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Purpose: This study aimed to investigate the effect of oral treatment with ketotifen, a mast
cell (MC) stabilizer, in a rat model of surgically induced endometriosis.

Methods: At 14 days after Sprague—Dawley rats had surgery, they were treated with
ketotifen (1 or 10 mg/kg/day). Pain behaviors were evaluated 3 days prior to surgery and
then at 7, 14, 21, and 28 days after surgery. At day 28, rats were sacrificed and all samples
were then processed for biochemical studies.

Results: We found that ketotifen-treated rats showed significantly shorter duration of
hyperalgesia (p<0.05); smaller cyst diameter (p<0.05) and lower histopathologic score
(»<0.001); significantly lower MC number and degranulation (»<0.001), blood vessel num-
ber (p<0.001), lower expression levels of nerve growth factor (p<0.001), cyclooxygenase-2
(»<0.001), intercellular cell adhesion molecule-1 (p<0.001), and vascular endothelial growth
factor (»p<0.05) in cysts, and nerve growth factor (p<0.001) and transient receptor potential
cation channel, subfamily V, member 1 (p<0.001) in dorsal root ganglia; and lower histamine
(»<0.05) and tumor necrosis factor-alpha (p<0.05) concentrations in serum compared with
placebo-treated animal subjects.

Conclusion: Oral treatment with ketotifen significantly suppressed the development of
hyperalgesia, probably by modulating MC activity in cysts, thereby reducing peripheral
sensitization due to noxious signals from endometriotic lesions. Our results suggest that
ketotifen may inhibit the development of endometriotic lesions and hyperalgesia in rats.
Keywords: endometriosis, ketotifen, rat, mast cells, hyperalgesia

Introduction

Endometriosis is characterized by the presence of endometrial glands and stroma
outside the uterine cavity.' In women with endometriosis-associated pain, sev-
eral treatments are available including nonsteroidal anti-inflammatory drugs
(NSAIDs), oral contraceptives, gonadotropin-releasing hormone (GnRH) ago-
nists, and surgical treatment.” NSAIDs have significant side effects, including
gastric ulceration® and anti-ovulatory effects,* when taken at mid-cycle.
Meanwhile, menopausal side effects associated with GnRH agonists, such as
osteoporosis, make them suitable only as short-term solutions.” Temporary relief
may be provided by laparoscopy and fulguration, or excision of endometriosis,
but these treatment modalities often have a high recurrence rate. Therefore,
a mechanism-based alternative treatment is necessary to control the symptoms
of endometriosis.
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The number of mast cells (MCs) and degranulated MCs
increases in endometriotic lesions.®”'® Endometriosis-induced
pain is a type of inflammatory and neuropathic pain,'' and
mediators such as histamine''""* and tumor necrosis factor
(TNF-a)'* released by activated MCs contribute directly to
neuropathic symptoms. In addition, activated MCs may also
exert indirect effects on the development of neuropathic pain
by recruiting leukocytes.'> Human endometriotic lesions show
significantly higher numbers of activated MCs, located less
than 25 pm from nerve structures, than unaffected tissues.®
Although the role of MCs in the mediation of nociceptive
signaling needs to be explored further, MC-released products
in endometriosis can contribute to the development of pain and
hyperalgesia by influencing neurons. Therefore, inhibiting
MC function constitutes a new option in the treatment of this
disease and its associated pain.

