
DIMETHYL SULFOXIDE

I. IDENTIFICATION

Chemical Name: Dimethyl Sulfoxide
Synonyms: DMSO, Methylsulfoxide, Sufinyl bis

[methane]
CAS Number: 67–68–5
Molecular Formula: C2H6SO
Structural Formula: (CH3)2 SO

II. CHEMICAL AND PHYSICAL PROPERTIES(1-6)

Physical State: Colorless liquid
Molecular Weight: 78.13
Conversion Factors: 1.0 ppm = 3.20 mg/M3

1.0 mg/M3 = 0.31 ppm
Melting Point: 18.5°C (65°F)
Boiling Point: 189°C (372°F)
Vapor Pressure: 0.37–0.42 mmHg at 20°C (68°F)
Saturated Vapor Concentration: 490–550 ppm at 20°C

(68°F)
Odor Description and Threshold: Mild garlic odor

(threshold not reported), odor apparently decreases
with increasing purity

Flammability Limits: LEL: 2.6%; UEL: 42%
Flash Point: 95°C (203°F) Open Cup; 89°C (192°F)

Closed Cup
Autoignition Temperature: 215°C (419°F)
Specific Gravity: 1.10 at 20°C (68°F)
Solubility: Soluble in water, and most organic solvents
Stability: Stable, but hygroscopic
Reactivity and Incompatibilities: Reacts violently with

strong oxidizers, many acyl halides, boron hydrides,
and alkali metals. May form explosive mixtures
with metal salts of oxoacids. Releases sulfur dioxide
when heated above 100°C

III. USES

The primary use of dimethyl sulfoxide is as an indus-
trial solvent. It is also used as a laboratory analytical
reagent, pesticide additive, antifreeze, hydraulic fluid,
additive for topical medical formulations, and has lim-
ited human and veterinary medical applications.(3,7)

IV. TOXICOLOGICAL DATA

A. Acute Toxicity and Irritancy:

1. Oral(5,8-11)

Rat: LD50: 14.5–22 g/kg
Mouse: LD50: 17–22 g/kg
Guinea Pig: LD50: >11 g/kg

2. Eye

Six rabbits had undiluted DMSO introduced
into the conjunctival sac, amount not specified.
Of these, two were irrigated immediately, two
after 2–3 minutes, and two were not irrigated.
The authors stated that, “No ill effects were
noted in any of the treated eyes.”(8)

Twenty rabbits had DMSO introduced into
the eyes using the Draize method; concentra-
tion and volume not specified. The authors
stated that, “Slight conjunctivitis...was noted
at the 24-hour observation period...[which]
had disappeared by 48 hours.”(11)

Tests performed in rabbits following the
OECD guidelines induced a very slight con-
junctival irritation, which cleared in 3 days.(12)

3. Skin

a. Absorption

Tests in which mice and rats were dipped
up to their necks, “until thoroughly wet-
ted,” in 100% or 80% DMSO resulted in
an estimated Dermal LD50 of approxi-
mately, 50 and 40 g/kg, respectively.(13)

b. Irritation

Rabbit: Undiluted DMSO was applied
and occluded with a patch. The amount
applied was not specified. Slight erythema
was observed upon removal of the patch,
which cleared rapidly. The authors con-
clude that DMSO was not irritating.(11)

Document History
Published:   2003
Rebranded: 2025

   

 

AIHA 3120 Fairview Park Dr., Suite 360, Falls Church, VA 22042 USA 
main +1 703-849-8888 | fax +1 703-207-3561 | aiha.org 

 

 

Occupational  
Exposure Limits 



Guinea pig: Undiluted DMSO was
applied to hairless guinea pigs and
occluded with cotton gauze for 4 hours.
The authors conclude that DMSO was
mildly irritating when scored according
to the Draize methodology.(14)

c. Sensitization

Guinea Pig: Undiluted DMSO did not
cause sensitization using a maximization
test methodology.(8)

Mouse: DMSO was negative when tested
in the Mouse Ear Swelling Test.(15)

4. Inhalation(11)

Rats: All animals (8 per group) survived
exposure to nominal concentrations
as follows (LC0’s):

2900 mg/M3 — 24 hours
1600 mg/M3 — 4 hours
2000 mg/M3 — 40 hours

The authors report observing localized areas
of pulmonary edema in “some” of the animals
from each exposure group, whether sacrificed
immediately after exposure or after 2 weeks of
observation. It should also be noted that these
concentrations would have consisted of both
vapor and mist, since these are at or above the
saturated vapor concentration for DMSO. No
other adverse effects were reported.

