
Effect of Dimethylsulfoxide Concentration on 
the Permeability of Neonatal Rat Stratum 
Corneum to Alkanols . 

Saleh M. H . AI-Saidan, B.Se., Ph.D., * Alasdair B. Selkirk, B .Se. (Pharm), Ph.D. , MPS, and 
Arthur J. WinfIeld, B. Pharm, Ph.D., MPS 
School of Pharmacy, Robert Gordon 's Institute of T echnology, Aberdeen, Scotland , U .K. 

The effect of dimethylsulfoxide (OMSO) concentration on 
the permeability of neonatal rat stra tum corneum to 14C 
labeled propan-l-ol and hexan-l-ol w as studied in vitro. 
The permeabiljty coefficients were determined from a range 
of OMSO-water system s. After soaking in w ater over
night, the same stratum corneum was used with water as 
both delivery and recipient phases for th e alkanols. Con
centrations below 70% OMSO reduced the penetration rate 
as a result of the solvent effect of OM SO and the formation 
of a OMSO-aikanoi complex. Above 70% OMSO perme-

E
arl y wo rk rapidly es tablished that dimethylsulfoxide 
(DMSO) was capable of increasing the permeability 
of the skin [1-3]. Several w o rkers w ho have prepared 
extensive reviews of skin penetration included sections 
on DMSO [4-8] and also considered possible m ech

anism s for the effe ct ofDMSO . Most reports have been concerned 
with concentrations between 70 and 100% DMSO. There are few 
repo rts on the use of lo w er DMSO concentrations, but w here 
they do exist, they tend to be contradictory. 

Selkirk and Do uglas [9] found significant increases in the pen
etration rate of pro fl avine hemisulphate using 15% DMSO, whereas 
Sweeney et al [1 0] sho w ed that water penetration onl y increased 
w ith DMSO pretrea tment at grea ter than 60% concentration. In 
contras t, Allenb y et al [11] showed that changes in electri cal re
sistance o f the skin, associated w ith altered perm eability, occurred 
over a wide range of DMSO concentrations, but concluded that 
DMSO below 50% was inactive as a penetratio n enhancer. Sim
il ar conclusi ons were reached by Sekura and Scal a [1 2] and E lf
baum and Laden [13) . The early work o f Stoughton and Fritsch 
[1) repo rted increased absorption w ith DMSO concentrations 
ranging fro m 10-50%, and the recent w o rk of Akhter and Barry 
(1 4) also showed increased penetration o f a steroid w ith 20% 
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ability increased , w ith a permeability coeffi cient grea ter 
than that from w ater being achieved at concentrations in 
excess of 80% OMSO . The second run , with wa ter as 
delivery phase, showed that the effect was reversible below 
70% OMSO , but that at hi gher concentrations OM SO had 
produced an irreversible change in the perm eability ofstra
tum corneum. We hypothesize a hydrogen bond-mediated 
mechanism for the increased permeability . J Inll est Dermato / 
89:426-429, 1987 

D MSO . The recent repo rt by Kurih ara-Bergs tro m et al [1 5J ha 
demonstrated that the effec t of DMSO va ries w ith concentration 
and also w ith the ph ysicochemical p ro perties o f th e penetrant 
used . 

The literature is also conflict ing o n the reversibility of DMSO 
activity. The wo rk of Kligm an [1 6) suggested that 90 and 100% 
DMSO produced only minor dam age to the ho rn y layer . Swee
ney et al [10) repo rted th at the effect o f D MS O on skin perme
ability was permanent, however. The in vitro work of Asdey 
and Levine [1 7] suggested a pa rtial reversibility of human stratum 
corneum barrier capacity after treatment w ith DM SO. Pamal 
reversibility of the stru ctural changes in stratum corneum induced 
by 80% DM SO has been reported by C handrasekaran [1 8). 

There is, th erefore, a need fo r a grea ter awa reness o f the con
cent ra tion dependence o f the penetratio n enh ancing properties of 
DMSO before an understand ing of the underl ying processes can 
be reached. The latter are, presumabl y, ph ysicochemica l in na
ture, and so it is impo rtant in the design o f ex perim ents to control 
as m any variables as possible so that dedu ctions about physico
chem ical changes can be m ade. This paper repo rts work in which 
propan-1-o l and hexan-1-ol penetratio n rates were studied from 
a range of D M SO-water sys tems. N eonatal rat stratum corneum 
was used to avoid the presence o f pilosebaceous glands and thereby 
ensure th at th e observed penetration had occurred via the stratum 
corneum and not ano ther ro ute. Stead y state, o r pseudo-stead y 
state conditions, were achieved usin g an " infinite" dose of pen
etrant to facilitate drawing conclusions about changes in the ph y -
icochemi cal environment o f the penetrant within the stratum 
corneum . 

