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Emodin inhibits the expression of receptor
and calcitonin-gene-related peptide release in
trigeminal ganglia of trigeminal neuralgia rats

Wei Xiong?®*, Rao-Ping Wul?*, Meng-Xia Tan**, Zhou-Jie Tong*", Ling-Kun He?, Shu Guan?, Li-Juan Liu?,
Can-Can Yin2, Yu-Lin Shen?, Hui-Xiang Ge?, Yun Gao'®

1Department of Physiology, Medical College of Nanchang University, ?Affiliated Stomatological Hospital of Nan-
chang University, *Department of Basic Medicine, Jiangxi Health Vocational College, “Queen Mary College of
Grade 2014, Nanchang University, °Jiangxi Provincial Key Laboratory of Oral Biomedicine, ¢Jiangxi Provincial Key
Laboratory of Autonomic Nervous Function and Disease, Nanchang, Jiangxi, P. R. China. *Equal contributors.

Received October 5, 2017; Accepted October 21, 2017; Epub November 1, 2017; Published November 15, 2017

Abstract: Trigeminal neuralgia (TN) is one of the most intense forms of facial pain. It has been reported that the P2X,
receptor plays a crucial role in facilitating pain transmission, and the calcitonin-gene-related peptide (CGRP) from tri-
geminal ganglia (TGs) might perform differing function in nociceptive afferent input transmission. The present study
investigated whether emodin can affect TN pain transmission by suppressing the expression of P2X, receptors and
CGRP in TGs. Chronic constriction injury of the infraorbital branch of the trigeminal nerve (CCI-ION) was used as TN
model. The TN rats were randomly divided into the following 4 groups: (1) a sham group (Sham), (2) a sham rats
treated with emodin group (TN + E), (3) a TN rats treated with 0.5% sodium carboxymethyl cellulose (CMC) as ve-
hicle group (TN) and (4) a TN rats treated with emodin group (TN + E). The mechanical hyperalgesia threshold of TN
rats was tested by Electric Von Frey filaments. The change of the expression of P2X, receptors and CGRP in rat’s TG
was detected with RT-PCR, immunohistochemical staining, and Western blotting. The phosphorylation of p38 and
ERK1/2 pathway of TG was detected by Western blotting. After CCI-ION injury, the threshold of mechanical hyperal-
gesia for the territory of ligated infraorbital nerve in TN group decreased significantly compared with that in sham
group. On day 14 after operation of CCI-ION, there was also an evident increase in the expression of P2X, receptors
and CGRP in the TG of TN group. However after treatment with emodin, the response of mechanical hyperalgesia of
TN rats was clearly increased while the enhanced expression of P2X, receptor and CGRP in TN rats was significantly
decreased. The phosphorylation of p38 and ERK1/2 in TN group was stronger than that in Sham group. But these
phosphorylation changes in the TN rats were much weaker after treatment with emodin. In conclusion, P2X, recep-
tor may cooperate with CGRP in the pain transmission of TN, and emodin can inhibit the expression and activation
of P2X, receptor and CGRP in TG to relieve TN.
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Introduction ments consist of anticonvulsant drugs, muscle
relaxants and neuroleptic agents. Gasserian
ganglion percutaneous techniques, gamma-kn-
ife surgery and microvascular decompression
are used as the invasive treatment options for

patients who are refractory to medications [3,

Trigeminal neuralgia (TN), one of the most
intense forms of facial pain, has been caught
for great clinical interest. TN leads to parox-
ysms of short-lasting but very uncomfortable

pain. Typically the pain is severe, lancinating,
and activated by cutaneous stimulation [1]. The
incidence of TN is 4.3 per 100,000 persons per
year, and slightly higher for women (5.9 per
100,000) than men (3.4 per 100,000) [2].
There are some medical and surgical treat-
ments for TN. The preferred medical treat-

4]. Studies have being conducted towards a
better understanding of TN, but the underlying
pathophysiological mechanism is still unclear.

