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PLETHYSMOGRAPHIC RECORDINGS OF SKJN PULSES 

VL Further Measurements of the Vasoconstriction Produced by Corticos1eroids 
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Abstr<1cl. Pletbysmograpbic measuremenls of tbe vascular 
effect produced by betametbasone-17-valerale 0.1 % oinl
ment and J % solution on normal and stripped skin, are 
described. Evidencc is presemed tbat tbc vasoconstriction 
induced by fluorinated conicosteroid ointment on stripped 
skin is plethysmugraphically measurable and accordingly 
also concerns pulsatilc vessels. Despite distinct blanching, 
no measurable effecl was produced by the solution on 
normal or stripped skin. Hydrocortisone acetate ointment 
had a weak and less constant effect. The study indicates 
!hat fluorinated steroid ointment induces a more pro
nounced vasoconstriclion tban solution of the same 
steroid. The results an) related to percutaneous absorp
tion and tbe amount of steroid remaining on tbe skin 
surface. 

Plethysmographic measurements of the vasocon

strictive action of corticosteroids on skin denuded 

of the epidermal barrier were reported in a 

previous paper (7). The results were obtained 

with plastic occlusion of ointments and the vaso

constriction was indicated by a decrease in pulsc 
height. Several areas in a few individuals were 

investigated. 1ntra- and interindividual variations 
in vascular response were observed. Similar in

vestigations performed on psoriasis made it pos
sible to measure objectively thc vascular action of 

various therapies (8). The superior effect of the 

fluorinated steroids compared with that of hydro

cortisone acetale was illustrated. 

In the present work the previous investigations 

have been continued in order to study more 

closely lhe vasoconstrictive action of the fluori

nated steroids and hydrocortisone acetate on in
tact and stripped skin, and to campare the in

fluence of ointment base with that of solution. 

MATERIAL AND METHODS 
The present work comprised 15 bealthy persons aged 

22-50 years. The flexor aspect of both forearms was
selected as test area. Two or 4 skin sites (1 x 1 cm) were

studicd at eacb side. The substances wcre investigated as 
follows: 

I. Betamethasone-17-valeratc 0.1 % in oiniment base 
(Betnovat®-Nyco, Nyegaard & Co. A/S, Oslo, Norway) 
was applied to 8 skin sites denuded of the epidermal 
barrier by stripping (2 subjects). About 3 mg of ointment 
was used at each sice. The effect was measured at 14 
hours of occlusion sincc it was assumed lhat the vascular 
action had occurred within that period of time (7). 

2. Bctamethasone-17-valerate dissolved in ethyl alcohol
at a concentration of 1 % , was applied to 10 stripped 
and 10 normal skin si tes (5 subjects). Aliquots of 
0.02 ml were pipeued at cach site of examination and 
allowed to evaporate before occlusion. 0n stripped skin, 
measurements were perCormed every second hour for the 
first 14 hours and later on at 20 hours' occlusion. On 
intacl skin, measuremcnts werc peiiormed each day for 
3 days. 

3. Hydrocortisone acetate 1 % in petrolatum was applied 
to 6 stripped skin sites (3 subjects). About 3 mg of oint
ment was used at each site. Meawremen!s wcrc per
formcd after 3 and 20 hours' occlusion. 

4. Placebo ointment, i.e. thc ointmenL base only of 
Betnovat<R>, was applied to 10 slrippcd skin sites (5 sub
jects). About 3 mg of ointment was used at each site. 
Measurements were pcrformed after 2, 14 and 20 hours' 
occlusion. 

Recordings of skin pulses wcre also taken bcfore ap
plication and 4 huurs or more aftcr removal of thc 
ocdusion. The skin sites were marked with a gentian 
violct pen and covered wilh polythcne sbeets securcd 
by adhesive occlusive strapping <luring the occlusive 
period. The ointmeots and the solution were reapplied 
after each examination <luring this period. Stripping of 
thc epidermal barrier was <lone with Scotch Tape using 
about 50 strippings at each area. The surface then ap
peared red and glistening. 

The pulse meter used in the present study has been 
described earlier (7). Cadmium sulphide was used as 
pholoconductive material. A power supply unit providing 
constant current for the photoconductive cell and an 
interface circuit were connecled between tbe photocell 
and the electrocardiograph. In order co obtain representa
tive curves the sensitivity was adjusted for each area. Tbe 

deflcction by 1 mV was noted and on each area the same 
sensitivity was used at each examination. 
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The vascular response varied from one area to 

another. Regional differences in skin vasculariza

tion were probably responsible for some of the 

variations. It is also possible that stripping of the 

stratum corneum does not produce an even re

moval of the epidermal barrier. 

At some areas of normal or stripped skin 

repeated measurements were necessary in order 

to obtain representative curves. The configura

tion of the pulse curves varied from one site to 

another on both normal and stripped skin. On 

some sites of stripped skin variation in pulse 

shape from one moment to another could be ob

served, while the pulse height remained more 

constant. This was probably related to fluctua

tions in vasomotor tone. 

