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ABSTRACT 

The absorption, excret ion, and biotransformation of dimet hyl sulfoxide (DMSO) 
80% gel, DEMASORB®, was studied in m an and in miniature pigs. DMSO 80% gel 
(15 cc, t .i .d.) was applied top ically to the elbows of hwnan subjec ts a nd allowed to 
remain there for 30 minutes after each applicat ion. Under t hese condiLions, daily tLb
sorption of DMSO 80% gel ranged from 25 to 40% of the total close. DMSO 80% gel 
(15 g, t .i.d.) was completely absorbed within 4 hours after application to the shaved 
backs of miniature p igs. Both man and miniature p ig transformed D JVJ:SO t o dim ethyl
sulfone (DMSO,) and dimethylsulfide (DMS). DMSO and DMSO. were excreted in the 
urine, whereas DMS was eliminated in the e}.:pired air. In man, the relat ive amounts 
of DMSO and DMS02 in the p lasma were similar to those found in t he urine. The 
biological half-life of DMSO, in both t he plasma and urine of m an was 2.5 to 3 days. 
Urinary excretion of DMSO plus D MS0 2 ranged from 9 to 35% of the dose in bot h 
m an and miniature pigs ; on ly 1.6% of the dose was present in t he feces of miniature 
pigs. Whereas DMS02 was t he main excretory p roduct in t he urine of m an, DMSO 
was the m ajor component in the urine of miniature pigs. 

Dimethyl sulfoxide (DMSO) has been used to 
facilitat e t he percutaneous absorption of drugs 
( 1, 2, 3) and as a medication for the treat ment 
of pain associated with various joints of the 
body ( 4). The present investigation has studied 
t he metabolism and percutaneous absorption of 
a DMSO 80% gel preparation, DEMASORB®. 
This formulation of DMSO has properties t hat 
allow it t o be readily applied and localized to an 
affected area of the body. Miniature pigs were 
employed as an animal model for preclinical 
studies since pig skin bears some resemblance to 
hwnan skin, alt hough t he t wo are also dis
t inctly different (5) , and because of t he in
creased use of swine in biomedical research (6). 
Data are also presented for the absorption and 
metabolism of DMSO 80% gel in man . 

MATERIALS AND M ETHOD S 

Studies in man. Studies were conducted at 
Lankenau H ospital, Philadelphia, Pa. under the 
supervision of Dr. John J . Blizzard. DMSO 80% 
gel (15 cc, equivalent to 16.5 g) was applied t .i .d . 
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around the elbow of normal male subjects to cover 
an area of approximately 250 em". Samples of 
DMSO 80 % gel were contained in individual jars. 
The exact weights of a jar and i ts con tents, ~111d of 
a plas tic glove were determined. The conten Ls of 
th e jar was t hen applied by a gloved hand to the 
elbow of a subj ect, then the glove and the empty 
jar were reweighed together. Thus, the exact 
amount of gel applied each time could be deter
ruined. The drug remained on the skin for 30 
minu tes, then the unabsorbed portion was wiped 
off with tared paper toweling. Heweighing of the 
toweling revealed how much of the applied gel had 
been absorbed. The application of DMSO 80% 
gel t .i.d . was continued for 8 days. Urine was col
lected daily at 4-hour in tervals, xcept from mid
night to 8 AJI.1, wh en an 8-hour coll ection wa 
made. A sample of plasma was ob tained once daily 
rct 2 PM. Concentra tions of DM 0 and dimeLhYl
sulfone (DMSO, ) in urine and plasma were det~r
mined by gas chromatography . 

Samples of expired air were coll ected from 
human subj ects for the determination of vola ti le 
metaboli tes by having them breathe in to a ban
eq uipped wi th a check Yalve, penni Lling air to 
flow in only one direction. E ach collection was 
carri ed out for 5 minu tes . The conten ts of the bag 
were evacuated by an air pump t.hrough a solu
tion of methanol (200 ml) cooled in a Dry Ice 
bath. A fi.xed volume of the expired air (28.3 l) 
was pa sed through Lhe methanol solu tion, then 
the volume of air remaining in the bag was 
pumped out through a gas meter. The fixed 
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Yolume pl us Lit e Yolume remaining in U1 e bag 
represented Lhe ai r expired in Lhc 5-miuu te intcr
Ya l. T he m lh ::tnol :; lu tiou " ·ns also ana lyzed by 
gas chromalogrnphy for the presence of dimethyl
sulfid e (D Mi::i ). 