5. Other

a. Intraperitoneal(8-10,16)

Rat: LD50 10.9–13.7 g/kg
Mouse: LD50 13.9–20.1 g/kg
Guinea Pig: LD50 >5.5 g/kg

b. Subcutaneous(16)

Rat: LD50 13.7 g/kg
Mouse: LD50 16.0 g/kg

c. Intravenous(9,11,16,17)

Rat: LD50 5.4–8.1 g/kg
Mouse: LD50 3.1–11 g/kg

B. Genotoxicity:

DMSO has been subjected to a very large number
of genotoxicity and mutagenicity tests, since it is
commonly used as a solvent in the testing of sub-
stances otherwise insoluble in water. Besides ref-
erences to the more common test methodologies,
DMSO also appears as either a test or control
material in numerous publications regarding
experimental methodologies.

DMSO has been generally found to be non-geno-
toxic in any of the usual battery of tests. Some of
the published results include:

• Chinese Hamster Ovary Cell assay(18-19)

• Drosophila melanogaster aneuploidy test(20)
• S. typhimurium strains TA97, TA98, TA100,

TA1535, TA1537, TA1538 (with and without
S-9 activation)(21-23)

• S. cerevisiae assay(22)

• E. coli WP2 and PQ37 assay(23)

• Rat hepatocyte DNA repair test(24)

• RK Bacterial test(25)

• Mouse lymphoma TK assay(26)

Some published studies indicate positive results
for potential genotoxicity, such as:

• Prophage lambda E. coli WP2s(λ) Micro-
screen Assay(27)

• Modified Ames Assay with S. typhimuriam
strains TA1537 and TA2637(28)

• E. coli strain WP2uvrA(28)

The weight of the evidence is that DMSO is not
genotoxic.

C. Metabolism and Pharmacokinetics:

Tests in humans, rats, rabbits, and guinea pigs all
indicate that DMSO is very rapidly absorbed
through the intact skin. DMSO can be measured in
circulating blood within minutes of its being
injected or applied dermally and can be found
throughout the body within a few minutes more.
Most of an experimentally applied dose of DMSO
was found to be excreted, unmodified, in the
urine. A significant portion of absorbed DMSO is
metabolized to dimethyl sulfone, which is also
excreted in the urine. The estimated half life of
DMSO in the body of humans is 11–14 hours,
while that of the dimethyl sulfone metabolite is
about 60–70 hours. A small proportion of
absorbed DMSO is converted in vivo, in a
reversible reaction, to dimethyl sulfide. The
dimethyl sulfide present in exhaled breath is
responsible for the characteristic halitosis associ-
ated with DMSO exposure, although less than
3% of the absorbed dose is exhaled. Human stud-
ies note that application of even a 10% solution of
DMSO (although total dose is not specified)
results in the persistent, characteristic halitosis.
No other metabolic pathways are apparent.(29-33)

