
Dimethylsulfoxide as a penetrant carrier 
of allergens through intact human skin 

The pcnetrant-carrier capacity of dimethylsulfoxide (U;USO) through intact human 
skin, WLS studied with allergens of varying molceular sizes and compositions. Bcsults 
shoud that only with DMSO 90 per cent and penkAlin co26ld positive Prazhsnitz- 
Eiistner (P-K) reactions be produced. Larger sized allergens in DXSO applied 
dkectly over sensitized sites failed to penetrate szlfficicntly to produce positive P-K 
t,c,ac:tions. Removal of stratum corneum permitted the producti.on of positive P-E 
wactions with allcrgms of all molecular s&s and in simple huffcrcd saline. 

T he capacity of dimethylsulfoxide (DMSO) to penetrate and carry certain 
chemicals through intact skin and mucous membrane has been well documented.l-’ 
Studies have included the use of varying concentrations of DMSO with drugs 
t,agged radioactivrly with carbon 14 as well as with fluorescent dyes”, F on excised 
and intact skin, 

We have used nonallergic men and have employed immunological methods 
to demonstrate the passage of allergens with DMSO through intact skin to react 
at a sensitized site containing the specific reagin, resulting in the typical 
Prausnitz-Kiistner (P-K) reaction. A number of experiments mere conducted 
with various sera and with a number of allergens varying in molecular size from 
penicillin (molecular weight less than 350) to dog hair and house dust (molecular 
weight more than 300,000). Penicillin G potassium (Pen. G.K.) as the allergen 
proved most successful since it could be applied with DMSO at a remote area 
from the sensitized site, thus eliminating the obscuring effect of DMSO which, 
in the concentration used, itself often caused redness and urtication. 

It had been previously observed that, with the specific reaginic scra, penicillin 
would flare up the sensitized site by a remote challenge either by scratch or 
intradermal test or by mucosal (sublingual) application. As little as 10 units 
of Pen. G.K. injected intradermally at a remote site could elicit full reaction 
within twenty minutes. This same speed of reaction was noted also with challenge 
by scratch testing or sublingual application. 
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MATERIAL 

The dimethylsulfoxide (DMSO) was the experimental drug-grade st,crilc 
and pyrogen free (minimum DMS0 contents of 99.6 per cent). It was mixed 
with ea.ch allergen in the proportion of nine parts DMSO to one part allcrpen, 
making a 90 per cent solution of the solvent. 

Allergens 

Penicillin. Penicillin C+ potassium (Pen. G.K.) was freshly constituted with 
distilled water at the start of each experiment and was further diluted with 
normal saline buffered to pH 7.4. 

House dust and dog hair. These allergens were highly concentrated extracts 
currently in clinical use. They caused strong positive skin test reactions on the 
donor of the serum. 

Sericin. The allergen, sericin, was prepared by soaking laboratory-grown silk 
cocoons in boiling water which dissolved the soluble “cement.” This solution of 
sericin was converted into a solid state by lyophilization. A solution of the 
powdered material was highly allergenic on allergic serum donors sensitive to 
silk. 

Timothy pollen fractions. Between the highly purified, highly allergenic frac- 
tion (D.E.A.E. II) and the dializable haptenic fraction (W.S.T. II),” the 
haptenic fraction elicited the less marked skin reaction on passively sensitized 
sites. 

Castor bean extract. A highly purified, water-soluble fraction of castor bean 
extract was used.t Direct t.esting on the sensitive serum donor gave a strong 
positive reaction with an allergen dilution of 1O-p. 

Sera 

The sera for passive sensitization were all collect.ed and stored at -20’ (1. 
until used. The titers were quantitated by passive transfer in serial dilutions 
to the skin of human volunteers and to the skin of monkeys.‘“, I1 The sera varied 
in the titers of reagin for several allergens, even within a single sample. For 
example, in one serum the reagin for penicillin was detectable to a dilution of 
1:32, for house dust to a dilution of 1:256, and for dog hair to a. dilution of 
1 :512.11 

Recipients 

These comprised a number of nonallergic men including t,he two authors who 
themselves provided the added advantage of a long period of self-observation. 