Evidence indicates that ATP is implicated in
peripheral pain signaling by acting on P2X,
receptors, and the P2X, receptor of sensory
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neurons plays a crucial role in pain perception
[5-7]. Upregulation of P2X, expression in the
dorsal root ganglion (DRG) has been observed
under the neuropathic pain and inflammatory
pain [6]. P2X, receptor may play a role in the
mediation of abnormal nociception in primary
sensory neurons during orthodontic pain and
trigeminal neuralgia [8, 9]. It was reported that
afferent neurons expressing calcitonin-gene-
related peptide (CGRP) in trigeminal ganglions
might perform differing roles in nociceptive
afferent input transmission [10, 11]. Cady et al.
found that when sensory axon reflexes follow-
ing activation of primary afferent neurons, P2X,
up-expression or activation by ATP may give
rise to release of CGRP, which contributes to
inflammatory or pain responses [12]. Therefore,
we postulated there is a positive action of P2X3
receptor on CGRP in TN transmission.

Emodin (3-methyl-1, 6, 8-trihydroxyanthraqui-
none) is an active anthraquinone constituent of
rhubarb extract and functions through anti-
mutagenic, anti-cancer, anti-diuretic, vasore-
laxant, anti-inflammation, anti-apoptosis and
immunosuppressive activities [13-18]. Our pre-
vious studies showed that emodin relieved
peripheral neuropathic pain [19], but it is not
clear whether emodin can affect the signal
transmission of the TN. Facial neuropathic pain
can be experienced after nerve injury of trigem-
inal nerve [20]. TN is an example of an extreme
form of neuropathic pain and remains to be a
real therapeutic challenge. It has a significant
impact on the quality of life and the socioeco-
nomic functioning of the patients [21]. The
present study has investigated the effects of
emodin on pain transmission mediated by P2X3
receptor and CGRP in the TN model.

Materials and methods
Ethical approval and animals

Male Sprague-Dawley rats (180-230 g) were
provided by the Center of Laboratory Animal
Science of Nanchang University. Use of the ani-
mals was reviewed and approved by the Animal
Care and Use Committee of the Medical College
of Nanchang University. The ethical guidelines
of the International Association for the Study of
Pain (IASP) for pain research in animals were
followed.
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Experimental design

The rat TN model (a chronic constriction injury
of the infraorbital branch of the trigeminal
nerve, CCI-ION) was established as described
previously [20]. Emodin was dissolved in 0.5%
sodium carboxymethyl cellulose (CMC) as vehi-
cle at the concentration of 10 mg/ml. The ani-
mals were housed in plastic boxes in a group of
three at 21-25°C. Rats (n = 72) were randomly
divided into sham operation group (Sham),
sham operation group treated with emodin
(Sham + E), TN model group (TN), and TN rats
treated with emodin (TN + E). Each group had
18 rats. Emodin was administrated once a day
at dosage of 50 mg/kg by intraperitoneal injec-
tion after sham or CCI-ION operation for 13
days.

Emodin (Batch No: ZL0O80726) and CMC were
obtained from Nanjing Zhelang Medical
Company and P2X, antibody was bought from
Chemicon International, Inc. USA. CGRP anti-
body was bought from ABCAM International,
Inc. USA. Antibodies for extracellular signal-reg-
ulated kinasel and 2 (ERK1/2), p-ERK1/2, p38
and p-p38 were bought from Cell Signaling,
USA.

Chronic constriction injury of the infraorbital
branch of the trigeminal nerve (CCI-ION)

The CCI-ION procedure was performed for
establish a TN model. Each rat was anesthe-
tized with penthiobarbital sodium (Shanghai
Xingya Medical Company, Batch No: 140601).
After skin preparation and disinfection, an arc
incision was made upon the brow and achieved
a blunt dissection using a glass needle. In this
process the skull, frontal bone and nasal bone
would be seen gradually until the fossa orbitalis
appeared. The orbital contents were pushed
aside using the glass needle to expose the
infraorbital nerve located at the bottom of the
medial orbital. Two ligatures (5-0O chromic gut)
were performed loosely with microsurgical
techniques. The interval between two ligatures
was approximately 1 mm. The same investiga-
tor created CCI-ION animals to avoid variation.
The standard tightness for ligatures is that the
diameter of the nerve fibers should appear
slightly thinner, which will not affect the blood
circulation. Finally, the incision was sutured
routinely and the rats were fed normally after
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Figure 1. Effect of emodin on the mechanical with-
drawal threshold (MWT) of TN rats. The MWT of rats
in the four groups was measured. N = 12 per group,
**P<0.01 vs. sham group; ##P<0.01 vs. TN group.

woke up. In the sham-operated rats the nerve
was left untouched.

