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Induction of signal transduction pathways related to the pathogenicity
of Cryptococcus neoformans in the host environment

Yasuhiko Matsumoto™, Saki Azami, Haruka Shiga, Tae Nagamachi, Hikari Moriyama,
Yuki Yamashita, Asami Yoshikawa, Takashi Sugita

Department of Microbiology, Meiji Pharmaceutical University, Tokyo, Japan.

Summary

Cryptococcus neoformans, a human pathogenic fungus, infects immunocompromised humans
and causes serious diseases such as cerebral meningitis. C. neoformans controls the expression
of virulence factors in response to the host environment via various signal transduction
pathways. Understanding the molecular mechanisms involved in C. neoformans infection will
contribute to the development of methods to prevent and treat C. neoformans-related diseases.
C. neoformans produces virulence factors, such as a polysaccharide capsule and melanin, to
escape host immunity. Several proteins of C. neoformans are reported to regulate production
of the virulence factors. In this review, on the basis of studies using gene-deficient mutants
of C. neoformans and animal infection models, we outline the signal transduction pathways
involved in the regulation of virulence factors.

Keywords: Cryptococcus neoformans, fungus, host factor, infection, pathogenicity, signal

transduction pathway

1. Introduction

Several fungi cause various serious infections in
immunocompromised patients, such as those taking
immunosuppressive drugs to receive organ transplants
and AIDS patients. Cryptococcus neoformans is an
opportunistic fungal pathogen that causes respiratory
diseases and cerebral meningitis (/-4). Cerebral
meningitis is highly lethal and a main cause of death
in AIDS patients (3). C. neoformans infects humans
through carrier animals such as pigeons, and enters into
the human blood via the nasal passages or wound sites
(5). Immune cells in the human body are involved in
eliminating C. neoformans. To resist immune systems,
C. neoformans produces virulence factors such as a
polysaccharide capsule and melanin (6).

A polysaccharide capsule surrounds the C.
neoformans cell, thereby preventing phagocytosis,
blocking antigen presentation to T cells, suppressing
inflammatory cytokine production, and depleting

*Address correspondence to:

Dr. Yasuhiko Matsumoto, Department of Microbiology, Meiji
Pharmaceutical University, 2-522-1, Noshio, Kiyose, Tokyo
204-8588, Japan.

E-mail: ymatsumoto@my-pharm.ac.jp

complement proteins (Figure 1) (7,8). Melanin is a
polymer produced via catecholamine oxidation that
accumulates in the cell wall of C. neoformans (9).
Melanin protects against the oxidants produced by
immune cells and decreases the porosity of the cell
wall (Figure 1) (9-12). The melanin-induced decreased
porosity of the cell wall plays an important role in the
cell wall barrier function against host immune systems
(12). Both production of the capsule and melanin by
C. neoformans contributes to its escape from host
immunity (/3). Gene-deficient C. neoformans mutants
unable to produce the capsule and melanin exhibit
reduced mouse-killing ability (/4,75). Therefore,
regulation of the capsule and melanin production
by C. neoformans is important for controlling its
pathogenicity (16,17).

C. neoformans controls the growth and expression of
its virulence factors in response to the host environment
(16,17). It adapts to the host environment by regulating
the expression of various genes in response to changes
in environmental components such as sugars, amino
acids, and metals (/8).

In this review, we outline the signal transduction
pathways involved in the pathogenicity of C. neoformans
and the host factors that affect the activation of these
signal transduction pathways.

www.ddtjournal.com
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- Protects against oxidants produced by immune cells
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Figure 1. Functions of capsule and melanin in C. neoformans. C. neoformans produces a capsule and melanin for escaping
host defense systems. The capsule contributes to preventing phagocytosis, blocking antigen presentation to T cells, and depleting
complement. Melanin is involved in protecting against the oxidants produced by immune cells and decreasing cell wall porosity. C.
neoformans cells are surrounded by a capsule layer and the cell wall is coated with melanin.

2. Signal transduction pathways related to the
pathogenicity of Cryptococcus neoformans

C. neoformans regulates signal transduction pathways
for infection in immunocompromised humans. This
review focuses on the calcineurin, G-protein alpha 1
subunit (Gpal)-cAMP, and protein kinase C 1 (Pkcl)-
mitogen-activated protein kinase (MAPK) pathways,
because genetic studies indicate that these three
signal transduction pathways are required for the
pathogenicity of C. neoformans (Figure 2).

2.1. Calcineurin signal transduction pathway (Figure
24)

Calcineurin, a serine/threonine phosphatase, is present
in all eukaryotes and plays an important role in the
calcium-dependent signal transduction pathway (/9).
C. neoformans has a calcineurin signal transduction
pathway and requires calcineurin for growth at 37°C,
which is human body temperature (/7,20). In C.
neoformans, calcineurin comprises Cnal and Cnbl.
Calcium-bound calmodulin 1 (Caml) forms a complex
with Cnal and Cnbl by binding to the C-terminal
region of Cnal (/7). The cnal gene-deficient C.
neoformans mutant exhibits reduced pathogenicity
in several animals, such as nematodes (C. elegans),
wax moths (G. mellonella), silkworms (Bombyx
mori), and mice (16,21-25). Therefore, the calcineurin
signal transduction pathway plays an important role
in the pathogenicity of C. neoformans by allowing
C. neoformans to adapt to the host body temperature.
Activated calcineurin complex dephosphorylates the
transcription factor Crz1, which then transfers from the
cytoplasm to the nucleus to regulate gene expression
(26). Therefore, transcriptional regulation by Crzl
functions in the calcineurin signal transduction pathway
in C. neoformans (26). In a Galleria mellonella

infection model, crz/ gene-deficient C. neoformans
mutants exhibit reduced pathogenicity.

The cnal and crz/ gene-deficient C. neoformans
mutants are sensitive to Congo red, an agent that
induces stress to the cell wall, and the detergent sodium
dodecyl sulfate, an agent that disrupts cell membranes
(26). Therefore, the calcineurin signal transduction
pathway regulates gene expression via the transcription
factor Crzl to protect against high temperatures,
cell wall stress, and membrane damage in the host
environment; and the regulatory system is required for
the pathogenicity of C. neoformans.

2.2. Gpal-cAMP signal transduction pathway (Figure
2B)

G-protein coupled receptors (GPCRs) respond to
various stimuli, and downstream signaling molecules
are regulated by G-protein activation (27). C.
neoformans has several GPCRs on the cell membrane
surface (/8). Gpal is the alpha subunit of the G protein
and is required for C. neoformans pathogenicity (28).
Gpal binds to adenylyl cyclase (Cacl) and increases
its enzymatic activity (/7). Cacl produces cAMP from
ATP (17). The increase in the intracellular cAMP levels
leads to increased cAMP binding with the protein kinase
regulatory (Pkr) protein (/7). Pkr binds to protein
kinase A1 (Pkal), and dissociates from Pkal by binding
to cAMP (27). The dissociated Pkal phosphorylates the
transcription factors neuregulin 1 (Nrgl) and Rim101
(27). Phosphorylated Nrgl and Rim101 regulate gene
expression and promote the synthesis of melanin and
the polysaccharide capsule (27). C. neoformans mutants
deficient for gpal, pkal, cacl, or nrgl have reduced
pathogenicity in mice (28-37). On the other hand, C.
neoformans mutants deficient for 7im101 do not exhibit
increased pathogenicity in an intranasal mouse infection
model (32). Therefore, Nrgl, but not Rim101, may play

www.ddtjournal.com
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Figure 2. Signal transduction pathways related to the pathogenicity of C. neoformans. A. Calcineurin signal transduction
pathway. Calcineurin (Cnal and Cnbl proteins) form a complex with calcium-bound Caml protein and dephosphorylates
transcription factor Crzl. Dephosphorylated Crzl regulates gene expression for resistance to high temperature, cell membrane
damage, and cell wall damage. B. Gpal-cAMP signal transduction pathway. Gpal protein activates Cacl adenylyl cyclase, which
produces cATP from ATP. Intracellular cAMP binds to Pkr and releases Pkal from the Pkr and Pkal complex. The dissociated
Pkal phosphorylates transcription factor Nrgl, which promotes the synthesis of melanin and the polysaccharide capsule. C. Plc1-
MAPK signal transduction pathway. Plcl degrades from PIP2 to diacylglycerol (DAG) and the produced DAG activates Pkcl
kinase, which triggers activation of the MAPK signal transduction pathway. Mpkl1 is involved in the synthesis of melanin and the

polysaccharide capsule.

an important role in the pathogenicity of C. neoformans
in the Gpal-cAMP signal transduction pathway.

2.3. Pkcl-MAPK signal transduction pathway (Figure
20)

Phosphatidylinositol (PI) and phosphatidylinositol
diphosphate (PIP2) are lipids involved in various
signal transduction pathways (/7). C. neoformans also
uses the lipid-mediated signal transduction pathway
(17). PIP2, but not PI, is degraded into diacylglycerol
(DAG) by phospholipase Plcl (33). The increase in the
intracellular DAG levels leads to the phosphorylation
of the MAPK kinase kinase Bckl by the PKC Pkcl
(17,34,35). Phosphorylated Bckl phosphorylates
Mkk2, a MAPK kinase (/7,34). Phosphorylated Mkk2
phosphorylates Mpkl, a MAPK (/7,34). Mpkl is a
phosphorylation enzyme involved in the synthesis of

melanin and the polysaccharide capsule, and is required
for the pathogenicity of C. neoformans (36). The plcl
gene-deficient C. neoformans mutant exhibits decreased
pathogenicity in invertebrate infection models (e.g.,
Caenorhabditis elegans and Galleria mellonella) (37,33).
The mpkl gene-deficient C. neoformans mutant has
reduced pathogenicity in mice infected via injection
into the lateral tail vein (36). Therefore, the Pkcl-
MAPK signal transduction pathway is essential for
C. neoformans pathogenicity and is regulated by the
intracellular levels of DAG, a lipid intermediator.

3. Environmental components related to the
pathogenicity of Cryptococcus neoformans

Signal transduction pathways in C. neoformans are
promoted by environmental components, including host
factors (Table 1).

www.ddtjournal.com
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Table 1. Molecules that trigger signal transduction pathways related to the pathogenicity of C. neoformans

Signaling pathways Calcineurin Gpal-cAMP Pkcl-MAPK
Triggering molecules Calcium Glucose Inositol
Inositol Methionine
ITron

Carbon dioxide

3.1. Sugars

Glucose is a major carbon source for cells and is
abundant in the human body. C. neoformans grows
using glucose as a carbon source, and regulates the
expression of virulence factors according to the
glucose concentration in the environment. Glucose is a
substrate for the capsule in C. neoformans. Moreover,
glucose induces the cAMP pathway by activating Pka
in C. neoformans (38). Therefore, factors that regulate
glucose recognition and utilization may be involved in
the C. neoformans pathogenicity. Gpr4, a receptor, and
Hxt1, a hexose transporter, may regulate the recognition
and utilization of glucose in C. neoformans. The gpr4
gene-deficient C. neoformans mutant, however, does
not exhibit reduced pathogenicity in mice (39). The Axt/
gene-deficient C. neoformans mutant exhibits normal
pathogenicity in a C. elegans infection model (40).
Hxsl is a high-affinity glucose transporter required for
cell growth in low glucose conditions (47). The Axsl
gene-deficient C. neoformans mutant exhibits reduced
pathogenicity in a mouse intranasal infection model
(41). Although Hxs1 contributes to melanin production,
the molecular relationship between glucose transport
mediated by Hxsl and signal transduction pathways is
unclear. The identification of factors that recognize or
utilize glucose for modulating the pathogenicity of C.
neoformans is an important subject for future studies.

Inositol is a sugar that many organisms can
synthesize from glucose. Inositol is abundant in the
human brain and is used for osmotic regulation in
neuronal cells. C. neoformans recognizes inositol in the
human brain to increase the efficiency of its blood-brain
barrier penetration (42). In C. neoformans, inositol is
taken up into cells via the inositol transporters ITR1a
and ITR3c. C. neoformans mutants deficient for both
itrla and itr3c exhibit reduced pathogenicity in a
mouse systemic infection model (43). Inositol activates
calcineurin and MAPK signal transduction pathways
after conversion to PI and PIP, (/8). Therefore, inositol
in the human brain is a host factor that enhances the
pathogenicity of C. neoformans.

3.2. Methionine

Methionine, an amino acid, is used by all organisms
for protein synthesis and abundantly exists in the
human body. In C. neoformans, methionine activates
the cAMP signal transduction pathway by increasing

the intracellular cAMP concentration (39). Gpr4
is a candidate molecule for increasing the cAMP
concentration via the recognition of methionine. The
gpr4 gene-deficient C. neoformans mutant has a
decreased cellular cAMP concentration and decreased
capsule production (39). On the other hand, the gpr4
gene-deficient C. neoformans mutant does not have
reduced pathogenicity in mice (39). These findings
suggest that gpr4 contributes to the methionine
response, but is not necessary for C. neoformans
pathogenicity. Further studies are needed to investigate
the gene(s) required for a response to environmental
methionine and to clarify the contribution of methionine
to C. neoformans pathogenicity using gene-deficient
mutants.

3.3. Metals

Calcium is an essential metal for organisms and
has various roles as an enzyme activator and signal
transmitter. Microorganisms adapt to host environments
via calcium recognition and utilization. In C.
neoformans, calcium binds to Caml, and the calcium-
bound Cam! forms a complex with calcineurin, leading
to activation of the calcineurin signal transduction
pathway (/7). The caml gene is required for C.
neoformans growth (44). Therefore, calcium recognition
by Caml is important not only for controlling
pathogenicity, but also for utilizing the calcium required
for survival. Moreover, the intracellular calcium
concentration in C. neoformans is increased by inositol
uptake. Activation of the calcineurin signal transduction
pathway by inositol may be associated with calcium
recognition via Caml (/7).