METHODS 

The sensitized sites were made in most experiments on the flexor surface of 
the arm and forearm by injecting 0.10 ml. of the sera intracutaneously; both the 
place and the direction of the deposit of serum was marked. 

The area for the remote challenge with the mixture of a,llergen and DMSO 
*Obtained from Dr. Arthur Malley.7, * 
tProvided by Dr. Laurence Layton of Albany, Calif. 
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was the flank below the axilla. This mixture in the amount of 0.1 ml. was a,pplied 
in the center of a 25 square centimeter area and gently spread to the periphery. 
Then with as much uniformity of pressure as possible, the ent.ire area was rubbed 
hen times with the head of the plunger of a tuberculin syringe. No abrasion or 
urticarial strea.king was noted. Thus, when urtication from DMSO occurred it 
was quite uniform. Often there was a spread of this urtication beyond the 25 
square centimeters. 

The sensitized sites were observed for any reaction for several hours b’efore 
negative results were recorded. In the ease of the a.uthor-recipients this obserra,- 
tion was possible for a period of more than 12 hours. However, one hour was 
arbitrarily accepted for a negative report. In those cases of negative results 
from DMSO and allergens and where direct cha.llenge was performed at the 
sensitized site, the challenge was done either by scratch test or by intradermal 
injection of 0.02 ml., with an effort to deposit the allergen in the dire&ion and 
at the site of the serum. 

OBSERVATIONS 

Local skin effects of DMSO varied with individuals. Some had minimal or 
no subjective or objective reactions, while others complained of marked pruritus 
with minimal or no visible effect. Several had mild reddening and urticating 
reactions. One author-recipient (H. W.) consistently had a pruritic, erythem- 
atous, and urticating reaction which generally subsided in several hours, 
while another recipient (F. P.) had little or no redness and minimal itching. 

Undesired systemic effects were rare. None of the subjects detected the 
familiar “oyster taste” from the small amount of DMSO applied. One recipient 
(F. P.) developed a mild pruritic dermatitis five days after the application of 

DMSO with penicillin. Another recipient (H. W.) developed generalized urti- 
caria on the extremities and trunk a.fter one of t,he applications of DMSO a,nd 
penicillin. This rapidly disappeared a.fter 4.0 mg. of Chlortrimeton was admin- 
istered orally. Since H. W. gave consistently negat,ire reactions on direct 
intradermal testing at the control site, with Pen. G.K. in amounts of 100 units, 
both before and after this episode, it was thought that this generalized urticaria 
was similar to the occasional reaction reported with the use of DMSO over 
large a.reas. 

CONCLUSIONS 

A series of six experiments is summarized in Table I. The conclusions which 
follow are based on the observations made in these experiments. 

1. Employment of the Prausnitz-Kiistner (P-K) reaction offered a method 
for demonstrating the penetrant-carrying capacity of DMSO through intact 
human skin. 

2. An allergen of small molecular weight such as penicillin G. potassium 
mixed with DMSO 90 per cent was readily carried through intact skin (Experi- 
ments A, B, and E). 

3. Allergens of large molecular weight (3,000 and larger) could not be 
shown to penetrate skin with DMSO within the prescribed hour’s time, even 
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Table 1. Summary of experimerks # 

Xxperi- 
ment Objrctiws (ywstions) Allfygms YrocrclurPs Observations 

A. What concentrations of Pen. G.K., Buffered saline 
DMSO mill carry 1,000 units DMSO 25% 
allergens through DMSO 50% 
intact skin of flank to DMSO 90% 
light up remote sensi- 
tized sites on arm and 
forearm 7 

I~IOUSC~ dusit DMRO 90% 
I)og hair 

B. Will allergens of Pen. G.K. Each with DMSO 
varying molecular Celerv 90qc challenged 
weights vary in Buckwl;eat first on flank 
penetration with Castor lIean then directly by 
DMSO on intact skin? Cottonseed scratch over 

sensitized arm 
sites 

( :. I)0 other rubefacients Pm. G.K., Trafuryl 5% in 
have penetrant- 1 ,noo units acetone (tetra- 
carrying capacities hydrofurfuryl 
within the prescribed ester of nirotinic 
60 minute period? acid) 

