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Pathophysiology and Therapy of Pruritus in Allergic and Atopic Diseases

Chong-Hyun Won and Seung-Phil Hong

Department of Dermatology, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea

Pruritus, briefly defined as an unpleasant sensation pro-
voking the desire to scratch, is a major characteristic and
one of the most debilitating symptoms in allergic diseases
and atopic dermatitis. Although recent observations have
clearly improved our knowledge of the pathophysiology of
pruritus, it is still too complex involving neurophysiological
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and neuroimmunological aspects. In this review, we
summarize the current information regarding the role of
mediators and receptors related to trigger or inhibit pruritus,
and the management of pruritus in allergic and atopic
disease. (Korean J Asthma Allergy Clin Immunol 2010;
30:184-192)
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Table 1. Variable mediators related to pruritus
Pruntogemc stimuli Source Receptor Target cell Function/comments
(mediator)
Histamine Mast cell, KC H1~H4 Rc Sensory nerve Induction of itch via Rc stimulation (H1 >>

Substance P Sensory nerve fiber

VIP Sensory nerve fiber

Acetylcholine

Nerve, KC,

melanocyte,

lymphocyte
Proteases Mast cell, KC, EC,
(Tryptase, kallikreins) platelets
Cytokines KC, immune cells,

(IL-2, IL-6, IL-8, IL-31) nerves

Nerve, immune cell,
KC, hair follicle

Cannabinoids

Opioids Nerve, KC

Prostaglandins Sensory nerve fiber,
KC

CGRP Sensory nerve

Kinins EC

NGF: KC, MC,

eosinophil, fibroblast
BDNF: eosinophil

Neurotrophins
(NGF, NT-4, BDNF)

Endovallinoids

(heat, acidosis,
eicosanoids,
histamine, bradykinin,
PGs, various NTs)

Sensory neurons,

cells, External
environment

Autonomic cholinergic

MC, KC, Langerhans

Neurokinin Rc Mast cell
(NKR1-3)
VIP Rc Mast cell

Nicotinic (NAChR) and  Sensory nerve,
muscarinic M1~M5 Rc KC

PAR-2 Nerve cell
Cytokine Rc Nerve
Cannabinoid receptors  Nerves
(CB1, CB2)

u-, k-, ¢-opioid Rc  Nerve
Prostanoid (P) Rc Nerve

CGRP Rc Sensory nerve,

KC, EC

Bradykinin Rc (B1, B2) Sensory nerve

Specific Rc TrkA (NGF), Nerve, MC
TrkB (NT-4, BDNF)

TRPV1 Sensory nerve

H2)

H3 & H4 Rc antagonists as a new
therapeutic agent

Involved in pruritus and pain

At physiologically relevant concentration,
release of TNF-«, histamine, LTB4, PGD2
from mast cell

Mast cell degranulation

Induction of pain and itch via Rc stimulation
Mediates itch in AD; M3R probably involved
in itch

Neurogenic inflammation

Induction itch via Rc stimulation

Activator of cutaneous C-fibers

T cell release IL-31 during inflammation and
activate monocyte and KC via IL-31 Rc.

Suppression of histamine-induced itch via Rc
stimulation

Antipruritic in the periphery

Modification of peripheral and central
induced pruritus

Antipruritic effect of . -opioid antagonist
(central effect) and « -opioid agonists
(spinal cord level)

Potentiation of histamine-induced itch

KC and EC proliferation; stimulation of
cytokine production.

Increased CGRP nerves in AD and
nummular eczema

Bradykinin induces pain over pruritus;

Bradykinin B2 Rc antagonists reduce itch.

Sensitization of receptive nerve endings,
upregulation of neuronal neuropeptides,
and TRPV1

NGF induces mast cell degranulation.