Iron is required for cell growth in organisms and
is abundant in human blood. C. neoformans alters
the expression of various genes, including those
involved in capsule synthesis, in response to the iron
concentration in the environment (45). Iron binds to the
transcription factor Cirl and alters its transcriptional
activity in C. neoformans. In cirl gene-deficient C.
neoformans mutants, almost all of the gene expression
changes caused by iron do not occur and capsule
production decreases (45). Comprehensive gene
expression analysis using a cirl gene-deficient mutant
revealed that Cirl increases the expression of genes
encoding many GPCRs and the cacl gene, resulting
in activation of the cAMP pathway (45). Furthermore,
the cirl gene-deficient C. neoformans mutant exhibits

www.ddtjournal.com
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reduced pathogenicity in a mouse systemic infection
model (45). Thus, iron is a host factor that regulates the
C. neoformans pathogenicity, and Cirl is an important
factor in its recognition.

3.4. Carbon dioxide (CO,)

CO, is produced by respiration and is abundant in
the human body. CO, regulates capsule formation in
C. neoformans (46). C. neoformans absorbs CO, and
converts it to HCO; by the -carbonic anhydrase Can2.
HCOj; binds to the adenylyl cyclase Cacl and increases
enzyme activity. Activated Cacl increases intracellular
cAMP, which leads to activation of the cAMP pathway.
On the other hand, while the can2 gene is required
for growth under environmental CO, concentrations
(0.036% CO,), it is not required for growth at human
body CO, concentrations (5% CO,) (47). Moreover,
the can2 gene does not contribute to C. neoformans
pathogenicity in mice (47). The identification of
molecules that modulate pathogenicity under various
CO, concentrations in the human body requires further
study.

4. Conclusion

In this review, we described the pathogenic regulatory
mechanisms of C. neoformans, focusing on the
molecules necessary for host infection in humans.
C. neoformans controls virulence in the host through
the recognition of host factors. The contributions
of several molecules to the pathogenicity of C.
neoformans have not yet been elucidated in animal
infection models. Infection models for evaluating C.
neoformans pathogenicity have been established. The
gpal and pkal gene-deficient C. neoformans mutants
exhibit reduced pathogenicity in invertebrate animals,
such as nematodes, wax moths, and silkworms (22-
24). Therefore, the importance of the Gpal-cAMP
signaling pathway for C. neoformans pathogenicity
can be evaluated in invertebrate infection experiments.
The requirement of certain factors for recognizing the
host environment to control the pathogenicity of C.
neoformans can be clarified in future studies using
invertebrate infection models.
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Summary

Patient narratives of adverse drug events (ADEs) often differ from the symptoms listed
on the package inserts of pharmaceutical products using common ADE terminology and
could be a source of great comfort to patients with the same disease. To explore this idea,
we analyzed written narratives obtained from 48 patients with breast cancer using the NPO
Corporation Database of Individual Patients' Experiences, Japan (DIPEx-Japan). Our
analysis aimed to determine the utility of an "Adverse Drug Event Database' for use in
clinical settings as a novel source of disease information in patients' own words. An analysis
of transcripts from 29 patients, in which they recounted their treatment drugs and the time
of onset and duration of ADEs in great detail, revealed several discrepancies between the
language they used to describe various side effects and the standard ADE terminology on
package inserts. We conclude that the language used to describe ADEs on package inserts
is insufficient for helping patients as they struggle to recognize, internalize, and overcome
ADEs, and argue the need for available, detailed information in the words of real patients
about the nature of the ADEs predicted, as well as their clinical course and duration.
Such information would be invaluable in supplementing the standardized language used
on package inserts. Databases of patients' narrative accounts of ADEs are needed as
information sources that can be reliably disseminated among patients.

Keywords: Package inserts, qualitative research, ADE, DIPEx-Japan

1. Introduction

Information on adverse drug events (ADEs) used to be
available only from papers published by corporations
and medical professionals such as doctors and
pharmacists. However, since 1993, when the US Food
and Drug Administration instituted a program allowing
patients to submit ADEs directly to the organization,
similar patient ADE reporting systems have been
introduced in various countries. Japan began testing its
own patient ADE reporting system in March 2012 and
the program is currently operational (/). Factors driving
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Management, Graduate School of Pharmaceutical Sciences,
University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-
0033, Japan.
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the introduction of ADE reporting systems include a
tendency for doctors to fail to report ADEs, even when
a patient's remarks strongly suggest an association with
a treatment or drug (2,3), and a tendency for medical
professionals to underestimate the degree and severity
of ADEs (4). In addition, patients are often the first
to discover side effects; certainly, they are the most
sensitive to changes in their own bodies and their
concern levels about these changes are the highest.
Furthermore, their lack of expert-level knowledge about
pharmaceuticals, paradoxically, better equips them to
detect unknown and unforeseen events than medical
professionals.

Nonetheless, the appropriate organization, analysis,
and encoding of the vast amount of data collected in
these ADE reporting systems remain to be addressed.
In other words, the interpretation of the ADE-
related information provided by patients with diverse
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backgrounds by medical professionals and government
experts continues to be a challenge. Studies have
cautioned that the risk of discrepancies arising in ADE
data with respect to the symptoms actually experienced
by patients is high, particularly at the encoding stage
(5,6).

In recent years, these issues and concerns have
driven research interest in so-called "patient-reported
outcomes" (PROs), i.e., side effects as directly evaluated
by patients, especially in cancer pharmacotherapy
(7). ADEs are usually evaluated using the Common
Terminology Criteria for Adverse Events (CTCAE) (8).
Corresponding guidelines, in the form of the Patient-
Reported Outcomes Version of the CTCAE (PRO-
CTCAE), have been developed and published for PROs
(9). This assessment tool covers 124 labels across 78
different adverse events, describing their potential
frequency, intensity, and impairment of daily living using
standardized terminology.

Systematically collecting ADE-related information
in a patient-centric fashion seems a useful idea.
Pharmaceutical package inserts describe ADEs using
standardized medical terminology; narrative accounts,
in which side effects and symptoms may be expressed
in quite different terms, could be a great help to people
with the same disease. To examine this idea, we
analyzed a database of patient narratives maintained by
the NPO Corporation Database of Individual Patients'
Experiences, Japan (DIPEx-Japan) (/0); the database
provides free, reliable information about health issues
by sharing patients' real-life experiences.

DIPEx-Japan contains narrative clips (auditory
clips and or video clips) and documents presenting the
thoughts and feelings of patients with various diseases
and their families in a wide variety of settings, such as
during diagnosis, treatment selection, and treatment, as
well as side effect experiences. One feature of the data
is its high reliability; individuals' stories are collected
with the approval of DIPEx-Japan's internal ethics
committee and advisory council from the start of the
project to online publication. In the present study, using
DIPEx-Japan's "Breast Cancer Story Database" (17), we
evaluated how patients with breast cancer's descriptions
of side effects compared and contrasted with the official
ADEs (and initial symptoms) listed on the package
inserts of the medications they were taking, as well as
how perceptions of the events varied among patients (z.e.,
in terms of the language used). We further assessed the
utility of a hypothetical "Adverse Drug Event Database"
for use in clinical settings as a novel source of disease
information in breast cancer survivors' own words.

2. Methods
2.1. Data used in analysis

The original dataset consisted of narrative text data

(i.e., transcripts) from survivors of breast and prostate
cancer collected as part of A "Patient Stories" Database
for Cancer Survivors Aimed at Instituting a Support
System to Allow Cancer Patients to Choose Treatments
More Independently," a 2007-2009 clinical cancer
research project funded by Japan's Ministry of Health
(Principal Investigator: Dr. Emiko Wada). Our analysis
was confined to the transcripts of 48 patients with breast
cancer.

Narrative content pertaining to adverse events
or treatment was extracted and encoded into ADE
categories (in patients' words). In addition to treatment
history, the variables described below were encoded:

1. Patient ID: Internal identification number of the
patient speaking about the side effect(s);

2. Adverse Events: Official ADEs listed on package
insert(s) thought to match the patient's subjective
symptoms;

3. Drug (Treatment): Name of the medication taken
(or treatment received) by the patient at the time of
subjective symptom onset (input as Unknown when
uncertain);

4. Causality: Four-step rating of the causal link
between the drug and the treatment received, according
to the patient's description of their symptoms (Table S1,
http://www.ddtjournal.com/action/getSupplementalData.
php?ID=46);

5. Listed on Package Insert: How well the side effects
experienced corresponded to the actual descriptions
of events in the drug or treatment in package insert;
also rated on a four-step scale (Table S2, http://
www.ddtjournal.com/action/getSupplementalData.
php?ID=46).

The Common Terminology Criteria for Adverse
Events (CTCAE) v4.0 (Japanese version) (/2) was
used to classify the potential adverse events listed on
the package insert. Two researchers separately read and
labeled the individual transcripts, indicating information
which could be registered under these variables. The
labels for which a consensus was reached were compiled
into the final dataset.

We adopted several conventions for reporting the
results. Drugs and medications are referred to using
their standard terminology, but quotations are reported
verbatim (i.e. in the patients' own words) and included
in the tables. The quotations in the tables (Tables 1,2
Tables S3, S4, http://www.ddtjournal.com/action/
getSupplementalData.php?ID=46) are labeled with
serial numbers corresponding to the 29 patients whose
interviews were analyzed. In addition, since we did
not analyze sentiment, interjections (umm, wow, etc.)
that impeded reading were deleted, unless essential for
context.

2.2. Ethical considerations

Our study was approved by the DIPEx-Japan Ethics
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Committee (ID: 2012-1), on condition that we use
only anonymized data from the original DIPEx-Japan
database (Story Archive).

3. Results

The interviews conducted to construct DIPEx-Japan's
Story Archive were not designed with the specific
intention of obtaining information about chemotherapy.
Nonetheless, our analysis of the narrative data revealed
that 29 of the 48 patients with breast cancer spoke at
great length about their treatment drugs, medication
history, and the timing and presentation of their adverse
events. Four had received pre-and post-operative
chemotherapy and 16 had received postoperative
radiation therapy as well. Moreover, "almost certain"
causality was identified between drugs and events in
212 records. Tables S3 and S4 (http://www.ddtjournal.
com/action/getSupplementalData.php?1D=46) contain
representative excerpts of dialogue supporting drug-
event causality with this high level of confidence (i.e.,
causality ranked as "almost certain": see Table 2), in

which the patient's language matched the description of
the ADEs on the package insert of the drug or treatment
in question. The varied language they used to describe
their side effects provided a level of detail unknowable
from the standard ADE terminology on package inserts.
We present the remarks of patients taking paclitaxel
concerning the side effect "paresthesia" as an example
(Table 1).

However, in many cases, drug-event causality was not
clearly evident from patients' narratives alone. Although
we did not identify any "new" ADEs per se, several
patients who had undergone combination chemotherapy
(specifically, fluorouracil/epirubicin/cyclophosphamide
[FEC or CEF], adriamycin/cyclophosphamide [AC],
and trastuzumab/docetaxel [TRASTU/DTX] therapy)
complained of hyperosmia (a heightened sense of smell),
which was not listed among the potential reactions in
their respective package inserts (Table 2). We searched a
database of symptom reports associated with suspected
ADEs published by the Pharmaceuticals and Medical
Devices Agency, an independent administrative entity,
for entries that resembled the patients' reports of

Table 1. Examples of characteristic narratives of patients with breast cancer concerning paresthesia induced by paclitaxel
(or taxol)

No.

Narratives

Drug name

20

20

24

There was tingling [in my arms] from the wrists down [especially in my fingertips] ... and from my lower knee down [in
my legs]. The sensation was as if I had put my legs into an electric bath. I lose feeling in my legs when I sit seiza-style (i.e.
kneeling upright on the ground). 1t feels like the sensation that you get when feeling starts to return to your leg after it's
fallen asleep, but it started at the knee first, then spread downward. It doesn't go away, even when

I try to sleep. At its worst, I just can't stay asleep, because the pins and needles wake me up after I've been lying down
for about an hour.

Let's say I rank how intense the tingling is from 0 to 10. From a starting point of 0, it would rise to a peak and then fall,
but never back to 0, it would continue at 1. When I got my next [chemotherapy] shot, the tingling started at 1, then rose
and fell again as if tracing a mountain. But this time it didn't go back to 1, it stayed at around 1.5 or 2 ... My side effects
multiplied like dust as the courses of chemo piled up. [The intensity] remained at around 2, even after four courses.

My hands and feet got increasingly numb. It's been 31 months since my surgery, but my first finger joints on both hands,
my fingertips, and the bottoms of my toes are still numb ... When I got out of bed in the morning and planted my feet
on the ground, there was this numb sensation, as if I were walking on top of something. I couldn't feel anything when I
pushed down on the gas pedal when driving either. Gradually, I lost all feeling on the soles of my feet, from about the
balls of my feet to the toes: it feels unpleasant.

I can't feel anything when I walk barefoot on wooden flooring, either.

[T have some] numbness in my fingertips. It's hard to keep a grip when I pour miso soup into a bowl, I feel like I'm
going to drop something.

I can't do tasks that require fine motor control of the fingers, or nerve feedback: it's difficult to open beer bottles, to
put on a necklace, to press buttons, efc. It's like this constant tingling in the fingertips. [It] feels a little hot.

I felt that the numbness got worse quickly, even after finishing chemo. I started to have trouble doing various activities,
and it became harder to, for example, pinch my fingers together.

It's been 5 months since I finished chemo, but my hands and feet still feel numb, and my fingertips still hurt. [Always
pins and needles.] I gradually lost feeling in my legs, from about my thighs down to my feet. Even today, I can barely
feel the soles of my feet; [when I touch them,] it feels like someone is scratching them through rubber-soled boots.

And yet when my feet bump into something, or someone steps on them, it's so painful I want to jump in the air.