Measurement of mechanical withdrawal
threshold (MWT)

Noxious-pressure stimulation was used to eval-
uate mechanical hyperalgesia. Unrestrained
rats were placed in a clear plastic chamber
(22x12%22 cm) on a stainless steel mesh floor
and allowed to acclimate. The mechanical
hyperalgesia threshold of rats was tested us-
ing electric von Frey filaments (BME-404 NO.
E5489). Nociception was assessed on days O,
1,3,5,7 9, 11, and 13 after CCI-ION by mea-
surement of the withdrawal threshold in the
innervated area of the infraorbital nerve. The
area of stimulation was centered on the rat
nasal area, and extended to the vibrissa.
Stimulations were administered when the rat
was in a sniffing/no locomotion state: with four
paws placed on the ground, neither moving nor
freezing, but exhibiting sniffing behavior. A new
stimulus was applied only when the rat resumed
this position and at least 30 s after the preced-
ing stimulation.

Immunohistochemistry

On day 14 after operation of CCI-ION, 6 rats of
each group were anesthetized with penthiobar-
bital sodium and perfused transcardially with
200 ml of normal saline, followed by 200-300
ml of 4% paraformaldehyde in 0.1 M phosphate
buffer saline (PBS). The TG of surgery side was
dissected, postfixed for 24 h, and transferred
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into 20% sucrose in 0.1 M PBS at 4°C for over-
night. Tissues were sectioned at 15 ym at a
cryostat and stored at -20°C. One tissue from
six nonadjacent sections of the TG segments
was selected randomly for immunohistochem-
istry examination. Immunohistochemical stain-
ing was performed using SP-9001 kit (Beijing
Zhongshan Biotech CO.) according to the manu-
facturer’s instruction. After immunohistochem-
istry, image scanning analysis system (HMIV-
2000, Wuhan) was used to analyze the changes
in stain values (average optical density) of P2X,
or CGRP in ganglia. Background was deter-
mined by averaging the optical density of 10
random areas.

Reverse transcription-polymerase chain reac-
tion (RT-PCR)

On the day 14 after operation, 6 Sprague-
Dawley rats of each group were decapitated
after anesthetized with urethane [1.2 g/kg,
intraperitoneally (i.p.)]. The TGs were taken out
and transferred immediately into PBS. Then
total RNA was isolated from TGs using a chloro-
form procedure with TRIzol Reagent Kits
(TIANGEN Co.) according to the manufacturer’s
protocols. The cDNA synthesis was performed
with Revert Aid First Strand cDNA Synthesis Kit
(Fermentas Co.). Then, the cDNA was stored at
4°C after 5 min reaction at 99°C. Afterward, 10
pL cDNA product was used as templates in PCR
amplifications together with suitable primers
(for P2X,, sense: 5-CAACTTCAGGTTTGCCAAA
-3’, and antisense: 5-TGAACAGTGAGGGCCTA-
GAT-3’; for CGRP sense: 5-GTCATCGCTCACCA-
GGGAGG-3’, and antisense: 5-CACACCGCTTAG-
ATCTGGGG-3’; for B-actin, sense: 5-TAAAG-
ACCTCTATGCCAACACAGT-3’, and antisense: 5'-
CACGAT GGAGGGGCCGGACTCATC-3’). The 10
pL PCR products were amplified with the follow-
ing parameters: 94°Cx3 min—94°Cx45 sec,
57°Cx45sec, 72°Cx45sec,30cycles—72°Cx5
min.

Western blotting analysis

On the day 14 after operation, 6 Sprague-
Dawley rats of each group were decapitated
after anesthetized with urethane [1.2 g/kg,
intraperitoneally (i.p.)]. The TGs were isolated
and flushed with ice-cold PBS. Ganglia were
homogenized by mechanical disruption in ly-
sis buffer (containing phosphatase inhibitors
for detection of phosphorylated substrates).

Int J Clin Exp Pathol 2017;10(11):11317-11325
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Figure 2. Effects of emodin on the expression of P2X, receptor at mRNA level
in TG. The expression of P2X, receptor mRNA in TG of each group on post-
operative d14 was tested by RT-PCR. N = 6 per group, **P<0.01 vs. sham

group; ##P<0.01 vs. TN group.
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Figure 3. Effects of emodin on the expression of CGRP at mRNA level in
TG. The expression of CGRP mRNA in TG of each group on postoperative
d14 was tested by RT-PCR. N = 6 per group, **P<0.01 vs. sham group;

##P<0.01 vs. TN group.