Studies in m iniature pigs . :Male miniature pigs 
(7 to 9 kg ) were obta ined from Vi ta VeL ]~aborn 
tories, l\ti;crion , India na . Abou t 15 g of DMSO 80% 
gel was ap plied t.i.d . lo the shaved back of each 
pig to ·over an area of a pp roximately 250 em". 
The first a oplica tion of drug on the first day 
conta ined 50 ~tCi of DMS0-1-IC (New England 
~uclear CorporaLion) 11·i th a specific activi ty of 
3.33 ~tCi per gram of 80% gel. D rug a1 plication 
con tinued for 3 da ~·s, Lhe drug being left on the 
skin to all ow fo r loLal absorp tion after each ap
plica tion. The minia Lurc pigs were housed in
dividually in s tainl ess s teel metabo lic cage tha t 
a Ll owed for the sepa ra te coll ecLion of urine and 
feces . A commercial pig diet was supplied . Excreta 
\\'ere coll ected dai ly for 8 days an d then the ani
mals were sacrificed. After the animals were 
sacrificed, the interior surfaces of the metabolism 
cages were rinsed wilh 1 N I-I CI lo recover any 
DMS0-1''C 80% gel Lhat may have been trans
fe rred from the pig lo the cage. These measure
ments indicated that less than 0.1 % of Lhe dose of 
DMSO-" C 80% gel 11·as present inside the cages. 
Concentrations of DMSO and DMSO, in urine 
were determined by gas chromatography ; excre
tion in the feces was determ ined by liquid scintil
lation coun ting. A sample of feces was homog
enized in 2 to 3 volumes of methanol. A weighed 
portion of the homogenate was digested in 1 ml 
of 0.5 N NnOH for 16 hours at 80° C, bleached 
\\'ith 30% hydrogen peroxide, neu tralized with 0.2 
ml of 2-cLhylhexanoic acid, and coun ted in 15 mJ 
of Bray's seinLillation fl uid (7) . The pigs were 
necropsied on the eighth day after t he initial 
a pplication of DMSO-"'C 80% gel. Ti sues re
moYed from various orgnns 11·ere homogeni?.ed in 
2 to 3 volum es of meth anol. An aliquot (0.5 ml) 
of each Lissue homogenate was digest d in 2 ml of 
~CS solu bilizer (A mersham/ Searl e) fo ll owed by 
the addi tion of 15 ml of a toluene scintill ation 
fluid conLaining. per liler of to luene, 4 g of 2,5-
diphenyloxazo le and 0.2 g of 1,4-bis-2-(4-methyl-
5-pheuyloxazolyl )-benzene. To determin e wh ether 
any vola ti le metabo li tes were excreted , n sample 
of air expi red by an anesth etized pig ( pento
ba rbi tal, 30 mg/kg, i .p.) through an endo tmcheal 
tube was passed through a tra p con ta ining 
methanol and analyzed by gas chromatography . 
A.JJ measurem nls of radioacti vi ty were made with 
a Packard Tri-Carb liquid scinti ll ation SJ ectrom
eter, l\1odel 3380. Coun ting efficiency was deter
min ed by th e usc of external sta ndardi za tion . 

Gas chromatography. DMSO, DMS, and 
DMSOo were detecLecl gas chromalographically 
by a modification of th e m t.hod of ·wall ace and 
M ahon (8). The Victo reen Model 4000 gas chro
m::rtograph that was used was equi pped with 2 
columns (6 feet X Ys inch diameter stainl ess 
tubing ) packed wi th 20 % carbowax (20 MM) on 
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Fro. 1. Absorption of DMSO 80 % gel in man . 
E ach of th e three subj ects received 15 cc of 
DMSO 80% gel, t .i.d . Each ba r is the amount of 
gel absorbed after a single application. 