I lost feeling [in my arms], [the numbness] gradually spreading from ... the shoulder area down to my fingertips. My
fingers too: I have a little trouble when I try to clench my hands very forcefully. I feel like I can't take the caps off bottles,
pick up slender objects, do handicrafts, and so on.

My hands and feet would start tingling continuously. The numbness would continue for a while after I'd been sitting
seiza-style, even after I started walking.

Taxol

Taxol

Paclitaxel

Taxol
(weekly)

Taxol
(weekly)

Taxol
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Table 2. Examples of characteristic narratives of patients with breast cancer about a ""heightened sense of smell"

No. Narratives Treatment
7 I became very sensitive to smells. This was a side effect of the chemotherapy; it was the worst for 3-4 days [after =~ FEC
treatment].
I couldn't handle a lot of smells — the smell when the nurse went past, of her shampoo, of the toilet of the hospital — all
of them bothered me.
12 On the third day, I really couldn't tolerate any odors, it felt like I was pregnant or something. FEC
28 My sense of smell was inhuman, like an animal's. I couldn't tolerate the smell of the hospital, the smell of meals, the ~ AC
smell of tea. Smells were my arch-enemy, so much so that I wished for them all to disappear from the face of the earth.
‘When you can't tolerate smells, you can't eat food.
Thousands of times worse than morning sickness (laughter), thousands of times worse. I developed a keen sense of
smell. Most of all, I don't know if it was the medicine, but I remember that I really stank afterwards.
23 Conversely, I got increasingly sensitive to smell after the third round of chemo. [Whenever I wanted to eat something,] = TRASTU/
the first thing I did was to smell it. Sometimes it would smell delicious, sometimes it would smell a bit unappetizing. =~ DTX

After I ate something, the smell leaving my nose would make me think, "Oh I like the way this smells", or "Maybe I
don't."

Table 3. Characteristic narratives of patients with breast cancer concerning information on adverse drug events

Category

Narratives

Information about rarely
occurring adverse drug events

Reference material to determine
whether side effects are
reactions to chemotherapy, or
symptoms of cancer progression

[Vascular pain] affects very, very few people who take [Pharmorubicin]. It's not listed as a potential side effect in
the information sheet that the hospital gave me. I was surprised to experience this [wide] variation from person to
person.

Even [assuming an incidence of] 0.1%, I think you'd likely find quite a few people like me if you searched all of
Japan. It took a year and a half before they figured out that I had developed interstitial pneumonia as a side effect of
the hormone drug [I was taking]. I think there are others in the country who still don't know that it's [a potential side
effect].

Xeloda's side effects were absolutely terrible. I started to wonder,

"When I received preoperative chemotherapy [adriamycint+docetaxel], I was active enough to walk and go out
almost every day: why do I feel so terrible now?" Was something about my own body causing this, rather than the
drug? I felt that I couldn't tell what was the medicine's fault and what wasn't.

For example, there are times when the chemo causes a bunch of side effects, and you think, "Is this a side effect?

Or did the cancer spread?" It's very true, something starts hurting and you think, "Could this be cancer?"
There was nowhere I could ask anyone about those kinds of things.

Information about side-effect
severity, timing, duration, time
profile, cure availability, and
countermeasures

The instructions document did note numbness [as a side effect of] the weekly paclitaxel. But what was written there
was like, please be careful not to trip and stumble. The information wasn't clear about the healing process either:
how long it would take to get better, or the available treatments.

If I just knew how long the side effects would last — the joint pain, the muscle pain, the red spots on my face — I

could tolerate them.

olfactory disturbance. Although we could find none
for the combination drugs FEC/CEF and AC, we noted
three cases for TRASTU/DTX: one of hyposmia (2007)
and two of parosmia (2011 and 2012) (/3). Thus, the
side effects spoken of by several patients had similar
symptomology to that of anosmia. This ADE was likely
omitted from the package inserts because of its extremely
low incidence. However, our patients' stories suggest that
it was indeed an adverse event to chemotherapy drugs,
something we would not have known had it not been for
their narrative accounts.

Some patients also noted a desire for detailed
information about the potential side effects of
chemotherapy, although they were few in number.

They said that they wanted more information about
rarely occurring ADEs, as well as their severity,
timing, duration, time profile, cure availability, and
countermeasures, and reference material to help them
determine whether their side effects were reactions
to chemotherapy or symptoms of cancer progression
(Table 3). In addition, some patients learned about
treatment efficacy and side effects via patient networking
groups and internet blogs, as well as from the detailed
instructions they received from nurses and pharmacists.

4. Discussion

Our analysis of narrative data from 29 breast cancer
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survivors identified discrepancies between the ADEs
listed on package inserts and the side effects described
by the patients. We are aware of a variety of issues
associated with our methodology. The study was not
prospective: since interviewees had undergone different
types of therapies and interview questions were not
restricted to medication, their symptom narratives were
likely affected by factors besides the drugs they were
taking. These limitations notwithstanding, our study
represents a novel attempt to extract information about
drug events from individual patient dialogues in an
existing database.

When planning this study, we predicted that patients'
concerns about symptoms — e.g. "Does the side effect 'm
experiencing now correspond to those in the medication's
instructions?", "Am I the only one with this adverse
event?", and "Is my condition getting worse?" — would
not be adequately allayed by the bulk of the information
provided today. We successfully identified discrepancies
between the diverse array of symptomatic events
described by patients and the incomplete descriptions on
current package inserts.

Let us consider the language patients used to describe
the side effect "paresthesia," an adverse event to paclitaxel
mentioned by many patients. Interviewees described their
symptoms using colorful and evocative language:

- The sensation was as if I had put my legs into an
electric bath.

- I couldn't feel anything when I pushed down on the gas
pedal when driving either.

- Even today, I can barely feel the soles of my feet, [when
I touch them,] it feels like someone is scratching them
through rubber-soled boots. And yet when my feet bump
into something, or someone steps on them, it's so painful
I 'want to jump in the air.

Readers can readily understand and/or determine the
characteristics of the symptom paresthesia based on these
patients' real-life experiences.

In addition, patients spoke in great detail about the
various side effects they experienced:

1) Body parts

- There was tingling [in my arms] from the wrists down
[especially in my fingertips] ... and from my lower knee
down [in my legs].

- Gradually, I lost all feeling in the soles of my feet, from
about the balls of my feet to the toes.

- I gradually lost feeling in my legs, from about my thighs
down to my feet.

2) Conditions

- ... as if I had put my legs into an electric bath.

- I lose feeling in my legs when I sit seiza-style (i.e.,
kneeling upright on the ground). It felt like the sensation
that you get when feeling starts to return to your leg after

it's fallen asleep ...

3) Severity

- From a starting point of 0, [the tingling] would rise to a
peak and then fall, but never back to 0, it would continue
atl.

- My side effects multiplied like flies as the courses of
chemo piled up. [The intensity] remained around 2, even
after four courses.

4) Duration

- It's been 31 months since my surgery, but my first finger
Joints on both hands, my fingertips, and the bottoms of
my toes are still numb.

Paclitaxel package inserts describe adverse events
using language such as "peripheral neuropathy, paralysis"
and "hypoesthesia (peripheral neuropathy, such as
paresthesia)." These descriptions lack information
about the qualities of this "paresthesia," as well as its
approximate onset and duration and the affected body
part(s). One could thus expect many patients to be
overwhelmed by anxiety, unable to foresee the exact side
effects they should expect based on the language used
in the current package inserts. In fact, a similar unease
was apparent in the narratives of some patients when
they relayed their feelings about the ADE information
provided (Table 3). We conclude that the language used
to describe ADEs on package inserts is insufficient to
help patients as they struggle to recognize, internalize,
and overcome drug-related side effects, especially in
cancer chemotherapy settings. Detailed information in
the words of real patients about the nature of the adverse
events predicted, as well as their clinical course and
duration, would have inestimable value in supplementing
the standardized language used on package inserts.

Patient networking events, social networking
services, and a variety of hospital-specific initiatives
have separately been demonstrated as useful ways to
gather information about individual patients. However,
due to the risk of individual differences arising during
data collection, we are convinced of the need to construct
a database of patients' narrative accounts of ADEs as a
source of information that can be reliably disseminated
among patients.

We also discovered a variety of issues with our
research methodology. Patient reflections were the
source of the narrative data analyzed in this study. The
interview structure was designed to allow participants
to freely recount their personal experiences; it was not
designed to investigate ADEs specifically. This made it
challenging to identify the exact drug alluded to in many
of the dialogues. Future studies will have the difficult
task of determining causal links between different
adverse events and individual medications. We believe
that modifying the interview format to specifically obtain
information about medications and ADEs is a necessary
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step toward establishing clear causality between the
drugs and their alleged side effects described in a
narrative. This could be achieved by asking patients
the name of their drug at the same time as asking them
to describe their side effects and by checking which
medications they have taken based on their medicine
notebook and other sources.

Future efforts should add specific interview items
that can clearly isolate events to drugs — e.g., by
establishing an independent line of questioning about
chemo- and hormone therapy for about 10 min of the
total interview — and identify and confirm with patients
which medications they were actually taking using drug
history handbooks and information packages. These new
approaches could better explain the associations and
gaps between patient narratives and the official ADEs
described on package inserts.

Researchers of this topic should consider developing
a specialized archive specific to adverse events to
chemotherapy drugs, such as a hypothetical "Stories
about Side Effects of Chemotherapy" database. With
the assistance of patient caregivers (including family
members) and medical professionals such as attending
doctors, pharmacists, and nurses, this strategy could
galvanize the construction of a highly accurate database,
containing information about prescriptions, nursing care,
drug history, and daily living environments. Furthermore,
the utility of such a chemotherapy-specific archive for
patients and related parties dealing with pharmacotherapy
must be evaluated and validated. Jarernsiripornkul e?
al. reported that nervous and psychiatric symptoms
and genital and breast diseases are over-represented
in patient accounts of side effects (3). Similar trends
could be present in patient narratives. When evaluating
side effects based on patient accounts, researchers must
base their analysis on the assumption that narrative
information is different in many respects from the ADE
reports of doctors and other professionals.

These limitations notwithstanding, we demonstrated
that real patient accounts of medical treatment include
copious amounts of valuable information that cannot
be discovered from package inserts. Thus, an "Adverse
Drug Event Database" could serve as a useful source of
additional clinical information to supplement the formal,
limited language on package inserts.
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Summary

Traumatic brain injury (TBI) leads to the disruption of blood-brain barrier integrity and
therefore results in increased brain water content (brain edema). Brain edema is a significant
factor for increased intracranial pressure (ICP), which ultimately causes functional disability
and death. The decompressive craniotomy (DC) is a surgical procedure widely used for
treating increased ICP following TBI. The life-saving craniotomy itself results in brain injury.
The objective of this study is to investigate the effect of agomelatine against craniotomy
induced brain injury. The craniotomy was performed by a variable speed micro-motor dental
driller of 0.8 mm drill bit. The present study, in addition to blood-brain permeability, brain
water content (edema) and histological examination of the brain, also estimated locomotor
activity, oxidant, and antioxidant parameters. Results show that the craniotomy induced
increase in the blood-brain barrier permeability, brain water content (edema), oxidative
stress (lipid peroxide and nitric oxide) and impaired antioxidant mechanisms (superoxide
dismutase, catalase, and reduced glutathione) in rats. The craniotomy was also found to
increase neuronal cell death indicated by augmented chromatolysis and impaired locomotor
activity. Administration of agomelatine after the craniotomy ameliorated histopathological,
neurochemical and behavioral consequences of craniotomy. Thus agomelatine is effective
against brain injury caused by craniotomy.

Keywords: Traumatic brain injury, craniotomy, agomelatine, blood-brain barrier permeability,

brain edema, intracranial pressure

1. Introduction

Traumatic brain injury (TBI) is defined as an impairment
of brain functions caused by an external mechanical
impact (/). The mechanical impacts on the brain in TBI
cause fracture of cranial vault bone, which sometimes
depresses into the brain, leads to intracranial bleeding
and hemorrhage within the brain parenchyma (2). This
damage results in extracellular water accumulation due
to blood-brain barrier disruption, sustained intracellular
water collection, osmotic imbalances between blood and
tissue, and obstruction of cerebrospinal fluid outflow.
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This leads to vasogenic, cytotoxic/cellular, osmotic,
and hydrocephalic/interstitial edema, respectively (3).
Cerebral swelling due to edema results in the increased
intracranial pressure (ICP) and the brain herniation,
followed by coma and death (4).

The decompressive craniectomy (DC) is a widely
used neurosurgical treatment for increased ICP following
TBI (9). In DC, a part of the skull is removed to allow
the swell brain to expand without being squeezed.
DC caused brain injury, revealed by morphological,
behavioral, and biochemical changes (6). Thus DC
reduces the mortality, however, it converts fatality into
survival with severe disability (7).

Brain injury results in decrease in the levels of
melatonin receptors subtype 1 (MT,) and 2 (MT,)
(8). An ecarlier report shows that melatonin exerts
neuroprotective effects against brain injury induced by
trauma (9) as well as hypoxic-ischemia (/0). Melatonin
attenuates TBI induced inflammation (//) and preserves
the blood-brain barrier integrity and permeability via
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matrix metalloproteinase-9 inhibition (/2). Additional
studies using different experimental TBI models showed
that melatonin decreases brain edema, blood-brain barrier
permeability, ICP, and neuronal cell death probably
due to inhibition of oxidative stress and the attenuation
of nuclear factor-kappaB (NF-kappaB) (/3-15). MT,,
MT,, and melatonin receptor subtype 3 (MT;) melatonin
receptors had anti-edema effects while MT, and MT,
have a role in protecting the blood-brain barrier (/6).