D. Developmental/Reproductive Toxicity

Tests performed on rats, mice and rabbits indicat-
ed a small number of malformations at high doses.
Mice and rats were dosed each day on Days 6–12
of gestation. Exposures included both oral gavage
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and intraperitoneal (IP) injection. Mice were
divided into four oral dose groups and four IP dose
groups with doses ranging from 5 to 12 g/kg each
day. There were a total of 102 exposed mice and
29 controls. Rats were dosed orally at either 5 or
10 g/kg per day, or IP at 5, 8, or 10 g/kg per day.
There were 91 treated rats and 59 controls. There
were no malformations observed in orally treated
mice. Only one malformation was seen in each of
the three lower IP-dose groups of mice and 
four malformed fetuses were observed in the high-
est IP-dose mouse group (out of 100 total fetuses).
A total of 12 malformed fetuses (out of 729 total
fetuses) were observed among exposed rats, but
these did not occur in a dose-related manner. 
Two of the malformed rat fetuses had neural tube
defects, which were similar in nature to those
found in the hamster study cited below. Rabbits
were dosed each day on Day 6 through 14 of ges-
tation, either orally at 5 g/kg per day or by subcu-
taneous injection at 4 g/kg per day (five exposed
dams and three controls for each route of expo-
sure). Only one malformation was observed
among the 83 rabbit fetuses from the exposed
groups, and they were otherwise not significantly
different from the controls. The author does not
discuss maternal toxicity.(16)

In a study primarily directed at testing pesticides,
DMSO was included as a control, since it was
used in formulations to make pesticides soluble in
water. DMSO was administered via gavage to
pregnant hamsters in single doses of 5.5 g/kg on
Day 7 (7 dams) or of 11 g/kg on either Day 7 
(14 dams) or Day 8 (14 dams) of gestation. When
DMSO was administered at the higher dose on
Day 7, fetal mortality was 24%, with 24% of the
fetuses having malformations. When administered
at the higher dose on Day 8, fetal mortality was
9.7% and there were malformations in 18.1% of
the fetuses. At 5.5 g/kg, there was 9.3% fetal mor-
tality and 2% malformations. The rates for the
untreated controls were 4.5% (mortality) and
0.5% (malformations). The author does not dis-
cuss the statistical significance of these differ-
ences. Also, other than stating that one of the high
dose dams died as a result of treatment, the author
does not discuss maternal toxicity. It should be
noted that these doses are in the 1/3 to 2/3 range of
the expected LD50.(34)

In a mouse study, the animals were orally dosed
with DMSO at 0, 2.5, 5.0 or 10.0 g/kg per day 
(7 dams per dose level), before and during preg-
nancy (males were also exposed prior to mating).
There was no observed decrease in litter size, and
no observed effect on size, birth weight, gross
development or weight gain. There was a marked

decrease, not dose-dependent, in the percentage of
females impregnated, which the authors speculate
may be related to interference with olfactory sig-
nals involved in mating with mice.(10)

Pregnant hamsters were administered DMSO on
Day 8 of gestation at various doses (5 or 6 dams
per dose level). Those given 50, 250, 500, 1000, or
2500 mg/kg were dosed intravenously, and those
given 5500 or 8250 mg/kg were dosed intraperi-
toneally (IP). At the two IP doses there was a high
rate of fetal malformation, including specific
deformation in the central nervous system tissues
(exencephaly — failure of closure of the anterior
neural tube). Only a few embryos at the 
2500 mg/kg dose had any malformations, and no
effects were observed at the lower doses. The only
discussion of maternal toxicity is mention that
dams in the highest three dose groups experienced
generalized muscular tremors for approximately
one minute after dosing and that the highest two
dose groups also experienced abdominal muscle
rigidity for about the same time period.(35)

Pregnant rats were given subcutaneous injections
of DMSO at 12.25 g/kg per day on Day 8, Days 8
and 9, or Days 8, 9, and 10 of gestation. There
were 10 control animals and 10 per dose group.
This exposure scenario did not result in a decrease
in maternal weight gain or birth weight of live off-
spring. There was a significant decrease in the
number of fetuses per litter among those dams
given three injections. No gross or skeletal mal-
formations were observed, in the 338 live fetuses,
except for two umbilical hernias in the middle 
(2 injection) dose group.(36)

Pregnant mice (2 or 3 dams per group) were given
doses of 0.0, 2.8, 5.5 or 11 g/kg, intraperitoneally,
on Day 13 of gestation. The authors conclude that
DMSO, at all these doses, had no statistically sig-
nificant impact on sister-chromatid exchange in
either maternal or fetal cells. DMSO was actually
included in this study as a control, since it was
being used as a solvent for other materials, which
were the primary focus of the study.(37)

