
Spontaneous scratching behaviour in DS-Nh mice as a possible
model for pruritus in atopic dermatitis

Introduction

Human atopic dermatitis (AD) is a chronic inflammatory

skin disease affecting over 10% of children and is also

a major cause of occupation-related disability resulting

from skin disease,1 which generally produces severe itch-

ing of the skin.2 Steroids are the most popular and effi-

cient treatment for AD, but there is a fear that they can

cause side effects such as skin atrophy. Because itching

behaviour further aggravates skin symptoms,3,4 reduction

of itching would be one of the most effective strategies5

for management of AD in patients if undesirable side

effects can be avoided. Although histamine H1-antago-

nists are used widely in the treatment of AD,6,7 they

do not have sufficient inhibitory effect against pruritus.

Histamine does not therefore play a major role in pruri-

tus treatment of patients with human AD.8–11 What is

needed is development of antipruritus agents free from

the side effects that occur with the use of steroids.

In 1974, DS non-hair (DS-Nh) mice were developed

from a colony of inbred DS strain mice developed in

1954 from outbred dd stock at the Central Institute for

Experimental Animals, Tokyo, Japan. DS and DS-Nh

mice are currently maintained at Aburahi Laboratories,

Shionogi & Co., Ltd, Shiga, Japan. The Nh non-hair

phenotype is inherited in an autosomal dominant fash-

ion.12 DS-Nh mice raised under conventional conditions

spontaneously develop dermatitis, which is associated

with staphylococcal enterotoxin (SE) C-producing bac-

teria. DS-Nh mice may be similar to patients with human
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Summary

Itching is one of the major clinical symptoms in atopic dermatitis (AD)

and complicates the management of this pathological condition. An ani-

mal model of AD-like pruritus would contribute to a better understanding

of AD and could lead to the development of safe and effective antipruritic

agents. DS non-hair (DS-Nh) mice raised under conventional conditions

spontaneously develop pruritus, which is associated with a dermatitis sim-

ilar to human AD. There is a significant positive correlation between dis-

ease severity and the period of scratching behaviour in DS-Nh mice. In

the present study, we found that levels of histamine and nerve growth fac-

tor (NGF) in serum and/or skin tissue were higher in DS-Nh mice with

AD-like dermatitis than in age-matched mice without dermatitis. The histo-

pathological data indicated that nerve fibres extend into and mast cells

infiltrate the surrounding area of the skin lesion. NGF production by

XB-2 cells, which was derived from mouse keratinocytes, was enhanced by

histamine via the H1 receptor. We also found that prolonged treatment

with an H1-antagonist was effective against pruritus through depression

of the production of NGF, which is thought to be generated by keratino-

cytes. We conclude that DS-Nh mice can serve as a suitable model for

gaining a better understanding of pruritus in AD, and that prolonged

treatment with an H1-antagonist may be beneficial in patients with

AD-associated pruritus.

Keywords: atopic dermatitis; DS-Nh; histamine; nerve growth factor;

pruritus
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AD with respect to the following features: (1) super-

antigen-producing Staphylococcus aureus can be isolated

from skin lesions; (2) serum levels of immunoglobulin E

(IgE) and interleukin (IL)-4 are increased significantly;

(3) the numbers of whole mast cells and CD-4 bearing T

cells are significantly increased; and (4) itching behaviour

becomes very severe.13–15

Nerve growth factor (NGF), discovered more than

50 years ago,16,17 belongs to the neurotrophin family,

together with brain-derived neurotrophic factor and neuro-

trophins. NGF is essential for the survival, development,

differentiation and function of peripheral sympathetic and

sensory neurons and basal forebrain cholinergic neurons in

the central nervous system. NGF also plays an important

role as a cytokine through its receptors expressed on

inflammatory cells such as mast cells, T cells, B cells,

macrophages and basophils.18–24 Recently, plasma levels of

NGF in patients with AD and in NC/Nga mice with

dermatitis,25,26 which are best known as an AD model, were

reported to be significantly increased compared with those

in control subjects. Furthermore, some investigators

reported that NGF may also be essential for the develop-

ment of inflammatory skin disease such as psoriasis, AD

and allergic contact dermatitis.25,27,28 In these skin diseases,

it is considered that keratinocytes produce larger amounts

of NGF. Recently, Kanda et al. reported that histamine

induces keratinocytes to produce NGF via H1 receptors.29

These results suggest that NGF may play an important role

in causing pruritus in patients with AD, and the depres-

sed production of NGF is a new therapeutic target for

histamine H1-antagonist treatment.