Agomelatine is the first melatonergic antidepressant.
It is a potent agonist of the melatonin receptors MT,
and MT, and an antagonist at serotonin-2C (5-HT,.)
receptors (/7). Agomelatine enhances adult hippocampal
neurogenesis and increases the expression of several
molecules associated with neuroplasticity (/8,79). The
action of agomelatine on neurogenesis is likely to reside
in its antagonism to the SHT,. receptor (20). However,
until now agomelatine has not been explored for its
neuroprotective activity against craniotomy induced brain
injury. In this study, we hypothesized that agomelatine
might help in faster recovery after craniotomy via
synergistic agonistic action on MT,/MT, and antagonist
on 5-HT,. receptors. Therefore, the present work
evaluates the neuroprotective activity of agomelatine
against craniotomy induced brain injury. In addition to
brain edema and its histological examination, the present
study also includes estimation of locomotor activity,
blood-brain permeability, oxidant and antioxidant
parameters.

2. Materials and Methods
2.1. Animals

Sprague Dawley (SD) rats (n = 90), weighing 250 £+ 10
g, of either sex were used for the study. The animals
were housed 3 per cage in polypropylene cages, and
the environmental conditions of the animal room were
as per a specific design. A 10% air exhaust in the air
conditioning unit was maintained along with a relative
humidity of 60 + 5% and a temperature of 25 + 3°C was
stabilized. A 12 h light/dark cycle was also regulated for
the experimental animals. Food and water provided ad
libitum to the animals during the experimental period.
All experimental protocols were reviewed and accepted
by the Institutional Animal Ethics Committee before the
initiation of the experiment.

2.2. Drugs, reagents, and solvents

Agomelatine (Agoviz) was procured from Abbott,
Mumbai, India. Isoflurane and Evans blue were
purchased from Raman and Weil Pvt. Ltd. (Mumbai,
India) and Sigma Aldrich (Bangalore, India),
respectively. Tris buffer, ethylenediaminetetraacetic
acid (EDTA), Triton X 100, pyrogallol, thiobarbituric
acid (TBA), 5,5-dithiobis (2-nitrobenzoic acid) (DTNB),

naphthylenediamine dihydrochloride, sulphanilic acid,
L-reduced glutathione were purchased from HiMedia
laboratories Pvt. Ltd., Mumbai, India. All the other
solvents and chemicals were purchased from Loba
Chemie (Mumbai, Maharashtra, India).

2.3. Craniotomy

The craniotomy procedure was performed on rats as
demonstrated by Cole et al. (6). Briefly, rats were
anesthetized with 4% isoflurane and maintained with
2% in 98% oxygen. Once anesthetized, the animals were
placed in a prone position with anesthesia delivered
using nosecone. The animal's head and surgical site
were sterilized with the application of 95% ethanol after
shaving. A midline incision on the scalp exposed the
skull. The craniotomy was performed by using a variable
speed micro-motor dental driller of 0.8 mm drill bit.
2.5 mm radius bone flap above the right hemisphere
was carefully drilled. Bone flap was removed, and the
brain was exposed to the normal environment for 4 min
while normal saline was continuously poured. After 4
min of exposure, the bone flap was replaced and secured
with Ethicon bone wax. The incision was sutured, and
Povidone lodine solution was applied to the sutured site.
Animals were returned to recovery cage with sodium
lamp to provide heat and continuously monitored.

2.4. Experimental design

SD rats were divided into five groups with six animals
each. All groups except normal were then subjected to
craniotomy. Normal and craniotomy group rats received
the 0.3% carboxymethylcellulose (CMC) (3 mL/kg,
p-o.) suspension as the vehicle and other three groups
received a single treatment of agomelatine (1, 3, and 10
mg/kg, p.o.) after one h of craniotomy. Alterations in the
behavior of all the animals were assessed using the beam
walking test, and pole test. All animals were sacrificed
and brains were taken out for histopathology, estimation
of brain water content, malondialdehyde (MDA), nitric
oxide (NO), superoxide dismutase (SOD), catalase and
reduced glutathione.

2.5. Behavioral assessment

All behavioral testing was carried out after 24 h of
craniotomy and agomelatine treated animals in a sound
proof room with subdued lighting.

2.5.1. Beam walking test

The beam-walk test was done to measure the loss of
balance and coordination generally seen post-trauma
(21). The surface of a 2.5 x 112 cm wooden beam was
elevated 60 cm above the floor by the wooden support.
A 20 x 25 x 24 cm goal box with a 10 cm opening was
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Tablel. Score for beam walking behavior of rat

Score Observation

1 Rat is unable to place the affected hind paw on the horizontal surface of the beam

2 Rat places the affected hindpaw on the horizontal surface of the beam and maintains balance but is unable to traverse the beam
3 Rat traverses the beam dragging the affected hindpaw

4 Rat traverses the beam and once places the affected hindpaw on the horizontal surface of the beam

5 Rat crosses the beam and places the affected hindpaw on the horizontal surface of the beam to aid less than half its steps

6 Rat uses the affected hindpaw to aid more than half its steps

7 Rat traverses the beam with no more than two footsteps

placed at the one end of the beam. Two trials were given
to each animal with 10 min interval. For each trial, the
rat was placed at the start end of the beam opposite to the
goal box. After two trials, the result was recorded. The
performance was scored on a 7-point scale as mentioned
in Table 1.

2.5.2. Pole test

Pole test was performed using the method described by
Ogata ef al. (22). The time for the rats to descend from
the top of the roughly surfaced pole to the floor was
recorded in all the animals of each group. Pole: 2.5 cm
diameter, 100 cm height with 120 sec cut-off time.

2.6. Estimation of oxidative stress
2.6.1. Assessment of lipid peroxidation

MDA is one of the final products of the lipid
peroxidation (LPO) in the cells. It was estimated
as described in Draper and Hadley (23) with slight
modification. Brain tissue was isolated and the cortex
region was weighed 100 mg. Weighed tissue was
transferred to tubes containing 5 mL Hanks' Balanced
Salt Solution (HBSS) buffer and homogenized in 3
cycles of 30 sec each at 3,000 rpm with 30 sec gap.
Tissue homogenate was centrifuged for 10 min at 3,000
rpm and 25°C. The supernatant was discarded and the
cell pellet was taken. The cell pellet was transferred
into tubes containing 0.2 mL of sodium dodecyl sulfate
(SDS), 1.5 mL of acetic acid, 1.5 mL of TBA and 0.7
mL of MilliQ water. 0.1 mL HBSS was added in control
tubes instead of homogenate. The tubes were kept in
boiling water bath for 1 h. After boiling, 1 mL Milli Q
was added to each tube. 5 mL butanol: pyridine (15:1)
was added to each tube and vortexed for five mins. The
organic layer was centrifuged at 3,000 rpm for 10 min
at 25°C and the amount of MDA formed was measured
by the absorbance of the upper organic layer at 532
nm. The concentration of MDA was calculated in uM/
mg brain tissue using a standard curve prepared with
1,1,3,3-tetracthoxypropane (TEP).

2.6.2. Assessment of nitric oxide

The nitrite level is the marker of nitric oxide (NO).

Nitrite level in brain tissues were estimated using the
method described by Hevel and Marletta (24) with
slight modification. Brain tissue was isolated and 100
mg cortex region was homogenized in 5 mL of ice-
cold phosphate buffer at 3,000 rpm for 2 min in 2
cycles with 30 sec gap. In a separate tube containing
freshly prepared 100 pL of Griess reagent and 2 mL of
phosphate buffer, 300 uL of the homogenized solution
was added. Tubes were incubated at room temperature
for 30 min and absorbance was measured at 548 nm.
The total nitrite concentration was calculated in mM/mg
of tissue from a standard curve prepared with sodium
nitrite.

2.6.3. Assessment of superoxide dismutase (SOD)

The SOD levels were estimated using the method
described by Marklund and Marklund (25) with slight
modification. Brain tissue was isolated, and 100
mg cortex region was homogenized in 4 mL Tris-
EDTA (chilled) buffer by three cycles of 30 sec each
at 3,000 rpm with 30 sec gap. In each tube, 1 mL of
1% Triton-X-100 was added. The tube was vortexed
and incubated for 20 min at 4-8°C. The content was
transferred to microcentrifuge tubes and centrifuged
at 10,000 rpm at 4°C for 30 min. The supernatant
was taken for the spectroscopic analysis. Zero time
absorbance was taken at 420 nm followed by recording
the absorbance reading every 60 sec for 10 min at
25°C. The above-mentioned reaction mixtures without
the brain homogenate served as control. The rate of
increase in absorbance units (A) per minute for the
control and the test sample(s) was determined, and
the percentage inhibition for the test sample(s) was
calculated by the following formula:

% inhibition = {[(AA 4, nM/min),g,o - (AA4y nM/
min),.  J/(AA g DM/Min)gyg} < 100

Units of the SOD activity were expressed as the
amount of enzyme required to inhibit the reduction of
pyrogallol by 50%, and the activity was expressed in
units per g of brain tissue.

2.6.4. Estimation of catalase
The catalase levels were estimated using the method

described by Sinha (26) with slight modifications. Brain
tissue was isolated, and 100 mg cortex region was
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homogenized in 5 mL phosphate buffer at 1,800 rpm in
3 cycles for 30 sec with 30 sec gap each. 1 mL tissue
homogenate was diluted up to 5 mL using phosphate
buffer and from diluted homogenate 1 mL was mixed
with 2 mL of hydrogen peroxide (H,0,) (100 mM) and
absorbance was noted for 0-10 min at 240 nm. Catalase
activity was calculated per min per mg of brain tissue
using the standard curve of H,0O,.

2.6.5. Estimation of reduced glutathione

The reduced glutathione levels were estimated using
the method described by Ellman (27) with slight
modification. Brain tissue was isolated and 100 mg
cortex region was homogenized in 5 mL of ice-cold
phosphate buffer. In tissue homogenate, 0.1 mL of
trichloroacetic acid was added. Centrifuged at 3,900 g
at 25°C for 10 min. 1 mL of the supernatant was mixed
with 1 mL DTNB and 1 mL phosphate buffer. It was
vortexed for 1 min and incubated for 5 min at room
temperature. Absorbance was noted at 412 nm.1 mL
DTNB with 2 mL phosphate buffer was taken as blank.
Reduced glutathione levels were calculated as uM/mg of
brain tissue using a standard curve.

2.7. Estimation of brain water content

The brain water content was used to estimate edema,
which forms as a consequence of the blood-brain barrier
breakdown. Brain water content was estimated using
the method described by Shigeno ez al. (28) with slight
modifications. Briefly, after decapitating the rats, the
brains were removed. The injured hemisphere was
weighed (wet weight), dipped in absolute alcohol for
30 min, dried at 55 + 5°C for 24 h and reweighed (dry
weight). The brain water content was determined by
following equation:

% Brain water content = [(Wet weight — Dry weight)/
wet weight] x 100 and expressed as % brain water
content per 100 gm body weight of the animal.

2.8. Estimation of blood-brain barrier integrity

For estimation of blood-brain barrier integrity, in the rats
of all the groups, Evans blue (2% W/V) was injected
intraperitoneally (2 mg/kg, i.p.) as per Manaenko ef al.
(29) 30 min before craniotomy. All groups except normal
were then subjected to craniotomy. The normal as well
as craniotomy control group were given vehicle (0.3
% CMC) while the other three groups received single
oral administration of agomelatine (1, 3, and 10 mg/
kg). After 24 h, all the animals were anesthetized using
thiopentone sodium (40 mg/kg, i.p.) and transcardially
perfused with ice-cold heparinized saline. The brain
was isolated, and Evans blue in each hemisphere was
estimated as described in Katayama et al. (30) with
slight modifications. Briefly, each hemisphere was

soaked in 0.5 N KOH overnight at 37°C. 2.5 mL of a
mixed solution of 4 N H,PO, and acetone (3:15) was
added to each tube. The tube was vortexed for a minute
and centrifuged at 3,000 rpm for 15 min at 25°C. The
absorbance of the blue layer was taken at 620 nm. Evans
blue concentration in the brain was calculated using the
standard curve prepared from Evans blue.

2.9. Histopathological study

The brain tissues were excised, washed with ice-cold
0.9% saline solution and fixed for 24 h in 10% buffered
formalin for histopathological studies. The tissues were
washed with running tap water to remove any additional
fixative. The tissues were finally cleaned with methyl
benzoate and embedded in paraffin wax after dehydrating
through a graded series of alcohol. Tissue sections of
5 um thickness were cut, deparaffinized and hydrate to
water followed by cresyl violet (0.5% W/V) staining for
3-5 min. After staining tissue sections were dehydrated
and fixed by DPX mountant. Sections were examined
under a light microscope (200x).

2.10. Statistical analysis

Statistical analysis was done using GraphPad Prism 4
(San Diego, California). All the results were expressed
as the mean + SEM (n = 6). All the data were statistically
analyzed by one-way ANOVA, followed by Newman-
Keuls multiple comparisons test. p < 0.05 was considered
statistically significant.

3. Results

3.1. Effect of agomelatine on behavioral performance in
craniotomy rats

Figure 1A illustrates the effect of agomelatine treatment
on the score assessed in beam walking in craniotomy
induced brain injury model. Results were statistically
analyzed using one way ANOVA which indicates
significant differences in score among the different
groups [F (4, 29) = 17.23, p < 0.0001]. In craniotomy
exposed rats, score decreased significantly compared
to the normal control group. A single treatment with
agomelatine increased craniotomy induced decreased
score at all the doses. Agomelatine in all doses showed
significant improvement in performance as compared
with craniotomy group.

Figure 1B depicts the effect of agomelatine treatment
on the performance of rats on pole test in the craniotomy
induced brain injury model. Statistical analysis was done
using one way ANOVA [F (4, 29) = 33.16, p < 0.0001].
A significant difference was found in performance
with pole test between normal and craniotomy animals.
Agomelatine in a dose of 1, 3, and 10 mg/kg had shown
significant improvement in performance compared with
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Figure 1. Effect of agomelatine on motor defects induced
by craniotomy in rats using beam walking test (A) and pole
test (B). Data were expressed as mean + SEM (n = 6). *p <
0.05 compared to normal, @p < 0.05 compared to craniotomy,
ap < 0.05 compared to agomelatine 1 mg/kg using one way
ANOVA (Newman-Keuls multiple comparison test).

the craniotomy group.

