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Abstr(lct. A quaotilative study of in vivo skin perfusion 
as a method for study of pharmacological agents rcleased 
in skin is described. Experiments have becn carried out 
in which recovery of known amounts of agents infused 
or injected intradermally or subcutaneously into perfused 
skin has been determined. lntradcrmal or subcutaneorn; 
injection of m'crogram quantities of bradykinin or hista
mine resulted in recovery of only nanogrnm amounts of 
these agents in the pcrfusatc. Recovery of infused brady
kinin or histnmine ranged from 25-35 % . These findings, 
which indjcate the low sensitivity of the technique as a 
method for rccovery of pharmacological activity in skin. 
explain the low concentration, of histamine recovered in 
skin injected with high doses of comp:,und 48/80. 

Subcutaneous perfusion has been used to examine 
vasoactive substances in thermally stimulated ec
crine sweating (4), axon reflex flares (2), wheal
and-flare rcactions of different typcs (6, 12, 13) 
and delaycd inflammation (7, 8). In somc of these 
reports (4, 13) attempts werc made to express 
pharmacological rcsults in perfusates quantitatively 
and to draw conclusions from changes in concen

tration of agents in thc perfusates without con
sideration of factors influencing thesc conccntra
tions. No quantitative studies using this tech
niquc have previously been rcported, and in an 
earlier study of whealing in urticaria pigmcntosa 
(6) wc notcd that conccntrations of histamine in 
the pcrfusatcs were surprisingly low despite the 
high skin histaminc concentrations associatcd with
this disease ( 14). 

.In the present paper we rcport determinations 
of recovery in the perfusate of pharmacological 
agents which have becn infuscd subcutaneously, 
or injected subcutaneously or intradcrmally into 
perfused skin. These findings are thcn uscd to 
evaluate pharmacological data obtainecl in wheal
ing skin due to injcction of the chemical histamine 
liberator compound 48 /80. 
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METHODS 

S11b;ecrs. Thirty-five voluntecr subjects were st11died. These 
were patients with vurious localised non-inflammatory skin 
diseases, uoinvolved skin being p::rfused in cach case. 

Per/11sio11. Subcutnncous pcrfusion was carried out by 
the method of Fox & Hilton (4) with certain modifica
tions (6). Two needlcs {length 36 mm, interna! diameter 
I mm) were in,erted in para Il el subdcrmally 10 mm apart 
pointing in opposite directiom lengthwise in thc flexor 
surface of the forcarm. Both needlc\ had 4 holes 0.635 
mm diameter equally spaced along oppositc sides of the 
,haft. Sterile Tyrode solution, warmed to 32-34°C. was 
infu�cl through one needlc and recovered through the 
other into siliconiscd glass tubes in an ice bath. Con
tinuous and uniform withdrawal of 1he perfus�te was ob
tained by applying suction (', , atmosphere pressure) with 
a peristaltic pump. To increase recovcry the area of per
fusion was confined by applying elastic bands proximal 
and distal to the ncedl:s. Tyrode ,olution was in(usecl 
at 30 drops (2 ml) per minute, this being kept conslant 
throu(lhout thc collcetion period. The volume of the 
perfus:ue recovered was 40-80% of the volume of the 
infu,cd Tyroclc solution. Visible oedcma devrlopid cluring 
the first few minutes of perfusion in most exp!riments 
and was limited 10 thc arza defined by th: elastic bands, 
but after 15 min perfusion the voh1me of th� forearm 
remained constant as shown by p'.ethysmography. 

ln all experiments the following procedure was adopted. 
After beginning perfusion thc first 15 min collection was 
discarded but all subscquent collections were retained for 
assay, all bloodstained samples being rejected. 

/11j(1crio11s. Jntradermal inj�ctions \\·ere carried out u:,ing 
a tub:rculin syringe. All agents studied wcrc injectecl in 
volumc 0.1 ml using 0.154 M NaCI as a dilucnt. 