We considered it necessary to establish a suitable ani-

mal model for the development of effective medications

and for elucidation of the mechanisms related to pruri-

tus in AD. In this study, we investigated DS-Nh mice

from the perspective of pruritus. We also confirmed

the feasibility of using loratadine as a histamine H1-

antagonist to block the production of NGF in vivo and

in vitro.

Materials and methods

Mice

Male DS-Nh mice used in this study were obtained as F1

(Nh/+) from male DS-Nh (Nh/Nh) · female DS (+/+)

mice kept under specific pathogen-free (SPF) conditions

(free from S. aureus). DS-Nh and DS mice were main-

tained in microisolator cages under a 12 hr light/12 hr

dark cycle and were provided with standard feed and

water ad libitum. They were housed in a conventional

animal room or in a room under SPF conditions. This

study was conducted according to the guidelines for ani-

mal experimentation at Kobe University School of Medi-

cine and at Shionogi.

Reagents

Histamine dihydrochloride was obtained from Sigma

(St Louis, MO). Desloratadine was obtained from Sequoia

Research Products Ltd (Oxford, UK).

Evaluation of clinical skin conditions

Symptoms of conventional and SPF DS-Nh mice were

assessed in mice from 5 to 25 weeks old. Clinical skin

conditions were defined as erythema, oedema, dry skin,

erosion and excoriation. These evaluation items, except

for dry skin, were assessed by determining the total area

of lesions on the face, because the dermatitis is initially

limited to the face. Dry skin was evaluated according to

its severity, as previously described.13 Itching was evalu-

ated by measuring the cumulative rubbing/scratching time

during a 5-min observation period.

Measurement of IgE and NGF in serum from mice

At several time-points, serum from DS-Nh mice at differ-

ent ages was collected and stored at )80� until measure-

ment of IgE and NGF. Serum levels of IgE were measured

using an enzyme-linked immunosorbent assay (ELISA) kit

(Yamasa Shuzo Co., Ltd, Chiba, Japan). NGF levels were

measured using another ELISA kit (Promega, Madison,

WI). The procedures used for ELISA followed the manu-

facturers’ instructions.

Measurement of histamine and NGF in skin tissue
from mice

At several time-points, skin tissue from DS-Nh mice at dif-

ferent ages was collected, homogenized and stored at )80�
until measurement of histamine and NGF. After these

homogenates were dissolved and centrifuged, their supern-

atants were used to measure NGF levels by ELISA kit as

described above. After these homogenates were boiled and

centrifuged, their supernatants were used to measure hista-

mine levels with an enzyme-linked colour developing kit

(Kikkoman, Chiba, Japan). The procedures were conduc-

ted according to the manufacturer’s instructions.

Immunohistochemical and histochemical staining of
skin tissue sections

Frozen and paraffin sections were prepared from skin

lesions for immunohistochemical and histochemical analy-

ses. The frozen sections were pretreated with 2�5 mg/ml

purified mouse IgG/1% bovine serum albumin (BSA)/

phosphate-buffered saline (PBS). Next, they were immuno-

stained with rat anti-mouse CD4 (clone H129.19; Phar-

Mingen, San Diego, CA). After washing in PBS, these

slide-embedded sections were treated with biotin-conju-

294 � 2006 Blackwell Publishing Ltd, Immunology, 118, 293–301

T. Yoshioka et al.



gated goat anti-rat IgG (PharMingen). After washing with

PBS, antibody-positive cells on these sections were visual-

ized by enzyme-based colour staining and antibody-posit-

ive cells for histopathological analysis were counted.

Paraffin sections were stained with acidic toluidine blue

for histopathological analysis to enable counting of the

number of mast cells, and were immunostained with

rabbit anti-mouse S100 (Laboratory Vision Corporation,

Fremont, CA). After anti-S100 antibody-treated slides had

been washed with PBS, these slide-embedded sections

were treated with biotin-conjugated goat anti-rabbit IgG

(PharMingen). After washing with PBS, antibody-positive

cells on these sections were visualized by peroxide-

diaminobenzidine tetrahydrochloride (DAB) staining and

antibody-positive cells were counted for histopathological

analysis.