Short-term TRPV1 activation: Induces pain
and itch

Long term: antipruritic effect of TRPV1
agonists (e.g., capsaicin)

AD = atopic dermatitis; BDNF = brain-derived neurotrophic factor; EC = endothelial cell; KC = keratinocyte; LT = leukotriene; MC
= mast cell; NGF = nerve growth factor; NT = neurotrophin; PG = prostaglandin; Rc = receptor; VIP = vasoactive intestinal polypeptide.
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Table 2. Topical and systemic antipruritic treatments
Medication Dose Indication Notes

Topical agents
Barrier repairing -

moisturizer

Tacrolimus 0.03 or 0.1% ointment
Pimecrolimus 1% cream

Menthol 1% cream

Capsaicin 0.75~1% cream
Doxepine 5% cream

Polidocanol 5% urea+3% polidocanol

Systemic agents
H1-antihistmines -

Doxepine 25~100 mg PO qd

Naltrexone 12.5~250 mg PO qd

Naloxone 0.002 1 /kg/min increased gradually
up to 0.2 i /kg/min over 24 h

Butorphanol Epidural route or 1~4 mg inhaled

Mirtazapine 15 mg PO ghs

Paroxetine 20 mg PO qd

Thalidomide 100 mg PO qd

Gabapentin 300~2,400 mg PO qd

Pregabalin

Any skin barrier disrupted conditions
(AD, xerosis, etc)

Chronic dermatosis

Chronic dermatosis

Patients respond well to cold showers

Neuropathic itch, uremic itch, psoriasis,
atopic dermatitis

AD

Pruritic dermatosis

Urticaria, useful in most itch patients
Urticaria

Cholestatic and uremic pruritus,
neurogenic pruritus

Cholestatic and uremic pruritus,
neurogenic pruritus
Generalized intractable pruritus

Generalized intractable pruritus

Generalized intractable pruritus
Chronic dermatosis, uremic pruritus,
postherpetic neuralgia

Neuropathic pain

Neuropathic pain

Ceramide-containing, weak acidic
cream/lotion

Stinging, burning sensation
Stinging, burning sensation

Skin irritation

Transient burning sensation

Drowsiness in 25% of patients; allergic
contact dermatitis

Drowsiness, dry mouth

Drowsiness, dry mouth; confusion
(after abrupt withdrawal)
Hepatotoxicity, nausea and vomiting,
difficultsleeping, reversal of analgegia;
contraindicated in patients with liver
dysfunction

Hepatotoxicity, nausea and vomiting,
difficult sleeping, reversal of analgegia
Drowsiness, dizziness, nausea and
vomiting

Drowsiness, increased weight and
appetite, dry mouth

Insomnia, sexual dysfunction
Teratogenecity, peripheral neuropathy,
drowsiness

Drowsiness, Constipation

AD = atopic dermatitis.



o]
2

S A A

q_%i) u—]

S0 A% Ao
wheb o4l
el AQA AL

27 ol Fsiehe ¥

—

=
A
h=
=
<)

0 (|
=omy N
o il

oX rlo

fam

1) =42 ZAREAMH 2t FALESEEH: 2
a7 2 g Bt 454 ﬂJ—reL off AH&E L 3
tacrolimus ("’-EE“JJ &)9]‘ pimecrolimus (oé]ﬂ%-]_@)l& C 217
froll A% Aeslo] Jlelee 24 & 5 Yok gk A
Z719 & capsaicin@} FAFSHAl C 213Dl £} TRPV-1
o] AXA FAs7} Aok AE P2 B4 o] Eo R <l
A7} ZAEHA substance P7F 1| o] 32 A -, 2k7to]

5 MRS WA 2 A AUHA gAE wo] 74
w9 o5 A& T3 kel Ag A7 24
&0l ZHZo|=AH} A1,
olsf goZ I Ao A
2H Zo|EA= I

o Wg &I T Ulﬁ}‘:‘r

2) Menthol: 83} o] 9]

3 i/ﬂﬁ o5y oﬂﬂ]i A
Fol 7H &%
7 *Jﬁ **%Oﬂ =4 o}b XH
potential melastatin 8 (TRPM8)-S- 25°C o] a}ol| A 24 3} v 4]
Wzt 2t 55 HADel=d] Menthol = TRPMSo]| 2H-g-3lc]
AEe A3 A2 % kP webA menthol 19 2 S v}
2 Al 2ol A7 Tt g dAIH R S3AA
Foh by FuA st kel eFe] dAHew oshd o
nit} o] 2 AdeleE $E2 =¥ = 9JTh Menthol¥} ]

FA4ES T 4 A A

g AFEC] Yk e WEER A A P AT
A2 5 ek

3) Capsaicin: C 217 A

olE

L
L

E

0]