Degranulation of MC is blocked by membrane stabilizers
such as chromones and ketotifen. In our previous study, the
number of activated MCs and concentration of TNF-a in rat
serum decreased considerably when the experimental group
was treated with sodium cromoglycate.'® Thus, treatments
aimed at stabilizing MCs may play a role in preventing
endometriosis or relieving corresponding symptoms.
Ketotifen has a stronger effect on stabilizing MCs than
This drug has

activity'® and is also a functional leukotriene antagonist.'® It

sodium cromoglycate.'” antihistamine
is mainly used in patients with asthma and other allergic
diseases like allergic rhinitis and chronic urticaria;** however,
it has also been indicated to have anti-nociceptive and anti-
inflammatory effects in many pathological conditions, such

as irritable bowel syndrome, ' fibromyalgia,>**

and post-
operative hyperalgesia.>>*® Although ketotifen causes
adverse reactions such as drowsiness, dry mouth, and gastro-
intestinal discomfort, the incidence rate is generally low and
such reactions only appear early in the treatment period.
Thus, ketotifen is an ideal candidate for endometriosis
treatment.

In this study, we aimed to investigate the anti-
nociceptive and anti-inflammatory effects of ketotifen in
the treatment of endometriosis in an experimental rat
model by evaluating nociceptive behavior and biochemical
and histopathologic parameters.

Materials and methods

Animals
Female Sprague—Dawley rats (weight: 220-260 g) were
used for the study. Animals were housed in groups of six

at 21+0.5 °C under a 12 h light/dark cycle with free access to
food and water. This study was carried out in strict accor-
dance with the recommendations of the Guide for the Care
and Use of Laboratory Animals of the National Institutes of
Health. The protocol was approved by the Committee on the
Ethics of Animal Experiments of Zhejiang University.

Induction of experimental endometriosis
Endometriosis was induced using autologous uterine horn
transplantation based on established procedures.?” All rats
were anesthetized with isoflurane, and the left uterine horn
was excised. This tissue fragment was placed in phosphate
buffer saline (PBS) at 37 °C and cut along the longitudinal
axis, obtaining four pieces of 3 mm %3 mm tissues. Two of
the squares were sutured to the left and right sides of the
inner surface of the abdominal wall, and the other two were
sutured to the bowel mesentery close to a large vessel. All
implants were sutured using a sterile 60 silk suture, and the
abdominal cavity was closed with a 3-0 silk suture. The
sham operation group was induced by removing the left
uterine horn, without suturing it back to the abdominal wall
or mesentery. Penicillin (40,000 U/kg) was administered for
5 days after the surgery.

Experimental groups

The sham operation group (n=6) was used as blank com-
parison. The remaining rats were randomly divided into
three groups. Vehicle (carboxymethylcellulose sodium
0.5% w/v in saline, CMC-Na) was administered by oral
gavage to the control group (n=6). Ketotifen was dissolved
in CMC-Na and divided into the low dose group (1 mg/kg/
day, n=6) and high dose group (10 mg/kg/day, n=6). The
ketotifen dosage was based on previous data from the
literature about the effects of ketotifen on pain behavior
of other animal models.”®?° All the drugs were adminis-
tered by oral gavage on the 14th day and for the next
14 days. To evaluate the effect of treatment, rats were
sacrificed at 28 days after endometriosis induction.
Rats were anesthetized with isoflurane, and laparotomy
was performed to collect the endometriotic implants, dor-
sal root ganglia (DRG; T11-L2 segment), and serum from
the inferior vena cava. All samples were then processed
for biochemical studies.

Nociceptive testing

The animals were first acclimatized before values of the
mechanical thresholds (MTs) and thermal latencies were
measured. Measurements were made 3 days prior to
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surgery and then at 7, 14, 21, and 28 days after surgery.
The operator was unaware of the treatments that the ani-
mals had received.

Mechanical hyperalgesia

In response to mechanical stimulation, the MT was
obtained as described by Dessem et al.>' In brief, animals
were placed in cages with wire mesh flooring and allowed
to explore and groom until acclimated. The flexible probe
of an electronic von Frey aesthesiometer (Model 2390,
IITC/Life Science, Victory Blvd Woodland Hills, CA,
USA) was applied to the plantar surface of the hind paw.
The MT was automatically recorded when the rat hind paw
either abruptly withdrew or made a flinching movement.
For each animal, MT values were measured in triplicate
and then averaged.