Measurement of NGF production after histamine
stimulation in the XB-2 keratinocyte cell line

XB-2 cells (2 · 104 cells/cm2) were seeded on 3T3 feeder

cells in 96-well collagen-coated microplates (Iwaki, Chiba,

Japan) with Dulbecco’s modified Eagle’s minimal essential

medium (DMEM), 20% fetal calf serum (FCS), 100 U/ml

penicillin, and 100 mg/ml streptomycin for 2 days and

then the cells were cultured with 100 mM histamine and an

appropriate concentration of loratadine at 37� for 24 hr.

Cell-free supernatants were collected, and NGF concentra-

tions were measured using an ELISA kit (Promega).

Pharmacological analysis in DS-Nh mice

DS-Nh mice raised under conventional conditions for 5

or 20 weeks were treated with loratadine and rinderon V

ointment. Pumps (ALZET Osmotic Pumps, Cupertino,

CA) filled with loratadine were implanted subcutaneously;

the dosage of loratadine was 3 mg/kg/day for 7 days in

each DS-Nh mouse. Rinderon V ointment was applied

to the skin lesion at 100 mg/2 days five times for each

DS-Nh mouse. These mice were assessed pathologically.

Statistics

Statistical significance was determined by Student’s t-test

for two unpaired comparisons, unless otherwise stated.

Results

Kinetic analysis of the clinical condition
in DS-Nh mice

The clinical features in DS-Nh mice with dermatitis at

20 weeks are shown in Fig. 1. DS-Nh mice raised under

conventional conditions for 1–2 weeks began to develop

AD-like dermatitis, including erythema, oedema, dry skin,

erosion and excoriation. These clinical symptoms

advanced at a steady pace (Fig. 1b). Erythema, erosion

and dry skin appeared in all mice at 7–8 weeks of age,

worsened until 15 weeks and remained at this level until

20 weeks of age. Oedema appeared in all mice at 9 weeks

of age, worsened up to 14–15 weeks of age and remained

at this level until 20 weeks. Excoriation appeared in all

mice at 10 weeks, worsened until 15–17 weeks and

remained at this level until 20 weeks.

At 10 weeks, scratching behaviour increased signifi-

cantly in DS-Nh mice raised under conventional condi-

tions compared with those raised under SPF conditions.

This scratching time increased in DS-Nh mice only when

they were raised under conventional conditions (Fig. 1b).

Serum levels of IgE, NGF and histamine, and tissue
levels of NGF and histamine

The levels of serum total IgE significantly increased only

in conventionally housed DS-Nh mice and not in those

raised under SPF conditions. Serum IgE was first detected
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Figure 1. Clinical features of DS-Nh mice kept under conventional

conditions at 20 weeks (a) and fluctuation of clinical skin condition

with aging (b). Closed circles show data for conventionally housed

DS-Nh mice, and open circles show data for DS-Nh mice raised

under specific pathogen-free (SPF) conditions. Total clinical scores

for skin conditions were determined from the severity of erythema,

oedema, dry skin, erosion and excoriation (open and closed black

circle indicate clinical skin score). Rubbing/scratching time was

counted per 5 min (open and closed red circle indicate scratching

time). Each value represents the mean and standard deviation for 10

conventionally housed DS-Nh mice or five DS-Nh mice raised under

SPF conditions.
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at 15 weeks of age, and its level subsequently increased

with age (Fig. 2a). The data on histamine contents are

presented in Fig. 2(c). Histamine was measured in skin

homogenates from DS-Nh mice using an enzyme-linked

colour developing kit. The levels of tissue histamine signi-

ficantly increased with age from 8 weeks onwards in

DS-Nh mice housed under conventional conditions but

not in mice housed under SPF conditions. Next, we

measured NGF contents in serum and skin homogenates

of DS-Nh mice using ELISA methods. The levels of serum

and tissue NGF significantly increased with age only in

conventionally housed DS-Nh mice from 10 weeks

onwards and not in mice raised under SPF conditions

(Figs 2b and d).