)

f

1

Al A A

¢
0.
d

Q

O

0 =90 o
T o=

rﬂJ

A 9] Transient receptor

23

oY =

=

2=
N
S & urea, camphor, polidocanol©] HF-
_ﬂ_

o
=

U 4243 S| A transient

A

stance P 22 A AHE & BH| =

=gt mebA 2710

x5} al

=

Ot mm|FHolA Jt2ig

0'5‘]17,’31 §]-117-]F‘Jo] 1_7]4;]
,L/\]7:]9]
< dAste ZHE BT olET AR

&3 7]'34 %, nostalgia paresthetica, & 5% 7

o 24 e eF 2 B30 Ty
o Qal e 2

r\l

oz >
ol
- [+
£ o
N

(i)

substance P7]' A,

3 &

rlo n&
>

P < A

R e .

o]
A

N

<

i

N

-

L B o oy

s
5]

o

L
R

5% i A A7} obEI] ]
Aok gy A EFF7t
Ehta, ge2r) A5y
A ko] Bt

5) 7|El 2IEHI: o}~ATH A F FFE polycythemia verad]]
el 8% Aol B AT 918 oz RAE B
q F2 e $Z DA AR 1) TN T2 ek

[PV NE=1
dHE AAE

B 7Eeg EdF9veE Bt 9
q‘./l())

[¢]

—

Fe7ls
1 aap o,
© 0247
A &l =7} ot

7Fel &Sl 7Hg wo
1 oHER 7Hl 8
= WAk 7H &

{m

EJ

A

==

o

%—01]

o Y Flr

m\‘ —E

2
{o

3) OFH A CHEtH|/ZH2H|(Opiate antagonists/ ago-
nists): u(mu)-o}A-FALA =8 thgt ﬂ @] naloxone, naltre-
xone, butorphanol e F&4 A, 2% B2 3 ;q} uug
ate 7hel g% Al A=A R A
o 2B 2 2A5A S F34

ANAMA 718 L2 o g3z olg 3
9, TE, B9F, 1587 a4 5ol
AFe5l7)o) = Heto] 9t} ofF o] Al
nalfurafine (TRK-820)2 M| 22 & (kappa)-T8&4 2}-8-4
AR QAR A& NN §S Aol F
o2 4#A 3t} Butorphanol& K-¢%zﬂ e g9

TEA BIAR o] T FEote AR M e F

=
05_6_

>

&3

75410

Zdy



F 2H08 Ahgsa ek 92 FEHH A2l mor

[¢]
phine ok AdE e g #AS 95 A

Rk
VFAgd} Add A 7 SlE ARl Ao B

G 2 ARAT AdAE T FFUEA
oFHFAMAIZE AdE Tk WA QAR p-oFH KA
FE&A Al
e Gk BaE dk glo] & o A7t Zasig
4) 322 -Selective Serotonin Reuptake Inhibitor
(SSRI): T2 3}-$-&A(Selective Serotonin Reuptake Inhibitor)
3} 22 mirtazapine¥} paroxetine> 71 552 SIAA =
T At 53, AP 27 Holuh A sl A &E = ozt 7}
woe AAAN7E v AR = 4 stk
5) Thalidomide: Z}% x4 < 5
AAR AEE F Qe AR sl eE
t}. TNFa 342 JAstn % 2 3404 JA S
A Ao] A&7 o g Azhdr
6) Gabapentin, pregabalin: &
529l 7 -amino-butyric acid (GABA)Q] TZ7 FAlA o]t}
Brachioradial pruritus, oA A= S0 A AHEA e S
°
1=}

j]
=
3
Ed
o
j=}
o
o
fil
il
e oy
re
-
i
K3
>
>
fitl
o

o
i
0
il
2
frtl
>
o
=
i)

lo

23 224 7t 59 dtd 262 = 5 9k o 4
ol 7E pregabalin® B} A2 280 E Ao zE

27] Fob A g3 AAUA FHE o

T

Ao

Aol it
7) XM MR RE: 14, olE]
A g AbgshE A B EE 7}
wol "ot 719 FHe A€M B (broad-band UVB),
psoralen-UVA X8 Bt} 311~312 nme] A B AS A
Fa A 2ASEE Tk 2k9) 4 B (narrow-band UVB) 3341 0]
@ol AR 3L itk 71 9ol & o}ET 3 Tl o] - Ape] A
AE F tl AlZEgelA] psoralen §lo|= EHE H F
o] Al (340~400 nm TS o] & = YTt
obz] &gt 71-E tf WA A eEton, 7
AQ A g WA zd ) A v L] A xAE
= S2AE & JA St 3 Fof| A o] 7} ol

flo 1

o,
I
N
=
o
fru
)
>
s
&)
%2
o
i)