Homogenate was then pelleted at 6,000 g for
10 min and supernatant was collected. The
quantity of total protein in the supernatant was
determined with Lowry method. Samples were
diluted with buffer (100 mM TrisCl, 200 mM
dithiothreitol, 4% sodium dodecylsulfate (SDS),
0.2% bromophenol Blue, 20% glycerol) and
heated to 95°C for 10 min. Equal amounts of
protein (20 ug) from each sample were sepa-
rated by SDS-polyacrylamide gel electrophore-
sis using Bio-Rad system and 12% gel. The
separated proteins were electrophoretically
transferred onto PVDF membrane by using the
same system. The membrane was blocked with
5% non-fat dry milk in 25 mmol/L Tris buffered
saline, pH 7.2, plus 0.1% Tween 20 (TBST) for 3
h at room temperature, followed by incubation
with primary antibodies (rabbit anti-P2X, 1:500;
rabbit anti-CGRP 1:1000; rabbit polyclonal
anti-ERK1/2 and rabbit polyclonal anti-P-
ERK1/2 1:1000) in the same buffer for over-
night at 4°C. The membrane was then washed
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** Statistical analysis
#i
T All results were expressed by
mean z S.E.M. Differences
between treatment groups
were analyzed by Student’s
N " t-test or, where appropriate,

& ANOVA followed by Dunnett’s
posthoc test for multiple com-
parisons. P value<0.05 was
considered to be statistically
significant.

Results

Effects of emodin reduces the mechanical
hyperalgesia in TN rats

After operation, MWT (mechanical withdrawal
threshold) of rats in TN group from d3 to d13
was lower than that in Sham group. After treat-
ment of emodin, however, the MWT of TN + E
group raised significantly compared with TN
group from postoperative d5 to d13 [d3:
P<0.01, F (3.44) = 25.031; d5: P<0.01, F (3.44)
= 189.068; d7: P<0.01, F (3.44) = 194.039;
d9: P<0.01, F (3.44) = 182.762; d11: P<0.01, F
(3.44) = 182.238; d13: P<0.01, F (3.44) =
157.061]. Emodin had no significant effect on
MWT of rats in Sham group after operation
(P>0.05). See Figure 1.

Effects of emodin attenuates the expression of
P2X3 and CGRP in TG

Effects of emodin on the expression of P2X,
and CGRP mRNA within TG neurons were

Int J Clin Exp Pathol 2017;10(11):11317-11325
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Figure 4. Effects of emodin on the expression of P2X, receptor in TG as-
sessed by immunohistochemistry. On postoperative d14, the average optical
density of P2X, staining in TG was measured. N = 6 per group, **P<0.01 vs.
sham group; ##P<0.01 vs. TN group (arrows indicate the immunostained
neurons; scale bars, 100 ym).
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Figure 5. Effects of emodin on the expression of CGRP in TG assessed by
immunohistochemistry. On postoperative d14, the average optical density
of CGRP in TG was measured. N = 6 per group, *P<0.05 vs. sham group,
**P<0.01 vs. sham group; ##P<0.01 vs. TN group (arrows indicate the im-
munostained neurons; scale bars, 100 ym).

assessed by RT-PCR. The mRNA levels of P2X,
and CGRP were 42% and 38% higher respec-
tively (P<0.01) in TG rats than those in control
rats (Figures 2 and 3). There was no difference
in the expression of P2X, receptor or CGRP
between Sham group and Sham + E group,
while both P2X, receptor and CGRP mRNA
expression in TN + E group was significantly
lower than that in TN group [for CGRP: P<0.01,
F (3.20) = 8.147; for P2X,: P<0.01, F (3.20) =
11.281]. See Figures 2 and 3.

immunohistochemistry, which
was done in the same animals
that had gone through the
behavioral testing. The immu-
nostaining of P2X, was signifi-
cantly increased by 83% in TG
rats than that in control rats
(Figure 4), emodin had no
effect on the intensity of P2X,
receptor staining in Sham
group (P>0.05), but signifi-
cantly decreased the intensity
of P2X, receptor staining in TN
group (P<0.01, F (3.20) =
72.79] (Figure 4). Similarly,
the density of CGRP staining
was 115% higher in TN group
than the Sham group and
emodin was able to signifi-
cantly lower CGRP staining in
TN groups [P<0.01, F (3.20) =
68.171]. See Figures 4 and 5.