Biomsay. All bioassays werc carriecl out using a 2 ml 
or 5 ml organ bath gassed with oxygen, anJ an Automatic 
Bioassay apparatus (1 ). Kinin activity was ussayed by the 
method of Gaddum cl al. (5) using an oestrous ral uterus 
and duodcnum mounted in a single 5 ml organ bath and 
bathccl at 32°C in De Jalon solution conwining atropine 
2 x 10 •. mepyramine 10-• and bromlysergic 1cid diethyl
amide 5 )( JO·•. Contractions of the uterus or relaxation 
of the duodcnum were rccorded simultaneously on a 
kymo�raph. Synthctic bradyl,.inin (SnndoL) was U\ed as 
a standard. responses 10 a, little as 0.1 ng being rccorded 
with both preparation,. 



Table I. Recovery of infused histamine 

Infusate Perfusate 

Concentration Total Concentration Total Recovery 
(ng/ml) (ng) (ng/ml) (ng) (%) 

7.0 945 4.0 232 24.5 
5.0 620 4.5 216 35.5 

Table IL Recovery of JO pg histamine i11jected intra

dermal/y 

Total histamine, ng 
Duratioa of pcrfusion, min 

0-15

90 
62 

15-30 30-45 45-60

74 34 5 

98 12 0 

Recovery 

(%) 

2 

1.7 

Histamine assay was performed using a 2 ml organ 
bath and a strip of terminal guinea pig ileum balhed in 
Tyrode a1 37°C comaining atropine 2 x 10-• and lysergic 
acid dielbylamide (Sandoz) 5 x 10-•. This preparation 
responds regularly lo 1-2.5 ng/ml standard bistamine solu
tion. Histaminc activily was confirmed using the specific 
compe1i1ive antagonist mepyramine maleate in concentra
tion I o-• and was expressed in terms of hislamine base. 

RESULTS 

Control Experiments 

1rt 16 subjects perfusion of duration 15-60 min 
was carricd out with Tyrode solution. No hista
rninc was detected in any of these subjects but 
kinin activity was found in 5. The highest con
centration recorded was 4 ng/ml. In each case 
tbe identity of the kinin activity was confirmed 
by its ability to relax the rat duodenum. 

Recovery Experiments 

Recovcry of histamine and bradykinin adminis
tered into perfused skin both by intradermal and 
subcutaneous injection and by addition lo the in
fused Tyrode solution was studied. In the infusion 
experiments the agent under study was dissolved 
in Tyrode and the perfusate collected in succes
sive 15 min aliquots over a period of 45-60 min. 
Both the warmed infusate and the corresponding 
perfusates were subjected to bioassay. It was notcd 
that the concentration of histamine or bradykinin 
in the warmed infusate was consistently lower 
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than tbat in the Tyrode reservoir. This is probably 
due to both the instability of these agents at al

kaline pH and the effcct of warming, since the 
Tyrode (pH 7.6) in which they were dissolved 
was heated to 46-48 °C in order to achieve a 
ternperature of 32-34 °C on entering the skin. ln 
thc injection experiments successive 15 min ali
quots of perfusate were collected for 60 min after 
injection. Whealing following intradermal injec
tion of vasoactive substances into perfused skin 
was difficult to measure accurately owing to the 
oedema brought about by the perfusion. Thus only 
an approximate estimate of the diameter of the 
wheal was made. 

Histamine 

In studies on 2 patients histamine was infused into 
tbe skin and the perfusate collected in successive 
15 min aliquots for 60 min. Jn the first experi
ment the total volume of infused Tyrode solution 
<luring the 60 min period was 135 ml and the 
total volume of the perfusate was 58 ml. In th.e 
second the corresponding volumes were 124 ml 
and 48 ml. The results (Table I) show that one
quarter and one-third of the infused histamine 
was recovered in the perfusate. 

Assay for kinin activity was also carried out 
on all aliquots of the perfusates of Tnble I, but 
was present in only 1 aliquot in each of the two 
experiments the concentration in each case being 
0.5 ng/ml. No othcr smooth musclc contracting 
activity was detected. 