ARt &3 - 24 soluble receptore] &S T 4 9l
in vitro Aol A IL-319] 24 AHA AT o 83
Al oA ek o] of -2 o] ETI] AAA & otE T
Qo] W 7}l g 2olA] 131 ekl FRaThe 4
T AR vEe FF AR AR VU8
t}.

Neurokinin-1 receptor (NK1R) antagonist (BIIF1149 CL)E NC/
Nga A7 E o] 43 obEs 7l melo] 47 Foksio] 7}
o &5 Fe1g Hart ARHAG 2 Pl PAR-2 A
Al, 3| 2B $8-4-3 2 4 A A, TPRV-1 F&A A A,
AA % 7t &5 ABAZE AT F

g TH W o
Lo e =

)
il
2
e}
S

nerve-growth factor

9\}]\1:]‘.16,47)

Z =

e 27| d et ol BN YoM Tt ESS F8T T
oz gate] Wt ) dElE & vefete] ERetl 1
of mhE et g A8 2L dok Ik MRS 59
olgf gt Aesel 2af &rel Aol A& die] Ark= Al
A AFHog ghopstn 24 4 glofok stk

7HlESe te Age S7d0] AAAAA Fa7 A,
UREAQl 3| el o] W& Hol ], Lo A=
drit F4 Foll mebd A A5 AP F Ak
dE 5o A8A, B8] 2EIAl, FAI9d T2 cort-

A (thalidomide, cyclo-

A\ (gabapentin, mitazapine %), o} H F-

[l

costeroid), FAX B, B35, HAIFx%
=z

110

sporine) % FF417
ARG @AY M2 Aed & 5 v 2" E &
TokaL The E T TR BAVIA, 994, sl
Folstr] wel, 53] 7t w5E iHL

of &322l A 87} ol 7
2 ol o] o] EobA A&

F ABAE] & NEH L 9ol A

O %old Ao g et

0t
=
MO
ok

1) Shin YW, Lee JO: Pruritus, psychocutaneous disorders,
neurocutaneous dermatoses. In Board. KTE(eds.): Dermatology.
Sth ed. p 93-104, Ryo Moon Gak, Seoul, 2008

2) Steinhoff M, Bienenstock J, Schmelz M, Maurer M, Wei E, Biro
T. Neurophysiological, neuroimmunological, and neuroendocrine
basis of pruritus. J Invest Dermatol 2006;126:1705-18

3) Schmelz M, Schmidt R, Bickel A, Handwerker HO, Torebjork
HE. Specific C-receptors for itch in human skin. J Neurosci 1997;
17:8003-8



4) Andrew D, Craig AD. Spinothalamic lamina I neurons selectively
sensitive to histamine: a central neural pathway for itch. Nat
Neurosci 2001;4:72-7

5) Carstens EE, Carstens MI, Simons CT, Jinks SL. Dorsal horn
neurons expressing NK-1 receptors mediate scratching in rats.
Neuroreport 2010;21:303-8

6) Sun YG, Zhao ZQ, Meng XL, Yin J, Liu XY, Chen ZF. Cellular
basis of itch sensation. Science 2009;325:1531-4

7) Roosterman D, Goerge T, Schneider SW, Bunnett NW, Steinhoff

M. Neuronal control of skin function: the skin as a neuroim-

munoendocrine organ. Physiol Rev 2006;86:1309-79

Stander S, Steinhoff M, Schmelz M, Weisshaar E, Metze D, Luger

T. Neurophysiology of pruritus: cutaneous elicitation of itch. Arch

Dermatol 2003;139:1463-70

Malaviya R, Morrison AR, Pentland AP. Histamine in human

8

=

9

~=

epidermal cells is induced by ultraviolet light injury. J Invest
Dermatol 1996;106:785-9
Yu B, Shao Y, Zhang J, Dong XL, Liu WL, Yang H, et al.