Meanwhile, the effects of
emodin on the expression of
P2X, and CGRP at the protein
level in TG were detected by
Western blotting. The mass of
both P2X, and CGRP was sig-
nificantly upregulate by 164%
and 175% respectively in TN
group (Figures 6 and 7). No
difference was seen between
Sham + E group and the Sham
group. However, the increased
mass of both P2X, and CGRP
protein in TN rats was effec-
tively diminished by emodin
[for CGRP, P<0.01, F (3.20) =

51.817; for P2X,, P<0.01, F (3.20) = 61.492].
See Figures 6 and 7.

Effects of emodin suppresses the phosphory-
lation of p38 and ERK1/2 of TG

The phosphorylation of p38 and ERK1/2 in TG
were measured by Western blotting. The results
showed that the phosphorylation of p38 and
ERK1/2 in TN group was stronger than that in
Sham group. However, the enhanced phosphor-
ylation of p38 and ERK1/2 in TN rats was

remarkably decreased by emodin treatment

The expression of P2X, receptor and CGRP
within the TG neurons was also examined by
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[for p38, P<0.01, F (3.20) = 17.066; for ERK, P<
0.01, F (3.20) = 20.286]. See Figures 8 and 9.

Int J Clin Exp Pathol 2017;10(11):11317-11325
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Figure 6. Effects of emodin on the expression of P2X, receptor at protein
level in TG. The expression of P2X, receptor protein in TG of each group on
postoperative d14 was determined by Western blotting. N = 6 per group,
**P<0.01 vs. sham group; ##P<0.01 vs. TN group.
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Figure 7. Effects of emodin on the expression of CGRP at protein level in TG.
The expression of CGRP protein in TG of each group on postoperative d14
was determined by Western blotting. N = 6 per group, **P<0.01 vs. sham
group; ##P<0.01 vs. TN group.
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Discussion

tion of one or more of the
nerve’s three major branches:
the ophthalmic (V1), maxillary
(V2), or mandibular (V3) [22].
In this study, a chronic con-
striction injury of the infraor-
bital branch of the trigeminal
nerve (CCI-ION) was induced
as a rat model of the TN [20,
23, 24]. Responsiveness to
mechanical stimulation (vi-
brissae territories) with von
Frey filaments was used to
evaluate allodynia after liga-
ture of infraorbital nerve br-
anch. Consequently, lesion
and inflammation of the ner-
vous fiber in primary afferent
TG occurred after CCI-ION,
which were involved in trans-
mission of noxious informa-
tion. Our studies showed that
a hyper-responsiveness of the
territory of the ligated infraor-
bital nerve to light mechanical
stimulation with von Frey hairs
was developed on day 3 after
the injury.

It is reported that activation of
P2X, receptor subtype in pri-
mary sensory neurons is in-
volved in neuropathic pain [6,
25]. P2X, receptor, when acti-
vated, depolarizes nociceptive
neurons to facilitatethe trans-
mission of pain, and blockad-
ing the receptor can reduce
nociception mediated by sen-
sory neurons in chronic pain
states [26, 27]. It has been
reported that activation of
P2X, and P2X2/3 receptors in
the tooth pulp is sufficient to
elicit nociceptive behavioral
responses and trigeminal br-
ainstem neuronal activity [28].
Neuropathic pain enhances
the expression of P2X, recep-
tor in TG neurons [29, 30]. In

our lab, we also found that the expression of

P2X, receptor in TG neurons of CCI-ION rats

TN is characterized by recurrent episodes of
severe, shock-like pain confined to the distribu-
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increased significantly compared to that in con-
trol group [9]. Thus it is possible that the hyper-

Int J Clin Exp Pathol 2017;10(11):11317-11325
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Figure 9. Effect of emodin on
the phosphorylation of ERK1/2
in TG. The expression levels of
ERK1/2 and p-ERK1/2 were de-
tected by Western blotting. Using
image analysis, the stain values
(integrated optical density) of p-
ERK1/2 were normalized to indi-
vidual ERK1/2/B-actin. N = 6 per
group, **P<0.01 vs. sham group;
##P<0.01 vs. TN group.

the pathological changes of
TN.