Thermal hyperalgesia

Paw withdrawal latency (PWL) to noxious heat stimuli
was measured using an apparatus for measuring PWL
(Model 336, IITC/Life Science, CA).>? In brief, the rat
was placed in a Plexiglas chamber with a bottom glass
plate positioned above a light box. Radiant heat stimulus
was applied by directing a beam of light through a hole in
the light box onto the heel of each hind paw through the
glass plate. The light beam was turned off when the rat
lifted the foot, allowing measurement of PWL, which was
defined as the time between when the light beam hit the
foot and when the foot was lifted. Each trial was per-
formed in triplicate at 5 min intervals. A cut-off time of
20 s was imposed to avoid tissue injury.

Histology

Samples were fixed at room temperature in 4% neutral
buffered formalin and routinely processed for histology.
Serial sections (7 um) of paraffin-embedded tissues were
cut. Sections were deparaffinized with xylene, stained with
hematoxylin and eosin, and analyzed by an expert histo-
pathologist who was blinded to the study. Endometriosis
score was determined on the basis of the semiquantitative
histological classification proposed by Keenan et al*>. This
classification is based on the preservation status of epithe-
lial cells in endometrial explants as follows: well-
preserved epithelial layer=score 3, moderately preserved
epithelium with leukocyte infiltrate=score 2, poorly pre-
served epithelium (only occasional epithelial cells)=score
1, and no epithelium=score zero.

Assessment of vessel number

For each cyst, three sections were deparaffinized and
stained with hematoxylin and eosin. Low magnification
(100x) was used to review the number of vessels in each
section and determine the highest vascular staining regions.
The five highest vascular staining regions were selected for
high magnification (400x) vessel count, and the average
was calculated. Quantitative evaluations were performed
by a researcher who was blinded to the experiment.

Assessment of MC density

Sections were deparaffinized in xylene and submerged
through a graded series of ethanol for 5 min in each solution.
The sections were kept in water for 5 min, transferred to
toluidine blue (89640, Sigma, USA) for 10 min, and blotted
carefully. Sections were dehydrated in absolute alcohol of
1 min, cleared in xylene, and mounted on the slide using
Eukitt (Bio-Optica, Milan, Italy). Microscopically, MCs
appeared purple, while the rest of the section was stained
blue. MC count was determined in five fields (200x)
per section using Axiovision Zeiss (Milan, Italy) microscope.
In brief, the degranulated MCs possessed irregular shapes with
uneven color and incomplete cell membranes, whereas granu-
lated MCs were round or oval with uniform color and intact
cell membranes. Quantitative evaluation was performed by
a researcher who was blinded to the origin of the material.

Immunohistochemical staining and

assessment

Tissues blocks were prepared and sectioned at 7 um, depar-
affinized, and rehydrated. Sections from endometrial cysts
were then incubated overnight with anti-NGF antibody
(1:200, ab6199; Abcam, Cambridge, Britain), anti-COX2
antibody (1:600, ab15191; Abcam), anti-ICAM antibody
(1:1000, ab124760; Abcam), and anti-VEGF antibody
(1:200, ab46154; Abcam). Sections from DRG were incu-
bated with anti-NGF antibody (1:200, ab6199; Abcam) and
anti-TRPV1 antibody (1:1000, ab10296; Abcam). After
washing with 1x PBS, the sections were incubated with
secondary antibody. Envision-labeled polymer-alkaline
phosphatase rabbit (GK400305/15, Novocastra, UK) and
diaminobenzidine (GK346810, Novocastra, UK) were used
to visualize the antigen—antibody reaction. The immunohis-
tochemistry (IHC) score was the sum of percentage (0-3) and
intensity scores (0-3). Using a Zeiss microscope, the average
IHC score of five different fields at 400x magnification was
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regarded as the molecule expression. All slides were ana-
lyzed by two blinded observers.