Polymorphisms in human histamine receptor H4 gene are

10

=

associated with atopic dermatitis. Br J Dermatol 2010;162:1038-
43
Cowden JM, Zhang M, Dunford PJ, Thurmond RL. The

histamine H4 receptor mediates inflammation and pruritus in

11

~

Th2-dependent dermal inflammation. J Invest Dermatol 2010;
130:1023-33
Steinhoff M, Vergnolle N, Young SH, Tognetto M, Amadesi S,

Ennes HS, et al. Agonists of proteinase-activated receptor 2

12

~

induce inflammation by a neurogenic mechanism. Nat Med
2000;6:151-8
Steinhoff M, Neisius U, Ikoma A, Fartasch M, Heyer G, Skov

PS, et al. Proteinase-activated receptor-2 mediates itch: a novel

13

=

pathway for pruritus in human skin. J Neurosci 2003;23:6176-80
14) Jeong SK, Kim HJ, Youm JK, Ahn SK, Choi EH, Sohn MH,
et al. Mite and cockroach allergens activate protease-activated
receptor 2 and delay epidermal permeability barrier recovery. J
Invest Dermatol 2008;128:1930-9
Suzuki R, Furuno T, McKay DM, Wolvers D, Teshima R,

Nakanishi M, et al. Direct neurite-mast cell communication in

15

=

vitro occurs via the neuropeptide substance P. J Immunol
1999;163:2410-5

16) Buddenkotte J, Steinhoff M. Pathophysiology and therapy of

NP

pruritus in allergic and atopic diseases. Allergy 2010;65:805-21
17

N

Fjellner B, Hagermark O. Potentiation of histamine-induced itch
and flare responses in human skin by the enkephalin analogue
FK-33-824, beta-endorphin and morphine. Arch Dermatol Res
1982;274:29-37

18) Togashi Y, Umeuchi H, Okano K, Ando N, Yoshizawa Y, Honda
T, et al. Antipruritic activity of the kappa-opioid receptor agonist,
TRK-820. Eur J Pharmacol 2002;435:259-64

Umeuchi H, Togashi Y, Honda T, Nakao K, Okano K, Tanaka

T, et al. Involvement of central mu-opioid system in the

19

~

scratching behavior in mice, and the suppression of it by the

g A oflEHmRAdoM JHZFEL el ¥ XzH 2 191

activation of kappa-opioid system. Eur ] Pharmacol 2003;477:
29-35
Wikstrom B, Gellert R, Ladefoged SD, Danda Y, Akai M, Ide

K, et al. Kappa-opioid system in uremic pruritus: multicenter,

20

=

randomized, double-blind, placebo-controlled clinical studies. J
Am Soc Nephrol 2005;16:3742-7
Toyoda M, Nakamura M, Makino T, Hino T, Kagoura M,

Morohashi M. Nerve growth factor and substance P are useful

21

—

plasma markers of disease activity in atopic dermatitis. Br J
Dermatol 2002;147:71-9
Groneberg DA, Serowka F, Peckenschneider N, Artuc M,

Grutzkau A, Fischer A, et al. Gene expression and regulation of

22

-

nerve growth factor in atopic dermatitis mast cells and the human
mast cell line-1. J Neuroimmunol 2005;161:87-92
Schmelz M, Schmidt R, Weidner C, Hilliges M, Torebjork HE,

Handwerker HO. Chemical response pattern of different classes

23

N7

of C-nociceptors to pruritogens and algogens. ] Neurophysiol
2003;89:2441-8

24) Greaves MW, McDonald-Gibson W. Itch: role of prostaglandins.
Br Med J 1973;3:608-9

25) Sonkoly E, Muller A, Lauerma Al, Pivarcsi A, Soto H, Kemeny
L, et al. IL-31: a new link between T cells and pruritus in atopic
skin inflammation. J Allergy Clin Immunol 2006;117:411-7

26) Raap U, Wichmann K, Bruder M, Stander S, Wedi B, Kapp A,
et al. Correlation of IL-31 serum levels with severity of atopic
dermatitis. J Allergy Clin Immunol 2008;122:421-3

