes with cellular mechanisms lead-
ing to hemolysis by chlorhexidine,

¢ Barilyak, I.R., L.V, Neumerzhitskay, and A.N; Turkevich, 1977. Antimu~-
tagenic and antiteratogenic properties of dimexide (DMSO). Cytol.
Genetic 12:45-50.

Review:

This is 8 study in rats of the teratogenic and embryolethal proper—-
ties of the antimalarial drug chloridin, and the antitumor drug 6-
mercaptopurine (6 MP), and the modification of their effect by DMSO,
Randomly bred white rats were given 50 mg/kg of chloridin **#&¥% () 4
diamino—~5-p—chlorophenyl~6~ethylpyrimidine), or 60 mg/kg of 6-
mercaptopurine po on day 13 of gestation. A group of these animals was
injected ip with 5 ml/kg of DMSO 30 min before administration of chlor-
din or 6 MP. The rats were sacrificed on day 20 of gestation and the
number of live fetuses and implantation sites recorded. Some of the
fetuses were evaluated for the existence of external and internal mal-
formations, i.e.,, cerebral, skeletal, limb, paw, and genito-urinary
anomalies. In another series of experiments the same doses of drugs and
of DMSO were given to young adult male rats. They were sacrificed 48 hr
later and an evaluation of chromosome morphology in bone marrow was
made,
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The embryotoxicity (number of implantation sites), fetotoxicity
(number of live fetuses), and teratogenicity were significantly reduced
in the group of rats givem DMSO before administration of the drugs. The
percentage of fetal defects was reduced from 100 to almost zero in the
DMSO treated animals. Results of the cytogenetic studies showed that the
percentage of structural chromosome aberrations, e.g., aneuploidy,
induced by chloridin or 6 MP was significantly reduced in rats pre-
treated with DMSO,.

Analysis:

DMSO given ip 30 min before po administration of chloridin or 6 MP
reduced the embryolethal and teratogemic effects and the incidence of
chromosome aberrations resulting from these drugs. Reduction of the
effects on embryos was dramatic while protection against chromosome
anomalies was moderate., The number of rats used per group and the number
of cells scored for aberrations were adequate, but control groups given
saline in place of DMSO were not included,

¢ Beveridge, S.J., M.W, Whitehouse, and W.R, Walker. 1982. Lipophilic
copper (IXI) formulations: Some correlation between their composition and
anti~inflammatory/anti—arthritic activity when applied to the skin of
rats. Agents and Actions 12:225-231.

Review:

Several copper complexes were tested for their ability to reduce
inflammation or arthritic conditions in rats using various vehicle com—
binations of DMSO, glycerol, and ethanol, Inflammation was induced in
the paws of male Wistar rats by an injection of hydroxylapatite or
carageenan, and paw thickenss was measured 2, 4, and 6 hr later, An
arthritic condition was induced in the paws of PVG X DA male rats by an
injection of arthritogenic adjuvant into the base of the tail., Twelve
days later, the copper complexes in each of the vehicles were applied
daily for 4 days to the skin over the swollem joints, and the reduction
of paw thickness and the extent of skin lesions were recorded.

Of the various combinations of DMSO, glycerol, and ethanol tested
as vehicles for copper salicylate, the most potent antiinflammatory and
antiarthritic topical preparation contained DMSO with 20% glycerol. This
preparastion also produced minimal dermatotoxicity as judged by skin
lesions,

Anglysis:

The authors were convinced that because of the solvent and
penetrating properties, DMSO is a perferred vehicle for the therapeutic
use of copper complexes such as copper salicylate. The principal thrust
of the paper, bowever, was the antiinflammatory and antiarthritic pro-—
perties of many kinds of copper complexes rather than the effects of
different vehicles,
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A statistical analysis of the data was not presented, and the
number of animals used was not specified in some experiments, Despite
the fact that the data are priscipally of a qualitative nature, it
appears safe to conclude that, compared to ethanolic formulations of
copper salicylate, DMSO-glycerol preparations of the copper complex
appeared to be more potent topically as an antiinflammatory and
antiarthritic agent in rats.

¢ Cambon, C., Y. Fernandez, M. Falzon, and 8, Mitjavila, 1981, Variation
of the digestive absorption kiretics of carbaryl with the nature of the
vehicle, Toxicology 22:45-51.

Review:

“Studies were made of the effect of DMSO on the acute appearance and
disappearance rate in blood of the insecticide carbaryl from gastric and
intestinal sites of young adult female Wistar rats. The abdominal cavity
of anesthetized animals was opened, and 14¢ carbaryl in DMSO (33% in
water), olive o0il, 2% gum tragacanth, or milk was injected intragastri-
cally or intraduodenally. To measure the kimetics of carbaryl absorption
from these sites, }4C and acetylcholinesterase determinations in the
blood were made at hourly intervals,

When carbaryl was administered in the DMSO solution, the rate of
absorption from the duodenum was 14 times faster than from the stomach,
Absorption rates from the stomach and intestine were greater if carbaryl
was given with DMSO than with tragacanth or milk. The rate of absorption
of the insecticide from the duodenum was an order of magunitude higher
when given in DMSO than in olive o0il, milk, or tragacanth,

Over the 5-hr period studied, blood levels of carbaryl remained at
the maximum attained levels and did not appesr to be influenced by route
of administration or vehicle, Thus, although absorption rates may be
vehicle dependent, the final amount of carbaryl delivered to the blood
was the same for all vehicles,

Anélzsis:

The dats demonstrate differential absorption rates of carbaryl in
DMSO from the stomach and intestime. This differential is not surprising
in view of the fact that little absorption occurs from the stomach. The
extremely rapid absorption of carbaryl from the duodenum in the presence
of DMSO, compared to other vehicles, may reflect the ability of DMSO to
enhance permeability of the intestinal epithelium to the imsecticide. It
appears, hbowever, that the vehicle used had no effect on the maximum
concentration and amount of carbaryl delivered to the blood.

¢ Dachi, S.F., J.E. Sanders, and E.M, Urie. 1967. Effects of dimethyl-
sulfoxide on dimethylbenzanthracene—induced carcinogenesis in the ham—
ster cheek pouch. Cancer Res, 27:1183-1185.
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Review:

The purpose of these experiments was to determine the effect of
DMSO on dimethylbenzanthracene—induced tumor parameters, DMSO was com—
pared to mineral oil as a vehicle for dimethylbenzanthracemne (DMBA)
which was used to produce carcinomas in the cheek pouch of the male
Syrian hamster. Seven groups of 16 animals (9 weeks old) each were used,
and DMBA at concentrations of 0.005, 0.05, 0.1, or 0.5% was painted on
the cheek pouch either twice or thrice weekly. Some animals were sacri-
ficed 2, 5, 10, or 15 weeks after the appearance of tumors while others
were sacrificed when impending death was obvious, The onset time of
tumor appearance, the number and size of tumors, and survival time were
recorded as well as a necropsy and histologic evaluation of each animal,

The incidence of squamous cell carcinoma was 100% in all groups
that received DMBA except in the low dose DMBA-mineral oil group for
which the incidence was zero, The same low dose applied in DMSO yielded
100% tumors,

In the groups that received either 0.1 or C.5% DMBA, the mean
latent period was significantly reduced by about 64% when DMSO was used
as & vehicle, The mean survival time of animals with tumor was about the
same whether DMSO or mineral o0il was used as a vehicle.

In the group that received 0.5% DMBA in DMSO, 8 of the 10 surviving
hamsters also had tumors on the contralateral cheek pouch while none
were noted at this location in the DMBA-mimneral oil group.

Regardless of which vehicle was used, there were no morphologic
differences in the tumors induced by DMBA nor were any pathologic
changes observed in other organs of any group, e.g., metastatic lesions.

Analysis:

Results of these studies conclusively demonstrate the augmentation
of DMBA-induced carcinoma by DMSO. The protocols and data are presented
upambiguously, and the conclusions are firmly supported by the results.
A sufficient number of animals and an appropriate statistical analysis
of the data were used. It should be noted that although tumor numbers
were determined, no mention of them was made.

Compared to mimeral oil, the principal effects of DMSO on DMBA-
induced tumorgenesis were (1) a2 reduction ir the latent period, (2) a
100% tumor incidence at a low dose of DMBA that in mineral oil yielded
no tumors, and (3) the appearance of contralateral tumors., A minimal
discussion of the results was presented.

¢ Dixon, R.L., R.H. Adamson, M, Ben, and D.P. Rall. 1965. Apparent lack
of interaction between dimethyl sulfoxide (DMSO) and a variety of drugs,.
Proc, Soc. Exper, Biol, Med. 118:756-759.
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Review:

These experiments were desipgned to determine whether the toxicities
of a variety of drugs commonly used clinically were altered by DMSO (25%
in saline) as a vehicle compared to saline, As & measure of toxicity,
IDsps and barbiturate sleeping time in male Swiss mice were determined
for these drugs administered ip or orally. Using at least four dose lev-
els and ten mice per dose, the ILD5p of the following drugs given ip were
determined in 25% DMSO or in saline: chlorapromazine, curare, imsulin,
morphine, ouabain, penicillin, pentabarbital, vincristine, and 1,3-
bis(2-chlorethyl)-1-nitrosourea. Aspirin and pencillin were also tested
po. In addition the effect on sleeping time of DMSO solution (2.5 mg/kg)
administered sc 1 hr, 24 hr, 7 days, or daily for 7 days before ip
injection of 100 mg/kg of barbituate was determined.

Results of these tests showed that for each drug, the LD5gp in DMSO
solution was essentially the same as that in saline. Likewise, nome of
the drugs changed the barbiturate sleeping time.

Analysis:

The tabular data presented in this article show that DMSO solution
as a vehicle for ten commonly used drugs in human medicine does not
alter their toxicity in mice. The suthors state also that none of the
drugs changed barbiturate sleeping time, but data are mnot presented,
This finding would suggest that DMSO had no detectable effect on barbi-
turate detoxification by the liver. The administration route for some of
the drugs was omitted and some of the results are simply stated without
including tables or graphs of data, '

¢ Elzay, R.P. 1967, Dimethylsulfoxide and experimental oral carciro-
genesis in the hamster pouch. Arch, Path. 83:293-297.

Review:

IMSO and mineral oil were compared as vehicles for 7,12~dimethyl~
benzanthracene—induced (DMBA) oncogenesis in the hamster cheek pouch.
Five-week o0ld golden Syrian hamsters were divided into 3 groups of 25
animals each. DMBA (0.5%) in DMSO or mineral oil was applied to the
cheek pouch 3 times a week for 11 weeks, and the animals were observed
for an additional 12 weeks. The hgmsters were sacrificed, the tumors
counted and graded, and tissues prepared for histologic evaluation,

The wesn latent period for grade 1 and 2 papillomas was 127 days in
the DMBA-mineral oil group and 114 days in the DMBA-DMSO group. There—
fore, DMSO as a8 vehicle did not significantly alter the mean time of
appearance of papillomas. However, based omn clinical and histologic evi-
dence, the author concluded that DMSO augmented DMBA-induced carcino-
genesis in the cheek pouch epithelium. This conclusion was based on two
observations, First, although 100% tumor incidence was observed for DMBA
in each vehicle, the DMBA-DMSO group had more grade 1 and 2 papillomas
and fewer modules; second, carcinomatous transformations and carcinoma
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incidence were higher in the DMBA-DMSO group., Mortality figures were
tabulated and amounted to 41% in the DMBA-DMSO group and 60% in the
DMBA-mineral o0il group. An evaluation of this difference cannot be made
in terms of the vekicle effect because the anthor stated that deaths
appeared to result from wet tail, which is a consequence of an infec-
tious disease in hamsters,.

Analysis:

This is a study which emphasized the histologic characteristics of
tumors induced by DMBA administered either in DMSO or mineral oil. The
results indicate that while the mean latent period for appearance of
papillomas was not changed by DMSO, the histologic evidence supports the
view that DMSO augmented DMBA carcinogenesis compared to mimneral oil as
a vekicle,

¢ Feldmann, R.J. and H,I. Maibach, 1966, Percutaneous penetration of 14¢
hydrocortisone in man, Arch, Derm, 94:649-651.

Review:

A study was made in vivo of the effect of vehicles on the penetra-
tion of hydrocortisone and testosterome through skin of the human
forearm, Fach vehicle was prepared as a 25% solution in acetone, and 60
pg of each radiclabeled steroid was applied in a volume of 0.1 mL to the
skin, After the acetone had evaporated, the residunal steroid concentra-—
tion amounted to a 0.24% solution. Urine was collected over the next 5
days and analyzed daily for radioactivity. Percutaneous penetration of
the skin by the steroids was judged by their cumulative excretion in the
urine, Four or five subjects were used for each experiment,

The cumulative 5—day urine excretion of hydrocortisone applied in
DMSO was fourfold higher than when applied in acetone only (i.e., hydro-
cortisone alone because acetone evaporated shortly after application),
The penetration rate of hydrocortisone was greater from the DMSO solu-
tion than from solutions of dimethylforamide, dimethylacetamide, pro-
pylene glycol, or mimeral oil, The same kind of results were obtained
with testosterone., From the data presented, only about 1% of the spplied
hydrocortisone and 12% of the testosterone had been excreted in 5 days.