E. Subacute (6–28 days):

Rats (10 per group) were dosed by gavage, 5 times
per week for two consecutive weeks at 0, 1.1, 3.9,
5.5, and 11 g/kg per day. The authors attribute two
deaths each in the two highest dose groups to
injuries sustained in dosing. They further conclud-
ed that there were “no changes in the formed ele-
ments of the blood” at 10 days post exposure.(8)

Eight rats were each given 8.2 g/kg per day of
DMSO via intraperitoneal injection on four 
consecutive days Two of the eight died, but the



remaining six were described as healthy at 10 days
post exposure.(8)

Mice (10 animals) injected intraperitoneally with
DMSO at 4.4 g/kg per day for 7 consecutive days
were observed to have significant decreases in
serum IgG and IgA but not IgM. Treated animals
later immunized with sheep red blood cells
demonstrated moderate but significant decreases
in “both spontaneous and facilitated plaque-form-
ing cells, hemagglutination titers and serum con-
centrations of IgG1.(38)

In a similar study, mice were injected (IP) with
DMSO at 2.5 g/kg per day for one week, then 
1.25 g/kg every other day for the second week,
followed by resumption of the 2.5 g/kg per day
dose for three additional weeks. There were 
10 test animals and 10 controls. The reduced dose
in the second week was adopted because the test
animals “appeared weak.” The mice were chal-
lenged, as above, with sheep red blood cells to
assess immune response. The authors concluded
that the treatment had not resulted in any adverse
effect to the humoral immune response. In addition,
no adverse effects were observed in leukocyte
counts, body weight, or the size of the heart, lungs,
spleen, thymus or kidneys. Livers of exposed ani-
mals were enlarged. The hematocrits of the exposed
animals were significantly lower than controls, but
were within normal laboratory values.(39)

Rats were given intraperitoneal injections of
DMSO daily for 28 consecutive days at either 
2 g/kg per day or 4 g/kg per day (ten rats per dose
level) to examine the potential for kidney injury.
One of 20 died at the low dose level, and 3 of 20
at the high dose level died. Both doses impaired
growth, but neither caused kidney injury.(40)

Six rhesus monkeys (plus one control) were
exposed to DMSO via intravenous injection for 
9 consecutive days. Four were given 3 g/kg per
day, and two were given 2 g/kg per day. One of the
high dose group was sacrificed and examined on
Day 4 of the experiment. The others were
observed and tested for 4 months before being
sacrificed and examined. Among hematological
factors the only finding was a decrease in the
white blood cell count. Urinalysis, cardiac and
respiratory exams, ocular exams, and neurological
exams were all within normal limits. No adverse
findings were noted during pathological exams at
sacrifice.(41)

Daily application of undiluted DMSO (amount
and number of test animals not specified) to the
clipped backs of guinea pigs for 28 consecutive
days produced neither macroscopic nor micro-
scopic signs of injury.(8)

Rats (12 males) and guinea pigs (12 females) were
repeatedly exposed via dermal contact to examine
the mechanism by which DMSO causes swelling.
Upon a single application (1.0 ml, occluded, for 
1 hour), some swelling was measured, which
increased with each additional daily application at
the same site until beginning to subside on the
fourth application. The fifth and subsequent appli-
cations had no effect. The authors conclude that,
rather than being due to injury from the exother-
mic reaction of DMSO upon contact with the skin,
the swelling arises from DMSO affecting the per-
meability of cells by causing release of histamine
at the site of contact. After the fourth day, the his-
tamine is suspected to be exhausted, and thus there
is no longer an effect.(42)

In summary, much of the subacute data is based on
routes of exposure of little help in deriving an occu-
pational exposure limit (many tests were intra-
venous or intraperitoneal route). Overall the data
indicate that DMSO is toxic at very high doses, but
shows few, if any, effects below about 2 g/kg per
day, even with the more extreme exposure regimens.