Emodin is an active anthraqui-
none constituent of rhubarb
extract. It was reported that
emodin exhibited the anti-
inflammatory effect [33, 34].
It was demonstrated that
emodin was able to relieve the
chronic pain by decreasing the
expression of P2X, 5 recep-
tors in L4/L5 DRG in CCI rats
[19]. Current international gu-
idelines recommend that car-
bamazepine and oxcarbaze-
pine are the first-line drugs. If
there is a decrease in efficacy
or tolerability of medication,

algesia in CCI-ION rats is caused by functional
up-regulation of P2X, receptor in TG neuron.

In our study, the immunoreactive staining of
P2X, and CGRP in the TG of TN group is more
intense than Sham group, indicating the poten-
tial involvement of P2X, receptor and CGRP of
TG in nociceptive responses after nerve injury.
Some researchers suggested that therapeutics
for craniofacial pain might be more effective if
both P2X, receptor and CGRP in TG are target-
ed [31]. So we believed that there was the
cooperativity between P2X, receptor and CGRP
in TG in the TN pain transmitting.

The CGRP expressed by peripheral sensory
neurons is implicated in the underlying pathol-
ogy of neuropathic pain, and up-regulation of
P2X, receptor stimulated CGRP release in the
TG neurons, contributing to pain and allodynia
[10, 12]. Furthermore, CGRP could enhance
P2X, receptor activity on cultured mouse tri-
geminal neurons, and CGRP induced by local
inflammation in the lower lip could increase
P2X, receptorin TG neuron [30, 32]. Inresponse
to activation of trigeminal nociceptors, CGRP
might facilitate inflammatory injury in the TN.
The CGRP-mediated increase in P2X, expres-
sion and ATP release was shown to involve acti-
vation of nociceptive signaling pathways. In our
study, after operation from d3 to d13, the MWT
of rats in TN group was significantly lower than
that in Sham group. Thus, positive interaction
between P2X, receptor and CGRP may occur in
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surgery needs to be consid-

ered [35]. However, carbam-
azepine is reported as efficacious in only
70-80% of patients, and associated with ad-
verse effects such as drowsiness, confusion,
nausea, ataxia, nystagmus and hypersensitivi-
ty, which may necessitate discontinuation of
medication [36]. Therefore it is cried for further
investigating the mechanism of pain formation
and developing new analgesic drugs of TN.
Neuropathic pain, especially TN, is often not
adequately controlled by currently available
analgesics. The results of our study showed
that treatment of emodin increased the thresh-
old of mechanical hypersensitivity and reduced
the expression of P2X, receptor and CGRP of
TG in TN rats. Thus emodin would be useful to
relieve TN pain by these new mechanisms.

It was reported that CGRP up-regulated the
active forms of the MAP kinases (p38 and ERK)
and PKA in TG, causing a sustained increase in
the expression of P2X, receptor in spinal neu-
rons [12]. During inflammation and concurrent
hypersensitivity to mechanical noxious stimula-
tion, the activated P2X3 receptor in DRG neu-
rons enhanced the phosphorylation of ERK and
led to the functional activation of primary affer-
ent neurons [37]. Our results revealed that the
phosphorylation of ERK1/2 and p38 of TG in
TN group was stronger than that in Sham group.
In TN rats treated with emodin, such increased
phosphorylation of ERK1/2 and p38 was sig-
nificantly inhibited. These data suggest that
when the nociceptive stimulus was presented
to the inflamed site, abundant ATP would leak
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out from the damaged cells to activate P2X,
receptor and increase CGRP release, resulting
in the phosphorylation of ERK and p38, and
eventually the induction of mechanical hyperal-
gesia in TN rats. Therefore we proposed that
emodin may decrease the activation of P2X,
receptor and inhibit the release of CGRP to
reduce the phosphorylation of ERK1/2 and
p38in TG.

Conclusions

In summary, P2X, receptor and CGRP of TG are
involved in TN of CCI-ION rats. Emodin can
decrease the expression of P2X, receptor and
CGRP release in TG and inhibit the primary
afferent pain transmission mediated by P2X,
receptor and CGRP during TN. Emodin may be
used as a new drug with fewer side effects for
management of TN.
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