Histochemical and immunohistochemical features
of facial skin

Histological changes such as hyperkeratosis and infil-

tration of mast cells were observed in skin lesions from

all DS-Nh mice raised under conventional conditions

(Fig. 3b). The fluctuation data for mast cells in facial skin
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Figure 2. Serological conditions with aging

and kinetic levels of nerve growth factor

(NGF) and histamine in skin lesions from

mice. Levels of immunoglobulin E (IgE) (a)

and NGF (b) were measured in sera collected

from mice kept under conventional and speci-

fic pathogen-free (SPF) conditions. Skin from

a series of DS-Nh mice was collected, and hist-

amine and NGF from skin homogenate were

eluted to measure histamine (c) and NGF (d)

contents using enzyme-linked immunosorbent

assay (ELISA) or enzyme-based colour reaction

kits. Each value represents the mean and

standard deviation of 10 conventionally housed

DS-Nh mice or five DS-Nh mice raised under

SPF conditions.
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Figure 3. Kinetic change in number of mast cells and frequency of degranulated mast cells (a) and histological features of facial skin tissue from

DS-Nh conventionally housed mice at 20 weeks (b). The number of mast cells per mm2 of skin area was counted using paraffin sections from

conventionally and specific pathogen-free (SPF) housed DS-Nh mice.
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tissue are shown in Fig. 3(a). The total number of mast

cells was increased at 20 weeks onwards, while that of

degranulated mast cells increased immediately under con-

ventional conditions and then remained stable after

8 weeks (Fig. 3b).

Because the levels of tissue NGF significantly

increased and NGF has potent neuroprotective activity,

we stained nerve fibres in skin lesions from DS-Nh

mice at 5, 8, 10 and 15 weeks using anti-S100 antibody.

Many S100-positive cells were found in older DS-Nh

mice raised under conventional conditions with AD-like

dermatitis (Fig. 4). However, it is difficult to detect

S100-positive cells in DS-Nh mice without AD-like der-

matitis (data not shown).

NGF secretion in keratinocytes

Because the major source of NGF in skin lesions of AD is

thought to be keratinocytes, we examined NGF produc-

tion from keratinocytes stimulated with histamine using

the XB-2 cell line. XB-2 cells, which is derived from

mouse keratinocytes, secretes a low amount of NGF. The

enhanced level of NGF production in XB-2 cells stimu-

lated with histamine was examined to investigate the

possibility of new pathogenic roles for histamine in

patients with AD. The levels of NGF production in XB-2

cells with stimulation by histamine were significantly

higher than in those without stimulation. The stimulatory

5 weeks 8 weeks

15 weeks10 weeks

Figure 4. Immunohistological features of facial skin tissue. Frozen sections from conventionally housed DS-Nh mice at 5, 8, 10 and 15 weeks of

age were stained with anti-S100 antibodies.
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Figure 5. Effect of histamine on nerve growth factor (NGF) produc-

tion and inhibition by desloratadine as a H1 receptor antagonist.

The XB-2 cell line was precultured with 0, 4, 20, 100 and 500 nm of

loratadine, and then cultured with 100 mm of histamine for 24 hr.

The cell-free culture supernatants were assayed for NGF measure-

ment. Each value represents the mean and standard deviation.
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effects of histamine were suppressed by desloradine,

which is an active metabolite of one of the best H1-antag-

onists, loratadine (Fig. 5).

Effect of topical steroid and H1-antagonist in
DS-Nh mice

Steroids are commonly used to treat patients with AD. If

a model animal is to be used to evaluate new drugs for

AD, it is preferable that the model be suitable for treat-

ment with concomitant administration of steroid. We

therefore used rinderon V ointment to evaluate pruritus

in DS-Nh mice with AD-like dermatitis. After the admin-

istration of steroid treatment to DS-Nh mice with skin

inflammation, the histological features of facial skin tissue

almost returned to the normal predisease state (Fig. 6a),

except for the number of mast cells. For example, hyper-

keratosis and the number of CD4-bearing T cells were

tightly managed by steroid ointment (Fig. 6a). How-

ever, steroids do not have a sufficient inhibitory effect on

pruritus in DS-Nh mice with AD-like dermatitis at an

earlier stage of treatment, as in humans (Fig. 6b).

Because loratadine has a short half-life in mice, unlike

the case in humans, we used an osmotic pump to

administer 3 mg of this H1-antagonist to each DS-Nh

mouse per day for 1 week. Clinical severity in DS-Nh

mice was alleviated by loratadine treatment and wor-

sened by base material treatment. Significant improve-

ment, based on the effect of H1-antagonist on dry skin

and erythema, was noted for all DS-Nh mice at the

end-point of loratadine administration (Figs 7a and b).