3.2. Effect of agomelatine on oxidative stress and
antioxidant parameters

Figure 2A aptly demonstrates the effect of agomelatine
treatment on the level of MDA, a marker of lipid
peroxidation. One-way ANOVA revealed significant
differences in MDA level among various groups [F(4,29)
=12.40; p < 0.0001]. Craniotomy did increase MDA
level in brain significantly while agomelatine treatment
effectively attenuated the craniotomy-induced increase in
LPO at the doses of 3 and 10 mg/kg.

Figure 2B represents the effect of agomelatine
treatment on nitrite level. One-way ANOVA revealed
a significant differences in nitrite level among various
groups [F(4,29) = 6.105; p < 0.005]. It was observed that
craniotomy had increased the nitrite level significantly
and agomelatine treatment attenuated the increased
nitrite level at the doses of 3 and 10 mg/kg.

The results of agomelatine treatment on superoxide
dismutase (SOD) levels in craniotomy induced brain
injury model were analyzed by one-way ANOVA [F
(4,29) = 7.220, p < 0.0005] (Figure 3A). A significant
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Figure 2. Effect of agomelatine on MDA level (LPO) (A)
and nitrite level (B) rats against craniotomy induced brain
injury. Data were expressed as mean = SEM (n = 6). *p <
0.05 compared to normal, @p < 0.05 compared to craniotomy,
ap < 0.05 compared to agomelatine 1 mg/kg using one way
ANOVA (Newman-Keuls multiple comparison test).

decrease in SOD levels was observed in craniotomy
animals compared to the normal. Agomelatine at all the
doses had shown no significant effect on SOD levels
compared to the craniotomy group.

The effect of agomelatine treatment on the catalase
activity in craniotomy induced brain injury model is
shown in Figure 3B. One-way ANOVA revealed a
significant differences in catalase activities between
groups [F(4, 29) = 12.01, p < 0.0001]. Post-hoc analysis
showed that craniotomy significantly increased catalase
activity. Agomelatine (1, 3, and 10 mg/kg, p.o.)
significantly decreased the catalase activity compared to
the craniotomy group.

Figure 3C elucidates the effect of agomelatine
treatment on the reduced glutathione in craniotomy
induced brain injury. The results were analyzed by
one way ANOVA [F(4,29) = 3.361, p < 0.05]. The
significant decrease in reduced glutathione levels was
observed in craniotomy animals as compared to normal
animals. Agomelatine in the dose of 3 and 10 mg/kg had
significantly modulated the reduced glutathione due to
craniotomy.

3.3. Effect of agomelatine on brain water content

Figure 4 illustrates the effect of agomelatine treatment
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Figure 3. Effect of agomelatine on SOD (A), catalase (B) and
reduced glutathione (C) levels in rats against craniotomy
induced brain injury. Data were expressed as mean + SEM
(n=6). *p < 0.05 compared to normal, @p < 0.05 compared to
craniotomy, ?p < 0.05 compared to agomelatine 1 mg/kg using
one way ANOVA (Newman-Keuls multiple comparison test).

on the water content of brain in animals underwent
craniotomy. One-way ANOVA [F(4,29) = 5.753, p <
0.005] showed that the brain water content increased
significantly in the rats undergone craniotomy compared
with normal rats without craniotomy. Brain water content
was attenuated with the agomelatine treatment at all the
doses.

3.4. Effect of agomelatine on blood-brain barrier
integrity

The effect of agomelatine treatment on the Evans blue
concentration in the right brain hemispheres of all the
rats was studied and the results were analyzed by one-
way ANOVA (Figure 5). Significant differences were
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Figure 4. Effect of agomelatine on edema (% brain water
content/100 g of body weight) in rats against craniotomy
induced brain injury. Data were expressed as mean + SEM
(n=6). *p <0.05 compared to normal, @p < 0.05 compared to
craniotomy, 2p < 0.05 compared to agomelatine 1 mg/kg using
one way ANOVA (Newman-Keuls multiple comparison test).
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Figure 5. Effect of agomelatine on blood brain barrier
(Evans blue concentration) in left and right brain
hemisphere of rats against craniotomy induced brain
injury. Data were expressed as mean + SEM (n = 6). *p < 0.05
compared to normal, @p < 0.05 compared to craniotomy, 2p <
0.05 compared to agomelatine 1 mg/kg using one way ANOVA
(Newman-Keuls multiple comparison test).

observed in the Evans blue concentration among the
groups [F(4, 29 = 89.11, p < 0.0001]. A significant
increase in Evans blue concentration was observed
in craniotomy animals than normal. Agomelatine in
the doses of 3 and 10 mg/kg had shown a significant
decrease in Evans blue concentration as compared with
craniotomy group.

3.5. Effect of agomelatine on Nissl staining
Nissl staining was performed on brain sections from a

normal group, craniotomy group, and agomelatine in 1,
3, and 10 mg/kg dose. Sections were stained with cresyl
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Figure 6. Nissl staining of brain sections of different groups. Normal (A), craniotomy (B), agomelatine 1 mg/kg (C),

agomelatine 3 mg/kg (D), agomelatine 10 mg/kg (E).

violet. Nissl staining using cresyl violet was done in brain
sections for detection of neuronal death and damage.
Cresyl violet specifically stains the nissl bodies which
are large granular bodies in neurons. Chromatolysis
(indicated by arrow), i.e., dissolution of nissl bodies was
found in craniotomy (Figure 6B) and agomelatine 1 mg/
kg groups (Figure 6C). Chromatolysis is an induced
response of cell triggered by axotomy, neurotoxicity, cell
exhaustion. Chromatolysis is a precursor to apoptosis.

4. Discussion

The key findings of the present investigation are as
follows: (1) craniotomy in rats induced increased in brain
water content (edema), blood-brain barrier permeability,
oxidative stress (LPO and NO), impaired antioxidant
mechanisms (SOD, catalase and reduced glutathione) and
increased neuronal cell death indicated by augmented
chromatolysis, (2) craniotomy also induced impairment
in locomotor activity (behavioral consequence) and
(3) administration of agomelatine after the craniotomy
ameliorated histopathological, neurochemical and
behavioral consequences of craniotomy.

Brain edema occurs in TBI. Edema results in
increased ICP, which causes death (4). The DC is a
surgical procedure done to treat increased ICP following
TBI. However, DC causes considerable damage to the
brain (6). The complications after DC are subdural
hygroma and hydrocephalus, postoperative hematoma
expansion and infection of the surgical site. Consequent
cranioplasty has the risk of infection, cerebral edema,
and bone flap reabsorption (37). Results of present study
also shows craniotomy induced brain injury which is

evident by increased brain water content (edema), blood-
brain barrier permeability, oxidative stress (LPO and
NO), impaired antioxidant mechanisms (SOD, catalase,
and reduced glutathione) and increased neuronal cell
death indicated by augmented chromatolysis visible in
nissl stained histopathological slide.

TBI results in neuromotor impairment that causes
disabilities affecting mobility, and motor coordination
(32,33). To elucidate the effect of agomelatine on
impairment in mobility, balance and motor coordination
induced by craniotomy, we performed two functional
tests, the pole test and beam walk test. The craniotomy
results in sustained neurological motor dysfunction, as
indicated by decreased performance when transverse
the beam and the decreased latency time to descend
from the top of roughly surfaced pole to the floor. Thus
craniotomy induced motor dysfunction. Maier (34) noted
the cortical area associated with coordinated walking in
the rat and a cortical lesion results in a motor abnormality
when the rats were transverse a narrow elevated beam.
Beam-walking test in rats is an excellent tool for
studying the functional recovery of locomotor ability
after sensorimotor cortex injury (35). Similarly, pole test
is a useful method for evaluating the movement disorder
(36). Hence craniotomy causes the cortical lesions and
thus abnormality in mobility and motor coordination as
observed with beam walking and pole test. The present
study showed that agomelatine in the doses of 1, 3, and
10 mg/kg attenuated craniotomy induced motor deficit in
beam walking and pole test. Thus agomelatine increases
functional recovery after craniotomy.

Existing evidence suggests that free radicals play a
significant role in the pathophysiology of brain injury
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(37). In the present study, results showed a significant
increase in MDA and NO levels in animals underwent
the craniotomy. Thus, craniotomy increased overall
oxidative stress. Agomelatine attenuated the increase in
oxidative stress in craniotomy animals. The brain has
many defense mechanisms to protect itself from free
radicals. SOD and catalase are antioxidant enzymes,
which are involved in the elimination of free radicals,
whereas small-molecule antioxidants such as glutathione
can repair oxidizing radicals directly (38). Results of this
investigation show the alteration in anti-oxidants level
in craniotomy animals. Agomelatine treatment increased
the anti-oxidants level in the brain. Melatonin has been
reported to exert direct free radical scavenging activity
and indirect antioxidant enzymes stimulatory activity
(39). Thus, agomelatine normalizes the balance between
oxidative stress and anti-oxidants mechanisms impaired
by craniotomy via its melatonin agonistic activity.

Neural membranes consist of phospholipids in
large amount, which are characterized by their high
content of some polyunsaturated fatty acids (PUFA)
like arachidonic, docosatetraenoic (adrenic), and
docosahexaenoic acids. These are essential for normal
vascular permeability. Phospholipid peroxidation results
in loss of membrane PUFA and contributes to increased
membrane rigidity and loss of vascular permeability
(38). Oxidative-free radicals generated in brain injury
are most likely to play a crucial role in increased
cerebral vascular permeability and thus in vasogenic
brain edema (40). The present study showed that the
% brain water content/100 g animal body weight was
significantly increased in animals underwent craniotomy.
This increased brain water content indicates craniotomy
induced brain edema. Agomelatine treatment followed
by craniotomy attenuated the % brain water content/100
g of body weight of animal thus reduced the brain edema.
Blood-brain barrier breakdown and increase of vascular
endothelium permeability can result in brain edema and
eventually ICP increase, which may be fatal (4/). The
Evans blue is not able to cross the blood-brain barrier.
Blood-brain barrier disruption results in increased
permeability of Evans blue to the brain. Hence, Evans
blue concentration in the brain is indicative of the blood-
brain barrier disruption. Craniotomy has shown a marked
increase in Evans blue level in the brain. Agomelatine,
in a dose of 10 mg/kg, has shown a significant decrease
in brain Evans blue concentration. Thus agomelatine
mitigated the disturbed blood-brain barrier integrity and
increased brain edema caused by craniotomy. MT,, MT,,
and MT; melatonin receptors had anti-edema effects,
while MT, and MT, have a role in protecting the blood-
brain barrier (/6). This beneficial effect of agomelatine
on disturbed blood-brain barrier integrity and increased
brain edema due to craniotomy might be due to its
melatonin agonistic activity.

Free radical generations, reduced antioxidant
mechanism, disrupted the blood-brain barrier and

increased brain edema results in the neuronal loss. Nissl-
staining is a widely used method to study morphology
and pathology of neuronal tissue. Histopathological
examination of Nissl stained brain sections reveals
the chromatolysis in animals underwent craniotomy,
which indicates neuronal cell death. The absence of
chromatolysis was observed in the nissl stained brain
sections of animal treated with agomelatine (3 and 10
mg/kg doses) followed by craniotomy. Thus agomelatine
decreased neuronal cell death.

5. Conclusion

In the present investigation, the pharmacological
evaluation of single treatment agomelatine post
craniotomy showed that it possesses promising
neuroprotective activity as it mitigates the craniotomy
induced histopathological, neurochemical, and behavioral
consequences.
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Summary

Curcumin, a compound found in Indian yellow curry, is known to possess various biological
activities, including anti-oxidant, anti-inflammatory, and anti-cancer activities. Cur2004-
8 is a synthetic curcumin derivative having symmetrical bis-alkynyl pyridines that shows
a strong anti-angiogenic activity. In the present study, we examined the effect of dietary
supplementation with Cur2004-8 on response to environmental stresses and aging using
Caenorhabditis elegans as a model system. Dietary intervention with Cur2004-8 significantly
increased resistance of C. elegans to oxidative stress. Its anti-oxidative-stress effect was
greater than curcumin. However, response of C. elegans to heat stress or ultraviolet
irradiation was not significantly affected by Cur2004-8. Next, we examined the effect of
Cur2004-8 on aging. Cur2004-8 significantly extended both mean and maximum lifespan,
accompanying a shift in time-course distribution of progeny production. Age-related decline
in motility was also delayed by supplementation with Cur2004-8. In addition, Cur2004-
8 prevented amyloid-beta-induced toxicity in Alzheimer's disease model animals which
required a forkhead box (FOXO) transcription factor DAF-16. Dietary supplementation
with Cur2004-8 also reversed the increase of mortality observed in worms treated with
high-glucose-diet. These results suggest that Cur2004-8 has higher anti-oxidant and anti-
aging activities than curcumin. It can be used for the development of novel anti-aging
product.

Keywords: Curcumin, Cur2004-8, oxidative stress, aging, Caenorhabditis elegans

1. Introduction

radical theory, when free radicals are accumulated with
aging, they cause cellular damages and dysfunction of

Aging is one of the most complex biological phenomena.
It exhibits various physiological and pathological
changes in organisms. To understand aging process,
many theories have been suggested. Among them, the
most cited and studied one is the free radical theory
introduced by Dr. Herman (/). According to this free
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cellular biomolecules, eventually leading to organism's
death. Major free radicals found in cells are reactive
oxygen species (ROS) that can cause oxidative
damages to DNA, protein, and lipid. A lot of studies
have focused on role of anti-oxidant genes in aging. In
C. elegans, although knockout of anti-oxidant genes
could reduce resistance of C. elegans to oxidative
stress and lifespan, over-expression of anti-oxidant
genes failed to extend lifespan (2). Simultaneous over-
expression of both Cu/Zn-superoxide dismutase and
catalase significantly increased lifespan of Drosophila
melanogaster (3). However, the longevity phenotype

www.ddtjournal.com



Drug Discoveries & Therapeutics. 2019; 13(4):198-206. 199

conferred by double transgenic animals was observed
only in short-lived strain, not in long-lived strain of
Drosophila melanogaster (4). Transgenic mice having
additional copy of anti-oxidant genes showed no lifespan
extension (5). Over-expression of human catalase with
mitochondrial target signal in mice induced significant
lifespan extension (6). The role of anti-oxidant genes in
lifespan remains elusive.

