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Intracutaneous and Skin Prick Testing
with Serotonin and Histamine
p . T0NNESEN , . -iV.

Pulmonary Department, Lyngby Hospital, Copenhagen, Denmark ;

Skin prick and intracutaneous tests were performed with serotonin, histamine and a
mixture of both in 32 normal persons, two rhinitis patients and 12 asthmatics. Skin prick
tests with serotonin produced a triple response, but the weal reactions were small.
Serotonin had no potentiating effect on the histamine reaction. Intracutaneously,
serotonin tests also induced a triple response, but with smaller weal reactions than with
histamine, and the weal surfaces were wrinkled. Constriction of the large subcutaneous
veins was observed locally after serotonin injection. No quantitative or qualitative
difference in reaction to serotonin was observed between normal subjects and allergies.
The role of serotonin in the immediate allergic reaction in the skin was minimal.
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During the last 3 years we have been investigat-
ing the possible role of serotonin in the allergic
inflammatory reaetion in man. In contrast to
earlier reports (1, 7), we found no occurrence of
bronchoconstriction after serotonin bronchial
challenge in asthmaties (16). However, nasal
provocation with serotonin induced a rhinitis
response consisting of sneezes, itching and
secretion, partly atropine-sensitive (19). The
secretions were partly reflex-mediated (17).
Nasal discharges provoked by histamine,
methacholine, and the relevant allergen, con-
tained serotonin in eoncentrations many times
higher than in plasma (18). Based on these
findings we suggest that serotonin might be a
mediator or modulator in allergic rhinitis.

Skin prick testing is another means of testing
for a possible mediator and its effect in relation
to well-known mediators, e.g. histamine. Priek
testing with serotonin has not been previously
reported, but intracutaneous (i.e.) skin tests
have elicited constriction of subcutaneous veins,
pain, erythema and flare, but no consistent
weal reactions, except in very high con-
centrations (3, 8).

The aim of the present study is to further
characterize the reaction to serotonin skin prick
and intracutaneous testing, both quantitatively
and qualitatively, and to examine whether
serotonin has any potentiating effects on the
histamine prick test formation. :

MATERIAL AND METHODS

Subjects

The study comprised 32 normal volunteers (27
females and 5 males), two males with rhinitis,
and 12 asthmatics (7 females and 5 males) with
verified inhalant allergies. The mean age was
35.0 years (range 15-61). No medicine was
administered at least 1 week before the test, and
none of the subjects had eczema or used topical
steroids.

Skin testing

Two nurses, well-trained in allergy testing,
performed the priek tests by using a standard
blood lancet with a point length of 4 mm and a
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Fig. t. Weal reactions to 96 skin pricks with serotonin and
histamine in eight asthmatics.

base width of 1.8 mm. The prick tests were
performed on the volar side of the forearm in
one or two straight rows from 5 cm below the
elbow flexure to 5 cm above the wrist. The
interval between each drop was at least 2 cm.
The needle was jabbed through the drop at an
angle of 60-70° to the skin. The skin was
penetrated with a moderate force and then
lifted. After 2 min the drops were wiped off.
After 10 min the weals were outlined with a fine
pen and transferred by tape to square millime-
ter paper. The weals were measured as the
greatest diameter x the diameter at right
angles to its mid-point in mm'-'. After 15 and 20
min the size of the weals was measured again.
The flare formation was also measured, and
any adverse reaction recorded (12). Double

controls were made in phases A and C, whereas
4-double controls were used in phase B (see
Experimental design). The location of the
different extracts was randomized. In phase B
the extracts were coded until the statistical
calculations were made. The i.e. tests in phase
C and D were performed with a hypodermic
needle (0.45 x 12 mnn), and a volume of 0.05
or 0.02 ml was injected i.e. (22).

Reagents

The reagents used were serotonin creatinine
sulphate (serotonin) 0.5, 1.25, 2.0, 2.5, 5.0,
10.0, and 20.0 mg/ml in a phosphate buffer
(pH 7.4), and histamine chloride (histamine)
0.0125, 0.025, 0.05, 0.1, 0.125, 0.5, 1.0, and
10.0 mg/ml, also in phosphate buffer (pH 7.4).
The following mixtures of serotonin and hist-
amine were used in phase B: serotonin 10
mg/ml + histamine 1 mg/ml; serotonin 20
mg/ml -̂  histamine 1 mg/ml; serotonin 10
mg/ml + histamine 10 mg/ml; serotonin 20
mg/ml 4- histamine 10 mg/ml. All reagents
were supplied by the Centra] Hospital Phar-
macy, Herlev, Copenhagen and stored at 4°C
for not more than 72 h.

Experimental design

The study consisted of four parts. In phase A
skin prick tests were performed in eight asthma-
tics using different concentrations of serotonin
and histamine in an open trial. Phase B was
carried out as a double-blind experiment with
prick tests in 14 persons (4 asthmatics) with
serotonin, histamine, and serotonin and his-
tamine coinbined, to examine any possible
interaction in effect between the two reagents.
In phases C and D i.e. tests were done with
serotonin and histamine in an open study in 22
normal subjects and two rhinitis patients to
study the weal and flare reaction quantitatively
as well as qualitatively.