F. Subchronic (29 days to 6 months):

Undiluted DMSO (amount not specified) was
applied to the skin of hairless mice twice per week
for 30 weeks resulted in no discernable effect on
the skin.(8)

Mice were fed DMSO in their drinking water at
concentrations of 1%, 2.5%, and 5% for six weeks
(35 test animals per dose level, plus 35 controls).
Water consumption calculations indicated a daily
dose in the highest group of about 27 g/kg per day
in the first week, increasing to about 52 mg/kg per
day by the third week (note that water consump-
tion increased over these first 3 weeks). Those in
the higher group consumed considerably more
water. Those in the highest dose group experi-
enced weight loss, and a decrease in the relative
spleen weight. There was also an initial loss in
serum volume in the high-dose group, which later
came back into line with controls. There were no
histopathological changes noted.(38)

In an inhalation exposure study, 32 rats were
exposed to approximately 200 mg/M3 (about 
60 ppm) of DMSO for 7 hours per day, 5 days per
week for 30 exposures (6 weeks). There were no
outward toxic signs noted in any of the exposed
animals throughout the exposure period. There
were no adverse effects on growth and no differ-
ences from controls for “biochemical or hemato-
logic” factors or for “gross or histopathologic”
factors. Nearly all animals, including controls,
exhibited non-specific inflammatory changes in
the lungs and livers.(11)
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Mice were exposed to DMSO by intraperitoneal
injection, subcutaneous injection or gavage,
6 times per week for 3 to 12 weeks; 20 mice per
exposure group. From one to three mice per week
were sacrificed and subjected to histopathological
examination. Those exposed by IP injection were
given 2.5 g/kg per day for up to 33 doses. These
mice were noted to have tubulonephritis and dif-
fuse necrosis at the point of injections. Those sub-
jected to subcutaneous injection were given 2 g/kg
per day for up to 34 doses. These were noted to
have “less evidence of tissue damage.” Those oral-
ly exposed were given 5 g/kg per day for up to 
20 doses or 3.3 g/kg per day for up to 33 doses.
Those at the higher dose initially suffered a weight
loss but later gained weight at the same rate as the
control animals. Those at the lower oral dose were
not observed to suffer any adverse effects.(16)

In a parallel study, rats were exposed to DMSO by
either intraperitoneal injection or gavage, 6 times
per week for 3 to 12 weeks; 20 animals per expo-
sure group. Those given the IP injections were
given 1 g/kg per day for up to 45 doses and were
observed to have normal weight gains and normal
histopathological findings. Rats given 5 g/kg IP
per day, also for up to 45 doses, were observed to
have retarded growth, but normal histopathology.
Rats dosed by gavage at 5 g/kg per day for up to
45 doses were observed to also have retarded
growth rates and found to have liver necrosis upon
histopathological examination. Rats dosed orally
at 2 g/kg per day for up to 45 doses had normal
weight gain and histopathology.(16)

DMSO was orally administered to six pairs of
beagles at doses of 0, 2.5, 5, 10, 20 or 40 g/kg per
day, five days per week. None of the four highest
dose animals, and only one of those at 10 g/kg per
day were able to tolerate the dose. Exposure of the
seven surviving animals was continued for 
23 weeks (107 doses), and the animals continued
to be observed an additional 31 weeks. Ocular
examination was performed at least monthly and
histopathology examination was performed at the
end of the observation period. All animals admin-
istered DMSO demonstrated refractoriness to
mydriasis by tropicamide by the 4th week of test-
ing. This effect continued throughout exposure,
but disappeared upon termination of dosing.
Changes in lenses of the eyes appeared in which
the refractive power of the lens changed. The
changes were in distinct zones, typically at the
center and in a ring surrounding the central area,
in a kind of “target” pattern. These appeared in the
three surviving high dose animals by Week 9 and
were seen in all five exposed animals by Week 18.
The severity of the effect was dose dependent.

