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the treatment of refractory
chronic spontaneous urticaria
and the effect on the serum
inositol triphosphate level

Xianqiong Huang , Zhaoyang Li and
Renshan Sun

Abstract

Objective: The second messenger inositol triphosphate (IP3) is involved in signal transduction in

multiple cell types. We evaluated the effects of high-dose levocetirizine on chronic spontaneous

urticaria (CSU) and examined the significance of serum IP3 level in the pathogenesis of CSU.

Methods: Fifteen patients with refractory CSU were given oral levocetirizine at a dose of 15 mg

once daily for 7 days, and treatment efficacy was determined using the Urticaria Activity Score

and by evaluating wheal-and-erythema reactions and itching. The serum concentration of IP3 at

specific time points was determined by enzyme-linked immunosorbent assay.

Results: The mean serum concentration of IP3 was 43.54� 41.97 pg/mL prior to treatment,

18.40� 17.53 pg/mL after treatment, and 1.31� 0.92 pg/mL in a healthy control group. The mean

concentration of IP3 was significantly higher before treatment than after treatment, and the level

of IP3 in the patient group before and after treatment was significantly higher than that in the

control group.

Conclusion: High-dose levocetirizine was shown to be effective in the treatment of CSU.

The level of serum IP3 was positively correlated with CSU activity, indicating that IP3 may play

an important role in the pathogenesis of this condition.

Keywords

Chronic spontaneous urticaria, levocetirizine, inositol triphosphate, high-dose antihistamine, effi-

cacy index, second messenger

Date received: 3 August 2018; accepted: 28 January 2019

Department of Dermatology, Daping Hospital, Army

Medical University, Chongqing, PR China

Corresponding author:

Renshan Sun, Department of Dermatology, Daping

Hospital, Army Medical University, 10 Changjiang Road,

Yuzhong District, Chongqing 400042, China.

Email: pharsunr@126.com

Journal of International Medical Research

2019, Vol. 47(9) 4374–4379

! The Author(s) 2019

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/0300060519857768

journals.sagepub.com/home/imr

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

Commons Attribution-NonCommercial 4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/) which

permits non-commercial use, reproduction and distribution of the work without further permission provided the original work is

attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://orcid.org/0000-0002-1001-2692
mailto:pharsunr@126.com
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/0300060519857768
journals.sagepub.com/home/imr


Introduction

Inositol triphosphate (IP3) is a second mes-
senger widely used in cellular signaling
pathways, and is abundant in the cells of
organisms where it is involved in a variety
of cellular activity responses.1 Previous
studies have shown that the binding of
allergens to the high affinity IgE receptor
(FceR1) in the mast cell line RBL-2H3
leads to tyrosine phosphorylation of the
receptor c subunit, thereby activating a
cascade of signaling molecules, including
phospholipase C (PLC), which subsequent-
ly hydrolyzes phosphatidylinosital biphos-
phate (PIP2) to generate IP3 and
diacylglycerol.1–4 The binding of IP3 to spe-
cific receptors may increase the level of
intracellular calcium and cause mast cell
degranulation and histamine release, thus
leading to an allergic reaction.2 No studies
to date have explored the relationship
between IP3 and the pathogenesis of chron-
ic spontaneous urticaria (CSU), in which
urticaria persists for more than 6 weeks
and occurs in the absence of an identifiable
provoking factor.5

Because the pathogenesis of CSU is
unclear, this condition is most commonly
managed in clinical practice using antihista-
mine therapy. In outpatient clinics, patients
with chronic urticaria frequently report poor
efficacy despite the use of various antihista-
mine drugs. The most recent urticaria treat-
ment guidelines recommend the use of
standard-dose second-generation non-
sedating H1 antihistamines, and that the
dosage should be increased after a maximum
of 2 weeks to up to four times the standard
dose.5,6 In consideration of the relative dif-
ferences between Asian and European pop-
ulations, we used the second-generation
antihistamine levocetirizine in the present
study at a dose of 15 mg/day, three times
the conventional dosage, and observed its
efficacy and side effects in patients with
CSU. Furthermore, the serum IP3 level

was determined and compared between
patients before treatment and 7 days after

treatment to explore the significance of IP3
in the pathogenesis of CSU.