Analysis:

This study is one of the few reviewed that demomnstrated in humans
the enhancement of skin penetration of substances by DMSO in vivo. The
limitations of using urinary excretion of a substance applied topically
to assess skin penetration kinetics are not well defined, but the tech-—
nique does represent a first approach to in vivo studies in humans,

¢ Finogenova, M.A. 1974. Effect of dimethyl sulfoxide as the carcinogen
solvent on induced carcinogenesis of the skin in mice. Bull. Exper.

Biol, Med/ 77:167-168.
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Review:

Mice were used to study the effect of DMSO on the induction of
papillomas and carcinomas by 20-methylcholanthrene (MC). Adult male (CBA
X C57BL)F1 mice were exposed percutaneousiy to MC in DMSO or benzene.
Solutions (20 ul) were applied to the clipped skin of animals once a
week presumably for the entire observation period. Two concentratioms of
MC were tested, 0.25% and (0.5% in DMSO and in benzene; 39 to 49 mice
were used in each group.

In the groups exposed to MC in DMSO, the onset of papillomas and
carcinomas was 1 to 3 weeks earlier and the mean period of development
was 0.4 to 1 week earlier than observed for the benzene-MC group. There
were no differences in the mean number of papillomas between the two
groups.

Analysis:

In all cases, the data show that differences in onset time and mean
period of development of tumor were slight despite the fact that some
were stated to be significant at the 5% level, A more conservative
appraisal of the data suggests that compared to benzene as a vehicle for
MC, DMSO had no influence on skin tumor parameters in mice.

o Freston, J.W. and I.A.D. Bouchier, ®#*#¥%%% Potentiation of carbon tetra—
c¢hloride toxicity by dimethyl sulfoxide.

Review:

The purpose of this study was to elucidate the effect of DMSO on
carbon tetrachloride (CCl4) toxicity in fasting female Sprague-Dawley
rats, CCl4 in an equal volume of paraffin was given po simultaneously
with an ip injection of DMSO at 2 mL/kg of a 90% soletion. Control rats
received saline rether than DMSO,

Toxicity was evaluated in terms of the LD5Q, changes in liver lipid
and serum enzymes, and the serum and liver kimnetics following abosprtion
of radiocactive (14C) (Cl4. The latter measures were made to determine if
DMSO enhanced gastrointestinal absorption or hepatic uptake of CClg.

The LDsq of CCl4 was reduced from 4.26 ml/kg to 2.22 mL/kg when
administered with DMSO (number of doses and rats not specified). CCly4
with DMSO also enhanced CCl4 toxicity in regard to total liver lipid and
centrizonal liver necrosis and exaggerated the mean and range of serum
aspartate transaminase level associated with hepatotoxicity. Blood
kinetics of labeled CCl4 were not altered by DMSC, but CCl4 in the liver
was retainmed at higher levels longer in DMSO-treated animals,

Analysis:

These results demonstrate that DMSO given ip increased the toxicity
of CCl4 in terms of lethality and as judged by hepatic injury as
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reflected in histologic criteria by CCl4 retention by the liver, and by
serum levels of an enzyme associated with hepatotoxicity. However, the
reduction in LD50 for the CC14-DMSO group was quite small and may be of
boarderline significance despite the fact that the 95% confidence inter—
vals did not overlap. Similerly, the increase in liver injury parameters
wes moderate at best in the rats given CCl4 and DMSO,

¢ Gill, T.S., M,S, Guram, and W,F. Geber, 1981, Comparative study of the
teratogenic effects of chlordiazepoxide and diazepam in the fetal ham—
ster, Life Sciences 29:2141-2147.

Review:

One purpose of this series of experiments was to compare the tera-—
togenicity of diazepam in different vehicles following administration to
pregnant animals, Syrian golden hamsters (10 per group) were given a
single ip injection of diazepam in undiluted DMSO, carboxymethylcel-—-
luose, (0.5% in water) or sorbitol (70% in water) on day 8 of gestation,
The animals were sacrificed on day 12 to examimne the fetuses for exter-
nal malformations.

The percentage of external malformations (e.g., atrophy, exterior—
ized organs, abnormal cramnial features), in fetuses of hamsters given
130 or 370 mg/kg of diazepam was highest when DMSO was the vehicle, The
incience of malformations was almost 90% in the diazepam-DMSO group com—
pared to less than 11% in the diazepam—carboxymethylcellulose or
diazepam~ diazepam—sorbitol group.

Analysis:

These results show that of the three substances tested as vehicles
for diazepam, DMSQ resulted in the highest incidence of external abmnor-
malities in fetal hamsters. Therefore, the synergistic effect of
diazepam teratogenicity of DMSO was established. A more complete
analysis of the potentiation would have included documentation of
implantation and resorption sites as well as an evaluation of internal
malformations, such as skeletal abnormalities, and a statistical evalua-
tion,

¢ Highman, B, and P.D. Atland., 1969. Effect of dimethyl sulfoxide on
serum enzymes and tissues of rats given epinephrine and cortisome, Life
Sciences 8:673-683.

Review:

Experiments with young adult male Sprague-Dawley rats were con—
ducted to examine the influence of DMSO on tissue changes induced by
epinephrine and/or cortisone, DMSO was injected ip at 4.5 g/kg immedi-
ately before sc¢ injection of the adremal hormones. At intervals up to 48
hr after treatment, cardiac blood was obtained and analyzed for glutamic
oxalacetic transaminase {(SGOT), glutamic pyruvic transaminase (SGPT),
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aldolase (AL), alkalins phosphatase (ALP), lectic dehydrogenase {(LDH),
malic dehydrogenase (MDH), urea nitrogen (N}, and glucose. Major organs
were processed for histologic examimation, especially for lipid and
glycogen changes, : ,

The epinephrine—induced increases im the serum enzymes and glucose
were either unchanged or moderately increased by DMSO administration,
The epinephrine—induced "fatty acid changes™ in the heart (but not liver
or muscle) and lipid depletion in the adrenals were diminished by DMSO.
Also, DMSO reduced the severity of liver necrosis produced by
epinephrine~cortisone administration.

Analysis:

The effect of DMSO on tissue damage resulting from epinephrine
and/or cortisome are incidential to the main theme of this report.
Nonetheless, the results support the conclusion that DMSO given before
epinephrine affords some protection against tissue injury as reflected
by the appearance of enzymes in the serum associated with that injury.
DMSO also appeared to provide partial protection against epinephrine—
induced fatty accumulation in the heart and lipid depletion in the adre~
nals as well as against epinephrine-cortisone~induced liver necrosis.

¢ Iversen, O.H., E., Thorud, and G. Volden. 1981, Inhibition of
methylcholanthrene—induced skin carcinogenesis in hairless mice by
dimethyl sulfoxzide., Carcinogenesis 2:1129-1133,

Review:

This study was made to determine whether the addition of DMSO to
acetone as a vehicle for 20—methylcholanthrene (MC) effected a change in
oncogenesis in mice, Male and female bhairless Oslc strain mice were
given five topical applications of 470 n moles of MC in 0.2 mL at one
week intervals, A 50/50 mixture of DMSO and acetone was used as a vehi-
cle for MC in one group of 56 animals while MC in acetone was used as a
vehicle for a control group of 47 mice. The animals were observed over a
75-week pericd during which time development of papillomas and carcino-
mas was recorded, E

The results showed that the group treated with MC in DMSO/acetone
had higher mortality than the acetone-MC group. On day 75, only 50% of
the DMSO/acetone~MC group were alive compared to 68% of the acetone~MC
mice. In the DMBSO/acetone-MC group, the onset of tumor appearance was
delayed 4 weeks and the subsequent rate of appearance of all tumors was
less than in the acetone~MC group. On day 75, the tumor incidence im the
DMSO/acetone—MC group was significantly lower (63%) than in the acetone-—
MC group (81%). There was also a lower incidence of carcinoma in the
DMSO/acetone~M{ mice, but it was of borderlime significance.
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Analysis:

The data from the experiments indicate that DMSO in the
DMSO/acetone vehicle for MC had an inhibitory effect on MC—induced skin
carcinogenesis in mice. It also appeared that DMSO rendered MC more
toxic as reflected in the higher mortality in that group of mice.
Effects of DMSO on MC metabolism or delivery of MC to target tissues
were considered as possible explanations for these effects,

¢ Joesten, M.D. and R, A, Hill, 1966, Toxicity of metal complexes of
octamethylpyrophosphoramide in water and dimethylsulfoxide. J, Agr. Food

Chem, 14:512-514.
Review:

One purpose of this study was to determine the effect of DMSO on
the toxicity of octamethylpyrophosphoramide (OMPA) and of metal salts
and their complexes with OMPA. Adult Ha ICR Swiss Webster male mice were
used to determine LD50s (16 to 41 mice per substance) and to record
observable toxic signs for the test agents administered ip in 0.2 mL of
DMSO or water.

According to the LD5sgs and toxic signs, the toxicities of
NaCl1046l120, or FeCl3oH20, were about the same whether given in DMSO or
water, i.e., about 1150 and 300 mg/kg, respectively. OMPA alone was
somewhat more toxic in DMSO than in water. Of the 6 metal-OMPA complexes
studied (i.e., Fe, Na, Mg, Mn, Co, Zn), only iron in a FeCl4 form was
more toxic in DMSO (IDs5o 4.8 mg/kg) than in water (ID50 21 mg/kg); and
the LDsps of the other complexes were mot significantly different from
those in water. However, it was observed that compared to water as a
vehicle, the metal complexes administered in DMSO extended the time
range over which deaths occurred,

Analysis:

The minimum acceptable number of mice per dose and number of doses
tested were employed in this study. The data however would appear to
show that for mice, an ip injection of Na, Mg, Mn, Co, or Zn complexes
of CMPA were no more or less toxic in DMSO than in water as a vehicle,
The iron complex was about 4 times more toxic in DMSO than in water. The
extended length of time over which deaths occurred when the vehicle was
DMSO suggests an altered mode of toxicity.

o Kastin, A.J., A. Arimura, and A.V. Schally. 1966. Topical absorption
of polypeptides with dimethylsulfoxide., Arch, Derm. 93:471-473,

Review:

The purpose of these studies was to determine whether DMSO compared

to saline altered topical absorption of antidiuretic hormone or adremo-
corticotropin in the rat and melanocyte stimulating hormone in the frog.
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Young adult Sprague-Pawley rats were prepared in a way that allowed
determinations of the rate of urine flow following application of
antidiuretic hormone (ADH) to shaved abdominal skin. Two units of ADH
were applied either im saline or im 3 70% solution of DMSO in salime, In
a second series of experviments, 5 units cf corticotropin in salime or
70% DMSC were applied to the shaved skin of rats, and, at intervals,
blood was analyzed for the concentrations of the adrenal steroid, In a
third series, the skin of hypophysectomized adult male Rans pipiens was
exposed to from 400 to 4000 units of melanocyte~stimulating hormone
(MSH) and the degree of darkening of melanin pigment granules in dermal
melanocytes of the web of the foot was determined 1 hr after applica-
tion,

Only 1 of 6 rats in the DMSO-ADH group showed a clearly positive
response to ADH (reduced urine flow) that was greater than observed for
animals in the saline—ADH group. Therefore, results of this series were
inconclusive., Over a 2~hr interval studied in groups of 5 to 15 rats,
the plasma concentrations of corticosterone (derived from percuntaneous
corticotropin} at four intervals were essentially the same whether the
steroid was applied with saline or with 70% DMSO. Thus, DMSO appeared
not to alter the percutaneous penetration of corticotropin.

In 3 of 5 experiments utilizing 4 to 22 frogs per group, the MSH-
DMSO animals manifested a melanocyte response significantly greater than
that of thbe MSH-ssline group. For recasons not stated, the authors con-
cluded ;that the small increase in response (20 to 70%) was probably
insignificant,

Analysis:

Of the three responses studied, the results with ADH are weak
because only 6 rats were used, and no meaningful conclusions can be
drawn from the data, Clearly, DMSO did not enhance penetration of cor-
ticotropin through rat skin. In view of the data and the authors’ con-—
clusions, the influence of DMSO on penetration of MSH in frog skins can
only be comsidered guestionmable. It could be concluded from these exper-
iments that DMSO did not appreciably alter the penetration of topically
applied ADH, corticotropin, or MSH.

¢ Klaassen, C.D. 1973. The effect of altered hepatic function on the
toxicity, plasma disappearance and biliary excretion of diethylistilbes—
trol. Toxicol. Appl, Pharmacol. 24:142-149,

Review:

One of the purposes of this investigation was to determine the tox-—
icity of the synthetic steroid diethylstilbestrol (DES) in DMSO,
ethanol, and propylene glycol (PG)., Adult male Sprague-Dawley rats were
used to determine the 24 hr LD5p for intact and bile~duct-ligated (BDL)
animals. The LD50s for DPES in DMSO (10 mL/kg), ethanol (2.5 mL/kg), and
PG (5 mL/kg) were, respectively, 100, 34, and 3530 mg/kg. Comparable
IDsgs in BDL rats were reduced to 0.75, 0.47, and 99 mg/kg,
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respectively. In animals given DES in DMSO, deaths usually occurred im 1
hr while deaths from DES in PG occurred 18-24 hr after dosing.