MATERIALS AND METHODS 

Preparation of Stratum Corneum Samples Stratum cor
neum was prepared by killing rats w ithin 12 h o f birth and peelin<o 
off the skin fro m an incision along the abdo m en. The skin was 
immersed in wa ter at 60°C for l Os, foll owed by diges tion for 1 
h at 35°C in 0. 1% try psin (in no rmal sa line buffered to pH 7A 
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w ith phosphate). The digested epidermis w as gentl y and firml y 
removed using cotton wool sticks. Finall y, the stratum corneum 
was thoroughly rin sed in distilled w ater before being spread on 
a fi ne stainless steel mesh to dry. 

Chemicals [1 4C]Propan-l-ol (Radiochemical Centre, Amer
sham, U.K.) , C4C]hexan-l-01 (IC N Pharmaceutica ls Ltd , High 
Wycombe, U .K.) dimeth ylsulfoxide (Fisons Scientific Ltd, 
Loughborough, U .K. ), and Instagel (Packard Instrument Co. 
Ltd , Pangbourne, U .K. ) were used. 

~jffusjon Experiments Penetration measurements were made 
ill a di ffu sion ceU, the two chambers of w hich had a volume of 
about 6 ml and were separated by the stratum corneum sample. 
T he app ropriate DMSO-wa ter system was used as both donor 
and receptor phases to avoid one-way diffusion of DMSO through 
the stratum corn eum. Both phases were continuall y stirred usin g 
magnetic stir re r followers. Concentrations of 3 to 4 I.d / ml of 
alkanol were used in the donor phase. O ne-millliliter samples o f 
receptor phase were removed at hourl y intervals and replaced 
w lth fres h solution. Ten milliliters of the scintillato r lnstagel was 
added to each sa mple and ' the radioacti vity measured using a 
Packard Tri-Carb Scintillati on Spectrometer (Model 2425). The 
r~sults were corrected to cumulati ve f.L1 cm - 3 o f alkanol against 
nrne (hours) and used to calculate the permeability coeffi cient 
(Kp) using the equation : Kp = penetration rate/concentration of 
penetrant. Experiments were ca rried out at 22° ± 2°C. Results 
fro m at leas t four experim ents were averaged. 

After each penetration ra te determination, the stratum corneum 
was stored overnight (a bo ut 16 h) in distilled wa ter. After thor
o ugh rinsing, the penetrati on rates of the alkanols were redeter
rn.Jned from disti lled water to a distilled water receptor phase 
using the same procedures as above. 

T o confirm w hether hydration of the stratum corneum had an 
effec t, the permea bility coeffi cient from water for some experi
ments was determ ined before measurement both in the presence 
of and after DM SO . A furth er set of controls was carried out in 
w h ich DMSO was included on one side only or on both sides of 
the stratum corneum in order to determine the effect of a DMSO 
concentration gradient both with and against the penetrant con
centration gradient. 

Infrared Spectra Infrared spectra were obtained using a Perkin 
Elm er 681 lR Spectrometer. A small quantity of th e appropriate 
sam ple (DMSO, pro panol, hexanol, or mixture) was mixed with 
carbon tetrachloride . A 0.01-111111 N aCI cell was used. 

RESULTS AND DISC U SSION 

Ini tial checks confi rmed that the passage of the alkanols was by 
passive diffusion and that the perm ea bility of the stratum corneU111 
did not va ry with the side of the penetrant (hexanol Kp x 103 

cm / h, from outer surface 10.3 ± 1. 7, epidermal side 10.2 ± 1. 6). 
Likewise, it was shown that hydration of the stratum corneum , 
if it occurred during an experiment, would not significantly affect 
per meability (hexanol Kp x 103 cm/h dry 10.3 ± 2.8 24 h hy
dra ted stratum corneum 10.4 ± 1.0). This was further confirmed 
by using water as the donor phase before the use of D MSO 
soluti ons. There was no difference in the value of Kp obtained 
in such experim ents fro m those obtained when fresh dry stratum 
corneum was in contact with DMSO solutions. 