Materials and methods

Study objects

All 15 patients were enrolled from outpa-
tient clinics and met the following inclusion

criteria: (i) diagnosis of CSU;6 (ii) repeated
use of loratadine, mizolastine, or other anti-

histamine and complementary medicines
such as rutin and vitamin C, with limited
efficacy; (iii) UAS2a score �10, with

UAS2a score calculated by adding the
Urticaria Activity Score (UAS) on the first
treatment day to the score on the day prior

to treatment initiation;6,7 and (iv) no gluco-
corticosteroid treatment within the previous

month and no history of other underlying
diseases or family history of genetic disease.
The healthy volunteers in the control group

were sex- and age-matched with the patients
in the CSU group. This study was approved

by the Ethics Committee of Daping
Hospital, Army Medical University.
Informed consent was obtained from all

participants.

Treatment and specimen collection

Samples of peripheral blood (2mL) was

obtained from patients, who were treated
with oral levocetirizine 15mg daily

(Huabang Pharmaceutical), rutin 10mg
three times daily, and vitamin C 0.2 g
three times daily for 7 days. UAS scores

on days 7 and 8 were added and referred
to as the UAS2b score, and a further

2mL of peripheral blood was collected
after 7 days of treatment. Peripheral blood
samples were also collected from patients in

the control group. After collection, blood
samples were placed at room temperature
for 2 hours and centrifuged at 1500 rpm
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for 5 minutes. The resulting supernatant
was stored at �80�C until use.

Clinical criteria

The treatment effect was determined using
the UAS and change in wheal-and-
erythema reaction or itching. The efficacy
index (%) was calculated as follows: (total
score before treatment� total score after
treatment)/total score before treatment�
100%. An efficacy index >90% was classi-
fied as recovery; 60% to 90% was highly
effective; 20% to 60% was effective; and
�20% was invalid. The efficiency rate was
calculated as the recovery rateþhighly
effective rate.

Determination of serum IP3

Human 1,4,5-IP3 enzyme-linked immuno-
sorbent assay (ELISA) kits (Cusabio
Technology LLC, Houston, TX, USA)
were used according to the manufacturer’s
instructions. Curve Expert 1.3 (logistic
four-parameter method) software (Cusabio
Technology LLC) was used to generate
curves for the determination of IP3 content
in each serum sample.

Statistical analysis

A paired samples t-test was used to evaluate
changes within the CSU groups, and an
independent samples t-test was used to eval-
uate differences between the CSU group
and the control group. Values of P <0.05
were considered statistically significant. All
analyses were performed using SPSS 16.0
software (SPSS Inc., Chicago, IL, USA).

Results

Effect of high-dose levocetirizine for the
treatment of CSU

In the present study, oral levocetirizine at a
dose of 15mg/day was given to the

15 patients in the CSU group for 7 days.
The group consisted of 3 men and 12
women, aged from 20 to 59 years and
with an average age of 37.80 years. The dis-
ease onset time ranged from 2 months to 10
years. Seven patients had an efficacy index
>90% and were therefore classified as
recovered. Four of these patients showed
a complete resolution of clinical symptoms
(no wheal-and-erythema reaction or itch-
ing; efficacy index of 100%) and three had
only occasional mild itching symptoms and
no significant wheal-and-erythema reaction.
A highly effective outcome was obtained in
eight patients (efficacy index 72.73%–
83.33%), including four cases of refractory
urticaria, which had previously demonstrat-
ed unsatisfactory results despite the long-
term use of conventional and alternating
doses of mizolastine, loratadine, and other
antihistamines. Among the eight patients
with a highly effective outcome, three had
mild wheals (<10/24 h) and mild itching,
and five had no new wheals and only mild
itching. The total efficiency rate was 100%.
The control group consisted of six men and
nine women, aged from 18 to 47 years and
with an average of 29.27 years.