Determination of TNF-a and histamine

concentrations in serum

The TNF-a and histamine concentrations in serum were
measured via ELISA in accordance with the instructions
indicated in the TNF-a ELISA kit (RTA00, R&D Systems,
USA) and histamine ELISA kit (LS-F27982-1, LifeSpan
Biosciences, Seattle, USA), respectively. The TNF-a and
histamine concentrations were measured at 450 nm using
a Varioskan® Flash Spectral Scanning Multimode Reader
(Thermo Fisher Science, Waltham, MA, USA).

Statistical analysis

Data were analyzed using GraphPad Prism 6 (Graph Pad
Software) and presented as the mean + standard error of the
mean (SEM). The groups of animals were compared by
one-way ANOVA. The correlation between the number of
MCs and pain behavior was determined through Pearson
correlation. A p-value of less than 0.05 was considered
significant.

Results
Ketotifen treatment suppressed the
development of hyperalgesia in rats with

experimentally induced endometriosis

No significant difference was found in the withdrawal thresh-
olds and paw withdrawal latency of the randomly grouped
rats both before the induction of endometriosis and 7 days
post-surgery. However, at day 14, the MTs and PWL in
groups with experimentally induced endometriosis were sig-
nificantly lower than those in the sham operation group.
At day 28 of ketotifen or solvent (CMC-Na) intervention,
rats administered with ketotifen (1 or 10 mg/kg/day) pre-
sented significantly higher MTs and PWL compared with
those that received CMC-Na. Although the high-dose keto-
tifen group (10 mg/kg/day) had higher thresholds than the
low-dose group (1 mg/kg/day), no statistically significant
difference was observed (Figure 1A and B).

Ketotifen treatment decreased the
number of MCs and inhibited its activity

of degranulation
In endometriotic cysts, MCs were mainly distributed in the
stroma (Figure 2A—C) and around blood vessels (Figure 2D-F)

as visualized by toluidine blue staining. The number of MCs in
the ketotifen-treated rats were significantly reduced in both
low-dose (Figure 2A and D) and high-dose (Figure 2B and
E) groups, when Compared with the control group (Figure 2C
and F) (»p<0.001; Table 1). Additionally, the degranulation rate
in the control group was higher than that in the ketotifen-
treated groups (p<0.001; Table 1). However, no statistically
significant difference was noted between the low-dose and
high-dose groups (p>0.05).

Ketotifen treatment suppressed the
development of endometriotic lesions in
rats with experimentally induced

endometriosis

All uterine implants displayed transparent cystic areas at
28 days post-surgery. The control (CMC-Na) and ketotifen
groups developed cysts in the mesentery and abdominal
wall. Histological sections from the ketotifen-treated rats
showed marked atrophy and regression of the endometrio-
tic implant epithelium in the low- and high-dose groups
(Figure 3A and B). In the control group, cysts were char-
acterized by an intense cellular infiltration and a well-
preserved viable epithelium of the endometriotic implant
(Figure 3C) (p<0.001, Figure 3G). The number of vessels
in the ketotifen-treated groups (Figure 3D and E) was
lower than that in the control group (Figure 3F)
(»<0.001, Figure 3H). No significant difference was
found in the low-dose and high-dose groups (p>0.05). In
addition, groups did not differ in cyst number, but cyst size
was smaller in the ketotifen-treated rats in the low-dose
(1 mg/kg) and high-dose groups (10 mg/kg) than in the
control rats (p<0.05, Figure 31).