Ta ble I shows the effect on Kp of hexan ol o f incorporating 
DMSO in none, either, or both donor and receptor phases. The 
maxim um redu ction in Kp was found when 70% D MSO was 
used on both sides of the stratum corneum. T he use of wa ter as 
the receptor solution increased the penetration signi fican tl y, pre
suma bl y because of wa ter diffusing through the stratum co rn eUJ11 
and redu cing the effecti ve concentra tion of D MSO and its effect 
on Kp [17] . Converse ly, the presence of DMSO in the recepto r 
ph ase onl y still caused a reduction in Kp from water . T his process 
can be explained by the back di ffu sion o f DMSO th ro ugh the 
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Table 1. Effect o f Water and 70% DMSO on the 
Perm ea bility Coeffi cient (Kp) of H exan01 Th ro ugh N eonatal 

Rat Stratum Corneum 

Donor Phase Receptor Phase Kp x 103 

(em/hr) 
Water Water 10.3 ± 2.8 
70% DMSO 70% DMSO 0.81 ± 0. 18 
Water 70% DMSO 7.3 ± 0.5 
70% DMSO Water 1. 14 ± 0.23 

stratum co rneum , to then exert an effect on the ava ilability of 
the penetrant. It fo llows fro m these resul ts that, in any work 
looking at the effect of D M SO concentra tion on permea bility, it 
is essential to ensure that concentra tion gradients, and hence the 
dilution o f DMSO, does not occur. In this w ork, identical donor 
and recepto r phases were used throughout. 

Figs 1 and 2 present the data obtained for the permea bility 
coeffi cient of propanol and hexanol from a range ofDMSO-water 
delivery sys tems and fo r the second run from water. 
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Figure 1. Graphs of the Kp of propanol in neonatal rat stratum corneum 
against concentration of DMSO in water at 22°C. solid circles, fi rst run 
with DMSO-watcr system as both donor and receptor phase; so lid squares, 
second run with wa ter as both donor and receptor phase using the same 
stratum corneum, nOw washed . as in the fi rst run . 
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Figure 2. G raphs of the Kp of hexano l in neonatal rat stratum corneum 
aga inst concentration of D M SO in water at 22°C . solid circles, fi rst run 
wi th DM SO- water sys tem as bo th dono r and recepto r phase; solid sqllares, 
second run w ith wa ter as bo th dono r and receptor phase using the sa me 
stratum corneUIl1 , now washed , as in the first run. 

The permea bility coeffi cient ofhexanol fro m wa ter was greater 
th an th e correspondin g fi g ure fo r propanol. This is ex pected be
cause o f the grea ter solubility of pro panol in wa ter, m aking it 
less ava ilable fo r partitionin g into the stratum co rn eum [4] . As 
th e concentration o f DM SO was in creased, the permea bility coef
fi cient of both alkanols was redu ced, reachin g a minimum in th e 
region of70% DM SO. Therea fter, there was a sharp increase in 
both perm ea bili ty coefficients. A simil ar pattern o f res ults has 
been reported recentl y (15) fo r butanol, but onl y w hen the D M SO 
so luti ons were on bo th sides of the srrarum co rn eum . With th e 
polarity of butanol being between those of propa nol and hexa no l, 
such a similarity is to be expected . The data obtained from the 
second run s showed th at the perm ea bility coeffi cient was constant 
up to 75% D MSO and therea fter increased . If the effect ofDMSO 
0 11 th e stratum corn eum w as re versible, the second run would 
have given a constant va lue fo r perm ea bility coeffi cient irrespec
ti ve of th e concentration of DMSO used on the first run. This 
was foun d to be the case up to abo ut 75% DMSO. Above that 
fi gure, th e K p in creased, indi ca tin g th at th e prev io us ex posure of 
stratum co rneum to th e DMSO- wa ter sys tems had ca used an 
irreversible change in the stratum co rn eum , w hich resulted in an 
in creased permea ti on rate. 