Statistics

Wilcoxon's test for paired data was used to test
difference in response to histamine and
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Fig. 2. Weal reactions to 504 skin pricks with serotonin,
histamine and serotonin + histamine in 14 subjects (4 asth-
matics).

serotonin. Mann-V/hitney's test for unpaired
data was used to calculate any difference
between normal subjects and asthmatics.
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Fig. 3. Weal areas in 140 intracutaneous tests with serotonin
and histamine in 14 normal subjeets.

RESULTS

In phase A, eight asthmatics were tested with a
total of 96 pricks (Fig. 1). Histamine and serotonin
induced a triple response in the skin, consisting of
local flare, erythema and weal formation. The
weal reaction after serotonin was small, but great-
er in size than in the negative control with isotonic
saline (P< 0.01). Many ofthe weals had a diame-
ter < 3 mm, which is normally classified as a
negative unspecific reaction to local trauma.
There was no significant difference between the
weal area after serotonin 1.25 mg and 20.0 mg/ml
{P> 0.1), in contrast to a dose-dependent increase
in weal size to histamine 0.125 and 1.0 mg/ml (P<
0.01). The flare reaction had a mean diameter of
25 mm to histamine 1.0 mg/ml and 23 mm to
serotonin 20 mg/ml (P > 0.1). Both the weal and
flare formation after serotonin was maximal in size
after 8-̂  10 min, and no increase was observed after
15-20 min. No late reactions (24 h) were reported.
The serotonin flare was more intensely red, and
more indistinctly marginated in contrast to the
histamine flare.

In phase B, 10 normal subjects and four
asthmatics were tested with a total of 504 pri-
cks. From Fig. 2 it appears that the weed reac-
tions after serotonin (10 and 20 mg/ml) were
small, but again statistically different from the
inactive control (P < 0.01). Histamine (1 and
10 mg/ml) produced a dose-dependent increase
in reactions (P < 0.01). Serotonin had no addi-
tive or potentiating effect on the response to
histamine (P > 0.1). The standard deviation in
percent for the difference in weal area between
4-double-controls was 21.4-39.1% for sero-
tonin, histamine and histamine and serotonin
combined. The reaction to serotonin 20 mg/ml
in the 10 normal subjects was not statistically
different from the reactions in the 12 asthmatics
in phases A and B, either quantitatively or
qualitatively. The weal area in the normal sub-
jects was 3.8 ± 3.7 and 4.2 ± 5.5 in the asthma-
tics (P > 0.1). The asthmatics have therefore
been included in the calculations for the normal
subjects.

In phase C, 140 i.e. tests (0.05 ml) were
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Fig. 4. Intracutaneous tests with isototiic saline (0),

serotonin creatinine (2.5 mg/ml) (1) and histamine chloride

(50 (ig/ml) (2) on the volar site of the right forearm in a

normal male student, (x 1.2).

performed in 14 normal volunteers. From Fig.
3 it is apparent that the weal reaction to both
histamine (1.25 and 5 ^g) and serotonin (25
and 100 \ig) showed a dose-related increase (P
< 0.01). The time course was almost similar
for both agents, with maximal reactions after 10
min. No late reactions were observed. Hist-
amine was 100 to 400 times more potent than
serotonin in the ability to induce weals. No
statistically significant dose-response curve was
found for serotonin and histamine. With his-
tamine the wesd surface was smooth, while with
serotonin the surface appeared wrinkled with
many pin-point retractions resembling a pilo-
erection (Fig. 4). The weals were not affected
by whether the test was performed on the left or
right arm (P > 0.1). There was a linear corre-
lation between the individual response to his-
tamine 1.25 |ig and serotonin 25 |xg (r = 0.91,
P < 0.01) and between histamine 5 ^lg and
serotonin 100 ng (r = 0.61, P < 0.05). The
standard deviation in pereent for the difference
in weal area between double-controls was 15.6-
19.3% with serotonin and 36.9-43.6% with
histamine.

In phase D, 50 i.e. tests were done in eight
nonnal subjects and two rhinitis patients with
serotonin (1 ng, 25 |ig, 100 \ig) and histamine
(0.25 ng, 1 |ig) separately on the left and right
forearm randomly. Table 1 shows that sero-
tonin induced considerable venoconstriction of
the large subcutaneous veins in all 10 persons.