Analvysis:

Results of these experiments show that of the three vehicles used
for oral administration of DES, this steroid was most toxic in ethamol
and least toxic in PG with DMSO intermediate. Although the same order of
toxicity for DES in the three vehicles was observed in animals with
blocked biliary excretion (BDL), the LD5Q of DMSO was 140 times less in
BDL than in intact rats, Why DMSO rendered DES much more toxic in BDL
rats than in normal animals probably resulted from faster absorption of
DES by intestinal epithelium, which may have accounted for the rapid
rate of deaths in the BDL group.

The small numbers of rats per group (5) used in these experiments
reduces the impact of the results; yet the large differences in LD5gs
indicate that the qualitative aspects of the data are valid.

¢ Kocsis, J,J., 8. Harkaway, M.C, Santoyo, and R. Snyder. 1968. Dimethyl
sulfoxide: Interactions with aromatic hydrocarbons. Science 160:427-428.

Review:

Rats (Wistar males) and mice were used to study the effects of DMSO
on the toxicity of benzene, chlorobenzene, and toluene., By using 24-kr
urinary excretion of taurine as a direct measure of toxicity, the
authors showed that more of this metabolite was excreted if any of the
hydrocarbons are injected ip together with DMSO. In amother study, all 8
rats died when given 5 mL/kg of DMSO followed by 1 mL/kg of benzene ip
whereas only 2 of 18 rats died if the same amount of diluted (25%) DMSO
was given before the benzene. Even 5 mL/kg of benzene did not kill any
of the 20 rats injected.

In further experiments with mice, the LD50 of benzene was deter-
mined with and without DMSO. The LD5g for benzene alone was 0.34 mL/kg;
when given with DMSO it was reduced to 0.092 mL/kg. The slopes of the
survival curves for the two trecatments were also different, suggesting
that the mechanism of toxicity of benzene was different from that of
benzene plus DMSO,

Experiments were carried out im vitro with rat liver homogenates to
determine the effect of DMSO on conversion of benzene to phenol. Data
showed that regardless of how the DMSO was given (po, ip, sc, or dermal)
the amount of phenol and its conjugates was increased in rats given DMSO
24 bhr before benzene injectionm., Daily application of DMSO for 7 days
prior to benzene injection further increased liver metabolism of ben-—
zene. There was an indication that the enbanced toxicity of benzene by
DMSO was reduced if benzene was given sc or iv, suggesting that enhance-—
ment of benzene toxicity involved access to the liver.
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Analysis:

These investigations provide much important work about benzene-DMSO
interactions., Some of the experiments are well documented while data of
others are simply stated, There is no reason to believe that the guali-
tative aspects of the data are not valid. The small size of some of the
experiments may leave the quantitative validity questionable., The
results provide firm evidence for enhancement of benzene toxicity by
DMSO.

& Kocsis, J.J., 8. Barkaway, and R, Snyder. 1975. Bioclogical effects of
the metabolites of dimethyl sulfoxide. Ann, N.Y. Acad. Sci, 243:104-109.

Review:

Rats and mice (type not stated) were used to determine the effect
of DMSO or two of its metabolites, dimethylsulfone (DMSO2) and dimethyl
sulfide (DMS), on toxicity induced by hydrocarbons. Toxicity was
assessed by urinary excretion of taurine and by LD5¢p determinations,
Additional studies were made of the anticholinesterase toxicity of
parsoxon, tetraethyl pyrophosphate (TEPP), and octamethyl pyrophospham—
ide (OMPA).

The results showed that pretreatment of rats ip with 5 mL/kg of
DMSO or 5 g/kg of DMSO2 shortly before giving benzene or chlorobenzene
ip markedly increased the urinary excretion of taurine. However, DMS did
not enhance taurine excretion, In LD5g experiments with mice, DMSO given
ip at 5 mL/kg mixed with benzene, chlorobenzene, carbon tetrachloride,
or toluene potentiated (up to a factor of 10) the toxicity of these
hydrocarbons, Neither DMSO2 nor DMS potentiated the toxicity of benzene.
In one series of experiments, DMSO at 5.5 g/kg or DMSO2 at 5 g/kg anta-~
gonized the lethal effects of all three anticholinesterases whereas DMS
did not.

Analysis:

The data show that DMSO and one of its metabolites, DMSO2, but not
snother metabolite, DMS, enhanced the toxic effects of benzene or
chlorobenzene as reflected by an increase in the urinary excretion of
taurine, The lethality resulting from these hydrocarbons was also poten-—
tiated by DMSO but not by DMSO2 or DMS (dats not presented), In con-
trast, DMSO antagonized the lethal effects of three anticholinesterases.
This is a good series of experiments, some of the results of which were
published in previous documents,

¢ Landauer, W, and N, Salam. 1972. Aspects of dimethyl sulfoxide as sol-
vent for teratogens, Dev, Biol. 28:35-46.
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Review:

The toxicity and teratogemicity in chicken embryos of sevem diverse
teratogens were compared in DMSO and water. The substances tested were
3~acetylpyridine (5 mM), 6-aminonicotinamide (0.041 mM), sulfanilamide
(7.5 mM), 3-amino—1,2,4-triazol (47.6 mM), 3-hydroxy-N,N-dimethyl-cis-
crotonamide dimethyl phosphate (0,21 mM) (Bidrin), physostigmine (0.46
mM), or nicotine (15.4 mM). These substances were injected into the yolk
sac of 4~day-old embryos, and the eggs were incubated for another 15
days. The embryos were removed from the shell and were examined for via—
bility and for a variety of morphologic abnormalities.

Compared to water, DMSO as a vehicle for the substances had the
following effects on chicken embryos:

1. For 3-—acetylpyridine, mortality and muscle abnormalities were
reduced,

2. For sulfanilamide, mortality was reduced but the incidence of beak
and limb abnormalities was increased,

3. For physostigmine or nictotine, mortality was reduced and there was
no effect on the incidence of abnormalities.

4, For 6-aminonicotinamide, there was no effect on mortality but the
incidence of beak abnormalities was reduced,

5. For Bidrin, there was no effect on mortality or on the incidence of
beak and limb abmnormalities, but there was a decrease in the
incidence of neck abnormalities,

6. For 3—-amino~1,2,4-triazole, there was no effect on mortality, but
there was an increase in the incidence of beak abmormalities,

Analysis:

The results of these studies show that compared to water, DMSO as a
vehicle either protected against the lethal effects of each substance or
had no effect. In no case did DMSO increase the lethality of the sub-
stances. DMS0 increased, reduced, or had no effect on the teratogenicity
of each substance. No broad generalizations can be drawn from these data
but they do underline the varied nature of the effects of DMSO as a
vehicle for a group of diverse teratogens.

¢ Levine, W.G. 1975, Effect of dimethylsulfoxide on the hepatic disposi-
tion of chemical carcimogens. Ann, N.Y. Acad. Science 243:185-193,

Review:
The authors studied the influence of DMSO on hepatic binding of the

chemical carcinogens methylcholanthrene (MC) and benzo(a)pyreme (BP).
They studied biliary excretion rates of the carcinogens and binding of
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the carcinogens to subcellunlar liver fractions in young adult female
Wistar rats injected iv withk labeled MC or PP.

Biliary excretion of metabolites of MC and BP was faster when DMSO
was the vehicle rather than 1% albumin, In liver distribution studies,
DMSO compared to 1% albumin enhanced binding of MC and BP to the micro-
somal fraction. The data indicate that a DMSO-carcinogen complex can be
formed that has binding charscteristics different from that of carcino-
gen per se. A change in binding characteristics occurs only if the car—
cinogen is dissolved in DMSO because a BP-DMSO complex was not formed in
vitro,

Analysis:

Although the data presented are not extensive, these were critical
experiments, the results of which show that DMSO can alter microsomal
binding of MC and BP and thereby enkance the biliary excretion of these
carcinogens,

¢ Mallach, H.J., 1971. Interactioh of DMSO and alcohol. In: S.W. Jacob,
E.E. Rosenbaum, and D.C, Wood, eds. Dimethyl Sulfoxide. pp. 281-293.
Marcel Dekker, New York. '

Review:

Studies in mice and humans were made to investigate the possible
enhancement of ethanol toxicity by DMSO,

Animal studies ~ Young adult male and female while mice {20 per
group) were given DMSO and ethanol orally. When both agents were admin-
istered together at ‘a constant ethanol dose, mortality increased with
increasing doses of DMSO. At about 0.8 of the DMSO LDs9p and at an LDss
dose of ethanol, mortality was almost 100%. Thus, the toxic effect of
the two agents was slightly more than additive., In contrast, mortality
was greatly increased if ethanol was given 60 min after DMSO; and mor-
tality was 100% at all doses of DMSO if ethanol was administered 60 mimn
before DMSO, These results showed that at a nonlethal dose of DMSO and
an IDso dose of ethanol, toxicity of ethanol was increased when there
was a8 60-min interval between administration of the two substances,

Human studies — Young men were used to study the effects of topical
DMSO (50 mg/kg) on oral ethanol (0.75 g/kg) as judged by blood ethanol
levels, dimethyl sulfide (DMS) levels in expired air, urine flow, and
mental functions. In one group of 15 men ethanol was administered con—
comittantly with DMSO applied percutanecusly to the back., In another
group of 16 men, DMSO was applied 1 br before ethancl consumption; and a
third group of 16 received ethanel only. Over a 6~hr period, blood sam—-
ples were obtained and analyzed for ethanol. Results of this series
showed that the decrease in blood levels of ethanol was slightly faster
in men given DMSO than in men given ethanol only.
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Gas chromatograms of expired air indicated that DMS concentration
was higher in men given DMSO 60 min before ethanol than in men given
DMSO and ethanol concomittantly, It was suggested that ethanol could
have demethylated DMSO giving rise to DMS.

There were no perceptable differences in urine flow of men given
ethanol and DMSO tham in the group given ethanol only., Therefore, DMSO
did not alter ethanol-induced diuresis.

Mental function tests were performed that measured attention focus
and concemtration, reliability and speed of reaction, and adaptability
and stress capacity. The results demonstrated that deterioration in men-
tal performance was significantly greater after administration of DMSO
and ethanol than after ethanol alone,

Analysis:

This book chapter deals with important aspects of possible interac-
tion between DMSO and ethanol in mice and humans. The report is ome of
the few of its kind carried out with humans and as such is a useful
reference., The mortality data from about 1000 mice demonstrated that the
toxicity of ethanol was increased by a nonlethal dose of DMSO given 1 hr
before or after ethanol, but given together, lethality of the two agents
was essentially additive. Mention was made of additiomnal experiments
with about 3000 mice wherein further support for potentiation was
obtained, but date were not presented.

Principally because of the manner in which the human data are
presented, it was difficult to evaluate the experiments in which the
effect of DMSO on blood ethanol levels was determined., Hourly decline
rates were given, and, despite the small differences in rates among the
groups, the author states that there was a more rapid decline in blood
ethanol when DMSO was given with or before ethanol administration. Men-
tion is made of preliminary results showing effects of DMSO on ethanol
alterations in motor function, but details are not presented.

The human data point to an unidentified relationship between DMSO
and ethanol as reflected by changes in DMS levels in expired air and to
diminished ethanol-induced cognitive functions in men treated simultane—
ously with DMSO,

These extensive but seemingly preliminary results from human exper-
iments are of value because they underline several possible modes by
which DMSO may influence ethanol toxicity; however, they do not provide
definitive information about the interaction between DMSO and ethanol.

¢ Mancini, R.E. and J.J. Kocsis. 1974, Dimethylsulfoxide increases the
lethality of CCl4 in rats but decreases its hepatotoxicity. Toxicol,
Appl. Pharmacol., 27:206-209.
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Review:

The investigators used young male Sprague-Dawley rats to determine
the effect of DMSO on CCl4 lethality and hepatotoxicity. For lethality
studies, LD50s were obtained; for hepatotoxicity, barbiturate sleeping
time, accumulation of liver triglycerides, and plasma BSP retention were
measured. '

When mixtures of DMSO and CCl4 were administered ip, the LDsQ was
reduced to about 5% that obtained with CCl4 alone, The LD5o of CCl4
alone was 3.5 mL/kg (2.5-4.9); with DMSO it was 0.16 mL/kg (0.067-0.38).
The slope for both was about 1.86.

In rats given 0.08 mL/kg of (Cl4 together with 5 mL/kg of DMSO ip,
there was a decrease in sleeping time, in triglyceride accumulations in
the liver, and in plasma retention ir BSP compared to rats given CClg
only.