Ketotifen treatment downregulated the
expression of NFG, Cox-2, ICAM-1, and

VEGF in endometriotic cysts

Similar expression patterns of NGF (Figure 4A-C),
Cox-2 (Figure 4D-F), ICAM-1 (Figure 4G-I), and
VEGF (Figure 4J-L) proteins were observed in the
cytoplasm of endometriotic glandular cells and stromal
cells. The THC scores of NGF, Cox-2, ICAM-1, and
VEGF expression in the control group (NGF, 3.17
+0.16; Cox-2, 3.234+0.19; ICAM-1, 3.27+0.18; VEGF,
3.30+0.20) were significantly higher than those in the
1 mg/kg ketotifen-treated group (NGF, p<0.001; Cox-2,
p<0.001; ICAM-1, p<0.05; VEGF, p<0.05) and the
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Figure | Ketotifen treatment suppressed the development of hyperalgesia in rats with experimentally induced endometriosis. Mechanical nociceptive testing (A). Thermal

nociceptive testing (B). Each group comprised six rats. *p<0.05.
Abbreviation: NS, not significant.

10 mg/kg ketotifen-treated group (NGF, p<0.001; Cox-
2, p<0.001; ICAM-1, p<0.001; VEGF, p<0.05; Table 2).
Moreover, the scores of NGF and ICAM-1 expression
were significantly lower in the 10 mg/kg ketotifen-
treated group than in the 1 mg/kg ketotifen-treated
group (p<0.05); no significant difference in Cox-2 and
VEGF expression was observed in the two dosage
groups (p>0.05).

Ketotifen treatment downregulated the

expression of NFG and TRPVI in DRG

NGF and TRPV1 staining were both primarily localized in
the cytoplasm of DRG cells. Compared with rats in the sham
group (Figure 5A and E), increased immunostaining of NFG
and TRPV1 was observed in the DRG cells of rats with
endometriosis (p<0.001). Treatment with ketotifen resulted
in a reduction in immunoreactivity of NGF and TRPV1 in
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Figure 2 Ketotifen treatment decreased the number of MCs and inhibited its activity of degranulation. MCs were mainly distributed in the stroma (A-C). MCs were noted
around blood vessels (D=F). Ketotifen (I/mg/kg/day) (A and D). Ketotifen (10/mg/kg/day) (B and E). Control (CMC-Na) (C and F). The degranulated MCs, characterized by
uneven staining and incomplete cell membranes, were indicated by the white arrows, whereas the granulated MCs, with uniform color and intact cell membranes, were

indicated by the black arrow. Scale bars=50 pm.

Table | Number of mast cells in endometriotic cysts in rats with
or without ketotifen treatment

Mast cell Group
(MC) . .

Ketotifen Ketotifen Control

(I mg/kg) | (10 mg/kg) [ (CMC-Na)
Granulated 3.3310.29 3.171£0.27 4.53+1.55
MC
Degranulated 0.93+0. | 9+ 0.53+0. | 2% 2.43+0.30
MC
Total number | 4.27+0.35%%* 3.70£0.27%%* 6.97+0.48
of MC

Notes: Values are mean + SEM; **¥p<0.001 (compared with control group), p>0.05
(Ketotifen [I mg/kg] vs ketotifen [10 mg/kg]).

the DRG of rats with endometriosis in the low-dose (NGF,
p<0.01, Figure 5B; TRPVI, p<0.01, Figure 5F) and high-
dose groups (NGF, p<0.001, Figure 5C; TRPV1, p<0.001,
Figure 5G) compared with control group (Figure 5D and H)
(Table 2). Moreover, the 10 mg/kg ketotifen-treated group
had significantly lower TRPV1 expression than the 1 mg/kg
ketotifen-treated group (p<0.05). By contrast, NGF expres-
sion did not show a significant difference in these two
dosage groups (p>0.05).

Ketotifen treatment reduced histamine

and TNF-a concentrations in serum

Increased concentration of histamine was observed in the
serum of rats with endometriosis compared with rats in the
sham group, whereas no significant difference was noted
in the TNF-a concentration in both groups. Treatment with

ketotifen in both low (1 mg/kg) and high doses (10 mg/kg)
reduced the histamine (Figure 6A) and TNF-a (Figure 6B)
concentrations in rats with endometriosis compared with
treatment with vehicle (p<0.05). No significant difference
in the histamine and TNF- a concentrations was observed
in the two ketotifen dosage groups (p>0.05).