As shown Fig. 7(c), the number of scratches during the

30-min period for DS-Nh mice with loratadine treat-

ment was lower than the number for those given base

material treatment. At the end-point of administration,

sera were obtained from all DS-Nh mice to measure

NGF concentration. The serum levels of NGF from

DS-Nh mice given loratadine treatment were significantly

lower than those from DS-Nh mice given base material

treatment (Fig. 7d).
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Figure 6. Effects of rinderon V in DS-Nh mice

with atopic dermatitis (AD)-like dermatitis.

Changes in the pathology of skin lesions (a)

and scratching times (b) in DS-Nh mice with

severe dermatitis after steroid treatment are

shown. Paraffin sections were stained with

haematoxylin and eosin (HE) acidic toluidine

for treatment blue (TB) (left) and non-treat-

ment (right) with steroid, and frozen sections

were immunostained for mouse CD4 for treat-

ment (left) and non-treatment (right) with

steroid (a). We counted scratching time in

DS-Nh mice with severe dermatitis for 20-min

periods after steroid or base treatment (b).

Each value represents the mean and standard

deviation.
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Discussion

We have reported that DS-Nh mice spontaneously

develop dermatitis only when raised under conventional

conditions, and this spontaneous itchy dermatitis in

DS-Nh mice is comparable to a certain type of human

AD.13,14 In this study, we re-examined the issue of spon-

taneous dermatitis and habitual scratching or rubbing in

DS-Nh mice kept in a new breeding room which is not

as tightly controlled as an SPF room, in the light of stud-

ies indicating that sideration of human and mouse AD is

influenced by the growth environment.30–33 For example,

the NC/Nga mouse, which is the most extensively studied

animal model of AD and is reported to develop AD-like

dermatitis when kept under conventional conditions, does

not develop dermatitis spontaneously in many laborator-

ies.34 In contrast, DS-Nh mice developed almost the same

dermatitis as previously reported, except for earlier onset

of dermatitis when mice were raised under our new

breeding conditions. This earlier onset of dermatitis may

have caused a change in the quantity and characteristics

of the S. aureus that exist in breeding rooms, as S. aureus

was detected in DS-Nh mice at 3 weeks post exposure in

this study and detected in mice at 5 weeks post exposure

in a previous study (data not shown). Furthermore, the

frequency of SEC-positive S. aureus in this study was

higher than that found in a previous study (data not

shown). Recently, SEC-positive bacteria were most fre-

quently detected in skin lesions from patients with AD

and may play an important role in the development of

AD in humans, as in DS-Nh mice.14 These results indica-

ted that DS-Nh mice developed AD-like dermatitis much

more easily than NC/Nga mice.

In this study, we confirmed the pharmacological effect-

iveness of using rinderon V ointment as a steroid-type

substance in DS-Nh mice. After such treatment, infiltra-

tion of CD4-bearing T cells into the epidermic layer and

hyperkeratosis were restored to normal levels. However,

the number of mast cells, which have a high ability to

secrete pruritogen, remained the same as before steroid

treatment. This may partially contribute to the difficulty

of managing pruritus with only steroids in patients with

AD.

As a greater number of mast cells were observed in

DS-Nh mice without dermatitis at 5 weeks of age com-

pared with DS mice13,14 and mast cells have the largest

potential for histamine production, we measured the hist-

amine content in DS-Nh mice. Histamine levels in serum

and skin tissue from DS-Nh mice at 5 weeks of age (with-

out dermatitis) were significantly higher than in those

from DS mice (data not shown). Furthermore, the hista-

mine concentration was increased in the skin tissue in

parallel with the quantity and quality of mast cells.

Briefly, the increase of histamine in conventionally

housed DS-Nh mice at the ages of 8, 10 and 15 weeks

might be caused by degranulation of mast cells, and this

increase in histamine at the ages of 20 and 25 weeks

might be caused by the increased number of mast cells.

In patients with AD, the levels of histamine have also

been found to be increased.35,36 These results suggest that

histamine may play some role in maintaining the medical

condition of AD, and the higher levels of histamine in

DS-Nh mice compared with DS mice may genetically

characterize this dermatitis-prone mouse.