Table nr. Recovery of infused bradykinin 

Jnfusate 

Concentration Total 
(pg/ml) (,ug) 

0.6 

0.25 
77 
31.5 

Perfusate 

Concentralion Total 
(11g/ml) (µg) 

0.25 
0.15 

18.0 
10.0 

Recovery 
(%) 

23.4 
32.0 

Table IV. Recovery of JO 11g bradykinin injected 
intradermally 

Total bradykinin, 11g 
Duration or perrusion, min 

0-15

82 
50 

15-30 30-45 45-60

4 0 0 
0 0 

Recovery 
(%) 

0.9 
0.5 

Acta Dermatove11er (Stockholm) 51 



52 M. W. Greaves and J. Sf]ndergaard

Thesc findings were thcn compared with results 
obtained by injecting histaminc intradcrmally into 
perfused skin. ln 2 patients perfusion was con
tinued for 15 min. Then the perfus�d skin was 
injcctcd intradcrmally. with 10 pg histamine. In 
both patients a wheal of about 20 mm diameter 
dcvclopcd surrounded by a flare. The pcrfusatc 
was then collected for 60 min in successive 15 
min aliquots. The results (fablc 11) show that only 
2 % or less of injected histaminc is rccovered in 
the perfusate over 60 mm. 

Bradykinin 

Studies were carried out in 2 patients. Bradykinin 
was infused and successive 15 min aliquots of 
perfusatc collected over a period of 45-60 min. 
In thc first experiment collections of perfusate 
were made for 60 min. the total volume of tbe 
infused Tyrode solution being 128 ml and the 
total volume of thc perfusatc 72 ml. ln the sec
ond, collections were made for 45 min and the 
corresponding volumes were 126 ml and 67 ml. 
The results (Table III) show that one-quarter to 
one-third of the infused bradykinin was recovered 
in the perfusatc. 

Bradykinin 10 ,ug was then injectcd intrader
mally into perfused skin in 2 subjects immediately 
after obtaining thc first 15 min collection of per
fusate. ln both patients whealing of about 15 
mm diameter developed. The pcrfusion was then 
continued for 60 min aod 15 min aliquots re
tained for kinin assay. The results arc shown in 
Table IV and show that less than 1 % of this 
dose of bradykinin is recovered in thc perfusate. 

In 2 furthcr subjects 10 ,ug bradykinin was 
given as a single subcutancous injection imme
diately after obtaining the first 15 min collection 
of perfusate. The perfusion was then collected 
for 60 min, and 15 min aliquots retainecl for kinin 
assay. The results (Table V) show that only 3-4 % 
of the injected bradykinin was recovered in the 
perfusatc. 

Compound 48180 

Preliminary studies with compound 48 /80 showed 
that although as little as 1 11g injected intra
dermally would causc whealing, no histamine 

could be detected in thc perfusatc with doses 
below 100 ,ug injected into the perfused skin. 
Therefore in 9 subjects the effect of intradermal 
injection of 100 ,ug compound 48/80 on the 
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Table V. Recovery of 10 11g bradykinin i11jec1ed 

s11bcutaneously 

Concentration of bradykinin, ng/ml 
Duration of pt.!rfusion, min 

0-15 15-30 30-45 45-60
Recovery 
( ''o) 

292 

356 

16 2 0 
28 0 0 

3 
4 

histamine content of the perfusate was studied. 
This dosc produced extensive whealing and a sur
rounding red flare. 

In each experiment an initial 15 min aliquot of 
pcrfusate was obtained after which 48/80 was 
injected, the perfusion then being continued for 
60 min. No histamine was present in the perfusatcs 
prior to injection of 48 /80. The results of his
taminc and kinin assays on the perfurntes after 
injection of 48/80 are given in Table VI. 

Histamine was recovered after 48 /80 in all 
but one of the 9 subjccts, thc highest concentra
tion recorded being 9 ng/ml. lts identity was con
firmed using the specific antagonist mepyramine. 
ln two experiments it was found as long as 75 
min after injection. Kinins were recovercd in 5 

of the 9 subjects in concentration up to 0.5 ng/111I. 
In only one of the 5 subjects was kinin activity 
present in more than one specimen of perfusate. 