Correlation between the number of MCs
and pain

Spearman analysis results showed that the number of total
MCs was positively correlated with mechanical hyperal-
gesia (r=—0.47, p<0.05; Figure 7A) but not with thermal
latency (r=—0.20, p>0.05; Figure 7B). Moreover, the num-
ber of degranulated MCs in endometriotic cysts was posi-
tively correlated with mechanical hyperalgesia (r=—0.52,
p<0.05; Figure 7C) and thermal latency (r=—0.61, p<0.01;
Figure 7D).

Discussion

Several treatments are available for women with endome-
triosis-associated pain; however, some cases remain proble-
matic as clinically significant results require prolonged
administration, which can expose women to side effects.>”
Our study evaluated a new possibility for endometriosis
therapy using the MC stabilizer ketotifen in a rodent model
of surgically induced endometriosis. Our results showed that
oral treatment with ketotifen could significantly suppress the
development of hyperalgesia and reduce the histological
score and cyst volume in endometriosis-afflicted rats. This
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Figure 3 Ketotifen treatment suppressed the development of endometriotic lesions in rats subjected to experimentally induced endometriosis. Histology of tissues (A—C).
Density of blood vessels (D-F). Histopathologic scores of different treatments in endometriosis-afflicted rats (G). Density of blood vessels Number of blood vessels in
different treatments in endometriosis-afflicted rats (H). Changes in cyst volume before and after different treatments in endometriosis-afflicted rats (l). Scale bars=50 pm.

#p<0.05; *+p<0.00].

positive effect occurred in the absence of any significant
adverse event or signs of chronic suffering.

In this study, our data showed that 1 and 10 mg/kg regi-
mens had significant effects in counteracting pain behavior.
A clear dose effect was not observed because no significant
difference was found between the two doses in the suppression
of hyperalgesia or the reduction in cyst volume in endome-
triosis-afflicted rats. Our study was the first to evaluate the
effects of ketotifen in an animal model of endometriosis,
which likely involved altered function of peripheral sensitiza-
tion sustained by the dysregulation of MC activity. The invol-
vement of MCs in endometriosis is well known,®'® and they
are a recognized target for ketotifen action. Histological ana-
lysis showed that oral ketotifen treatment significantly reduced

the number and activity of MCs in endometriotic cysts. This
result was in line with the suppressed development of hyper-
algesia through nociceptive testing in our study. MC granules
contain pro-algogenic mediators, primarily NGF.** After keto-
tifen oral treatment, we found a significant reduction in NGF
levels in endometriotic cysts and DRG cells.

As previously reported, MCs play a role in angiogen-
esis, which is a key feature of endometriosis.*® For this
reason, we first studied the role of ketotifen in angiogen-
esis during endometriosis and demonstrated its strong
anti-angiogenic property. The anti-angiogenic effect of
ketotifen was corroborated by immunohistochemical
staining of VEGF, which is the main pro-angiogenic
mediator in endometriotic cysts. The downregulation of
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Figure 4 Ketotifen treatment downregulated the expression of NGF, Cox-2, ICAM-I, and VEGF in endometriotic cysts. Scale bars=50 pm.

Table 2 Immunohistochemical score of NGF, Cox-2, ICAM-I, and VEGF in endometriotic cysts and NGF and TRPVI in DRG

IHC Score Groups
Ketotifen (I mg/kg) Ketotifen (10 mg/kg) Control (CMC-Na) Sham operation
Endometriotic cyst
NGF 2.40£0.10%* 2.10+0.1 0% 3.17x0.16 NA
Cox-2 2.37£0.15% 2.30£0. | 4%+ 3.23%0.19 NA
ICAM-I 2.73£0.16* 2,230,775 3.27+0.18 NA
VEGF 2.77+0.20% 2.76+0.16* 3.30+0.20 NA
DRG
NGF 2.14£0.20%* 1.960.20%+* 3.10%0.19 1.10£0. | 4%+*
TRPVI 2.43£0.18%* 1.78+£0. | 7#+%< 3.70+0.22 1.32%0.1 7%