Fig. I shows the mean values of skin pulses 

obtained in the present study. Betamethasone-17-

valerate ointment produced a distinct decrease in 

pulse height at all skin sites after 14 hours of 

occlusion. After removal of the occlusion the 

pu lse height increased. indicating that the vaso

constriction observed was due to the occlusive 

treatment with the steroid. 

The vascular response obtained by hydrocorti

sone acetate ointment on stripped skin was much 

weaker. At some areas a distinct vascular effect 
could be recorded, whilst at other areas little or 

no effect was observed. Al a few areas there was 

a distinct reduction in pulse height but no increase 

was observed after removal of lhe occlusion. The 

reduction in pulse height may accordingly be 
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Fig. 1. Results of pulse measurements on 

stripped ( - - -) and intact (-) skin sbowing 
the effect of I% betameihasone-17-valerate 

solu1ion (□), 0.1 % beiamethasone-17-vale

rate ointment (■) and I% hydrocor1isone 

acetnte ointment (•). 

related to causes other than the vascular effect of 

ointment. In one individual no vasoconstriction 

could be observed after 4 and 20 hours of oc

clusion. 

Spontaneous variations in pulse height within a 

short period of time could be observed on stripped 

skin during occlusion with ointment base only. 

Usually the variations were within the range of 

I unit of measurement when !arge amplitudes 

were recorded. There was no permanent reduc

tion in pulse height during the occlusion. A 

decrease occurred at some areas after removal of 

the occlusive bandage. This was probably related 

to the increase in temperature and vascularization 

induced by the occlusion. 

Betamethasone-17-valerate solution produced 

distinct blanching on normal skin. On stripped 

skin it was less pronounced and of a shorter 

duration than that produced by the fluorinated 

steroid ointment. With this the induced blanch 

persisted as long as the application remained on 

the skin. The solution produced no significant 

reduction in pulse height during the occlusive 

period on normal or stripped skin. In fact the 

same variations occurred as observed with the 

placebo ointment. The average values of the skin 

pulses obtained are shown in Fig. I. 

DISCUSSION 

The data obtained in the present and previous 

study (7) clearly indicate that the vascular effect 

produced by the fluorinated steroid ointments on 
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stripped skin is plethysmographically rneasurable. 
Table l shows the statistical analysis of the mean 
values for the pulse height measured before oc
clusion, at 14 hours of occlusion and after re
moval of the occlusive bandage. The induced 
reduction in pulse height <luring occlusion and 
the increase after removal of it, are statistically 
significant with only 4 degrees of freedorn 
(0.005 > P > 0.001 and P < 0.001, respectively). 

Normally some decrease in pulse hcight rnight 
be expected when the hyperemia produced by 
the stripping method subsides. The decrease noted 
at some areas <luring treatmenl with hydrocorti
sone acetate ointment might be related to this 
factor. However, control measuremcnts with 
placebo ointment produced no distinct reduction 
in pulse height. The increase observed after remo
val or the occlusion of the fluorinated steroid 
ointments also favours the assumption that the 
named factor is or less importance. Presumably, 
the increase in temperature and vascular flow 
induced by the occlusion sustains the hypercmia 
produced by the stripping. A decrease in pulse 
height after removal of the occlusion might be 
expecled if the vasoconstrictive effect of the 
steroids was too weak. Actually this was also 
observed on some areas following applications 
other than the fluorinated steroid ointments. 

According lo the principles of pulse plethysmo-

Table L Sta1is1ica/ a11alysis oj all data obtained with
1he various j/11ori11ared sreroid oimmems 011 stripped 

skin and af1er 14 hours oj ocdusion and af1er removal 

Mean values 

Occlushe period 
Subject ------ Oirrerence 
number O 14 hrs 0-14 hrs Removed 

la 4.375 3.000 1.375 4. 750c
24 4.875 2.000 2.875 4.625° 

3b 4.5625 2.125 2.438 4.000d 
4b 3.9375 2.3125 1.625 4.9375d
5b 3.1875 1.250 1.938 2.8125d 
X 2.050 
S.E.x 0.2720 
, (4 dcgrees of freedom) 7.54 

0.005 , P _, 0.001 

Difrerence 
Removcd-
14 hrs 

1.750 
2.625 
1.875 
2.625 
1.562 
2.087 
0.2251 
9.27 
P<0.001 

: Four obsenations per person at each moment. 
Eight observa11ons per person at each moment. 

0 Occlusive bandage rcmoved at 14 hours· occlusion. 
d Occlusive bandage rcmoved at 20 hours· occlusion. 

6 -·---- Ave,ogg voluei. of �kin pulUL 

'-
' " 

G 
\ 

" \ 

_;; 
' 

" \ "' 
\ '-

i 3 

� 
2 ' 

·•-... . ...._,.. ' 

\ -------
--

,. 12 l2 
lime {Hovnl 

Fig. 2. Vascular cffect of 0.1 % bctamethasone-17-valerate 
ointmcnt (■) on psoriatic skin (-.-), inlact skin (-) and 
after removal of tbe epidermal barrier by stripping 
(- - -).

graphy, the decrease in pulse height observed 
during treatment with thc fluorinated ointments 
on stripped skin is caused by constriction of the 
pulsating vesscls. No such effect has been ob
tained on intact skin (7) or with a solution of the 
same steroid on stripped or intact skin. The 
results thus provide additional evidence for the 
assumption that thc induced blanch in normal 
�kin is due to decongestion of non-pulsating 
vessels. 