Table 1

Response to intracutaneous tests with serotonin and histatnine on the volar site of left and right forearms in eight normal

subjects and two rhinitis patients. Injected volutne was 0.02 ml. Mean values ± SD. Range in parenthesis

Serotonin Histamine

Venoconstriction

Erythema (cm^)

Weal area (mm'-̂ )

Weal duration (min)

Pain

Itehing

i i t g

5.4+2.7

(1-12)

32.1 + 15.0

(14-56)

25 ng

87.4+51.9 cm'
(35-200)

7.7+2.5

(5-12)

60.2+23.1

(30-96)

134±51

(60-200)

2 severe/4 moderate

6/10

100 ng

10.3±5.2
(6-20)

86.6±27.3
(51-135)

0.25 ng

5.4+3.1

(1-12)

73.0+30.2
(12-114)

1 V-S

0

6.8±3.4

(4-12)

112.1±49.3

(70-240)

108±31

(70-145)

0/10

.VIO
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The vcnocoiistriction involved a latgc, area ol
ihc lf)rearni, atid m Iwo |)ersons the whole
forearm was involved and the veins ot the hand
engorged; they experienced a moderate to
severe [lain in the lorcartn and elbow llexure.
Tlie serotonin-induced erythema was again a
more intense red, and after 5-10 tnin small red
s|)Otx a])peared up to 5 cm frotn the border,
l'jrythenia and venoconstriction were also in-
duced by 1 |ig serotonin. The duration of the
weal readioti tended to last longer aflcr sero-
tonin {P < 0.1). 'fherc was no quantitative or
qtialilalivc difference in ihc response lo
scrotontti between the Iwo rhinitis patienls and
the healthy sttbjects.

niSGUSSION

Skiti ptick tesdtig wi(h si'rolotitii m ihc highest
jjossible concentration soluble in water (20 mg/
tnl) prodticed only insignificant weal reactions,
bill the erythema and llarc reaction was found
in tnosi stjbjecls after both senjtotiin and his-
tamine. Wilh prick testing, serotonin showed
no potctitiatitig iir addidvc effccl on the his-
tamine response, although a small additive
effect might have been missed becattsf' the his-
taminr concentration tiscd was too high in rela-
tion to that of serotonin, but does nol seem
likely for the low concentration of histamine 1
mg/ml.

With i.e. administration, serotonin induced a
triple response with erythema Ibllowed by a
flare and weal reaction wilh a dosc-dt-pctuU-nl
increase in weal size. In our study 1 iig and 25
|ig serotonin (0.5 mg/ml) produced a weal in all
subjects in agreement with an earlier reporl,
where the same dost' itidt_tccd weals in the
majorily of the .subjccis ('A), while smaller doses
ol' scrolotiin did not (2, H, 13). We, in accot-
dancc with others (24), found no exaggerated
response lo serotonin in asthmatics, in contrast
to patienls wilh rluniinatoid arthritis. These
patients shdwtui an exaggerated response wilh
cyanosis of ihc fmgcrs to serotonin O.I tug i.e.
in the lingers (10, 15).

Dcmis el al. (3) rc|j()rl(-(l ihal llic llarc reac-
tion lo scroloniti could be inliibiu-d by local
anesthetics, bitt nol wlu'ii used in subaiieslhelic

concenlrations. Vasoconstt iciors (epinephriiie,
norepmcphrtne, crgotaniine lar(ralc) were also
effective inhibitors of the flare formation. Thi-se
results support (he general view ihal (he llarc
reaction is liiedialed by axon rellex vasodila-
tion. The difference in the flare read ion
between serotonin and hislamine, with a more
lruitlied and indislincl iiiatgin wilh serolotiiti,
can be explained by action al tliUerent arterio-
lar levels and/or varying degree of dilation t)f
the same vessels. A purely quanlil;tlivc effccl on
the vessels seems the most plausible.

Most reports find that serotonin does not
increase capillary permeability in eoneenlra-
tions up to 0.1 mg/ml; but in higher con-
centrations serotonin can increase capillary
exudation, as measvtied by exU avasalion of
Evans Blue (3, If, 14). Anti-histamine, but not
anti-serotonin drugs could reduce (he exuda-
lioii, suggesting thai ihe clfecl of serotonin on
capillary permeability (weal forinalion) might
be mediated by histamine (11). Serotonin has
b(-en able (o release histainitic in animal trials
(5). SeiDlonin had no iiillttencc on hislamine
release from human basophil leucocytes in viiro
(Slahl Skov, P. & 'IVinneseti, P.: tuipublished
observalions). Tints iho hislamine releasing
ellect ol setototiiti in man teinains obscure.
Theoretically, serolonin might also stimulate
ihe sensory fibres in the epiclerrnis, which could
initiate an orthodromic impulse to eatise release
of Subslance P (SP) causing vasodiladon and
plasma extt avasation (the axon rcllex) (9). This
stinutltis tnighl also release liislaniitie from niasl
cells, and logelher indtue the weal and Hare
forinalion. SP has been shown to release his-
lamine from ral tnasi cells wilhotil interaetitig
wilh cell-bound Igli. InUadermal injection of
SP iti(() human skin ptodtices weal and flare
reactions (I)). The Hare lormaltoii is sensilive lo
H, ii'ceptor antagonists and to compound 48/
80. Thus, some of the vascular changes of SP
are indireelly btottghl abottt by (he release ol'
histaniinc^ in the skin. In the nose we Ibtmd thai
setdlonin challenge induced nasal se( reliotis
which contained SP in coneenlradons patallel lo
tncreasing provocative doses of serotonin (20).

In (he preseni sliidy serolonin also eliciled
eonslrielion of llie latge stibetilaneous veins.
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