Toyoda et al. reported that (i) plasma levels of NGF

were significantly higher in patients with AD and (ii)

plasma NGF levels in patients with AD correlated signifi-

cantly with disease severity.25 Also, NGF has an essential

role in neuronal development and survival.16,17 Over-

expression of sensory nerve fibres in AD patients, which

causes skin hypersensitivity, may be evoked by such eleva-

tion of NGF content. In this study, we found that levels

of NGF in serum and skin lesions from DS-Nh mice with

AD-like dermatitis were significantly increased compared
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Figure 7. Effects of loratadine in DS-Nh mice

with atopic dermatitis (AD)-like dermatitis.

Changes in the clinical features of facial skin

(a), clinical severity (b), and scratching time

(c) in DS-Nh mice with weak to moderate der-

matitis after loratadine treatment are shown.

Levels of nerve growth factor (NGF) in serum

from DS-Nh mice were significantly reduced

after loratadine treatment compared with those

after base material treatment (d). Each value

represents the mean and standard deviation or

standard error (levels of NGF).
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with those from age-matched DS-Nh mice without der-

matitis. The levels of NGF significantly increased with

age, indicating that serum and tissue NGF levels in

DS-Nh mice with AD correlated significantly with disease

severity. We also demonstrated that anti-S100 antibody-

positive nerve fibres were significantly increased in skin

lesions from DS-Nh mice with AD, and that there was a

correlation between the skin levels of the positive reaction

of this antibody and disease severity. In humans and

DS-Nh mice, NGF may play an important role in the

development of spontaneous pruritus via the mechanism

of neuronal development and survival. However, NGF

should be discussed from the standpoint of inflammatory

reaction, because NGF receptors were expressed in most

inflammatory cells.19–24 In skin from DS-Nh mice with

AD-like dermatitis, we observed larger amounts of total

and degranulated mast cells (Fig. 5), T cells (Fig. 6) and

eosiophils.13 These findings are very similar to those

obtained for skin from patients with AD. In vivo and

in vitro studies by some investigators have revealed that

NGF stimulates T-lymphocyte differentiation and pro-

liferation, mast cell accumulation, proliferation, differ-

entiation, activation and degradation, and eosinophil

proliferation. In the light of these findings, we hypothes-

ized that NGF in patients and DS-Nh mice with AD (or

AD-like dermatitis) may play an important role in the

development of both pruritus and inflammation, which

are thought to be exacerbating factors for AD.

Pruritus with scratching is a typical symptom of AD,

and the itch–scratching cycle causes further pruritus,

which exacerbates the condition of AD. Reduction of pru-

ritus and scratching has come to be recognized as the

best approach for preventing aggravation of skin lesions

and improving the quality of life of patients with AD.

Although histamine is the major secretory product of

mast cells and could cause pruritus, it is not thought to

be a major pruritogen in AD. This is because the hist-

amine H1 receptor antagonist generally does not have a

sufficient antipruritic effect in patients with AD. Recently,

Kanda et al. reported that histamine could enhance the

expression of NGF in human keratinocytes via H1 recep-

tors,29 which are considered to be a major source of NGF

in the epidermis. In this study, we demonstrated that hist-

amine could enhance the expression of NGF in mouse

keratinocytes via H1 receptors. Next, we examined the

pharmacological effect of an H1-antagonist in DS-Nh

mice using loratadine, which shows a higher potency as

an antipruritic than other H1-antagonists.37 Our study

demonstrated that, in DS-Nh mice, chronic admin-

istration of loratadine at a dose of 3 mg/kg/day for

1 week significantly inhibited spontaneous scratching and

reduced the serum levels of NGF. Although single admin-

istration of loratadine at a dose of 10 mg/kg slightly

inhibited spontaneous scratching in DS-Nh mice, this

dose had a smaller antipruritic effect than chronic admin-

istration. This indicates that histamine leads to the devel-

opment of pruritus via different pathways, at least two in

AD. In the first, histamine causes the development of a

pruritus directory, which is reduced by single administra-

tion of loratadine. In the other, pruritus develops via

NGF production by keratinocytes, which were reduced in

number by chronic administration of this medicine.

In conclusion, we have established DS-Nh mice as an

AD-like pruritus model by histological and serological

analysis. It is often helpful to assess drugs in combination

with steroids in vivo, and DS-Nh mice were found to be

sensitive to steroid, unlike NC/Nga mice.38 We have also

described for the first time, to our knowledge, the anti-

pruritic effect of an H1-antagonist via suppression of the

secretion of NGF from keratinocytes in vivo.
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