Notes: Values are mean + SEM. #p<0.05, **<0.01, **p<0.001 (compared with control group); *p<0.05 (NGF); ®p<0.05 (ICAM-1); ™p>0.05 (VEGF); °p<0.05 (TRPVI)

(Ketotifen (I mg/kg) vs ketotifen (10 mg/kg))
Abbreviations: NGF, nerve growth factor; Cox-2, cyclooxygenase-2; ICAM-I, intercellular cell adhesion molecule-1; VEGF, vascular endothelial growth factor; TRPVI,
transient receptor potential cation channel subfamily V member |; IHC score, immunohistochemical score; DRG, dorsal root ganglia; SEM, standard error of the mean.

Ketotifen (10 mg/Kg) Control (CMC-Na)

Sl

Sham operation Ketotifen (1 mg/Kg)

NGF

‘)f .AF .

TRPV1

Figure 5 Ketotifen treatment downregulated the expression of NGF and TRPVI in dorsal root ganglia (DRG). Scale bars=50 pm.
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Figure 6 Ketotifen treatment reduced histamine and TNF-a concentrations in serum. Histamine concentration in serum (A). TNF-a concentration in serum (B). *P<0.05.
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Figure 7 Correlations between the number of MC and hyperalgesia. Correlation of number of MC and mechanical threshold (A) and thermal latency (B); Correlation of
number of degranulated MC and mechanical threshold (C) and thermal latency (D). The Pearson coefficient of correlation and the significance of this correlation are shown

in the lower right corner.

VEGF was likely due to the MC modulation exerted by
ketotifen, because VEGF is released mainly by MCs
during chronic inflammation.>® Moreover, the reduction
in angiogenesis associated with ketotifen treatment may

partly justify the reduction in cyst diameter reported in
this paper.

An increasing body of evidence indicated that ketotifen
has an anti-inflammatory effect in many pathological
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conditions.”®>” This phenomenon was proven by our
results. ICAM-1 has a crucial role in endometriosis.*®
Treatment with ketotifen reduced ICAM-1 upregulation,
thereby decreasing the interaction between neutrophil and
endothelial cells during adhesion.

Biochemical analysis of DRG showed that oral ketotifen
treatment reduced NGF protein expression at this level. This
result strongly supported the notion that ketotifen exerted its
anti-algogenic effect by modulating NGF, one of the main
mediators activating the algogenic input from the endome-
triosis lesions toward the nervous system.’’ Retrograde
transport of NGF released from inflamed tissue acts to
increase translation and transport of TRPV1 to the peripheral
nociceptor terminal, where it contributes to the maintenance
of inflammatory pain hypersensitivity.*” Our results showed
that oral treatment also reduced TRPV1 repression in DRG
cells, which may result from ketotifen blocking NGF release
by MCs, since previous studies have reported that MCs can
synthesize, store, and release NGF.*!

Our results also showed that endometriosis-afflicted
rats treated with ketotifen had reduced histamine and
TNF-o concentrations in serum compared with placebo-
treated rats. In view of these findings, our data on reduced
pain behavior could be largely attributed to the reduction
in the amount of algogenic mediators produced by MCs
during endometriosis and the consequent degree of periph-
eral sensitization due to ketotifen administration.

Regardless of possible mechanisms, our findings suggest
that orally administered ketotifen in patients with endome-
triosis with pain could be particularly useful, whether alone
or in combination with classic anti-inflammatory/analgesic
treatments. This drug is mainly used in patients with asthma
and other allergic diseases, and its safety has already been
confirmed, which is a very important advantage before clin-
ical application. Further experimental and clinical studies
will be needed for confirmation because no clear dose—effect
relationship was observed in our experiments.
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