The results demonstrate that in rats, DMSO increased lethality of
CCl4 but reduced hepatotoxicity according to results of the three liver
function tests. The similarity of slopes for the mortality dose-response
to CCl4 and CC14-DMSO mixture indicates action of a single toxicant
species, i.e., CCl4g, The divergence of effect of CC14-DMSO mixture on
lethality and liver functions suggests that letbality of CCl4 may not be
the result of hepatotoxicity.

Analysis:

The impact of these important observations are somewhat offset by
lack of data (i.e., presentations for the LDs5p determinations), but the
hepatotoxic data are conclusive.

® Melville, K.I., B. Klingner, and H.E. Shister. 1968. Effects of
dimethylsulfoxide {(DMSC) on cardiovascular responses to ouabain, pros—
cillaridin and digitoxin. Arch. Int, Pharmacodyn, Therap, 174:277-293.

Review:

The purpose of these experiments was to evaluate the influence of
DMSO on the cardiovascular response to drugs known for their action om
the heart. Male and female cats were anesthetized and rigged for cardiac
monitoring. Continuous blocod pressure and electrocardiographic record-—
ings were maintained to determine the character of the effects of oua-
bain, proscillaridin, and digitoxin with and without DMSO. DMSO and
various doses of the drugs were injected iv, alone or mixed,

Results showed that a single injection of 0.5 ml of 50% DMSG in
saline potentiated the onset of bradycardia and arrhythmiss and develop~
ment of ventricular fibrillation induced by ouabain or proscillaridin.
DMSO did not increase the blood pressure reducing effects of these drugs
nor did DMSO alter the cardiac effects of digitoxin,
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Continuous infusion of ouabainm or proscillaridin mixed with DMSO
reduced the onset time of bradycardia but not of arrhythmias or fibril-
lation. Results of timed, sequential, and multiple injection studies
indicated that the cardiac effects of ouabain or proscillaridin in the
presence of DMSO are less than additive, DMSO did not enmhance accumula-—
tion of any of the three glycosides studied, The potentiating effects of
DMSO observed im this series of studies were found to be tramsient.

Analysis:

The carefully conducted and documented studies show that with non-
fibillating single doses of two cardiac glycosides, prior injectioms of
DMSO enhanced the omnset of bradycardia, arrhythimas, and ventricular
fibrillation; augmentation of digitoxin action was not observed. Con~-
tinuous injection with DMSO and cuabain or proscillaridin did not alter
any facet of cardiac dysfunction, In contrast, repeated injectioms of
DMSO following ouabain or proscillaridin led to outbursts of arrhythmias
and hypotension, The data also indicate that DMSO does not result in a
change in rate of uptake or loss of glycosides in the heart.

Despite the demonstrated effects of these glycosides on cardiovas-—
cular functions, none appear to be life threateming and are transient,
It should also be noted that the enhancing effects of DMSO occurred at
low but not high doses of the cardiac glycosides and, indeed, were
absent or minimal for digitoxin.

¢ McCullough, J.I.., D.S. Snyder, G,D. Weinstein, A, Friedland, and B.
Stein., 1976. Factors affecting human percutaneous penetration of metho-~
trexate and its analogues in vitro., J, Invest, Dermatol, 66:103-107.

Review:

In this study various vehicles were tested to determine theirxr
effect on percutaneous absorption of methotrexate (MIX) by excised human
skin, Tritiated MTX was deposited on skin, which was mounted in special
chambers, and the preparations were incubated at 37°C for 20 hr. The
fluid below and in constant contact with the skin and the skin itself
were analyzed for radioactivity and the results expressed as the percen—
tage of radioactivity deposited on the skin,

Compared to water as a vehicle, 80% DMSO in water increased the
penetration of MTX (0.05% solution) through the skin by a factor of 1.8
during the 20-hr incubation period, The concurrenmt accumulation of MIX
in the skin was only half that observed with water as a vehicle.

Apalysis:

From their data, the authors concluded that enhancement of MIX
penetration by DMSO was minimal (i.e., factor of 1.8) compared to water.
The fact that an in vitro system was used is important inm drawing con—
clusions about penetration rate because the skin used was not viable and
was not supplied by a subcutaneous network of drainage vessels, In addi-
tion, increasing the total flux of MTX across the skin by a factor of
1.8 in 20 hr could be considered a significant alteration in transport.
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¢ McDermot, H.L., A.J. Finkbeiner, W.J. Wills, and R.M, Beggie. 1967.
The enhancement of penetration of an organophosphorous anticho-
linesterase through guineas pig skin by dimethyl sulfoxide. Can, J.
Physiol. Pharmacol. 45:299-303.

Review:

These studies were carried out to determine whether and to what
degree DMSO altered the penetration of an anticholinesterase through the
skin, Guinea pigs were clipped or shaved 12 hr before application of the
preparations, In one series of experiments, the stratum corneum was
removed by stripping with cellnlose tape. Pinacyolyl methylphospho~-
nofluoridate (soman) was mixed with DMSO in different proportions and
was applied to the skin in 1-pL drops. Penetration of soman was assessed
by the mortality resulting from its anticholinesterase characteristic
and expressed as the LDs5p/24 hr,

With a 50/50 mixture of soman and DMSO applied to the imtact skin,
the LDsp was 2.16 mg/kg compared to 12.8 mg/kg with soman alone, With
the stratum comeum removed, the comparable LD5os were 0.35 and 1.33
mg/kg. In both experiments, DMSO enhanced penetration of soman to about
the same extent,

In another series, the effect of 90, 50, 25, and 0% DMSO with soman
on the LD5¢ was assessed. With increasing proportions of DMSO, the LD350
of soman was progressively decreased, and at a 90/10 ratio of
DMSO/soman, the IDsg was 0.85 mg/kg compared to 12.8 for soman alone,

Analysis:.

This is a concise document evaluating the effect of DMSC on percu-
taneous penetration of soman., The results are based on an adequate
number of animals used to estimate the LD5p and 95% confidence limits,
The data clearly show that DMSO enhanced percutaneous penetration of
soman and that the extent of enhancement was a direct function of DMSO
concentrations., Enhancement occurred about equally through intact skin
and skin from which the stratum corneam had been removed. No mention was
made of the effect of DMSO on the time of omset of symptoms of soman
poisoning, which might have given an additional imdication of the percu~-
taneous penetration rates of soman in the presemce and absence of DMSO.

¢ McDermot, H.I., G.W. Murray, and R.M. Heggie. 1965. Penetration of
guinea pig and rabbit skin by dimethyl sulfoxide solutions of a quarter—
nary oxime, Can, J. Physiol, Pharmacol., 43:845-848%.

Review:
The purpose of this study was to determine the effect of DMSO on

the percutaneous penetration of the guarternary salt 1-methyl-2-
hydroximino—methylpyridinium methane sulfonate (2PS). Guinea pigs and
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rabbits were clipped at least 12 hr before applicatiom of 2PS in DMSO at
a concentration of 150 mg/mLl or in water to all of the skin except the
head and legs. The average dose of 2PS was estimated to be 1.1 g/kg for
guinea pigs and 0.5 g/kg for rabbits, At intervals after application,
blood samples were obtained, and the concentrations of 2PS in the plasma
were measured spectrophotometrically.

Results with guines pigs showed that following percutaneous appli-
cation of 2PS in DMSO, the blood concentration of the salt increased
rapidly, peaked at about 2 hr (40 pg/mlL), and declined over the mnext 10
hr to low levels. In contrast, when water was used as a vehicle, 2PS
could not be detected in the blood at any time., Similar results were
obtained with rabbits except that small amounts of 2PS (15 pg/mlL)
applied to the skin in water appeared in the bloocd during the first §
hr.

That the absorbed 2PS was pharmacologically active was demonstrated
by the observation that death of most animals given supralethal doses of
the anticholinesterase sarin could be prevented by topical application
of 2PS in DMSO in concert with im injections of atropime.

Analysis:

Despite the small number of animals used in this study, the data
clearly show that, compared to water, DMSO as a vehicle greatly enhanced
the penetration of 2PS in a pharmacologically active form through the
skin of guinea pigs and rabbits, Although an spproximation of the total
amount of 2PS applied to the skin was known, the data do not allow for
an estimate of the fractional absorbed dose., The persistance of 2P§S in
the blood for at least 12 hr suggests that the agent may have been
released continuously from the skin at low levels,

¢ McNamara, B.P., H.P. Averill, E.J. Owens, J.F, Callahan, D.G, Fair—
child, H.,P. Ciuchta, R.H. Rengstroff, and R.K. Riskup, 1974, The Toxi-
cology Cyclotrimethylenetrinitramine (RDX) and Cyclo-
tetramethylenetetranitramine (HMX) Solutions in Dimethylsulfoxide
(DMSO), Cyclohexanone, and Acetone, EB~-TR-73040, Edgewood Arsemal, AD
780010,

Review:

This report describes an extemsive series of experiments with mice,
guinea pigs, rabbits, and dogs aimed at determining the toxicity of RDX
and HMX administered in DMSO, acetone, or cyclohexanone. The iv LDsgs
for both explosives were determined with DMSO as a vehicle, but not with
the other solvents., As judged by physiological responses in dogs and
blood levels of the explosives in rabbits, RDX and EMX did not penetrate
skin to a significant degree. Cardiovascular and central nervous system
effects resulted from HMX and RDX given with DMSO iv, respectively; but
neither compound was examined for these effects when injected in acetone
or cyclohexanone. There was no indication that RDX or HMX caused
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delayed—type allergic hypersensitivity im guinea pigs when administered
in any of the three vehicles,

The only series of experiments in which the same doses of RDX or of
FMX were tested at the same concentrations in each of the three vehicles
was the one involving cataract induction in guinea pigs. These results
demonstrated that RDX or BMX given percutaneously or intradermally were
no more injurious than the vehicles themselves.

Analysis:

Because of solubility limitatioms and vehicle toxicity, it was not
possible to test the two explosives at comparable doses in the same con—
centrations of all three vehicles for any of the respomses evaluated
except for cataract imnductiom in guines pigs. Therefore, the toxicity of
RDX and HMX relative to the vehicles in which they were administered
cannot be ascertained from these studies.

¢ Nakaue, H.S. and D,R, Buhler., 1976. Percutaneous absorption of hexa-
chlorophene in the rat. Toxicol, Appl. Pharmacol. 35:381-391.

Review:

Rats were used to study several parameters of hexachlorophene pene-—
tration through skin including the effects of different vehicles on the
kinetics of penetration. Young adult male and female Wistar albino rats
were used, Known amounts of 14C hexachlorophene in acetone, corm o0il,
ethanol, 1% aqueous sodium lauryl sulfate, or DMSO were applied to small
areas of shaved abdominal skins. At different intervals after applica-
tion, the marked areas of skin were removed, placed in scinillation
vials, and assayed for radioactivity. Thus, the amount of hexachloro-
phene that penetrated intoc the body was calculated from the residual
amount of radioactivity measured in the piece of skin, The effect of
each vehicle on hexachlorophene penetration was tested on four pieces of
skin from each of three or four rats,.

At 24 hr, 55% of the hexachlorophene in DMSO had been absorbed
while absorptions in acetome, corn oil, ethanol, or lauryl sulfate were
about 38, 34, 25, and 21%, respectively. Therefore, of the five vehicles
tested, DMSO resulted in the greatest amount of hexachlorophene
absorbed. With DMSO as the solvent, there was a linear increase in
absorption of hexachlorophene over a 24 hr period,

Analysis:

The study of the effect of vehicles on hexachlorophene penstration
through the skin was a small part of this series of experiments,
Nonetheless, the results show that of the broad class of solvents exam-
ined, the penetration of hexachlorophene 24 hr after percutaneouns appli-
cation was greatest when DMSO was used as a vehicle,
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& Reddy, C.S., R.V. Reddy, and A.W. Hayes. 1981. Teratogenicity of
secalonic acid D in mice. J. Toxicol. Environ. Health 7:445-455.

Review:

Groups of & to 16 pregnant CD1 mice were used to determine the
teratogenicity and fetotoxicity of secalonic acid D in a mixture of 10%
DMSO, and 5% NaHCO3 in water or in 5% NaHCO3 in water., Secalonic acid D
(SAD) was administered ip at doses of 5, 10, or 15 mg/kg on days 7
through 15 of gestation. Dead mice and 19 day survivors were examined
for the number of dead fetuses and early and late resorptiomns, and
fetuses were scored for visceral and skeletal abnormalities.

At equal doses of SAD, the number of implants and live fetuses were
higher and the number of resorptions lower in pregnant mice given SAD in
the DMSO solution than in the NaHCO3 solutiom. For the induction of
skeletal abnormalities and cleft palate more SAD was required when the
vehicle was the DMSO solution than the MNaHC03 solution,

Analysis:

The protective effect of DMSO against SAD-induced embryotoxicity
and fetotoxicity was demonstrated by the results of these experiments,
The teratogenic data showing the effects of SAD in each of the two vehi-
cles do not permit definitive conclusions. At most, the data suggest
that DMSO offered some protection against SAD—induced skeletal malforma-—
tions and possibly against cleft palate.