C hromasorb IV. Fo r the measurement of DMSO 
and DlVISOo, the system was opera ted iso thermaJly 
at an oven temperature of 170°C, with th e tem
peratures of the inj ector and the flame ionization 
detecto r set a t 210 and 220°, respectively . For the 
measurement of DMS, the system was opera ted 
isothermally at an oven temperature of 40° C 
11·ith the temperatures of Lhe inj ector and th~ 
flame ionization detector set at 180 and 210°C 
respectively. ' 

Each urine and plasma sample was dilu ted \\'i th 
4 volumes of methanol. After t he precipitated pro
tein and other insolu ble substances had been 
removed by centrifugation, 2 ~tl of the superna tan t 
fl uid from each sample was inj ected into the gas 
chromatograph fo r the determination of DMSO 
and DMSOo. Simi.l arly, a volu me of the methanol 
solu Lion (2 to 4 ~tl ) used to trap DMS from the 
expired air was inj ected in to the gas chroma
tograph. Authentic DMSO, DMSOo, and DMS 
\\'ere used as standards. Th ese compounds under 
lhe condi Lions described above, had re ten tion 
limes of 2, 6, and 0.5 minu tes, respec tively . The 
amount of each com pound in the sampi e was 
determined by in tegrating th e area under the penk 
produced by that compound. The lower li mi t of 
sensitivity of this method for DMSO and DMSOo 
11·as about 10 !Lg per ml of urine or plasma. 

RE SULTS 

Percutaneous absorption in man. During th e 
30 m inu tes that DMSO 80% gel rema ined on th e 
skin of human ubj ects, 25 to 40% of t he t op i
ca lly applied drug was a bsorbed p er dn y , as 
shown in Figure 1. The tota l amount abo:o rbed 
was simi lar in a ll subj ects . The great est differ
ences were found for t he subj ects from day t o 
clay rather than from appli cation to application 
on any one day . 

Plasma levels of DMSO and DMSO" in man . 
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pli cation and for the remainder of t he collec
tion period. DMSOo was excreted in increasing 
amounts relative to DlVISO du ring Lhe p eriod of 
drug app li ca1 ion; its excret io11 conlinued at :1 

high level for 24 to 48 hours afLer drug appli ca
t ion had ceased, then decre::1secl graduall y . Based 
on the slope for t he curve of t he excretion of 
DMSO, (Fig. 3), t he half-life fo r its elimin:1tion 
is 2.5 to 3 clays, t he. a me a.· t hat observed for t he 
plasma. 

Fw. 2. Levels of DMSO and DMSO, in the 
plasma, of humans. Each of lhe. three subjects 
rece ived 15 cc of DMSO 80% gel, L.1.d. 

M etabolites exhaled by man. The Table shows 
the average daily amount of DMS expired by 
human subjects. DMS wa. present in t he ex
pired air during t he ent ire period of drug appli
cation and was still being excreted 24 hour ·· after 
the ces ation of drug application . Sampling of 
t he air expired by sub jects was re l rictecl to 
three 5-minute collections each clay; no attempt 
was ronde t.o calcul ate t·he tota l ::tmount of DMS 
excreted p er clay. 
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Frc:. 3. Excretion of DMSO and DMSOo in the 
urine of humans. Each of the three subjects 
rece ived 15 cc of DMSO 80 % gel, t .i.d. 

Figure 2 shows the average levels of DMSO and 
DM. O, in the plasma. The concentrations of 
DMSO, were greater than those of DMSO; t he 
levels of both declined and were no longer de
tectable after 9 and 15 clays, respectively. Dur
ing the interval of 8 to 13 clays, the half-life of 
DMSO, in t he plasma was est;imated as 2.5 to 3 
clays. 

Urinary excretion in man. F igure 3 shows the 
average daily excretion of DMSO and DMSO, in 
the urine. The combined excretion of DMSO 
and DMSO, in t he urine of three subjects 
ranged from 9.1 to 30 .7% of t he close. DMS02 
was t he p redominan t urinary metabolite . The ex
cretion of DMSO remained fairly constant 
t hroughou t t he period of drug application, but 
declined immediately after drug application had 
ceased. Only small amounts of DMSO were pres
ent in urine 2 clays aftP.r t he cessation of dmg ap-

Absorption and excretion in miniature ]Jigs . 
Each application of DMSO 0% gel to minia
ture p igs appeared to be totally absorbed within 
4 hours. The urinary excretion of DMSO and 
DMSO, by miniature pigs is shown in Firrure 4. 
Total urinary excretion ranged from 19.3 to 
35.4% of t he dose. Interestingly, DMSO was t he 
predominant urinary metabolite in miniature 
p igs, whereas in man it was only a minor com
ponent. The excretion of DMSO diminished rap
idly after t he cessation of drug application ::1 ncl 

TABLE 
DMS in the eX]Jired a'i1· uf man 

Sampl es were t aken for 5-minu t.e int ervals 
dming each of the Lhree pe ri ods in wh ich DMSO 
80% gel was prcscn L on the skin. Each fi gure fur 
DMS expi red is t<n average of figures for the t.hree 
coll ectiun peri ods each day. The number of sub 
jects ptuticipating in Lhc tesl un each clay is sho\\'n 
in parentheses. 