Effects of dietary supplementation with various anti-
oxidants on aging have been reported. Resveratrol, a
polyphenol compound found in red wine, can extend
lifespans of many experimental organisms. In C.
elegans, treatment with resveratrol increased its lifespan
to 18% and reduced its susceptibility to oxidative stress
(7). The increase in lifespan induced by resveratrol is
accompanied by reduced fecundity as a trade-off (8). The
lifespan-extending effect of resveratrol was also observed
in yeast and fruit fly (9,70). Polyphenol extracted from
blueberry can increase resistance of C. elegans to heat
stress, delay age-related decline of pharyngeal pumping,
and confer 28% increase of its lifespan (/7). Vitamin
E has lifespan-extending effects in nematode and mice
(/2,13). Genomic transcriptional profiling study has
revealed tissue-specific transcriptional biomarkers
of aging (/4). In addition, dietary supplementation
with anti-oxidants such as lipoic acid, coenzyme Q10,
lycopene, and tempol can markedly block age-related
transcriptional changes in mice (/4).

Curcumin is a bio-active ingredient found in turmeric,
Curcuma longa. 1t has been used as a traditional
therapeutic compound due to its anti-inflammatory,
anti-oxidant, and chemo-preventive activities. In recent
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years, curcumin has been shown to possess anti-cancer
activities. It can reduce tumor formation and progression
(15). Curcumin also shows protective effect against many
chronological diseases, including cardiovascular and
neurological diseases (/6). A recent study has shown that
curcumin can mediate lifespan extension and modulate
many age-related biomarkers, including accumulation
of lipofuscin, fertility, response to environmental
stressors, and cellular ROS production in C. elegans (17).
Curcumin can also inhibit amyloid beta (AB)-induced
pathology in Alzheimer's disease (AD) model mice (/§).

In the present study, we examined effect of curcumin
derivative Cur2004-8 on aging using C. elegans as
a model system. Cur2004-8, a synthetic curcumin
derivative produced by Sonogashira reaction, has
symmetrical bis-alkynyl pyridines connected by aromatic
linker (Figure 1A). A previous study has shown that
Cur2004-8 has stronger anti-angiogenic activity in
vitro than curcumin (/9). We compared the anti-stress
effect of Cur2004-8 to that of curcumin and examined
the anti-aging activity of Cur2004-8. Effect of dietary
supplementation with Cur2004-8 on age-related diseases
was also monitored. Results of this study support the
free radical theory of aging and suggest that Cur2004-
8 can be useful for the development of novel anti-aging
therapeutics.

2. Materials and Methods
2.1. C. elegans strains and maintenance

Bristol N2 strain of C. elegans was used as a wild-type
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Figure 1. Effect of Cur2004-8 on response to environmental stressors. (A) Structure of Cur2004-8. Survival after oxidative
stress (B), heat stress (C), or UV irradiation (D) was compared between untreated control and curcumin- or Cur2004-8-treated
group. Cur, curcumin; *, significantly different from untreated control (p < 0.05).
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control in all experiments. The CL4176 strain expressing
muscle-specific human A, ., (dvis27 [myo-3/AB, ,./let
UTR, rol-6]) was used for AB-induced toxicity assay.
All strains were purchased from the Caenorhabditis
elegans Genetics Center (CGC, Minneapolis/St. Paul,
MN, USA). Worms were maintained on solid Nematode
Growth Media (NGM) (25 mM NaCl, 1.7% agar, 2.5
mg/mL peptone, 50 mM KH,PO, (pH 6.0), 5 pg/mL
cholesterol, 1 mM CaCl,, and 1 mM MgSO,) plates
at 20°C. Escherichia coli OP50 was provided as food
source.

2.2. Resistance to oxidative stress

For age-synchronization, five young adult worms
obtained from 3-day-old mothers were transferred to
a fresh NGM plate and permitted to lay eggs for 6 h.
After removing these five adult worms from the plate,
remaining eggs were incubated at 20°C for 3 days to
hatch and grow. Three-day-old age-synchronized worms
(n = 30) were transferred to fresh NGM plates treated
with curcumin or Cur2004-8 and incubated at 20°C for
1 day. These worms were then placed under oxidative
stress condition with 2 mM hydrogen peroxide (H,O,)
(Sigma-Aldrich, St. Louis, MO, USA) in S-basal without
cholesterol (5.85 g sodium chloride, 1 g potassium
phosphate dibasic, and 6 g potassium phosphate
monobasic for 1 L sterilized distilled-water) for 6 h in
96-well plates.

2.3. Response to heat stress

Three-day-old age-synchronized worms (n = 60) were
transferred to fresh NGM plates containing curcumin or
Cur2004-8. After adapting for 24 h, worms were placed
in a 35°C incubator for 7 h to be exposed to heat stress.
These worms were then transferred back to 20°C and
incubated for 24 h. The survival of worms was recorded
daily until all worms were dead.

2.4. Survival after ultraviolet (UV) irradiation

Sixty age-synchronized young adult worms were
treated with curcumin or Cur2004-8 for 24 h at 20°C
and irradiated with 20 J/cm*/min of UV for 1 min in
a UV crosslinker (BLX-254, VILBER Lourmat Co.,
Torcy, France). The survival of worms on NGM plates
containing curcumin or Cur2004-8 was then monitored
daily until all worms were dead.

2.5. Measurement of lifespan

Three-day-old age-synchronized worms (rn = 60) were
transferred to NGM plates containing curcumin or
Cur2004-8. Live and dead worms were scored daily.
Worms lost, killed, or having internal hatching were
excluded. During the assay, worms were transferred

to fresh NGM plates every day during gravid period
and every 2-3 days after gravid period. 5-Fluoro-2'-
deoxyruridine (Sigma-Aldrich, St. Louis, MO, USA)
(12.5 mg/L) was added to NGM plates to prevent internal
hatching.

2.6. Assessment of fertility

Five L4/young adult worms were placed on a fresh
NGM plate containing curcumin or Cur2004-8 at 20°C
for 5 h to lay eggs. After removing all adult worms from
the plate, eggs were maintained at 20°C for 2 days. Ten
randomly selected worms were transferred individually
to fresh NGM plates treated with curcumin or Cur2004-8
every day until worms no longer produced eggs. Hatched
progeny from an individual worm on each day were
counted after incubation at 20°C for 48 h.

2.7. Measurement of motility

Age-synchronized worms (n = 100) were grown on
NGM plates containing curcumin or Cur2004-8.
Change of motility was measured on 15 and 20 days
after egg-hatching. Each worm was classified into one
of three groups: 1) Phase 1, a worm that could move
spontaneously without any mechanical stimuli; 2) Phase
2, a worm that moved only when mechanical stimuli
were given; and 3) Phase 3, a worm that could only
move its head part with mechanical stimuli.

2.8. Af-induced toxicity

Age-synchronized young adult CL4176 worms (n = 30)
were permitted to lay eggs on NGM plates containing
curcumin or Cur2004-8 for 2 h at 15°C. After removing
all adult worms, the progeny was incubated at 15°C
for 24 h. Randomly selected worms (n = 60) were then
incubated for 24 h at 25°C to induce the expression of
human AP transgene in muscle. The number of paralyzed
worms was recorded every hour after A induction.

2.9. RNA interference (RNAi)

To repress the expression of daf-16, we used daf-16
RNAI clone obtained from the Ahringer RNAi library
(20). Induction of daf-16 double-stranded RNA was done
by adding 0.4 mM isopropyl-p-D-thiogalactoside (IPTG,
Sigma-Aldrich, St. Louis, MO, USA) to culture media
after ODy, reached 0.4. After culturing for additional 4 h,
bacteria were used as food source for RNAi knockdown.
RNAI clone carrying empty vector (EV) was used as a
negative control.

2.10. Lifespan with high-glucose diet (HGD)

Sixty age-synchronized worms were randomly selected
from 3-day-old young adult worms. These worms were
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then transferred to a fresh NGM plate containing both
OP50 and high-glucose (100 pL of 40 mM glucose). The
survival of worms was recorded daily until all worms
were dead.

2.11. Statistical analysis

For comparison of resistance to oxidative stress and
fertility between untreated control and curcumin- or
Cur2004-8-treated group, we used the standard two-
tailed Student's #-test. For statistical analysis of survival
after heat stress or UV irradiation, lifespan, paralysis
assay, and survival under HGD, we employed the log-
rank test (2/). The log-rank test is a non-parametric
Mantel-Cox test widely used for statistical comparison
between two survival curves. A p-value lower than 0.05
was considered as statistically significant.

3. Results

3.1. Cur2004-8 specifically increases resistance of C.
elegans to oxidative stress

In order to examine the effect of Cur2004-8 on response
of C. elegans to environmental stressors, survival of

100 4 -=-0--- control

ey —e—20uM Cur
“a ---a--- 5 M Cur2004-8
B, —a—10uM Cur2004-8
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0
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Figure 2. Lifespan extension by supplementation with
Cur2004-8. Effect of dietary supplementation with curcumin
or Cur2004-8 on lifespan of C. elegans was examined using
age-synchronized animals (n = 60). Cur, curcumin.

Table 1. Effect of Cur2004-8 on lifespan of C. elegans

worms was monitored after oxidative stress, heat stress,
or UV irradiation. We compared the effect of different
concentration of Cur2004-8 with that of 20 uM of
curcumin reported to be able to increase resistance
of C. elegans to oxidative stress and its lifespan (/9).
Resistance to oxidative stress was significantly increased
by supplementation with Cur2004-8 (Figure 1B). Mean
survival rate of wild-type control was 63.3 £ 3.60%
(mean of three replicates = SE) after 6 h of oxidative
stress. Survival rate for the group supplemented with 20
UM of curcumin was 73.3 + 3.60% (p = 0.097), which
was slightly increased compared to that of the wild-type
control after 6 h of oxidative stress. However, mean
survival rates for groups supplemented with 5 and 10
puM of Cur2004-8 were significantly increased to 91.7
+ 3.97% (p = 0.002) and 84.2 + 4.79% (p = 0.014),
respectively. Although concentration of Cur2004-
8 higher than 10 uM increased the survival rate, the
survival rate was not significantly different from that
of the wild-type control (p > 0.05). However, there was
no significant difference in response to heat stress or
UV irradiation between control and Cur2004-8-treated
groups (Figures 1C and 1D). These findings suggest that
Cur2004-8 is more effective than curcumin in increasing
resistance of C. elegans to oxidative stress and that its
effect is specific for oxidative stress.

3.2. Supplementation with Cur2004-8 significantly
extends lifespan of C. elegans

The free radical theory of aging emphasizes the role of
oxidative stress in determination of organism's lifespan
(/). Having observed anti-oxidative-stress effect of
Cur2004-8, we next examined its effect on lifespan.
Since 5 and 10 uM of Cur2004-8 showed a significant
increase in resistance to oxidative stress, we chose
those two concentrations for the following experiments.
Dietary supplementation with Cur2004-8 significantly
extended both mean and maximum lifespan (Figure
2). Mean lifespan of untreated control (20.1 days) was
increased to 24.6 days after supplementation with 5
pM Cur2004-8 (p < 0.001). It was increased to 23.5

Items Mean lifespan (d) Maximum lifespan (d) p-value? % effectd
1* experiment
control 20.1 30
20 uM Cur 254 33 <0.001 26.6
5 uM Cur2004-8 24.6 32 <0.001 22.6
10 uM Cur2004-8 235 32 <0.001 17.4
2" experiment
control 15.5 27
20 uM Cur 16.6 25 0.791 7.6
5 uM Cur2004-8 24.6 32 0.001 59.1
10 uM Cur2004-8 18.1 28 0.051 16.9

ap-value was calculated using the log-rank test by comparing the survival of control group to that of Cur- or Cur2004-8-treated group. b % effects
were calculated by (C-7)/C*100, where 7 is the mean lifespan of curcumin- or Cur2004-8-treated group and C is the mean lifespan of control

group. Cur, curcumin.
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days after supplementation with 10 pM Cur2004-8 (p <
0.001). Mean lifespans were increased 22.6 and 17.4%
by 5 and 10 uM Cur2004-8, respectively. Maximum
lifespan was also increased from 30 days to 32 days
after treatment with Cur2004-8. An independent
replicative experiment showed a positive effect of
Cur2004-8 on lifespan (Table 1). The percent effect on
mean lifespan was 59.1% with 5 uM Cur2004-8 (p =
0.001) while it was only 16.9% with 10 uM Cur2004-8
(p = 0.051). Unlike consistent lifespan-extending effect
of Cur2004-8, 20 uM curcumin showed a significant
lifespan-extending effect in the first experiment but
failed to induce lifespan extension in the second
experiment (Table 1). Our results indicate that
Cur2004-8 can confer a longevity phenotype and that
its lifespan-extending activity is greater than curcumin.