¢ Roerig, D.l., K.C,Z, Chen, A.T. Hasegawa, and R . I.H. Wang. 1973.
Potentiation of the effects of mercaptoethylamine by dimethyl sulfoxide,
Arch, Int, Pharmacodyn, 203:251-258.

Review:

These investigators studied the effects of DMSO on toxicity and
absorption of mercaptoethylamine (MEA). Adult Swiss female mice were
given MEA (175 mg/kg), DMSO (4.5 g/kg)., or a mixture of the two sub-
stances ip. At short intervals after injection, spleen, liver, brain,
and plasma samples were obtained and analyzed for sulfhydryl activity
(umole SH/g tissue). The LD50s for MEA in saline or DMSO were also
determined.

The most significant result from this study is the potentiatiom of
MEA toxicity by DMSO by a factor of about 1.5 according to the LDj5gs.
There is also suggestive evidence that DMSO temporarily emhanced accumu-
lation of nonprotein SH groups in the spleen and plasma,

Analysis:

This is a rcasonably complete study the main point of which was to
elucidate the emhanced radioprotective characteristics of MEA by DMSO.
A sufficient number of mice were used in most experiments, and the
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statistical analysis of the data was adequate. From their data, the
authkors concluded that the increased toxicity of MEA in the presence of
DMSO involved g drug interaction but that the increased toxicity of MEA
in the presence of DMSCO was not related to an increase in nonprotein SH
brain levels.

¢ Rosen, H.R., A. Blumenthal, R. Panasevich, and J. McCallum, 1965.
Dimethyl sulfoxide (DMSO) as a solvent in acute toxicity determinations,
Proc, Soc., Exper, Biol, Med. 120:511-514,

Review:

Oral toxicity of tem quarternary ammonium salts in rats and mice
was tested using water and DMSCO (50% in water) as vehicles. The animals
used were CD-1 male and female mice and male Sprague-Dawley rats. Ten
animals per dose with four to seven doses were used to determine LD50s.
The salts tested were chosen to cover a range of pharmacokinetic sub-
stances, i.e,, pentolinium tartrate, hexamethonium bitartrate,
decamethonium iodide, tubocurarine chloride, homatropine methylbromide,
atropine methylnitrate, neostigmine bromide, carbachol, cetylpyridinium
chloride, and benzethonium chloride.

When a DMSO solution was used as g vehicle, the LDsg in rats for
eight of the drugs was decreased significamntly, but toxicity of the two
antispasmotics was not altered. Only two drugs, neostigmine (a parasym—
pathomimetic in rats) and homatropime (2n antispasmotic im mice), caused
a significant change in the slope of the response when DMSO solution was
used as a vehicle,

For mice, the DMSO solution decreased the LD50Q significantly for §
of the 10 drugs. Parallel decreases in ILD50 occurred in both species for
7 of the 10 drugs.

Analysis:

Several firm conclusions can be drawn from these well-documented
results, The data show that for half the drugs tested in mice and for 8
of the 10 drugs tested in rats, a 50% DMSO solution im water as vehicle
increased their oral toxicity. In mno case did the DMSO solution reduce
toxicity of these quaternary ammonium salts. The slopes of the LD5Q
responses clearly show that with two exceptions the basis for toxicity
was not different when the substances were administered in the DMSO
solution than when given ir water.

Finally, the results suggest that vehicle-dependent effects on the
toxicity of a drug in one species are reasonably useful in predicting
vehicle effects on the toxicity of the same substance in a closely
related species,

¢ Schmid, F,A,, R.C. Pena, W. Robinson, and G.S, Tarnowski. 1967. Toxi-
city of intraperitoneal injection of 7,i2-dimethylbenz(a)anthracene in
inbred mice, Cancer Res, 27:558-562.
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Review:

A study was made of the effect of DMSO, sesame o0il, hexadecane, or
saline on the toxic effects of 7,12—-dimethylbenz(a)anthracene (DMBA) on
two strains of mice (young adult AKR and C57BL/6). The preparastions were
given as a8 single ip injectiom at a DMBA concentration of from 0.75 to 3
mg/mouse. Animals were sacrificed 5-20 days after injection, and the
effects on the peritomeal cavity amd on body, spleen, and thymus weight
were recorded.

Toxicity of DMBA as reflected by mortality, peritoneal inflamma~
tion, and organ weight was not a function of the vehicle used.

The vehicle effects are based on a few mice because the main
emphasis of this report is on mouse strain variations in repomse to DMBA
rather than on vehicle effects. Nonetheless, there appears to be enough
data to draw the conclusion that DMSO does not alter the systemic toxi-
city of DMBA compared to other vehicles,

¢ Shad, H,C. and H. Lal. 1976. Effects of 1,1,1-trichloromethane admin-—
istered by different routes and in differemnt solvents on barbiturate
hypnosis and metabolism in mice. J, Toxicol, Environ, Health 1:807-816.

Review:

Young adult male Swiss mice were used to study the influence of
vehicle and route of administration on lethality and hepatic function
following exposure to trichloromethane (TCM). Hepatic function was
judged by hypnosis time induced by barbiturate, TCM alone or in DMSO
(1:99) or olive o0il was injected ip or applied to an unshaved abdominal
aresa,

It was found that TCM administered in DMSO markedly enhanced
barbiturate—induced hypnosis time compared to TCM in olive o0il. Results
of mortelity studies showed that at a constant dose of TCM, 24-hr sur-
vival decreased with increasing amounts of DMSO as vehicle, In addition,
when 10 mL/kg of DMSO was given followed by 1 mlL of TCM, 48-hr mortality
was higher (60%) than in controls given 10 ml/kg of DMSO only (10%). In
contrast, three topical applications of TCM diluted 1:1 with DMSO
reduced barbiturate hypnosis time by 36%.

The results show that in mice (1) toxicity of TCM ip was increased
by using a high concentration of DMSO as a vehicle when judged by mor-
tality and hepstic functiom, (2) direct access to the liver is necessary
for TCM and DMSBO to increase hepatic injury because application of DMSO
plus TCM to the abdominal area of mice did not result in hepatic malfor~-
mation in terms of its ability to detoxify barbiturate, and (3) enhance-—
ment of rapid ip absorption of TCM in the presence of DMSO may not be
the basis for increased mortality because DMSO potentiated TCM toxicity
even after a 2-hxr interval between DMSO and TCM injectioms,
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Analysis:

The lack of hepatotoxicity after percutaneouns applicatiom of TCM
and DMSO is a significant finding in terms of exposure bazards, From the
practical standpoint, the augmenting effect of DMSO on hepatotoxicity
following ip administration may not be & very important aspect of DMSO
toxicity. It would have been better to apply TCM and DMSO to shaved skin
rather than to hair because the presence of hair may have inhibited per-
cutanecous penetration of one or both chemicals,

# Siegers, C.P, 1978. Antidotal effects of dimethylsulfoxide against
paracetamol-, bromobenzene—, and thiocacetamide—induced hepatotoxicity.
J. Pharmacy Pharmacol. 30:375-377.

Review:

Adult male NMRI mice were used to determine the effects of DMSO on
liver damage induced by paracetamol (PA), bromobenzene (BR), thicacetam-
ide (TH), or carbon tetrachloride (CCl4). Liver damage was assessed by
the levels of serum enzymes (two aminotransferases and sorbitol dehydro-
genase), Liver glutathione was also determined as an indication of the
level of conjugated metabolites of PA or BR. The chemicals and DMSO were
given simultaneously either po or ip. PBlood was obtained 24 hr after
administration and was analyzed for emzymatic activities,

As judged by elevation of serum enzyme levels, treatment of mice
with DMSO caused a dose—dependent reduction of PA-induced liver damage,
and at 1 g/kg of DMSO, serum enzymes were almost in the normal range.
DMSO alone did not alter serum enzyme levels., Protection against PA-
induced hepatotoxicity was also observed when DMSO was given 1 hr after
PA administration, and DMSO po was protective against FA given ip. Pro-
tection against liver toxicity induced by BR or TH was also achieved by
DMSO administration, but not against CCl4. The PA- or BP-induced
decrease in liver glutathione stores was partially offset in mice given
DMSO at 1 g/kg.

The author suggests that the protective effect of DMSO may involve
inhibition of microsomal oxidation of the chemicals to toxic products.
The effect of DMSO on liver glutathion also indicates reduction in the
metabolism of the hepatotoxic chemicals.

Analysis:

The results clearly show that in mice DMSO protected the liver from
certain toxic agents but not CCl4, The data are sufficient to support
the conclusions although some of the procedures are not clear,

¢ Somogyi, A. and K. Kovacs, 1970. Dimethyl sulfoxide, a convenient sol-
vent of 7,12-dimethylbenz(a)anthracene for intravenous injection. Cancer
Res, 30:1958-1%62.
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Review:

Young adult female Sprague-Dawley rats were used to study the
effects of DMSO as a solvent for 7,12-dimethylbenz(a)suthracene (DMBA).
Young rats were injected iv with 2, 4, or § mg of DMBA in DHMSO or in a
fatty emulsion., Three days later, the rats were sacrificed and their
adreral glands cxamined grossly and histologically for DMBA-induced
adrenocorticolysis, Other rats were also injected with the DMBA prepara-
tion and examined weekly for mammary tumors.

As judged by its ability to induce adrenal mnecrosis and mammary
tumors, DMBA had the same activity in DMSO as in the fatty emulsion.

Analysis:

A very clear cut and sound series of ezxperiments were carried out
by the investigators. The results show that DMSQO mneither inhibited nor
potentiated systemic and carcinogenic effects of DMBA,

¢ Sosnowski, S.A., S. Rajalakshmi, and D.S.R. Sarma. 1976. Protection by
dimethylsulfoxide of strand breaks in hepatic DNA induced by dimethylni-
trosamine, Chem,—Biol, Interactions 15:101-104,

Review:

Young adult Wistar rats were used to study the effects of methylni-
trosourca (MNU) or dimethylnitrosamine (DMN) with or without DMSO pre-
treatment on DNA strand breaks in regemerating rat liver., Animals
received either DMSO (0.1 ml/100 g) or saline ip 45 min before DMN or
MNU and were sacrificed 4 hr later. Liver DNA was isolated, and sedimen-—
tation analysis of DNA was carried out to estimsate strand breaks,

The results showed that compared to salime, DMSO inhibited DNA
strand breaks caused by DMN but not by MNU. The authors concluded from
preliminary data that DMSO inhibited DMN-induced DNA strand breaks by
inhibiting metabolic activation of DMN,

Analysis:

The inhibitory effect of DMS0 on DMN-induced DNA strand breaks is
based omn results of one experiment in which liver preprations were used
in the experimental group. The standard errors are guite large, yet the
inhibitory effect is probably xeal but the extent is questiomnable. Since
scant data are given for the basis of the imhibition, the comclusions
that the inhibitory effect is related to metabolic actiom of DMN is open
to question,

¢ Stelzer, J.M., J.L. Colaizzi, and P.J. Wardack. 1968. Influence of
dimethyl sulfoxide (DMSO) on the percutancous absorption of salicylic
acid and sodium saliclate from ointments, J. Pharm. Sci, 57:1732-1737.
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Review:

This report describes a study in which young adult New Zezland
white rabbits were used to compare the effects of DMSO in each of four
bases on percutaneous penetration of salicylic acid and sodium sali-
cylate. Mixtures of the two substances were prepared in 15% DMSO incor-
porated in a base of a hydrophilic ointment USP XVII, a hydrophilic
ointment petrolatum USP XVII, polyethbylene glycol ointment USP XVII
(PEG), or a polyoxyethylene (20) stearyl ether gel system (PE20). The
effect of DMSO on penetration of salicylic acid and sodium salicylate
from these bases was compared to penetration in the absence of DMSO. The
preparations were applied to clipped skin and remained in percutaneous
contact under an occlusive bandage for a period of & hr during which
periodic blood samples were obtained and analyzed colorimetrically for
salicylate concentration,

The presence of DMSQO in the hydrophilic ointment or petrolatum
enhanced the percutaneous absorption of salicylic acid (10%) in terms of
rate and total amount absorbed during the 8~hr period, In contrast, the
relatively low absorption of salicylic acid from PEG or PE20 was little
enhanced by the presence of DMSO. The penetration of sodium salicylate
(11.6%) was tested only in the two hydrophilic bases with or without
DMSO. The results showed that DMSO significantly decreased percutaneous
absorption of sodium salicylate from the hydrophilic ointment while no
effect of DMSO was observed with the hydrophilic petrolatum.

Analysis:

This series of experiments is straightforward, and the conclusions
were predicated on the use of a sufficient number of observations and
their statistical analysis. It was suggested that for salicylic acid,
DMSGO acts as a penetrant carrier by altering the lipoidal characteris-
tics of the cell membrane, thereby facilitating penetration of the
lipid-soluble substance, salicylic acid, On the other hand, the hydros-
copic nature of DMSO hindered pemetration of water soluble sodium sali-
c¢ylate by holding it in the hydrophilic base on the surface of the skin.