Termination of exposure did not result in any sig-
nificant improvement. The histopathological
examination did not result in any other abnormal
findings.(43)

In a parallel study, four groups of ten Corgi dogs
each were orally administered DMSO. For the
first 45 days, the dogs were given 0, 0.6, 1.7, or 
5 g/kg per day. The doses were doubled from Day
46 through Day 132, and were continuing at the
time of the report. No eye effects were noted at the
first eye examination on Day 28. At the second
examination on day 68, all dogs in the highest two
groups were affected and 3 of 10 in the low dose
group were affected. Effects in the mid-dose ani-
mals were reported as less severe than the high-
dose animals, and those in the low-dose group
were “slight.” Some improvement was observed in
some animals upon withdrawal from exposure.(43)

Ocular effects, similar to the two dog studies cited
here, were seen in rabbits exposed dermally to
DMSO. Seven groups of four rabbits each were
exposed for 90 days. Four groups were exposed to
100% DMSO applied at doses of 2.2, 4.4, or 
8.8 g/kg per day; four were exposed to 50% DMSO
in water at doses of 4.4, 8.8 or 18.2 g/kg per day;
and one was used as a control, with only water. At
the end of 90 days, none of the animals receiving
2.2 g/kg per day of 100% DMSO, or 4.4 g/kg per
day as 50% DMSO were affected. Three of four in
both higher dose groups with 50% DMSO solu-
tion and 4 of 4 in each of the higher dose groups
receiving 100% DMSO developed changes to the
lens resembling that observed in dogs. The authors
also report that similar effects were obtained in
dermal exposure of pigs.(43)

Another study examined ocular effects in dogs
and primates via dermal exposure. Beagles (2 per
dose level) and rhesus monkeys (8 per dose level)
were dermally administered DMSO (as a solution
of 90% DMSO with water) at 1.1, 3.3, or 11 g/kg
per day. The dogs were exposed for 118 days and
the monkeys for 185 to 200 days. Both species
developed malodorous breath and desquamation
at the site of application. The dogs experienced
lens changes as described in the studies above,
which did not improve upon cessation of exposure
(observation was for 71 to 92 additional days). No
ocular effects were observed in the monkeys. Skin
lesions and the halitosis resolved upon cessation
of exposure for both species.(44)

Overall the subchronic data indicate an absence of
effects below about 2 g/kg per day, except for a
unique ocular effect. The ocular effect is not seen
in primates, however, even at doses as high as 
11 g/kg per day.
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G. Chronic Toxicity and Carcinogenicity:

In a series of tests, chronic effects of DMSO expo-
sure were evaluated in four different species of
test animal. Rats and dogs were exposed orally at
doses of 0, 1.1, 3.3, or 9.9 g/kg per day, five days
per week. Rabbits and pigs were exposed dermal-
ly at doses of 0, 1.7, 3, 5, or 9 g/kg per day, five
days per week. Dogs (ten animals per dose group)
were exposed for 2 years; pigs (8 animals per dose
group) for one year; rats (100 animals per dose
group) for 18 months and rabbits (number animals
per dose group not clearly reported, appears to be
20+) for 6 months. Lens changes, as described in
subchronic studies above, were seen in all four
species. Dogs and rabbits at all exposure levels
experienced lens changes, with dogs much more
severely affected. Eye changes were not seen in
the lowest dose group of pigs, and were present
only in the highest exposure group in rats.
Otherwise, the only effects observed were minor
changes in body weight and hematology values
and some diuretic effect.(45)

Rhesus monkeys were exposed orally and dermal-
ly at doses of 0, 1.1, 3.3, or 9.9 g/kg per day (3 or
4 animals per group), 7 days per week, divided into
2 equal portions each day. Exposure continued for
74 to 87 weeks. Animals were observed for water
consumption, electrocardiogram, neurological
(reflexes), heart rate, body weight, blood pressure,
body temperature, respiratory rate, and ophthalmo-
logic changes. Complete blood counts, SGPT,
serum alkaline phosphatase, blood urea nitrogen,
blood glucose, 45-minute sulfabromophthalein
(BSP) retention, and endogenous creatinine clear-
ance were also routinely measured. Animals that
died or were sacrificed were submitted to detailed
necropsy and histopathology examination. The
highest oral dose killed approximately half that
group of animals. Those treated dermally devel-
oped scaly, flaky skin at the point of administration
during the initial phase of the study. Animals at the
highest oral dose experienced dose-related emesis
and anorexia. The exposed animals had somewhat
lower body weight gains than controls but this was
not judged to be biologically significant by the
authors, except for the highest oral dose group. No
differences were noted in any other parameters.
Testing for refractoriness to tropicamide also indi-
cated no differences between exposed animals and
controls.(46)