3.3. Cur2004-8 modulates reproduction of adult worms

Previous studies have reported that many lifespan-
extending genetic or dietary interventions are

—

Number of progeny

control 20 uM 5umM

Cur Cur2004-8

Number of Progeny

accompanied by reduced fertility as a trade-off
(9,22,23). In the present study, dietary supplementation
with Cur2004-8 did not affect total number of progeny
produced during the gravid period (Figure 3A). There
was a slight decrease in total number of progeny
compared to untreated control, although the difference
was not statistically significant (p > 0.05). However,
time-course distribution of progeny produced was
significantly modulated by curcumin or Cur2004-8
(Figure 3B). At 3 days after hatching, 89.7 = 9.73 (mean
of 10 individual worms = SEM) progeny were produced
by the untreated control. The number of progeny
produced was decreased by curcumin or Cur2004-8:
68.0 = 3.25 (p = 0.066) for 20 uM curcumin-treated
worms, 67.2 + 2.49 (p = 0.040) for 5 uM Cur2004-
8-treated worms, and 70.2 + 3.74 (p = 0.086) for 10
pM Cur2004-8-treated worms. Statistically significant
decreases in the number of progeny produced were
detected in all curcumin- and Cur2004-8-treated groups
on 4" day after hatching. The number of progeny was
reduced from 122.4 + 6.74 in the untreated control

140 4
---0--- control

—&— 20 uM Cur
---4-- 5 pM Cur2004-8
—&— 10 uM Cur2004-8

120 A

100 4

Day after hatching (day)

Figure 3. Effect of Cur2004-8 on reproduction. (A) Total number of progeny produced during the gravid period was counted (n =
10). Error bar indicates standard error of mean. (B) Time-course distribution of progeny in untreated control, curcumin-treated, and

Cur2004-8-treated group. Cur, curcumin.
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Figure 4. Delayed decline of motility by Cur2004-8. Effect of curcumin or Cur2004-8 on motility was determined in 15-day-old
(A) and 20-day-old animals (B) (» = 100). Worms were classified into three phases according to their locomotive activity: Phase 1,
a worm that could move spontaneously without any mechanical stimuli; Phase 2, a worm that moved only when mechanical stimuli
were given; and Phase 3, a worm that could only move its head part with mechanical stimuli. Cur, curcumin.
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to 96.4 £ 2.46 (p = 0.005), 90.3 £ 2.82 (p < 0.001),
and 92.1 = 2.59 (p = 0.001) in 20 pM curcumin-,
5 uM Cur2004-8-, and 10 uM Cur2004-8-treated
group, respectively. However, the number of progeny
produced in curcumin- or Cur2004-8-treated group
was higher than that in the untreated control on 5 days
after hatching. Numbers of progeny in worms treated
with 20 uM curcumin, 5 pM Cur2004-8, and 10 pM
Cur2004-8 were 40.5 £ 2.69 (p = 0.016), 34.5 £ 3.65
(p = 0.108), and 52.0 + 5.02 (p = 0.001), respectively,
compared to the number of progeny produced in the
untreated control (24.4 £ 3.53) (Figure 3B). These data
suggest that dietary supplementation with curcumin
or Cur2004-8 does not affect the reproducibility of C.
elegans, although it can induce a significant shift in
time-course distribution of progeny during the gravid
period.

3.4. Age-related decline of motility is delayed by
Cur2004-8

Next, we determined the effect of Cur2004-8 on change
of motility with time to elucidate its role in muscle
aging. At 15 days after hatching, 56% of the untreated
control worms and 61% of worms treated with 20 uM
curcumin showed spontaneous motility without any
mechanical stimuli (phase 1) while more worms (71%
with 5 uM Cur2004-8 and 73% with 10 uM Cur2004-
8) were classified as phase 1 (Figure 4A). Bigger
difference in motility was observed on 20" day. In the
untreated control, only 11% of worms could move
spontaneously and 18% of worms showed 'phase 1'
phenotype in 20 uM curcumin-treated group. However,
percentages of worms categorized as 'phase 1' were
increased to 32% and 29% by supplementation with
5 and 10 uM Cur2004-8, respectively (Figure 4B).
In addition, percentages of dead worms showing no
motility was reduced by Cur2004-8. In untreated control
and 20 uM curcumin-treated group on day 20, 41% and
47% of worms were not moving at all, respectively.
Percentages of worms showing no motility were

---0--- control
90 —— 20 uM Cur

80 N -—-a---5 uM Cur2004-8

Not paralyzed (%)
8

o\ B —a— 10 pM Cur2004-8

0 1 2 3 4 5 6 7 8 9 07 N
Time after AB induction (h)

reduced to 19% and 30% by dietary supplementation
with 5 and 10 pM Cur2004-8, respectively (Figure 4B).
These results suggest that Cur2004-8 could slow down
age-related dysfunction of muscle in C. elegans.

3.5. Cur2004-8 suppresses Af-induced toxicity via
DAF-16

To examine the effect of Cur2004-8 on age-related
disease, we employed a transgenic AD model
expressing human AB. Accumulation of transgenic
human AP in muscle is known to induce paralysis and
lead to death (24). Mean survival time of the untreated
control was 4.1 h. Dietary supplementation with
Cur2004-8 significantly delayed paralysis. Cur2004-
8 at 5 and 10 uM increased mean survival time to 6.6 h
(p <0.001) and 5.7 h (p = 0.003), respectively (Figure
5A). Treatment with 20 uM curcumin also reduced
Ap-induced toxicity (mean survival time 5.8 days, p =
0.004). Thus, 20 uM curcumin, 5 uM Cur2004-8, and
10 uM Cur2004-8 increased mean survival time by
42.6%, 61.1%, and 41.0%, respectively (Table 2). A
previous study has reported that DAF-16 is required for
the inhibition of AB-induced toxicity (25). Interestingly,
increased survival after AR induction by Cur2004-8
completely disappeared when the expression of daf-
16 was knocked down (Figure 5B). Thus, we conclude
that Cur2004-8 can reduce Ap-induced toxicity more
efficiently than curcumin and that it requires DAF-16
for its preventive effect.

3.6. Decreased survival with HGD is recovered by
supplementation with Cur2004-8

Since HGD can reduce survival of C. elegans, it can
be used as a nutritional model of diabetes mellitus
(26). In the present study, HGD reduced the lifespan
of C. elegans compared to the untreated control. Mean
lifespan was significantly decreased from 16.7 days in
the untreated control to 13.5 days in the HGD group (p
= 0.001) (Figure 6). However, decreased lifespan by

OBV
—®—EV + 5 M Cur20044-8

-=-&--- daf-16 RNAI

—4—daf-16 RNAJ + 5 iM Cur2004-8

Not paralyzed (%)

0 1 2 3 4 5 6 7 8 9 10 11
Time after AB induction (h)

Figure 5. Reduced susceptibility to AB-induced toxicity by Cur2004-8. (A) Paralysis caused by muscle-specific expression of
human AP was monitored. (B) Effect of daf-16 knockdown on protective effect of Cur2004-8 against ApB-induced paralysis was

determined using RNAI. Cur, curcumin; EV, empty vector.
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Table 2. Effect of Cur2004-8 on AB-induced toxicity in C. elegans

Items Time when 50% of worms were paralyzed (h) p-value? % effectd
1* experiment
control 4.1
20 uM Cur 5.8 <0.01 42.6
5 uM Cur2004-8 6.6 <0.001 61.1
10 uM Cur2004-8 5.7 <0.01 41.0
2" experiment
control 5.1
20 uM Cur 6.2 <0.05 23.0
5 uM Cur2004-8 6.2 <0.05 22.0
10 uM Cur2004-8 6.0 0.075 19.1

ap-value was calculated using the log-rank test by comparing the survival of control group to that of Cur- or Cur2004-8-treated group. b % effects
were calculated by (C-7)/C*100, where T is the mean lifespan of curcumin- or Cur2004-8-treated group and C is the mean lifespan of control

group. Cur, curcumin.

100 ¢ QR
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Figure 6. Effect of Cur2004-8 on HGD-induced toxicity.
Survival of animals was compared between untreated control
and worms fed with HGD, and preventive effect of Cur2004-
8 on decrease in survival by HGD was examined. Cur,
curcumin; HGD, high-glucose diet.

HGD was markedly restored by supplementation with
Cur2004-8. Mean lifespan was increased up to 15.8
days for HGD-worms treated with 5 pM Cur2004-8,
which was 71.9% increase compared to worms treated
with HGD alone (p = 0.009). Maximum lifespan was
also decreased by HGD and restored for worms treated
with both HGD and Cur2004-8 (Figure 6). These
results suggest that Cur2004-8 has a preventive effect
on HGD-induced toxicity in addition to its effect on
AB-induced toxicity in C. elegans.

4. Discussion

An increasing number of aging studies have been
focused on the identification of anti-aging dietary
interventions. The most effective intervention identified
so far is dietary restriction (DR) which retards age-
related physiological changes and extends lifespan
in many model organisms (27). However, due to
difficulty in practicing DR in daily life, people are
searching for nutritional interventions that can delay
aging process without DR. Anti-oxidants are believed
to be the most promising compounds based on the free
radical theory. Curcumin is a well-known anti-oxidant
with anti-aging effect. Dietary supplementation with

curcumin can reduce intracellular ROS and increase
resistance to oxidative stress (28). Expression levels
of stress-responsive genes are significantly induced by
curcumin (28). Curcumin can modulate activities of
anti-oxidant enzymes and reduced protein oxidation
(29,30). Lifespan extension after supplementation
with curcumin has also been reported with 20 uM
and there was no significant difference in lifespan
with higher dose (200 uM) of curcumin (/7). Results
of the present study showed that Cur2004-8 as a
synthetic curcumin derivative had higher anti-oxidant
and lifespan-extending effects than free curcumin.
Recent studies have reported that trimethoxystilbene
derivative of resveratrol showed better bioavailability
and elevated anti-cancer activity than resveratrol (317).
Resveratrol-maltol hybrids inhibited aggregation of
AP (32). In addition, resveratrol peptidyl derivatives
exhibited strong anti-oxidant and anti-cancer activities
(33). Further studies revealing the molecular basis of
improved activities of Cur2004-8 and anti-aging effect
in higher organisms should be followed in the near
future.

Many studies have reported that there is a trade-off
for lifespan extension by genetic or dietary intervention.
Longevity phenotype observed in daf-2 mutants is
accompanied by delayed development and reduced
reproduction (22). The age-I mutation also exhibited
reduced fertility as a trade-off for long lifespan (23).
Resveratrol resulted in early onset of egg-laying and
extended the gravid period with increased lifespan (8).
In case of blueberry polyphenols, long-lived worms
showed delayed decline of pharyngeal pumping rate
with aging (/7). We observed a shift in time-course
distribution of progeny in worms supplemented with
Cur2004-8, suggesting that Cur2004-8 might induce
allocation of cellular limited resource from reproduction
toward survival and maintenance. The disposable soma
theory of aging emphasizing role of fitness cost paid for
lifespan extension supports our findings (34).

Muscle cells are among the most energy-demanding
cells and aging muscle is characterized by loss of
mass and reduced strength (35). A previous study has
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shown that transgenic mice carrying additional copy
of mitochondrial catalase have delayed dysfunction of
mitochondria (6). Dietary supplementation with anti-
oxidants including silymarin and phycoerythin can
enhance locomotion rate and increase lifespan (36,37).
Lifespan-extending selenocysteine can also significantly
delay age-related decline of motility in C. elegans (38).
Here, we observed enhanced motility in aged animals
treated with Cur2004-8. Our findings suggest that
Cur2004-8 can retard muscle aging possibly through its
anti-oxidant activity.

Effects of curcumin on age-related diseases have
been reported. Treatment with tetrahydrocurcumin can
reduce ROS production caused by AP in rat hippocampal
cells (39). a-Synuclein-induced cell death is significantly
inhibited by curcumin (40). In AD model mice, curcumin
reduced lipid peroxidation and restored motor function
(41). Encapsulated curcumin nanoparticle rescued
neuromotor deficits observed in Huntington's disease
model animals (42). Our results showed that Cur2004-
8 could ameliorate AB-induced toxicity in C. elegans
genetic model of AD and that its effect required DAF-
16. Additionally, dietary supplementation with Cur2004-
8 completely blocked the toxic effect of HGD which was
used as a nutritional model of diabetes mellitus.

In conclusion, Cur2004-8 has anti-oxidant and anti-
aging activities and protective activity against toxicities
involved in age-related diseases. Cur2004-8 shows
improved bioactivities compared to free curcumin. The
effect of 5 UM Cur2004-8 was higher than that of 20 uM
free curcumin in oxidative stress, lifespan, motility, and
AB-induced toxicity assays. Further studies identifying
downstream molecular targets of Cur2004-8 and
determining its in vivo effect in higher organisms such as
mice are necessary.
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Summary

The prevalence of tinea pedis (also known as athlete's foot) in Japanese workers as well as
contamination of their footwear by pathogenic filamentous fungi were investigated. Health
checks by a dermatologist at a factory located in the Kanto region (Japan) led to a clinical
and morphologic diagnosis of tinea pedis in 9 of 19 workers. Scales obtained from the feet
and dust obtained from the protective footwear (safety shoes) worn daily in the factory
were obtained from these nine subjects and tested using a mycological culture technique.
Scales obtained from six of the nine subjects indicated pathogenic filamentous fungi, not
only Trichophyton spp., but also Acremonium, which causes symptoms similar to tinea pedis
or onychomycosis. Similarly, culture of the dust obtained from the safety shoes yielded
pathogenic filamentous fungi in six of the nine subjects, and in four samples Trichophyton
spp. was also identified. These findings suggest that cultivable Trichophyton spp. can be
detected in approximately 40% of the safety shoes of workers with tinea pedis. The risk of
reinfection by pathogenic filamentous fungi is likely increased by wearing dermatophyte-

contaminated shoes.

Keywords: Tinea pedis, dermatophyte, reinfection, microbial pollution

1. Introduction

Although recently developed antifungal agents have
a high capacity to cure tinea pedis, the population of
patients with tinea pedis has not decreased — at least in
Japan (/). Some potential reasons for the steady number
of patients with tinea pedis despite the availability of
effective antifungal agents are: 1) viable dermatophytes
remain in the infected lesions when the application of
therapeutic agents is discontinued prior to eradication
of the dermatophytes, 2) reinfection by dermatophytes
from other sites, such as a patient's onychomycosis,
and 3) reinfection by dermatophytes remaining in the
environment.