¢ Stenback, F. and H, Garcia., 1975. Studies on the modifying effect of
dimethyl sulfoxide and other chemicals on experimental skin tumor induc-—
tion. Ann, N.Y, Acad, Sci. 243:209-227.

Review:

Experiments with mice were conducted to compare tumorigenesis of
3.,4-benzo(a)pyrene (BP) in benzene with tumorigenesis in DMSC, and to
determine if topical DMSO affected the initiation of tumors by 7,12-
dimethylbenzanthracene (DMBA) and crotom oil.

Female Swiss mice 8 weeks old in groups of 40 or 50 were used, Hair
was clipped from the back, and substances were applied to the skin., Four
groups were treated twice a week for 50 weeks with one of the following
preparations: 13.3 pg of BP in benzene, 13.3 pg of BP in DMSO, or one of
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the two vehicles, In another serics, the effect of DMSO on imitiation of
tumorigenesis by 100 ug of DMBA and repcated applicztioms of croton oil
as a promoter was studied,

As judged from the total number of tumors and the average tumor per
mouse, DMSO compared to benzene as a vehicle caused a reduction in BP-
induced skin tumors, although the percentage of mice bearing tumors was
about equal for BP in the two vehicles, In the other series of experi-
ments, daily applications of 20 pL of DMSO 2 days prior and 3 days after
induction with DMBA aad promotions by crotom o0il failed to effect the
initisting phase of carcinogenesis in terms of the total number of
tumors and average tumor per animal,

Analysis:

These experiments were carried out with a sufficient number of mice
and appropriate control groups. Althouwgh the reductiom in tumor yield in
groups treated with BP in DMSO appeared to be significant, a statistical
analysis of the data was not presented. The results clearly show that,
in the two—stage skin carcinogenesis model with DMBA and crotom oil,
DMSO failed to modify carcimogenesis.

¢ Warren, J., M.R, Sacksteder, H., Jarusz, B, Wasserman, and P.E.
Andreotti. 1975. Potentiation of antineoplastic compounds by oral
dimethyl sulfoxide in tumor bearing rats., Asn, N.Y. Acad, Sci. 243:194~-
208,

Review:

These experiments were designed to determime if DMSCO (1-2% in
drinking water) altered the toxicity amd antineoplastic effects of
cyclophosphamide (CTX), The effects of CIX alome or in combination with
DHMSO was ascertained by measuring peripheral WBL couats, tumor dismeter,
survival, and the sppearance of the CTX metabolite, cytoxylamine, in
blood and urine and in liver bhomogenates, Young Fisher 344 male and
female rats were used,

The following results were obtained:

1. In normal rats, single or repeated doses of CIX ip resulted im
greater wortality and in a more severe leucopenia when DMSO was in
the drinking water. If CTX was given po to normal rats, these toxic
effects of DMSO were less severe and also less definitive than when
CTX was given ip.

2. Wbhen CTX was given ip to leukemic rats supplied with DMSO in drink-
ing water, only a weak potentistion of the antineoplastic capacity
of CTX by DMSO was observed.

w
.

¥hen CTX and DMSO were presemt in drinking water for leukemic
animals, all 10 rats survived with normal WBC counts while only 1
of 10 rats supplied with CIX in water survived.
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4. DMSO in drinking water enhanced the antineoplastic capacity of CTX
given ip against a lymphosarcoma. When incorporated in drimking
water with DMSO, CTX suppressed tumor growtkh.

5. DMSO did not increase the enzymatic conversion of CTX ip to CTX-
amines in vivo or in vitro, but blood levels of ithese metabolites
were 2~3 times the water-fed controls.

Analysis:

From these results, it is reasonable to conclude that rats continu-
ously exposed to low levels of DMSO in drinking water were more semsi-—
tive to the toxic antiblastic effects of CTX than water-fed controls.
Furthermore, the evidence showed that the therapeutic effect of CTX omn
tumors is potentiated in rats supplied with drinking water comtaining
DMSO. Results from the in vitro experiments indicate that potentiation
of CTX toxicity in normal rats or of the therapeutic efficacy of CTX in
tumor~besring animals by continuous exposure to DMSO was not associated
with an increase in activaticn rate by liver microsomes,.

This report describes a variety of experiments performed with a
minimal number of animals. The gualitative aspects appear valid, but the
magnitude of some of the effects may be inaccurate,

¢ Weiss, L.R. and R.A, Orzel. 1967. Some comparative toxicologic and
pharmacologic effects of dimethyl sulfoxide as a pesticide solvent,
Toxicol. Appl. Pharmacol., 11:546-557.

Review:

The purpose of this study was to determine whether DMSO as a vehi-
¢le for several pesticides altered their toxicologic or pharmacologic
properties, Young adult male Osborne-Mendel rats were used together with
the following pesticides: carbaryl, thiram, dieldrin, and parathione.
ILD5gs were determined for all pesticides. Brain cholinesterase activity
was measured in rats given carbaryl; and the effect of DMSO on barbi-
turate sleeping time was assessed.

Compared to water as a vehicle, DMSO did not significantly alter
the oral LDs5ps of any of the pesticides tested. Likewise, DMSO did not
increase the inhibitory effect of carbaryl on brain cholinesterase., When
DMSQ was given to rats at 10 mnl/kg po 24 hr before administration of
barbiturate, there was no alterations of sleeping time.

Aralysis:

The conclusion that DMSO as a vehicle does not alter the toxicity
of carbaryl, thiram, dieldrin, or parathione mor the anticholinesterase
activity of carbaryl compared to water or corm oil is well established
by these experiments., Lack of an effect of DMSO on barbiturate—induced
sleeping time is also proved.
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¢ Yuspa, S.H., H. Hennings, P. Dermer, and D, Michael, 1976, Dimethyl
sunlfoxide—induced enhancement of 7,12-dimethylbenz(a)anthracene metabol—
ism and DNA binding in differentiating mouse epidermal cell cultures,
Cancer Res., 36:947-951.

Review:

A study was made of the cffects of DMSO on the ability of newborn
mouse (Balb/c) epidermal cells in short-term culture to metabolize and
bind 7,12-dimethylbenz(a)anthracene (DMBA). Over the 3- to 10-day cul-
ture period, these cells show a decrease in their ability to metabolize
DMBA as reflected in hydroxylase levels and a decrease in DMBA binding
to DNA. The additions of 1.25% DMSO to the culture medium eliminated the
decrease in metabolism and binding.

The basis for the decrecase was not established but appeared not to
be related to hydroxylase induction by DMSO or enhancement of cell peme-—
tration by DMSO. Since DMSO prolongs life of these cells in culture, the
authors suggest that the effect of DMSO on DMBA interactiom may result
from facilitations of nutrient and waste transport which, in turn could
affect carcinogen processing.

Analysis:

This is a straightforward, concise set of experiments prinmcipally
designed to enhance culture life of cells. Whether or mot the results
from cell culture experiments of this kind relate to im vivo conditions
is questionable,.
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TABLE B~1. TABULAR SUMMARY OF LETHALITY OF DMSO
Species Dose® Route Effects Reference
Monkey 4-8 iv 1Ds0 Mason 1971
1 and 3P po No mortality Vogin et al, 1970
gb po 100% mortality Vogin et al. 1970
by 53rd week
1, 3, 9° dermal No mortality Vogin et al, 1970
Mouse 3.1°¢ iv LDs5g Fishman et al. 1969
5.75 iv LDsgo Willson et al, 1965
7.6 iv ILDsg Sommer and Tauberger
1964
10.9 ip LDsg Worthley and Schott
1969
15,44 ip 1Dsg Worthley and Schott
1969
16.5 po 1Dso Sommer and Tauberger
1964
21.4 po IDsp Willson et al. 1965
13.9 scC LDsp Sommer and Tauberger
1964
40 dermal I1Dso Mason 1971
Rat 5.36 iv IDso Willson et al, 1965
8.1 iv LD5p Sommer and Tauberger
1964
14.5¢ po 1D5¢0 Fishman et al, 1969
19.7 po 1D5¢0 Sommer and Tauberger
1964
28.3 po 1Ds5o Willson et al. 1965
12.0 scC 1Lbso Sommer and Tauberger
1964
40-50 dermal LDsQ Mason 1971

8p/kg of 100% DMSO exé;;t where noted.
bni/kg/day for 18 mo, 90% DMSO.

CConcentration not given,

dss% DMSO.
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TABLE B-2.

TABULAR SUMMARY OF GENETIC TCGXICITY OF DMSO

Species Dose/ ‘ Effects
peel concentration Route and comments Reference
Bacteria  Toxic level or - Not mutagenic Simmon et al, 1977
5 mg/plate maximum
1.4 z 106 nmoles/ - Not mutagenic De Flora 1981
plate (100% DMSOQ)
Chicken 10-50 plL/embryo - Not genotoxic Bloom 1982
(0.5-1% DMSQ)
Fish (.5% DMSO for 24, 48 hr - Incidence of anaphase aberra-— Kocan et al. 1982
tions in cultured ovary
cells not significantly
increased above that of
untreated cells
Hamster 0.1 ml (1% DMSO) - No effect in cultured ovary Tates and Kriek 1981
cells
¢.1 mL {10% DMSOQ) - Increased chromosomal aberra-— Tates and Kriek 19381
tions with microsomal
activation
Rat 1 mL/kg/day for 10 wk ip No effect on dominant lethal- Sheu and Green 1979
ity
5 mL/kg/day for 5 days ip Disrupts chromosomes at con— Xapp and Eventoff 198C
centrations of 1-100% DMS0
Yeast 1.4 M for 4 hr - Promutagenic Callen and Philpot 1977

5% DMSO for 60 min

Not mutagenic with microsomal
activation; 50% survival

Abbondandolo et al, 1980
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TABLE B-3.

TABULAR SUMMARY OF CARCINOGENICITY OF DMSO

Species Dose/ Route Effects Reference
concentration and comments
Hamster 2% DMSO - No cell transformations in Pienta 1980
embryo cell cultures
2% DMSO - No cell transformations in Katoh 1977
cell cultures of hyaline
cartilage
100% DMSO topical No tumorigenesis after appli- Elzay 1967
cation to cheek pouch
epithelium
Mouse 0.5% DMSO - 5% of cultured ventral pro- Mondal 1971
state cells gave rise to
malignant clones
Rat 18% DMSO, biweekly
for 20 wk sC No tumors after 1 yr. Treat- Lohs et al., 1971

ment included H202 and/or
TiCl3




9t T

TABLE B—4. TABULAR SUMMARY OF TERATOGENICITY AND EMBRYOTOXICITY OF DMSO

Species Dose/ Effects
P concentration Ronte and comments Reference
Chicken  Toxic level wp to 10.3 injection Malformations of the Caujolle et al., 1967
mg/72 or 96 hr—old limbs, beak and eyes,
embryo (50% DMSO) anourous embryos, celo—
somia
Hamster  0.05-1 g/kg on 8th day of iv No significant terato-— Ferm 1966
gestation genic effects
2.5-8.25 g/kg on 8th iv, ip Exencephaly, rid fusions, Ferm 156§
day of gestation microphthalmia, limb
abnormalities and cleft
lip
5.5 g/kg on 8th day of ip Impaired development of Marin-Padilla 1966
gestation brain
3.3 g/kg on 8th day of ip No teratogenic effect Staples and Peckaro 1973
gestation
3.3 g/kg/day on Tth-9th ip Slight increase in vis-— Staples and Pecharo 1973
days of gestation ceral and skeletal
abnormalities
5.5-8.25 g/kg/day on 8th ip Cranioschisis, exen- Staples and Pecharo 1973
day, or 7tk-9th day of cephaly, cleft 1lip,
gestation hemangioma, fused ribs,
absence of kidneys
0.7 mL of 100% DMSO given ip Exencephaly and other Gill et al, 1981

to 115-125 gm animals on
8th day of gestation

abnormalitis
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TABLE B-4. (CONTINUED)