Time o[ applica tion DMS expired 

da .. ys mg/min ± S. E. 

1 1-J .!J ± 2. 'l (3 ) 
2 10 .1 ± 2.6 (2) 
3 G.7 (1) 
4 0 .2 (1) 
5 0 .3 (1) 
7 10.2 ± 2.3 (2) 
8- Uast do. ·e) 5.8 (1 ) 
!) 10 .7 (1) 
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was no longer detected after 3 days, but the 
excretion of D NISO" was still pronounced 5 clays 
after drug application bnd ceased . An avera ge of 
on ly l.Go/< o f' .t he clo~ e was excreted in t he feces 
of min iature pigs during 6 consecutive days of 
sample coll ection. As w:~ s the case in man, sub
stanti a l amoun ts of DiVIS were detected in t he 
air expired by mi niature pigs, but t hese amoun ts 
were m easured only quaLi tatively . 

Residual DMSO ancl j or it s metabolit es in tis
sues of m£niatw·e ]Jigs . Since the recovery of 
radioactivity in the urine and feces of mini:~ture 
pigs consti t uted less than 30% of the total dose, 
t he following tissues were examined for residual 
radioactivity : lung, kidney, heart, skin, liver , 
bra in , testes, gall bladder, spleen, bone marrow, 
pancreas, lymph node, di aphragm, whole blood, 
bi le, salivary, t hyroid, thymus, and p ituitary 
glands. No radioactivity was detected in any of 
t hese t issues. A t race amount of radioactivity 
was present in the skin in the area to which the 
DMS0-1 'C 80% gel had been applied. Thus, the 
major portion of the close given to miniature 
pigs appeared to be excreted in the expired air 
as DMS. 

DISCUSSION 

The present data for miniature pigs can be 
compared with those from earlier studies in ro
dents, dogs, and rabbi ts. Unaltered DMSO is the 
major urinary constituent excreted by miniature 
pigs, with DMSOo being the minor constituent ; 
however, large amount.· of DMS are excreted in 
t he expired air. Conversion of DMSO to DMSO, 
has been demonstrated in rats, guinea pigs, and 
rabbits (9). Since rats, clogs, and guinea pigs 
excreted more t han 50% of a top ically adminis
tered close in the urine (9, 10) , in contrast to a 
ma},'imum of 30% for miniature pigs, there ap
pears to be a quant itative difference in the ex
cretory patterns of these animal species . The 
available data from rats, rabbits, dogs, and min
iature pigs indicate t hat fecal elimination of 
DMSO, its metabolites, or both, constitutes a 
n ry minor pathway (0.5 to 2% of the dose); 
the reabsorption of biliary products in t he int es
t inal tract may, in part, account for this finding 
(10). 

In man, Gerbards and Gibian (11) reported 
that DMSO and DMSOo were excreted in the 
urine after intravenous or topical administration 
of DMSO. The excretion of DMSO in the urine 
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Fra. 4. Excretion of DMSO and DMSOo in the 
urine of miniature pigs. Each of the four animals 
received 15 g of DMSO 80 % gel, t.i.d. 

diminished rapidly and the drug was not detect
able 24 homs after its administration, but 
DMSO" was detectable in the urine 96 hours 
after administration of DMSO. Kolb et al. (10) 
reported that about 40% of the dose was elimi
nated in lwman urine during the first week after 
topical administration of 50% DMSO; D lVIS 
was detected in the e:\:pired air during t he first 6 
hours after administration but none could be 
demonstrated after 24 hours. Thus, the results of 
the present studies in man show a metabolic 
disposit ion for DMSO 80% gel similar to that 
described previously for un formulated DMSO. 

.Mr. D ennis Sul er provided excell ent technical 
as islance. Mr. Michael Kravetz provided in
stru ction regarding the gas chromatographic proce
dures. 
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