27) Gutzmer R, Mommert S, Gschwandtner M, Zwingmann K, Stark

=

H, Werfel T. The histamine H4 receptor is functionally expressed
on T(H)2 cells. J Allergy Clin Immunol 2009;123:619-25

Liu Q, Tang Z, Surdenikova L, Kim S, Patel KN, Kim A, et
al. Sensory neuron-specific GPCR Mrgprs are itch receptors
mediating chloroquine-induced pruritus. Cell 2009;139:1353-65
Twycross R, Greaves MW, Handwerker H, Jones EA, Libretto
SE, Szepietowski JC, et al. Itch: scratching more than the surface.
QJM 2003;96:7-26

Stander S, Weisshaar E, Mettang T, Szepietowski JC, Carstens

28

=

29

=

30

=

E, Ikoma A, et al. Clinical classification of itch: a position paper
of the International Forum for the Study of Itch. Acta Derm
Venereol 2007;87:291-4
31) Yosipovitch G, Papoiu AD. What causes itch in atopic dermatitis?
Curr Allergy Asthma Rep 2008;8:306-11
Mihara K, Kuratani K, Matsui T, Nakamura M, Yokota K. Vital
role of the itch-scratch response in development of spontaneous
dermatitis in NC/Nga mice. Br J Dermatol 2004;151:335-45
33) Tran BW, Papoiu AD, Russoniello CV, Wang H, Patel TS, Chan

YH, et al. Effect of itch, scratching and mental stress on

32

N4

autonomic nervous system function in atopic dermatitis. Acta
Derm Venereol 2010;90:354-61

Nosbaum A, Vocanson M, Rozieres A, Hennino A, Nicolas JF.
Allergic and irritant contact dermatitis. Eur J Dermatol 2009;
19:325-32

35) Simpson EL. Atopic dermatitis: a review of topical treatment

34

=



192 #4327 M3PA M3

options. Curr Med Res Opin 2010;26:633-40
36) Senba E, Katanosaka K, Yajima H, Mizumura K. The immuno-
suppressant FK506 activates capsaicin- and bradykinin-sensitive
DRG neurons and cutaneous C-fibers. Neurosci Res 2004;50:
257-62
Pereira U, Boulais N, Lebonvallet N, Pennec JP, Dorange G,
Misery L. Mechanisms of the sensory effects of tacrolimus on the
skin. Br J Dermatol 2010;163:70-7
Patel T, Ishiuji Y, Yosipovitch G. Menthol: a refreshing look at
this ancient compound. J Am Acad Dermatol 2007;57:873-8
Drake LA, Fallon JD, Sober A. Relief of pruritus in patients with
atopic dermatitis after treatment with topical doxepin cream. The
Doxepin Study Group. J Am Acad Dermatol 1994;31:613-6
Yosipovitch G, Sugeng MW, Chan YH, Goon A, Ngim S, Goh
CL. The effect of topically applied aspirin on localized circum-
scribed neurodermatitis. J Am Acad Dermatol 2001;45:910-3
41) Dawn AG, Yosipovitch G. Butorphanol for treatment of

37

~

38

N

39

~=

40

=

intractable pruritus. ] Am Acad Dermatol 2006;54:527-31

42) Kremer AE, Beuers U, Oude-Elferink RP, Pusl T. Pathogenesis
and treatment of pruritus in cholestasis. Drugs 2008;68:2163-82

43) Narita I, Iguchi S, Omori K, Gejyo F. Uremic pruritus in chronic
hemodialysis patients. J Nephrol 2008;21:161-5

44) Manenti L, Tansinda P, Vaglio A. Uraemic pruritus: clinical
characteristics, pathophysiology and treatment. Drugs 2009;69:
251-63

45) Venereau E, Diveu C, Grimaud L, Ravon E, Froger ], Preisser
L, et al. Definition and characterization of an inhibitor for
interleukin-31. J Biol Chem 2010;285:14955-63

46) Ohmura T, Hayashi T, Satoh Y, Konomi A, Jung B, Satoh H.
Involvement of substance P in scratching behaviour in an atopic
dermatitis model. Eur J Pharmacol 2004;491:191-4

47) Greaves MW. Pathogenesis and treatment of pruritus. Curr
Allergy Asthma Rep 2010;10:236-42