Species Dose/ Route Effects Reference
concentration and comments
Mouse 5-12 g/kg/day on 6th-12th oral No effect Caujolle et al, 1967
day of gestation (50% DMSQO)
5-12 g/kg/day on 6th-12th ip Anencephalic, malformed Caujolle et al. 1967
day of gestation {50% DMSO0) limbs, and celosomia
5.5-11 g/kg on 8th, 9th, 10th ip Visceral and skeletal Staples and Pecharo 1973
or 11th day of gestation malformations
Rabbit 5 g/kg/day on 6th—-14th day po No teratogenic effect Caujolle et al. 1967
of gestation (50% DMSQ)
4 g/kg/day on 6th-14th day sC No teratogenic effect Caujolle et al. 1967
of gestation (50% DMSQ)
3 g/kg/day on 8th-11th day sc No teratogenic effect Staples and Pecharo 1973
of gestation (90% DMSO) :
Rat 5-10 g/kg/day on 6th-12th day po, ip Malformations of nervous Caujolle et al. 1967
of gestation (50% DMSO) system, limbs, jaw.
Celosomia and edema
10.25 g/kg/day on 8th-10th day sC Decreased live litter Juma and Staples 1967
of gestation (90% DMSO) size, increased resorp-—
tions, but no gross
malformations
10.25 g/kg/day on 8th-10th day ip Not teratogenic Staples and Pecharo 1973

of gestation
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TABLE B-5. TABULAR SUMMARY OF OTHER EFFECTS OF DMSO®*
Species Dose/ i Route Effects Reference
concentration and comments
Adrezal Gland:
Human 8.0 aL (70% DMSO) po No significant change in plasma Allen and Allen 1975
corticosterone level
Rat 2.0 mL {2,5% DMSO) ip Significant increase in plasma cor— Allen and Allen 197§
ticosterone level
2.0 ol (25% DMSO) ip Significant increase in plasma cor— Allen and Allen 1975
ticosterone level
Eve:
Evman 2 ‘rers (50% DMSOY contact Transient burning and stinging and Kiigman 1955b
occasional vasodilation
90-100% DMSO contact Aggravation of iaflammatory Hanna et al. 1977
response
30% DMSO contact Antiinflsmmatory Hanna et al, 1977
10% OMSO for 70 minm in vitro Corneal epithelial cells damaged Sperling and Larsen 1979
1 g/kg/day for 12 wk dermal No ophthalmological abnormalities Hull et al., 1969
1 g/kg/day for 3 mo, dermal No ophthalmological abnormalities Brobya 1975
(80% DMSQO)
Doj 11 g/kg/day (90% DMSO) s¢ Leaticular changes inm 7 wk or less Smith et al, 1969
1, 3, 9 ml/k/day, § po Changes in retractive index and Nosl et al., 1973
days/wk for 2 yr vitreous humor, equatorial opaci-
ties, nuclear opalescence
Guinea pig 0.5 mL 3 times/wk for dermal Cataracts appeared in 3 of 12 Rengstoff et al, 1971
3 wk (tech. grade DMSO) animals in 5-6 mo.
0.05 al 2 times/wk for s¢ Cataracts appeared in 3-4 of 12 Rengstoff et al, 1971
2 wk (5% DMSO) animals
Monkey 11 g/kg/day for 185-200 dermal No ocular changes Smith et al, 1969
days {90% DMSO)
4.5 mL/kg twice/day for po No ocular changes Vogin et al, 1970
53 wk (90% DMSQ)
3-9 mL/kg, § times/wk po Lenticular changes occurred in 9-15 Barmett and Noel 1967
(50% D3SO) wk
Pig 8.1 mL/kg, twice daily, § dermal Lenticular changes occurzed after Noel et al. 1975
times/wk {90% DMSO) 90 days
Rabbit 5% DMSQ in drinking water po Lenticuiar changes occurred sfter Wood st al, 1971

1 g/kg/day {100% DMSO)
5 g/kg/day (100% DMSO)

ip, dermal
ip, dermal

24 wk
No lemticular changes
Lenticular changes in 10-15 days

Wood et al, 1971
Wood et al, 1971
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TABLE B-5. (CONTINUED)

. Dose/ Effects
Species concentration Route end comments Reference
Hematology:
Human 1 g/kg/day for 90 days dermal 23 of 45 subjects exhibited tran-— Brobyn 1975
sient eosinophilia, 2 had
decreased hemoglobin, hematocrit
and EBC
100 g/day fo 2 days iy Decreased hemoglobin, decreased WBC Yellowlees st al, 1980
{20% DMSO) and shortened prothrombin and
partial thromboplastin times
Dog 0,3-2.4 g/kg/day 6 iv Anemia with reduced hemoglobin, Willson et al. 1965
times/wk for 4 wk hematocrit and RBC. Reticulo-
cytosis
Monkey 3 g/kg/day for 9 days iv No change in blood chemistry de 1a Torre et al, 1981
(40% DMSQ)
9 mL/kg, 5 times/wk for po, dermal No hematological effects Vogin et al. 1970
Rat 8 39:593ay, 6 times/wk ip Anemia, with decreased hemoglobin  Willson et al, 1965
and hematocrit values
Eidney:
Buman 1 g/kg/dey for 3 days iv No nephrotoxicity Bennett and Munther 1981
{10-40% DMSO)
100 g/day for 2 days iv Elevations in blood urea and Yellowlees et al. 1980
{20% DMSO) creatinine indicative of renal
tube damage
Monkey 1-9 ml/kg/day for 18 mo. po, dermal No impairment of renal function Vogin et al, 1970
(90% DMSO)
3 g/kg/day for 9 days iv Fourfold increase in diuresis, but de 1s Torre et al, 1981
(40% DMSQO) no nephrotoxicity
Rat 2 and 4 g/kg/day for ip No change in serum urea or Small and Ide 1976
28 days (40% DMSO) creatinine levels
Liver:
Human 100 g/day for 2 days iv Jaundiced appearance and elevated Yellowleos et al, 1980
(20% DMSO) bilirubin and asparate amino-
transferase
1% DMSO in vitro Reduction in myeloid erythropoiesis Markartseva 1982
in embryonic tissue cultures
Dog 0.3-2.4 g/kg, 6 times/wk iv Cloudy swelling and granulerity of Willson et al. 1965

for 4 wk

parenchymsl cytoplasm



ot

TABLE B-5. (CONTINUED)

. Dose/ Effects
Species concentration Route and comments Reference
Monkey a) 0.4 al/kg ip a} Centrolobular fatty changes van der Watt and Purchase 1970
by 2.0 mL/kg b) Diffuse heptocellualar fatty
changes
Rat 3.6-4.8 nl/kg ip Transient fatty infiltrationm of Mathew et al. 1980
tissue
5 g/kg/day for 45 days po Degeneration of hepatocytes amnd Caunjolle et al, 1967
inflammation and irritation of
portal spaces
Lungs:
Mouse 200 mg/m3 for 7 hr inhalation No histopathological changes Fishman et al. 1969
daily (5 days/wk for 6 wk)
1600 mg/m3 for 4 hr, inhalation Edematons changes in lungs Fishman et al., 1969
2900 mg/m3 for 24 hr
Saturated atmosphere for inhalation Nontoxie Filippova and
2 hr Kalimullina 1974
Saturated atmosphere 4 hr inhalation Bistological changes Filippova and
daily for § mo Kalimullina 1974
Monkey 9 mL/kg {90% DMSO) intragastric Atelectasis and emphysema possibly  Vogin et al. 1970
due to reguritation and tracheal
inspiration
Muscles:
‘Human 1 g/kg/dey for 90 days dermal Reduced systolic blood pressure in Brobyn 1975
several of 78 test subjects
100 g/day for 2 days iv Normal serial electrocardiogram, Yellowlees et al. 19BC
(20% DMSO) 84/min pulse, 140/90 =M Hg BP
Dog 1-2 g/kxg iv Transient increase inm cardiac index Peterson and Robertsom 1967
with increased BP, heart and
palse rates
Guinea Pig 0.6-6% DMSO in vitro Response to electrical stimulation Sams et al, 1966
was decreased in diaphram, and
increased in stomach and cardiac
muscle
Rabbit 0.70-2.10 M DMSO in vitro Concentration dependent induced Jackson et al. 1979
relaxation of aortic strips
Rat 2.5 pg/ml in vitro Amplitude of spomtaneous contrac- Bonnardeaux 1971

tions of duodenum, uterus and
rectum was reduced
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TABLE B-5, (CONTINUED)

for 2 days

prelactin in pituvitary culture

; Dose/ Effects
Species concentration Route and comments Reference
Nervous System:
Aplysia 1% DMSO in vitro Acetylcholinesterase activity inhi~ Sawade and Sato 1975
bited in isolated nerve cells
>10% DMSO in vitro Cholinergic transmission blocked im Sawada and Sato 1975
isolated nerve cells
Mouse 0.5, 0.25 ml (15% DMSO) ip, iv No gross or microscopic changes in  Broadwell ot al, 1982
' brain parenchyma
0.5-1.0 mL (20-30% DMSO} ip Histological alterstions in brain Broadwell et al, 1982
6.7 glkg ip Median effective dose for mnalgesia Morris 1966
Rabbit 0.25 mL (30-100% DMSO) contact Had no immedimste corneal amesthetic Morris 1966
effect when applid to conjunc-—
tival sac
Rat 5.5 g/kg iv, ip Significant level of analgesia Baigler and Spring 1981
Physiology:
Mouse 1-10% DMSO in vitro 10% DMSC inhibited amino acid Fleming 1977
incorporation "into protein in
brain supernatant
50 g/kg/day for 6 mo po Increased incorporation of amino Fleming 1977
(5% DMSO) acids into protein of brain,
liver, and kidney
Rat 5-30% DMSO in vitro Protein synthesis in liver extract Gerhards and Gibian 1967
stimulated at 5-10%, inhibited at
10% and blocked st 30%
5.5 g/kg ip Decrease in body temperature Kocsis et al. 1975
1.10 ¥ DMSO in vitro Decreesed insulin stimulated glu- Wieser et al. 1977
cose oxidation and increased
lipolysis by fat cells
75 mg/100 g iv No effect on subsequent in vitro Gerhards et al, 1965
oxygen consumption, Urease, tryp—
sin and chymotrypsin activities
inhibited
4,5 mg/kg ip Slight increase in serum transam— Altland et al, 1966
inase levels in 24 hr
Pituitary:
Humax 8.0 mL (70% DMSO) po No significant change in plasma Allen and Allen 1973
ACTH levels
Mouse 0.1% DMSO (2 days) in vitro Synthesis of GH and prolactin Negasawa 1983
stimulated in anterior pituitary
culture
0.05 ml, twice daily s¢ No increase in synthesis of GR or Nagasawa 1983
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TABLE B-5. (CONTINUED)

Species Dose/ Route Effects Reference
concentration and comments
Rat 2.0 mL {2.5% DMSO) ip No change in plasma ACTH levels Allen and Allen 1975
2.6 mL (25% DMS)) ip Significant increase in plasma ACTH Allen and Allen 1975
Skin:
Buman 9 mL/day {90% DMSQ) dermal Transient burning and stinging Kligman 1965b
Several cases of tramsient
erythema
9 mL 2/day {90% DMSO) dermal 10 of 20 suvbjects developed tran— Kligman 1965b
sient erythema and 2 exhibited
extreme dermatitis and toxic
shock
38% DMSO dermal Threshold concentration produciag Kiligman 1965b
local irritation ian occlusive
patch test
90-100% DMSO dermal Whealing reaction which varied im Frosch et al. 1980
intensity between individuals and
on different regions of the body
20-100% DMSO dermal Increased skin permeability Kiigman 1965a
0.9-9% D}SO in vitro Concentration dependent increase in Astley and Levine 1976
water permeability
Mouse 20-100% DMSO in vitro Concentrations of )50% DMSO Sweeney ot al, 1956
resulted in an incresse in water
penetration of the epidermis
Thyroid:
Youse 1-2 g/kg/day for 49 days po No histomorphological alerations in Lanza et al. 1970
thyroid parenchyma
15% DMSO in yitzo Inhibition of iodine uptske by thy— Heagemann and Evans 1968
roid following 15 min incubation
0.4 mL (63% DMSO) ip Transient inhibition of iodine Hagemann and Evans 1968
uptake in vivo
Rat 0.5 ml {63% and 85% DMSO) ip No effects on thyroidal iodine Goldman 1973

uptake
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TABLE B-6.

TABULAR SUMMARY OF THE EFFECTS OF INTERACTIONS OF

NON-PERCUTANEOUSLY ADMINISTERED DMSO WITH OTHER CHEMICALS

Species

Dose/
concentration

Route

Effects
and comments

Reference

Anti-Cholinpsternses:

Rat

Rat, Mouse

Antineoplastics:

Buman

Mouse

Rat

Cazcinogens:

Mouse

99% DMS0

~66% DMSO

Not given

5 L of 5 or 6% DMSO
over 3 days

1 g/kg

2% in drinking water for
for 300 days

0.6-2.4 g/kg

&8s vehicle

1.25% DMSO

ip, po

PO

ip

iv

po

ip

po

iv

LB50 of insecticides in DMSO same
as that in corn oil or weter
Absortpion rate of carbaryl from
donodenum greatly enhanced

DMSO and DMSO3 but not DS pro-
tected against anticho-
linesterases

Antitumor effect of cyclophospham—
ide potentiated by DMSC and side
effects reduced

DMSO had no effect on antitumer
activity, but caused a decrease
in arinary sxcretion

DMSC had no effect on snrvival time
or tumor development in
daunomycin—treated mice with P--
333 leukemia

DMSQ eshanced the thsrapeutic
effect of c¢cyclophosphamie on lym—
phatic leskemia

DMSQ slightly enhanced the thera—
peutic effect of ifosfamide on
carcinosarcomas, High doses
doscreased effectiveness

DMSO did not alter toxicity of
dimethylbenzanthracene as com—
pared with sesame 0il or hexade-
cane

DMS0 affects enzyme synthesis and
carcinogen binding in epidermal
cell cultores

Weiss and Orzel 1967
Cambon et al. 1981

Kocsis et al, 1975

Garrido and Lagos 1975

Fuks et al, 1981

Marian and Matkovics 1982

Warren et al, 1975

Von Ardenne and
Reitnauer 1975

Schmid et al. 1967

Yuspa et al. 1976
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TABLE B-6.