Fi gures 1 and 2 show that the redu ction in permea bility coef
fi cient between 0 and 70% DM SO is similar fo r both alkanols. 
Fo r exa mple, th e ratios o f the Kp at 0% D M SO to that at 70% 
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DM SO were 10. 1 and 12.7 for propanol and hexanol, respec
ti vely. This simil arity sugges ts a sim il ar mechanism for the re
du cti on o f perm ea bility of bo th alk anols. D uga rd and Embery 
[191 have attri buted reduced penetrati on rates of alkanols from 
25 to 50% D MSO to the effect o f pa rtiti on coeffi cient. Because 
of the so lvent properti es of D M SO, as the concentration was 
in creased , so the therm od ynamic ac ti vity o f th e penerrant \Va 
redu ced . Using an ex perim ental design simil ar to that in the pres
ent work , a close correlation between observed perm ea bility and 
th erm od ynami c acti vity of the peiletrant in D MSO co ncentra
ti ons up to 50% DMSO has been clearly dem onstrated [151 for 
meth anol, butanol, and octanol. This behavio r, therefo re, is not 
related to the nature o f the penetrant , but to the so lvent effect o f 
th e DMSO deli very phase, th ereb y confi rmin g the explanation 
fo r th e observa tions made in this study. 

In addition to this solvent effect, in frared in ves ti gatio n indica ted 
th at hydrogen bondin g of the alkano ls to D M SO also occur red . 
Hexa no l alone sho wed one sharp band at 3640 cm - I and one 
broad band at 3350 cm - I

, indi ca tin g free and bound hydroxyl 
g roups. T he addition of an equal volume of DM SO produ ced a 
large redu ction in the free hydroxy l band at 3640 cm - I , w hi ch 
was almos t eliminated at 2 vol DM SO to 1 vol hexa nol. There 
was a co rrespondin g increase in size o f the broad band at 3350 
cm - I , w hi ch also shifted to 3420 cm - I . Similar res ults were ob
tained w ith pro pano l. This confi rm s the reporr of Szm ant [20] 
th at a hydrogen-bonded comp lexa tion occurs between DM SO 
and alkan ols. It fo llows, therefo re, th at bo th propano l and hexa nol 
w ill have a greater affinit y for DM SO so lutions, confirm ing that 
th e reduction in Kp up to 70% arises fro lll reduced ava ilabi li ty 
o f the penetrant. 

O n the second run , w hen water was the delivery phase, com
plete reversibility o f the redu ction in Kp w as observed. This 
indi ca tes that the presence o f up to 70% DMSO had left no 
residu al effect on the stratum co rneum and furth er supports the 
view that a solvent effect was res ponsib le fo r the reduced perme
abilit y coeffi cient in the presence of low DMSO concentrations. 

Over the concentration range 75 to 90% DMSO, the flu x of 
bo th alkano ls in creased w ith concentrati on (co mpared with the 
flu x from 70% DMSO). This suggests th at there has been a 
red uction in the di ffusio nal resistance of the stratum corneum 
barrier. An app rox im ate in dicat ion of the effec t of D MSO on 
skin perm eability may be obtained by co mparin g the Kp at an y 
concentration w ith the lowes t Kp o bserved . Thus, th e ratio of 
Kp at 90% DMSO to the lowest (70% DM SO) shows a 47- fo ld 
and 23-fold increase for propanol and hexanol, respecti vely. (These 
ratios assum e a similar therm odynami c ac ti vity o f the alkanols in 
bo th DMSO solutio ns . This is unlikely to be the case, and , be
cause the therm od ynami c ac ti vity at 90% DM SO is likely to be 
lower, the actual increase in stratum co rn eum permea bility is 
probably grea ter than indicated by these ratios). 

Figures 1 and 2, therefore, show twO opposed etTects of DMSO. 
the penetrant-vehicle interaction discussed above and a skin
vehicl e interaction leadin g to a decreased d iffusional resis tance. 
To w hat extent these effects overl ap each o th er canno t be enu m
erated fro m the present data. Consequentl y, it wa.s no t possible 
to determine the concentration of D M SO at w hich increased 
stratum co rneum permeability w as shown. H owever, it is worth 
no tin g th at the redu ction in therm od ynamic acti vity continues to 
in crease up to 100% DM SO for butanol and octanol [15]. From 
this info rm ation, it is reasonable to ass um e that pro panol and 
hexanol behave in a simil ar way . It fo llows th at the penctra tion
enh ancing effect o f DM SO is actuall y g rea ter th an the Kp data 
sugges ts and that it m ay have started at a sli ghtl y lower concen
tration th an Figs 1 and 2 sugges t. 

O n the second run , w ith wa ter as dono r phase, there was no 
signifi cant change in Kp up to pre-trea tm ent w ith 80% DM SO. 
T hereafter a sharp increase in perm ea bility was observed . T hus. 
the effect of D M SO w as reversible below and irrevers ible above 
about 80% D MSO . Although th e literature contains no reporr 
o f work on alka no ls coverin g such a range of DMSO conccl1-
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t rations, the results reported here are in general agreement w ith 
the published work , althoug h it di sagrees wi th Klig man f1 6J, 
who reported that the effect of90% and ·100% DM SO on stratum 
Corneum was reversible. 