Oil of mustard 
10% in acetone 

I). Is there a binding or 
denaturing effect of 
DMSO on allergens3 
(Allergens of 
relatively small size 
and sera with high 
reagin titers were 
used) 

E. Simultaneous testing 
with purified timothy 
pollen fractions and 
with penicillin in 
DMSO 

Castor tIctan DMSO 90% and 
allergen were 
apphed to the 
flank 

,Sericin Portions of the 
(silk) same mixtures 

after incubation 
at 37” c. for 30 
minutes were 
applwd later bv 
scratch to the 
sensitized sites 

Timothy Each allergen in 
pollen 90% DMSO was 

fractions: first applied to 
I). E. A. E. the flanks of the 

IT and two author- 
\V. S. T. II subjects 

Each mixture of 
timothy pollen 
fractions after 
incubation at 
37” C. for 30 
minutes was 
later applied to 
scratch tests 
directly over 
sensitized sites 
on the arm 

No reaction at arm sites 
No reaction at arm sites 
No reaction at arm sites 
Postive reaction at arm 

sites in 40 minutw 

So reaction at arm sites 
(Direct scratch test at 

sensitized sites gave 
wheal and flare in 20 
minutes) 

Penicillin in DMSO 
reacted from flank 
challenge on 3 of 4 
subjects in 40 minutes 

None of larger allergens 
reacted from flank 
challenge 

All sites reacted to all 
allergens on direct 
challenge by scratch 
test 

Marked redness and 
itching of flank from 
both but no flare of 
sensitized arm sites 

Later challenge with 
penicillin sublingually 
flared arm sites in 20 
minutes 

;LIarked redness of flank 
but no flare of 
sensitized sites 

Wheal and flare in 20 
minutes at scratrh sit<, 
indicating no binding 
or denaturation of 
allergens by DMHO 

Timothy pollen f rat:- 
tions did not flare 
remote arm sites, mhilc: 
penicillin flared all 
specific arm sites 

Direct scratch test 
challenge with pollen 
fractions in DMSO 
gave mheal and flare 
in 20 minutes 



R.rpi- 
?nmt I Objectives (questions) 1 Allergens Pvocedurcs Obseraxdions 

Pen. G.K., Powdered peni- Sublingual challenge 
1,000 units cillin was placed with penicillin on 

uuder the tongue subject F. P. (whose 
90 minutes aft,er flank did not redden 
allergen was and whose remote arm 
first applied sites showed small 

wheals) resulted in 
incrcasc deal ant1 
flare 

F. IVhat part does the Pen. G.K. Penicillin in Wheal and flare of 
stratum corneum play saline applied to remote sensitizrll sitw 
as a barrier to the the flank area in 20 minutes 
rapid penetration of stripped of 
allergens of varying stratum 
sizes in DMSO and corneum 
in buffered saline? 

House dust Large molecular \Vheal and flare of 
size allergens in sensitized site after 
saline applied to 20 minutes 
area over 
sensitized sites 
stripped of 
stratum corneum 

Large molecular So reaction other than 
size allergen in mild redness due to 
DXSO applied the DMSO 
to sensitized 
sites but with 
stratum corneum 
intact 

when the challenges were made directly to the intact skin over the sensitized 
sit,es (Experiments A, B, D, E, and F). 

4. Inflammatory reaction was not the basis for such penetrant-carrier effect 
of DMSO, as shown by lack of such effect with the use of other rubifacient agents 
and within the hour’s time (Experiment C) . 

5. The lack of rubifacient effect of DMSO occurred in recipients who also 
showed less a,nd, in one case, no absorption of the allergen, Pen. G.K. (Experi- 
ment B) . However, even without redness, some remote P-K reaction was elicited, 
suggesting that the inflammatory effect is merely the result of an individual 
skin response and is not a necessary; past, of t,he mechanism by which DMSO 
acts as a penetrant-carrier (Experiment E) . 