DJSCUSSION 

The results of the present experiments show that 
the subcutaneous perfusion technique used in both 

Table VI. Histamine release - compo11nd 48/80 100 

pg 

Histamine release, ng/ml 
Duration of perrusion, min 

Patient 0-15 15-30 30--45 45-60 60-75

I 5 5 5 0 0 
2 4 4 4 4 4 

3 0 0 0 0 0 
4 9 6 5 5 2.5 

5 6 5 6 0 
6 3.5 3.2 2.5 
7 9 6 6 5 

8 8 6 0 0 
9 8 2 0 0 

Kinin 
activity 
(ng/ml) 

0.1 
0.1 
0.1 0.25 
0 

0 
0 
0.5 
0 
0.1 



thcse and earlicr experiments is likely to detect 
tbe presence of only !arge amount� of free phar

macological substances in skin. Thus thc injcction 
of microgram quantities of bradykinin or hista
mine intradermally or subcutaneously into per
fuscd skin resulted in only nanogram quantitics 
in thc perfusatc. By contrast if thc same agents 
wcre continuously infused subcutaneously thc re

covery in the corresponding pcrf usates reach�d 

23-35 °o.
There are at leasl lwo possible explanations for

thesc differences. Firstly. the infused Tvrode �olu
tion forms a subcutaneou� pool wh,ch causes dilu
tion of pharmacological activity in proportion to 
the volume of the pool. This would lcad to dilu
tion of histamine and bradykinin in the injection 
experiments. Sccondly, diamine oxidasc and pep
tidases present in the overlying skin could bring 
about enzymic degradation of intradermally or 
subcutaneously injected histamine and kinins. On 
the othcr hand enzymic degra<lation of continu
ously infused hi�tamine or kinin would be less 
effectivc sincc the subcutaneous "pool" of Tyrode 
solution would cause dilution of the enzymes. 

The values obtained for histamine and kinin 
activities in the perfusatcs may not represent true 
recover} of these agents since injected or infused 
vasoactive substances may themselvcs bring about 
release or formation of cndogenous kinins or mast 
cell dcgranulation (3. I 0. 15). The cvidencc in 
thc present experiment� on lhis point is incomplete 
but in the two experiments in which low concen
trations of hi�taminc wcrc infu�1,:d into the skin 
littlc or no kinin activity was detected in the 
perfusate. On 1he other hand whilst the nanogram 
concentrations of kinins found in less than one
third of subjects in control experiments do not 
in themselves alter the signifieance of the results 
obtained with microgram concentrations in the 
kinin experiments , thcy do raisc the possibility 
that !>p0ntaneow, kinin formation in skin may he 
enhanccd by cxogenou� kinin. lnfusion of radio
activc labelled kinin and comparison of biological 
activity and radioactivity in the corresponding pcr
fusates would clarify thi\ point. 

The conccntrations of pharmacological agents 
recovcred in thc perfusate depend on several other 
factors. The�c include variation in diffusion 
through the pcrfused lissues and vari,1tion in up
take by lymphatic and blood vasculatures. The im
portance of thcse condit;ons. wh;ch are impossible 
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to control experimentally, in determining thc con
centration of agents in the perfusate is unc:::rtain. 

The abovc observations may cxplain thc strik
ing discrepancy betwccn the high dos;) of com
pound 48 80 injectcd into perfused skin and tbe 
concentration of histamine rccovered in the per
f usate. Whcaling in human skin is brought about 
by as little as I ;1g compound 48/8!) (11) but 

in the present experiments no histaminc was rc

covered in the perfusatc unlcss l 00 11g was given. 
With this dosc the concentration of histamine in 

thc perfusatc did not cxceed 9 ng ml. These low 
conc�ntrations of hi�tamine in respon5� to a high 
int radermal dose of 48 / 80 agrec with thc findings 
of Horner & Winkelmann (9), u�ing a �imilar sub
cutaneous pcrfusion tcchnique. 

Previous work with the sub::utaneou, perfusion 
tcchnique has cstablished its value in pharmaco
logical analysis of intlammatory conditions of 
human skin. There is. however, clearly a nccd to 
make the mcthod more sensitive and quantita
tivc, and until further dcvclopmcnt of thc cxisting 
mcthod has been carricd out its !imitations should 
be borne in mind in evaluating results obtained. 
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