[t has been sugges ted [1 9,21 J that DM SO in creases skin perrn e
abIlity by increasin g skin hydration and causing swelling. The 
possibility of this was studied by comparin g the penetratio n o f 
hexanol throu gh st ratum corneum after a 6-h treatm ent with 90% 
D MSO, with stratum co rneum treated identi ca ll y but dried under 
room conditions before penetration measurements. The latter ga ve 
a Kp of69.5 ± 3.9 X 10 - 3 cm l hr, the fo rm er a Kp o f 62.2 ± 
3.9 X 10- 3 cm /hr. This strongly indi ca tes that the irreversibl e 
effect of 90% DMSO is not due to hydration or swelling o f 
stra tum co rneum . Thus, the increas ing permeabilit y o f stratum 
corneum fo und with concentrations in excess of 70% DMSO is 
un likely to be du e to a simple hydrat ion effect. [t may therefo re 
in dicate structural changes in the stratum co rn eum barrier o r an 
extraction of some components of the stratum corneum by DMSO, 
w hich is kn own to be a good solvent [15) . 

Ea rlier discussion of the ratios of Kp at 90% DM SO to those 
a t 70% DMSO indi ca ted that the increase in perm eability fo r 
propanol is at least doubl e th at for hexano l (47-fold and 23-fo ld, 
respecti vely) . Thus, the diffusional route o f pro panol must have 
beco me relatively easier th an for hexa noJ. Beca use hexa no[ is 
relati vely lipid-sol uble and pro pano l relatively water-soluble, this 
would indi cate that th ere has been so me change in the lipid en
V][onment in the stratum corneum . 

Cowie and T o porowski [22] have shown that DM SO form s a 
hydrogen bond ed co mplex w ith water. This has been es tablished 
as bein g in the mo lar ratio 1 : 2 (equi va lent to about 67% vlv 
D MS O), with a bond strength approximatel y 1.3 tim es as strong 
as wa ter-wa ter bondin g (23). The data in Figs 1 and 2 indi ca te 
tha t the penetration-enh ancing property begins to o verco me the 
solvent effect o f DM SO onl y at concentrations o f DMSO in 
:-""hi ch the wa ter-DMSO bondin g ca pacity was co mpletely sa t
Is fi ed, i.e . , above 67%. 

[n such sys tems, there will be DMSO molecules w ith un sa tis
fied hydrogen bo ndin g ca pacity, and these will be po tentiall y 
mo re reacti ve. A reasonable ex planation of such observa tions is 
tha t the DMSO molecules form hydrogen-bonded co mplexes 
w ith stratum corneum lipids, resulting in structural o r configu
ra ti onal changes that g ive rise to the increased perm ea bility. These 
changes would be concentrati on-dependent, but would probabl y 
on ly be seen at concentrations w hen " free" DM SO molecul es 
were ava ilable (that is above about 70% DMSO). Fro m the pres
en t data it is clearl y not possible to preclude o ther possibl e mech
anisms, such as lipid extracti on fo r exa mple, w hi ch may also 
occur. 

There is also a concentrati on difference between the start of 
increasin g valu es of Kp and the effect beco ming irreversible (Figs 
I and 2). Ove r the range 70 to 80% DMSO, the ac ti on ofDMS O 
was to in crease stratum corneum permea bilit y, but the effect may 
be reversible, w hile above 80% DMSO it is irreve rsible. This 
would indicatc that more than one mechanism of action of DM SO, 
one reversible and one irreversible, may be invol ved in producin g 
penetration enhancemcnt. However, fro m the present data this 
cannot be stated with certain ty, nor can detailed mechanisms be 
p ro posed. Further wo rk is bein g undertaken to in ves tiga te this 
observa tion. 

From the fo regoing discussion it is concluded th at below 70% 
DMSO reduces the penetration rate o f the alkanols by a so lven t 
effect. Above 70% DMSO, the perm ea bility of stratum co rneulll 
is increased with DMSO concentration , an effect w hich may be 
reversibl e up to 80% DM SO . H ydrogen bonding of DM SO with 
the stratum corn eulll barrier appea rs to be in vo lved in produ cin g 
the in creased perm eability observed . 
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