6. DIMSO, 90 per cent, incubated with a number of the allergens at, 37O C. 
for 30 minutes did not bind or denature or in any other way a.ppea,r to alter 
t,he allergens’ activity, as shown by strong posit,ive react.ion upon scratch test 
cha.llenge with such mixtures to t,he sensit.ieed sibcs (Experiments D, E, and F). 

7. The time required for a remote P-K reaction after challenge with peni- 
cillin in DMSO on intact skin was 40 minutes. This was in contrast to the more 
rapid rate of react,ion aft,er challenges with aqueous extracts of allergens by 
scratch, intradermal, or mucosal routes, which was usually complete within 20 
minutes. 



Fig. 1 
Indirect Prausnitz-Kiistner (P-K) reactions at sensitized sites on arm of recipient H. W. forty 
minutes after challenge to flank with Pen. G.R., 1,000 units, in DX&“O 90 per cent (Experi- 
ment A). 

Fig. 2 
Small circles, P, and P,, are representative of the extent of indirect P-K reaction at sensitized 
sites on the arm of recipient F. P. forty minutes after remote challenge to flank with Pen. 
G.K., 1,000 units, in DMSO 90 per cent, which did not produce redness or urtication. Large 
surrounding wheal resulted from sublingual challenge with minute amount of powdered 
Pen. G.K.; it developed in twenty minutes (Experiment E). 
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Fig. 
Site 
qpl 

H. W. stripped of stratum eorncurn slrowin 
200 units, in lmft’rrrd saline (Esprinrcnt 

g glistening layr, 1)eforo 
F). 

Table II. Passive transfe,r testing OS four coludeers sensitized with seven sera 
a.nd challe,nged first with penicillin G potassium and lurger molecular size 
allergens in DMASO-ON flank crnd then by direct scrntch test of sensitized 
sites (Exprimcnt B) 

Recipients 

J. H. H. 6. F. R. G. C. 

Serum Remote Direct Remote Direct Remote Direct -Remote Direct 
do,~~ors and with scratch wi.th scratch with scratch with scratch 

allerp:ns DAIS0 test DMSO test DAN’s0 test D.M80 test 

J. II. 
(,I’cnic*illin) L -b ii++ - ++++ ++ +++ ++ ++i 

I’. Ii. 
(( ‘elery, 
1 wkv ,Ir>at) - +++ - ++++ - ++ +++ 

\.. hIcJ1. 
, ciasttlr 

I)Pan ) +i+ - +++ t ++++ - +A++ 

R. RIcQ. 
i Pastor 

lwan ) - ++ - ++ F ++ t + -i 

1,. IL 
(Cottcln- 

srwl ) ++t+ ++++ - +‘+ t ++++ 

13. 12. 
I Celery) ++ - I1.C. - +++ - ++ 

31. li. 
(Penicillin) ++ +++ - +++ +++ +++ ++ +++ 



Fig. 4 
Sensitized sites 1 and 3 on arm and forearm of recipient IL. R’. stripped of stratulrr corneum 
and showing glistening layer before application of the allergens (dog Itair ant1 house dust) 
in buffered saline. Sites 2 and 4 act as controls (Experiment F). 

Fig. 5 
Sensitized sites 2 and 3 showing direct P-K reaetions after removal of stratum c:orneum and 
application of allergens in buffered saline. Negative controls are sensitized sites d and 4 
challenged with thr same allergens but with the stratum cornrum intact (Experiment F). 

8. Removal of the stratum corncum by stripping at a rcmotc area and the 
application of penicillin in buffered saline, as well as stripping over sensitized 
sites and the application of larger allergens in saline, resulted in a, positive P-K 
reaction at a speed (20 minutes) compara.blc to direct intradermal rhallcnpc. 
This wa.s in contrast to the inability of la,rger molecular size allergens in DAIS0 
to penetrate skin, even when applied directly over sensitized sites but with the 
st,ratum corneum still intact. (Experiment 8’). 
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