{CONTINUED)

Species

Dose/
concentration

Route

Effects
and comments

Reference

Rat

Drugs:

Human

Cat

Mouse

as vehicle

as vehicle

as vehicle

as vehicle

50 mg/kg

0.5 mL/kg {50% DMSO)

10-80% of LDsg (24 g/kg)

25% DMSO

50% DMSO

(3
<
o
<
(=]

po, ip

dermal

iv

po

po

DMSO altered P-450 in liver,
delayed and diminished urinary
excretion of, and increased adre-
nal cortex mitotic activity imn
N,N-diethyl-4-amino—azobenzene
{DEAB)-treated rats compared to
DEAB in sunflower oil

DMSO altered binding characteris—
tics of benzopyrene and methyl-
cholanthrene with respect to
liver organelles

Methylcholanthrene and a
polychlorinated biphenyl were
more potent as drug-metabolizing
enzyme indocers when dissolved in
DMSO compared with olive oil.

DMSO as vehicle for one carcinogen
increassd mitotic sctivity of
adrenal cortex more tham veget-
able o0il; no differemce with 3
other carcinogens

DMSO with ethanol (0.75 z/kg), or
60 min before ethanol, ceused &
slight decrease in blood ethanol
level, reduced motor nerve con-—
duction rate, and adversely
affected mental performance

Pharmacologic eactions of glycosides
potentiated

Lethality of DMSO and ethanol
lowest when given simultaneously
with low DMSO doses, and highest
when DMSO given 1 hr after
ethanol

Toxicity of 11 drugs not affected
by DMSO

The toxicity of § of 10 drugs,
including a muscle relaxant,
antispasmodic, parasympsthom-—
imetic and catonic germicide were
increased by DMSO

Danz et al, 1978

Levine 1972, 1375

Hietanen et al. 1980

Amlacher et al, 1974

¥allach 1971

Kelville et al, 1962

Mallach 1971

Dixon et al. 1965

Rosea et al, 1965
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TABLE B-6, (CONTINUED)

Species

Dose/
concentration

Route

Effects
and comments

Reference

Rabbit

Rat

Hepatotoxins:
Mouse

Rat

1 mL/kg

50% DMSO

0.25-3 g/kg

10-90% DMSO and
10 mL DMSO/kg
100% DMSO as vehicle

5.5 gl/kg

100% DMSQ as vehicle
5 mL/kg &s vehicle
100% DMSO as vehicle

2.0 mL/kg (90% DMSO)

5 mL/kg

iv

po

ip, po

iv

ip

ip

ip

ip

ip

ip

ip

DMSO enhanced penetratiomn of toxo-—
gonin through blood-breir bar-
rier

Toxicity of 8 of 10 drugs, includ-
ing ganglionic blockers, muscle
relaxants, parasympathomimetics
and cationic permicides increased
by DMSO

DMSO protected against ths toxicity
of paracetamol, bromobenzene, and
thicacetamide but not that of
carbon tetrachloride

DMSO enhanced toxicity of methyl-
chloroform

Toxicity of Fe salt-
octamethylpyrophosphoramide com-
plex greater with DMSO as vehicle
than with water

DMSO decressed the toxicity of
octmethylpyrophosphoramide (20
mg/kg} given 3 hr later

DMSO significantly lowered the LDjsg
value for benzene

DMSO significantly increased toxi-
city of chlorobenzene, carbon
tetrachloride and toluene

DMSO reduced toxicity of the antim—
itotic asgent dehydroheliotridine
DMSO potentisted the hepatotoxicity
of oral doses of carbon tetra—

chloride

DMSO potentisted carbon tetra-
chloride toxicity without
increasing heptatoxicity

Rump et al. 1969

Rosen et al., 1965

Siegers 1978

Shah and Lal 1976

Joesten and Hill 19646

Kocsis and Harkaway 1967

Kocsis et sl. 1968a

Kocsis et al, 1975

Peterson et 8l, 1972

Freston and Bouchier 1967

Mancini end Kocsis 1974



TABLE B-6. {CONTINUED)

Species

Dose/
concentration

Route Effccts Reference
and comments

Hepatotoxins:
Rat

Muotagens:

Bacteria

9%T

Drosophila

Green plant

Penicilium

Rat

5 mL/kxg (25% and 100% DMSO)

50 pL {100% DMSO)

not given

not given

as vehicle

as vehicle

1% DMSO as vehicle

5% DMSO

5 mL/Xxg

1 mL/Xg

ip DMSO potentiated the lethal effects Xocsis et al. 1968a
of benzene, and increased urime
taurine levels
ip vitro Liver microsomal metabolism of ami— Kawalek and Andrews 1980
nopyrine, T-ethoxycoumarin, and
benzo[alpyrene enhanced by DMSO
not given Pretreatment with DMSO altered Courtney 1970
serum levels of 2,4,5-T and
slightly stimunlated 2,4-D meta-
bolism
in vitzro Metabolism of aniline and phena- Eitada et al, 1978
cetin increased; that of ethyl-
morphine and benzphetamine
unchanged

Ames test Fresh DMSO plus p-phenylenediamine Burnett et al, 1982
is not mutagenic, but when mix-
ture stands for 4 hours, it
becomes highly mutagenic
Ames test Heating of mixture of DMSO and hex— Zochlinski and Mower 1981
achloracetone altered toxicity
and mutagenicity characteristics
of hexachloracetone

intra—abdominal  DMS0 enhanced mutagenicity of Sharma et al, 1973
ethylmethane sulfonate

seedling DMSO doubled matagenicity of ethyl Bhatia 1967
methanesulfonate

DMSO enhanced mutagenicity of N— Zakhorova et al. 1974
nitroso-N-methylbiuret

ip DMSO reduced number of chromosomal Barilyak et »l. 1978
aberrations induced by
pyrimethamine and 6—
mercaptopurine

ip DMSO prevented strand breaks in Sosnowski et al, 1976
hepatic DNA induced by dimethyi-
nitrosamine
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TABLE B-6,

(CONTINUED)

Species

Dose/
concentration

Route

Effects
and comments

Reference

Teratogens:

Chicken

Hamster

Mouse

Rat

Miscellaneous:

Humsn

House

Rabbit

as vehicle

0.7 nL on 8th day of
gestation

10% DMSO

5 mL/kg

0-20% DMSO

not given

0.5 mL/day (15% DHSO)

not given

4,5 g/kg

as vehicle

2 mL/kg (25% DMSO)

5-30% DMSO

injection

ip
ip
ip
in vitro
in wvitro
po

not given

ip

ip, s¢
iv

in yitro

DMSO reduced teratogenicity of 3-—
acetylpyridine, 6-
sminonicotinamide, and 3-amino-—
1,2,4-trigzole; that of sulfani-
lamide was increased, and that of
physostigmine and nicotine
unchenged when compared with
water as solvent

DMSO potentiated the teratogemicity
of diazepam

DMSO reduced teratogenic, embryoci—
dal, and fetotoxic potency of
secalonic acid

DMSO reduced teratogenic sffect of
chloridin and 6—mercaptopurine

5-15% DMSO enhanced polyethylene
glycol mediated cell fusion

DMSO enhanced the inhibitory effect
of cerbamyl phosphate on red
blood cell sickling

DMSO enhanced immunosuppressive
effect of imuran

DMSO accelerated onset of action of
glucochlorelose but mot its toxi-
city

DMSO potentiated the toxicity of
mercaptoethylamine

DMSG increased toxicity of snake
_venom compared with saline

DMSC potentiated febrile response
Eo expgencus pyrogen

15% DMSO caused a maximum reduction
in the hemolytic effect of
chlorohexidine acetate

Landaver and Sslam 1972

Gill et al. 1981

Reddy et al, 1981

Barilyak et al, 1978

Norwood et 21, 1976

Smith and Allen 1975

Aronov and Radionov 1979

Braude and Monroe 1965

Roerig et al, 1973

Tiru-Chelvem 1974

van Miert and van Duin 1976

Ansel 1967
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TABLE B-§.

(CONTINUED)

Species

Dose/
concentration

Route

Effects
and comments

Reference

Rat

as vehicle

6 ml/day for 22 days

not given

0.08-2.57 ¥

as vehicle

ip

not given

in vitro

in vitro

in vitro

DMSO potentiated toxic effects of
diethylstilbestrol in rats with
sltered hepatic fumction

DMSO inhibited the arnaphylactoid
reaction produced by butylated
hydroxyanisole dextran

Membrane damage by butylated
hydroxyanisole was greatest with
substances with large dielectric
constants like DMSO

DMSO can potentiate action of sub-
stances which stimulate produc-
tion of adenyl cyclase

DMSO solutions of cigarette smoke
condensate (CSC) were not as
inhibitory to respiratiom of
brown fat cells in vitro as were
ethanol solutions of CSC

Klaassen 1973

Rodriguez et sl, 1966

Sgaragli et al, 1975

Bynie and Klenerova 1980

Pettersson 1980
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TABLE B-7. TABULAR SUMMARY OF THE EFFECTS OF INTERACTIONS OF
PERCUTANEOUSLY ADMINISTERED DMSC WITH OTHER CHEMICALS

Species

Dose/
concentration

Effects
and comments

Reference

Allergens:
Guinea pig

Rat

Carcinogens:
Hamster

1%

as vehicle

as vehicle

as vehicle

as vehicle

70% DMSO as vehicle

DMSO enhanced sensitization to
dinitrochlorobenzene

DMSO-reduced -time to produce
contact sensitization when
used as a vehicle for 2,4-
dinitrochlorobenzene

DMSO reduced latent period for
squamous cell carcinoma
induced by dimethylben-
zanthracene compared to
mineral oil

DMSO applied 3 times per week
for 11 weeks enhanced carci-
nogenicity of dimethylben-—
zanthracene

DMSO enhanced tumorgenicity of
dimethylbenzanthracene

Presence of DMSO as vehicle
given 3 times per week for
10 weeks retarded dimethyl-
benzanthracene induced skin
carcinogenesis

Heise et al., 1969

Vakilzadeh et al, 1973

Dachi et al. 1967

Elzay 1967

Lalonde 1969

Siegel and Shklar 1969
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TABLE B-7. (CONTINUED)

Species

Dose/
concentration

Effects
and comments

Reference

Mouse

Rat

Cytotoxic Agents:

HFuman

Salicylic Acid:

Rabbit

as vehicle

50% DMSO: 50% acetone

as vehicle

80% DMSO

as vehicle

15% DMSO

15% DMSO

DMSO slightly shortened the
appearance time of 20-
methylcholanthrene induced
tumors

Compared to acetone as solent,
DMSO-acetone had moderate
inhibitory effect on 20-
methylcholanthrene induced
skin carcinomas

DMSO increased latency period
and reduced number of carci-
nomas compared to acetone as
g vehicle

DMSO had no effect on penetra-
tion of methotrexate

DMSO enhanced effectiveness of
5-fluorouracil and 5-
iododeoxyuridine

DMSO enhanced penetration of
salicyclic acid, especially
at low pH

DMSO in ointments enhanced
rate of absorption into
blood of salicyclic acid

Finogenova 1974

Iverson et al. 1981

Stenback 1970

McCullough et al. 1976

Goldman et al, 1967

Marcus et al, 1970

Stelzer et al., 1968
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TABLE B-7. (CONTINUED)

Species bose/ Effects Ref
P concentration and comments eterence
Steroids:
HBuman not given DMSO enhanced penetration of Feldmann and Maibach 1966
the steroids hydrocortisone
and testosterone 3 to 4 fold
Rat as vehicle DMSO favored penetration of Lafille and Sagon 1%6%

Miscellaneous:

Cow

Guinea pig

70% DMSO

as vehicle

as vehicle

10-90% DMSO

prednisolone but not its
ester

DMSO had no effect on penetra-
tion of corticotropin

Applied on the udder, DMSO
promoted absorption of peni-
¢illin into milk and serum
compared with water as vehi-
cle

DMSO enhanced penetration of
l1-methyl-2-
hydroximinomethylpyridinium

DMSO enhanced penetration of
soman as indicated by LDsg
values

Kastin et al. 1966

Walser 1966

McDermot et al. 1965

McDermot et al, 1967
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TABLE B-7. (CONTINUED)

Species Dose/ Effects
P concentration and comments Reference
100% DMSO DMSO increased absorption and Wablberg and Skog 1967
mortality of mercurous
chloride 7- and 4—fold
respectively
Rat as vehicle DMSO slightly enhanced pene— Kastin et al. 1966

as vehicle

10-100% DMSO

90% DMSQO

tration of vasopressin

In DMSO hexachlorophene pene-
tration was 55% of dose in
24 hrx

With increasing concentrations
of DMSO, phenol penetration
through excised rat skin was
reduced

DMSO plus alpha—tocophenol
reduced ulcerogenic activity
of adriamycin

Nakzue and Buhler 1976

Roberts and Anderson 18735

Svingen et al. 1981
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