Serum IP3 level in the CSU and healthy
control groups

In the CSU patient group, the symptoms of
wheal-and-erythema reaction and itching
were remarkable upon admission, the
mean UAS2a score was 11.13, and the
mean concentration of IP3 was 43.54
� 41.97 pg/mL. After 7 days of treatment
with high-dose levocetirizine, the symptoms
of skin wheal-and-erythema reaction and
itching disappeared; the mean UAS2b
score decreased to 1.33 and the IP3 concen-
tration during the recovery period
decreased to 18.40� 17.53 pg/mL. The
changes in UAS2a score and serum IP3
level from admission to the end of the treat-
ment period were statistically significant
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(P< 0.05). Figure 1 shows the IP3 level and
change in UAS before and after treatment.
A marked decrease in serum IP3 level was
observed during the recovery period when
compared with the onset period, indicating
that IP3 may be involved in the pathogen-
esis of CSU.

In the healthy control group, the serum
IP3 level was 1.31� 0.92 pg/mL, which was

significantly lower than the levels in the

CSU group before and after treatment

(P< 0.05) (Figure 2).

Discussion

Given that the pathogenesis of CSU is

unclear, current treatment for this condi-

tion remains suboptimal. The updated

Figure 1. Serum IP3 level and UAS score before treatment and after 7 days of high-dose oral levocetirizine
treatment in patients with CSU. IPS, inositol triphosphate; UAS, Urticaria Activity Score; CSU, chronic
spontaneous urticaria.

Figure 2. Mean serum IP3 level in the CSU and control groups. Serum IP3 level was significantly decreased
at 7 days after high-dose oral levocetirizine treatment compared with before treatment in the CSU group
(P< 0.05). *P< 0.05; **P< 0.01. IP3, inositol triphosphate; CSU, chronic spontaneous urticaria.
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European Urticaria Guidelines recommend
the use of standard doses of second-
generation non-sedating H1 antihistamines
for the treatment of urticaria, and that the
dose can be increased after a maximum of
2 weeks to up to four times the standard
dose. Moreover, higher doses do not
appear to be accompanied by a correspond-
ing increase in the incidence of adverse reac-
tions.5,6,8 In the present study, patients were
administered three times the standard dose
of levocetirizine for the treatment of CSU,
and an effective rate of 100% was achieved
after 7 days of treatment. Patients reported
no significant adverse reactions, indicating
the safety and efficacy of levocetirizine for
the treatment of intractable CSU. In a pre-
vious study, Kameyoshi et al. used levoce-
tirizine at a dose of 20 mg/day to effectively
treat 21 patients with intractable CSU.9

Siebenhaar et al. evaluated the effect of
desloratadine at a dose of 5mg/day or
20mg/day in the treatment of acquired
cold urticaria, and found that the increased
dose of this antihistamine drug not only sta-
bilized mast cells and reduced inflammatory
signals but also did not increase side effects
such as drowsiness.10 These findings sup-
port the effectiveness of high-dose antihis-
tamine therapy in CSU, although previous
research and the present study were limited
by low patient numbers, meaning that
larger studies with longer durations are
required to confirm these results.

The pathogenesis of CSU appears to be
associated with a variety of factors such as
immunity, genetics, and autoantibodies.11,12

As a second messenger, IP3 is involved in
signal transduction in multiple cell types,
although no studies to date have examined
the relationship between IP3 and urticaria.
IP3 participates in mast cell degranulation
processes via PLC-IP3-dependent signal
transduction pathways. Heparin has been
shown to be a specific blocker of the IP3
receptor, and may thus inhibit IP3-
mediated calcium release within different

cells, including vascular and bronchial

smooth muscle. Heparin may also inhibit

allergen-induced mast cell degranulation

after inhalation, thus preventing the occur-

rence of allergen-induced bronchial hyper-

sensitivity reaction and skin reactions.13

In the present study, changes in IP3 serum

levels were evaluated during the onset and

recovery stages of CSU. IP3 level was found

to be significantly reduced during the recov-

ery period, and the IP3 content was mark-

edly higher than that in healthy

participants. This finding indicates that

IP3 and its serum level is closely related to

urticaria, thus providing experimental evi-

dence that IP3 plays an important role in

the pathogenesis of CSU.

Conclusion

IP3 appears to be involved in the pathogen-

esis of urticaria signal transduction as a

second messenger, potentially leading to

mast cell degranulation and histamine

release. Further research is required to

determine is the mechanism of IP3 genera-

tion and whether it has a role in dysregu-

lated signal transduction pathways in the

pathogenesis of CSU.
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