The present data indicate that fluorinatcd 
steroid ointment or cream induce a stronger 
vascular effect than the solution. This is in keep
ing with the observations of Tronnier (9) and 
Munro (4). The betamethasone-17-valerate solu
tion was far in excess of the minimal dose 
required to demonstratc the blanching phe
nomenon. Why it failed to induce measurable 
vasoconstriction is unclear, but it may be related 
to the depth of penetration and rate of clearance. 
With the application of ointment, a continuous 
source of steroid is formed, whereas the steroid 
molecules left after evaporation of thc cthyl alco
hol may be rapidly absorbed and brought into 
circulation <luring lhe occlusion. This interpreta
tion accords with the investigation of Vickers (10) 
who dcmonstrated that stripped skin has no depot 
effect when solutions are applied, and the induced 
blanch disappears within 8 or 16 hours. On the 
other hand, as shown in the present study and 
by Malkinson & Kirschenbaum (3) fluorinated 
steroid cream or ointment induccs a pronounced 
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blanch which persists as long as the application 

remains 011 the skin. 

The data obtained illustrate the superior effect 

of the fluorinated steroids compared with that 

of hydrocortisone acetate. The vasoconstrictive 

action of the former substance is measurably 

stronger and much more constant. Measurable 

vasoconstriction may be produced by the latter 

within a short period of time in some individuals. 

However, thc effect is more inrluenced by local 

and indi, idual variations and is not always of a 

significant degree. This may of course also be 

relatcd not only to the steroid molecules but to 

the base applied. The influence on the penetra

tion of various vchicles has been shown by many 

inve\tigators (e.g. 2. 5, 6) and petrolatum is 

probably less suitable than the other bases. 

13csides the cellular and vascular action of each 

steroid. among other factors the following are 

concerned: the releasing capacity of thc vehiclc, 

thc rate of diffusion through thc epidermal bar

rier and other molecular relationships. Also each 

class of corticosteroid may have a pattern in terms 

of the time relationships to vasoconstriction. Thus 

with an appropriate base and by continuou� meas

urements the lag lime, i.e. the timc until maximal 

,ascular action, rnay be determined. Differences 

in lag timc have been observed by the Mackenzie

Stoughton assay (I) but not by means of pulse 

plethysmography. 

When compared with prcvious studies (7, 8) the 

results obtained ma) be related co percutancou\ 

absorption and the effect of the epidermal barrier 

rnay to a certain extent be reflected in the lag 

time. The data obtained with betamethasone-17-

valerate ointmenl on 32 strippcd skin sites in 5

subjccts and on 10 psoriatic lesions in 6 subjecb, 

arc illustrated in Fig. 2. Tt is shown that the 

m�asurablc vascular action appears much sooner 

on stripped than on psoriatic skin. On intact skin 

th0re is no mea�urable effect (24 skin sites in 3 

subjects). These 3 conditions. normal. �lripped, 

and psoriatic skin, have a diffcrent ,a�culariza

tion and a differcnt rate of steroid diffusion from 

thc skin �urface. Also. the amount of steroid 

molccules accumulating in the upper part of the 

dcrmi� diffcr�. Accordingly, a dif'fcrenl dcgrcc or 

,·ae,:)constriction may be produced. 

Pulse measuremcnts on normal or stripped skin 

req..iire a very sensitive plethysmograph such as 

usecl in the present stud). Thi!. implies that the 
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pulse curves are more easily disturbed by externa! 

stimuli or movements of the subject. Pulsations 

are more readily recorded on fuUy developed 

psoriatic lesions. Th.is may be related to the rich 

vascularization of the latter. Furthermore, the 

measurable vascular effect produced by the 

fluorinated steroid ointmcnts is greater in such 

lesions than on stripped or normal skin. 

On psoriatic skin the values shown in Fig. 2 

are recorded with a less sensitive pulse meter 

than the one used on stripped or normal skin. 

Accordingly, the values are not directly compar

able and the difference between psoriatic and 

stripped skin rnay be evcn greater. Presumably, 

the onset of mcasurablc vasoconstriction is not 

influenced by the application of two differcnt 

methods. 

Although the rcsults obtained by pulse p\ethys

mograph) on skin denudcd of thc epidermal bar

r:ier are significant, the method seems too timc

consuming for testing of new steroid compounds 

when cornpared with the Stoughton-McKenzie (I) 

assay. Furthermorc, strippcd skin is subjected to 

greater vascular ,ariation than i!. a fully deYeloped 

p�oriatic lesion. Jt thcrcfore sccms reasonable 

to assume that psoriatic skin is preferable whcn 

comparative rneasurements of the vascular effect 

of various steroids have lo be performed by pulsc 

plethysmography. 
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