DMSO was administered subcutaneously to thirty
mice in a lifetime carcinogenicity study. DMSO
was tested only because it was being used as a sol-
vent for other chemicals that were the primary
materials of interest. Weekly injections of 0.05 ml

(about 2.5 g/kg) were administered. No increase in
tumors was observed in the DMSO-treated mice.(47)

A co-carcinogenicity test was performed to evalu-
ate whether administering DMSO together with a
chemical known to cause breast tumors; DMBA,
(7, 12- dimethylbenz(α)anthracene); would alter
the carcinogenicity of DMBA alone. Female rats
were administered DMBA by gavage. One group
received DMBA alone, the second group the same
dose of DMBA, plus 50 ppm of DMSO in their
drinking water, while a control group received nei-
ther. There were 50 animals per group. After 
18 months, there was no difference in the tumor
incidence between those exposed to DMBA plus
DMSO and those exposed to DMBA alone.(48)

In another co-carcinogenicity study, DMSO was
evaluated for its effects in conjunction with five
substances known to be strongly carcinogenic by
skin application in mice. The number of animals
per group is not clearly reported but appears to be
about 10. For some scenarios, tumor incidence
increased. For others it decreased. In some cases it
remained unaffected. In one test, it was observed
that tumors increased if DMSO was applied to a
different part of the animal’s body than the prima-
ry carcinogen, but decreased when DMSO was
used as a solvent for the same carcinogen at the
point of application.(49)

V. HUMAN USE AND EXPERIENCE

DMSO is widely used in the general population, often
as a local analgesic for the treatment of arthritis. The
number of uses for which it is actually approved are
extremely limited, but it is readily available outside
pharmaceutical channels. There are many anecdotal
reports of potential benefits, but little corroboration in
serious medical studies. 

DMSO was included in a battery of materials tested for
dermal sensitization using a maximization protocol in
human subjects. The test involved applying 1 mL of
5% aqueous lauryl sulfate under an occluded patch for
24 hours to produce a moderate inflammatory reaction,
then applying the test substance under an occluded
patch at the same point for 48 hours, then repeating the
procedure five times. The subject was then given a
final challenge with a modified version of this same
procedure. The subject’s test reaction was scored at
each stage of the testing and substances rated accord-
ing to the severity of the reactions. No sensitization
was noted when 23 subjects were tested according to
this protocol using 75% DMSO in the “induction”
phase and 25% DMSO in the “challenge” test.(50)

The toxicity of DMSO was evaluated in humans in a
two-stage test. In the first, 78 men were exposed by 
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dermal application of an 80% gel of DMSO at a dose of
1 g/kg per day for 14 consecutive days. Of these,
13 dropped out of the study due to irritant effects asso-
ciated with the skin application or because of the persis-
tent halitosis, which resulted from the exposure. All 
65 remaining subjects were extensively monitored for
both objective and subjective responses and compared
to a similar control group from the same penitentiary.
Examinations, performed before, during and after expo-
sure, included complete ophthalmologic exams, bone
marrow exams, pulmonary function studies, hematol-
ogy, blood chemistry testing, urinalysis, blood pressure,
heart rate, temperature, and respiratory rate. Complete
physical exams were also performed. Only healthy indi-
viduals were included in the study. Local irritation at the
site of administration was common and all subjects
experienced the characteristic, persistent halitosis. The
only observed difference between the subjects and con-
trols was eosinophilia in 10 of the 65 test subjects. Even
then, only one subject was observed to have a markedly
elevated response, and this was not considered a serious
effect by the authors. The eosinophilia was judged by
the authors to be a secondary response to histamine
release at the site of application. Subjective responses
were recorded in regular interviews with exposed sub-
jects, but unfortunately, the controls were not similarly
interviewed to elicit subjective complaints for compari-
son of frequencies. The primary subjective complaints
were sedation (52% of subjects), headache (42%), nau-
sea (32%), and dizziness (18%). In no instance was the
complaint described as serious. Most notably, there
were no ocular effects.(29,51)

In the second part of the same study DMSO was admin-
istered to a smaller group of subjects by the same route
and dose (1 g/kg per day) for 90 days (one reference
cites 38 participants and the other cites 40). The partici-
pants were monitored with the same range of tests as in
the 2-week study above, plus neurological exams. Tran-
sient eosinophilia was noted in half the test subjects dur-
ing the first two weeks of exposure. No other significant
observed differences were noted between test subjects
and controls. Of particular note was the absence of any
ocular effect. In this study, the control group was also
interviewed to elicit subjective complaints so that a
comparison could be made with the test subjects. The
only significant differences between test subjects and
controls were increased sedation and occasional insom-
nia and nausea. It was subjectively observed that the
characteristic halitosis became less marked as the study
progressed, but it remained throughout.(51-52)

Testing was performed to evaluate kidney function in
14 humans receiving DMSO at 1 g/kg per day, for
three successive days, via intravenous injection, as an
experimental treatment for spinal cord injuries. Hemo-
globinuria was observed, but there were no indications
of kidney injury.(53)

DMSO was also evaluated as a potential treatment for
retinitis pigmentosa by instillation of a 50% solution of
DMSO at a dose of 125 mg per eye per day. There
were 65 test subjects and 58 matched controls in the
study. This study explicitly states that neither patients
nor the examining physicians were aware of which
persons were the test subjects and which were the con-
trols. The study involved exposures as long as 7 years.
While the treatment was not shown to be beneficial, no
adverse effects were observed in the detailed ophthal-
mologic exams performed throughout this study.
While not specifically cited by the authors, it would
appear that this dose does not result in the characteris-
tic halitosis, since neither patient nor examining physi-
cian knew which were the test subjects and which were
the controls.(54)

VI. RATIONALE

DMSO has been shown to have low acute toxicity. The 
weight of evidence indicates it is not genotoxic or car-
cinogenic. Although it has been shown to be terato-
genic, this appears to be only at very high doses, which 
are also high enough to present a concern for adults. In 
animal testing in the laboratory, the primary long-term 
effect of concern has been specific adverse effects 
upon the eye, as described above. However, extensive 
testing indicates that such an effect is not seen in pri-
mates, including man.

Skin contact with DMSO can cause irritation, appar-
ently due to local release of histamine. Human studies 
via dermal contact indicate great variability in this 
response. DMSO does not appear to be a sensitizer.

The data clearly show that DMSO is readily absorbed 
through intact skin, so absorption via skin may be a 
factor in the total dose absorbed in the workplace.

Dermal doses as high as 1 g/kg per day have been 
shown to have no significant adverse clinical effects in 
well-controlled human studies. These studies also indi-
cated no serious subjective complaints at such doses. 
These studies thus form a strong scientific basis for the 
recommended OEL guide. The OEL value should 
provide an adequate margin to prevent the mild seda-
tion reported in human studies.

One side effect of DMSO exposure is a characteristic 
halitosis, which is experienced at doses well below 
those shown to have any adverse effect. No published 
information was found to indicate at what dose the hal-
itosis may become problematic. Thus, the OEL 
guide does not provide assurance that this concern 
would be averted.

It should also be noted that DMSO can increase dermal 
absorption of many substances. However, these effects 
vary so widely across substances, relative concentra-
tions and exposure scenarios that discussion of such
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effects is beyond the scope of this document. Specific
case-by-case consideration is recommended where
effects on dermal absorption might be a concern.

VII. RECOMMENDED OEL

8-Hour time weighted average (TWA): 250 ppm
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