In the present study, we focused on the third
possibility — reinfection from dermatophytes in the
environment. Several reports indicate that viable
dermatophytes are distributed in the houses in
which individuals with tinea pedis live; cultivable

*Address correspondence to:

Dr. Shigeru Abe, Teikyo University Institute of Medical
Mycology, 359 Otsuka, Hachioji, Tokyo 192-0395, Japan.
E-mail: sabe@main.teikyo-u.ac.jp

dermatophytes are detectable from various areas in the
house (2), such as from room-dust (3) and bath mats
(4). Dermatophytes are also detected at high frequency
in shoes deposited by prisoners in USA upon entry
into prison (5). Dermatophytes were isolated from the
footwear using tape strips in 41% of 34 patients with
clinically active tinea pedis (6). Recently, we found
viable dermatophytes attached to the shoes of patients
with tinea pedis visiting a dermatology clinic (7). These
findings suggest that reinfection from not only the indoor
environment, but also from footwear is responsible
for the steady number of patients with tinea pedis, as
predicted by Bonifaz (8).

We hypothesized that the detection ratio of viable
Trichophyton spp. from worker's shoes, who didn't
recognize one's infection of dermatophytes, might be
high because their footwear is generally not washed
or sanitized. Recently, dermatologic examinations of
workers' feet was performed as part of a health support
program for a factory. In parallel with this health
examination, we checked the inside of the workers' safety
shoes for fungal contamination. Here we report that
viable Trichophyton spp. was detected in the safety shoes
in 4 of 9 cases in which the workers were diagnosed with
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dermatophyte infection by a professional dermatologist.
2. Materials and Methods

2.1. Dermatologic examination and collection of fungi
from shoes

A clinical dermatologist experienced with medical
treatment for dermal mycosis performed the dermatologic
examination. He performed an examination of the feet of
19 workers (men) and collected desquamated skin scales
to check for fungal filament using the KOH test. The skin
samples of KOH-test positive participants were cultured
as described below. In this examination procedure, their
shoes were donated for collection of materials adhering
to the inside of the shoe. To protect the privacy of the
individuals, an opt-out policy was instituted; a notice
regarding the opt-out policy was posted in the factory
and the study was conducted with consent from all of the
factory workers.

The methods in detail of these tests were as
follows. By scraping the affected area, a large amount
of scales was collected on slide glass. KOH test
solution (20%) was dropped on the scales. The KOH-
treated preparation on the slide glass was heated by
exposure to the upper edge of the flame of an alcohol
lamp for approximately 1 min to properly clear the
keratin. After microscopic confirmation, KOH-positive
specimens were cultured on Mycosel agar plates (Becton
Dickinson, Franklin Lakes, NJ, USA).

2.2. Method for collecting dermatophytes from inside
the footwear

Most of the workers wear safety shoes while at work,
changing into personal shoes before leaving the
factory at the end of the day. The work shoes were not
washed and were worn almost every day. To collect
fungi from the shoes, sealing tape for enzyme-linked
immunosorbent assay (ELISA, Sumitomo Bakelite Co.,
Ltd., Japan) (7) was cut into a circle that was slightly
smaller in size (¢ = 7.5 cm) than the inner diameter
of a petri dish (¢ = 9 cm). The circular piece of tape
containing both fungi and dust was incubated at 30°C
on a Mycosel agar plate, so that the surface containing
the dust and fungi was in contact with the medium
surface. After 24 h culture, the tape was removed and
culture was continued at 30°C. Six days after culture,
we selected white fungus from the petri dishes where
many fungal colonies were densely grown, gently
touched the fungus with the tip of a micropipette, and
cloned the fungus into a fresh agar plate. The cloning
procedure was repeated at least twice.

2.3. Morphologic observation of fungi

Fungi-Tape (Scientific Device Lab. Inc., Des Plaines,

IL, USA) was pressed against the surface of the
fungal colony to adsorb hypha and spores. The
staining solution, Myco Perm Blue (Scientific Device
Laboratory Inc., USA), was dropped on a slide glass,
and Fungi-Tape with the hypha attached was adhered
onto the slide glass, and stained. After staining, it was
observed with a microscope and photographed.

2.4. Determination of nucleotide sequences of the DNA
of the filamentous fungi and identification of the species

Using the obtained DNA as a template, the nucleotide
sequence of the Internal Transcribed Spacer 1 (9) region
located between 18S and 5.8S ribosomal DNA was
amplified by polymerase chain reaction (PCR) using
the primers shown below (9).

Internal Transcribe Spacer 1 primer sequences:
#18SF1: AGGTTTCCGTAGGTGAACCT; #58SR1:
TTCGCTGCGTTCTTCATCGA

The PCR conditions were as follows: After
dissociating double stranded DNA at 94°C for 10 min,
we performed 30 cycles of 94°C for 30 s, 60°C for 30 s,
and 72°C for 60 s. The temperature was then reduced to
4°C. The PCR product was purified using a QIAquick
PCR Purification Kit (Qiagen, Germany). To determine
the base sequence, samples were prepared with the two
primers using the BigDye Terminator cycle sequence
(Thermo Fisher Scientific, Waltham, MA, USA)
method, and the base sequence was determined using
an ABI sequencer 3130 (Applied Biosystems, Foster
City, CA, USA). The sequence was obtained using the
SEQUENCHER v4.10.1 (Gene Codes Corporation, Ann
Arbor, MI, USA) and assembled from both directions.
The resulting sequence was compared with the existing
fungal base sequence using NCBI's BLAST, allowing
for identification of the fungal species.

3. Results

Of 19 men, 9 were diagnosed with tinea pedis by
clinical and mycological examination by a dermatologic
expert. The diagnosis was made on the basis of not only
clinical symptoms, but also the microscopical detection
of filamentous fungi from scales. Table 1 shows the
prevalence of tinea pedis, the age distribution of the
subjects, and the rate of symptom awareness in 19 male
subjects on the basis of the examination and inquiry
results of the examinees. No person under the age of 35
had tinea pedis. Table 1 shows that the infection rates
tended to be higher with increased age (maximum age
61). Although tinea pedis seemed to preferentially affect
older people compared with younger people, the mean
age of those without tinea pedis (43.9 £+ 16.1 years old)
is not significantly different from that of subjects with
tinea pedis (52.4 £+ 10.1 years old).

For 9 of the 19 participants of the dermatology
health examination found to have filamentous fungi
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Table 1. Characteristics of male workers who underwent a dermatology medical checkup

Age (average) Age (distribution) Rate of men with symptom awareness related to tinea pedis

Items n

Person undergoing medical examination 19  47.9 £ 14.0
Healthy person 10 439+16.1
Tinea pedis 9 524+10.1

19-61 26.3%
19-59 0%
36-61 55.6%

Table 2. Identification of white filamentous fungi isolated from patient foot scales and dust from their footwear

No. Age From patient's scales From shoes

1 56 T. mentagrophytes T. rubrum, T. mentagrophytes

2 36 T. interdigitale ND

3 60 ND ND

4 40 T. interdigitale T. interdigitale, Acremonium screlotigenum
5 57 T. rubrum T. rubrum, Acremonium spp

6 59 T. interdigitale Fusarium solani

7 61 ND Arthrographis kalrae

8 61 Acremonium sclerotigenum Acremonium sclerotigenum

9 42 ND T. rubrum, Acremonium screlotigenum

ND, not detected

on the basis of the KOH-test, we cultured scraped and
sliced keratinized samples on agar medium. After the
primary culture, the samples prepared from six of the
nine participants positive for filamentous fungi were
re-culture for cloning. Genetic methods were used
to identify the samples as Trichophyton interdigitale
(n=3), T rubrum (n = 1), T. mentagrophytes (n =
1), and Acremonium sclerotigenum (n = 1; Table 2).
Questionnaires completed by the workers diagnosed
with filamentous fungi in the skin revealed that four
of the nine subjects (44.4%) were unaware of their
dermatologic infection (subjective symptoms) or did
not know they had a skin abnormality (Table 1).

Filamentous fungi collected from the right and left
shoes of the nine people diagnosed with tinea pedis
were cultured. The plates were cultured for 1 week at
30°C. A wide variety of fungal colonies was observed
on the cultured agar plates, including Acremonium,
Alternaria, Aspergillus, Arthrographis, Cladosporium,
Fusarium, Penicillium, and Trichophyton. We cloned
small white colonies thought to be Trichophyton, which
has a relatively slow growth rate. After two rounds of
cloning the obtained colonies, microscopic observation
and DNA analyses were performed. Three species of
Trichophyton detected in the shoes were T. rubrum,
T. mentagrophytes, and T. interdigitale (Table 2). The
same species of fungi was identified in the scales and
shoes obtained from four patients (Nos. 1, 4, 5, and §;
Table 2).

Figure 1 shows the typical images of T interdigitale
isolated from the scales (Figure 1A) and shoe
(Figure 1 B) of patient No. 4. We wish to note that 7.
mentagrophytes was detected from the scales of the left
foot and the left shoe of patient No. 1, and 7. rubrum
was detected from both the left and right shoes of the
same patient. 7 rubrum was also detected in the shoe of
patient No. 9, but could not be cultured from the scales
(Table 2). Acremonium sclerotigenum was detected
in both the scales and shoes from patient No. 8, and

Figure 1. Typical images of Trichophyton obtained from
the scales of the feet and dust from the shoes of examinee
No. 4 in Table 2. (A) T. interdigitale from scales, (B) T.
interdigitale from the dust of the shoe, 1; colony images
grown on agar medium, 2; microscopic images of hyphae and
conidia stained by MYCO PERM BLUE (Scientific Device
Lab. Inc.). Bar represents 10 pm.

Acremonium was also detected from the shoes of three
other workers (No. 4, 5, and 9; Table 2).

4. Discussion

The dermatologic examination at the factory in the
present study revealed two major findings. First, 9 of
19 workers in the factory were diagnosed with tinea
pedis (47%). This number is more than double that
reported in Japanese in 1999/2000 (18.6%) (1), in 2006
(24.1%) (1), and 2007 (21.6%) (10). Second, the rate
of detection of dermatophytes from the shoes of the
workers with tinea pedis was also high (4 of 9, 44%).
The dermatologic examination in this study was
conducted by an experienced dermatologist. Of 19
workers examined, 9 (47.4%) were diagnosed with
tinea pedis and had a high infection rate; the youngest
subject was 36 years old and none of the infected
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subjects was under 35 years of age. We found a higher
tinea pedis—positive rate in comparison with a previous
study reported by Watanabe et al. (/). But, they also
reported that persons between 50 and 60 years old
having tinea pedis comprised 35% (1999/2000) and
36% (2006) of the subjects (/).

Although information regarding the existence of
viable pathogenic fungi in footwear is very limited,
we think that the detection rate of Trichophyton spp.
in the shoes may be dependent on several factors. In
our preceding study, the detection rate of Trichophyton
spp. from the shoes of patients visiting the dermatology
clinic for diseases other than tinea pedis was very low
(7%), even the rate of patients with tinea pedis was
high (7). We noted that the one of the reason for low
detection rate may result from short wearing period of
the patients visiting the clinic. In this study reported
here, we studied workers who wore safety shoes almost
every day for more than one year had the highest
detection rate of Trichophyton spp. (44%) among
the studies (5-7): The difference may depend on the
wearing period.

The rate of Trichophyton spp. detected in the shoes
may also be related to the severity of the tinea pedis-
symptoms of the person wearing the shoes. In this
connection, Knudsen reported that 41% of the footwear
worn by patients with tinea pedis are dermatophyte-
positive (6).

Trichophyton spp. was detected from shoes at a
relatively high rate in this study, suggesting that fungal
detection methods should be improved. Compared with
skin samples, shoe dust was more often contaminated
with mold, which grew faster, making it difficult to
determine the causative Trichophyton spp. of tinea
pedis among the various species found in the shoes.
Actually, in this study, multicolored fungal colonies
began to form on the plate on day 4 of culture, but
Trichophyton spp. was not detected until after day 7
of culture. A method that could selectively cultivate
Trichophyton spp. alone would enable a higher rate
of collection of Trichophyton spp. from shoes. We
plan to develop a selective nutrient media and clarify
the culture temperatures to more efficiently detect
Trichophyton spp.

Trichophyton spp. detected from inside the shoe
might derive from a patient's scales through the socks
or from contamination by the outside of the socks,
because all persons providing the shoes tested in this
study wore cotton socks. All subjects changed into their
safety shoes from their personal shoes in the morning,
but wore the same socks in both the work and personal
shoes. With regard to dermatophyte penetration
through socks, not only nylon stockings, but also cotton
socks are reported to transmit Trichophyton spp. (11).
Trichophyton spp. may attach to the outside of the socks
from the environment, e.g., when they take their shoes
off at home.

If the same species of Trichophyton are obtained
from the scales and from the shoes, it is highly
likely that the origin was the same. Cases in which
Trichophyton spp. was detected only in the shoes
may be due to contamination of the shoes from the
environment or the detection efficiency of Trichophyton
spp. in the scales of the patient by the KOH method
may depend on the area of the foot selected for
scraping.

Filamentous fungi other than Trichophyton spp.
were also detected. Acremonium, which is not normally
considered to be a common cause of tinea pedis with
the exception of a recent report (/2), was detected
from patient No.8's scales. We think that Acremonium
was the cause of infection in this patient due to the
fact that the scales were obtained after the patient's
skin was almost entirely disinfected with ethanol and
the same filamentous fungus was collected from the
patient's shoe. In addition to Acremonium, several kinds
of fungi that cause skin mycoses and onychomycosis
were detected and identified among the shoes, e.g.,
Arthrographis (13) and Fusarium (14), as shown in
Table 2. The rate of infection increases, especially in
immunocompromised persons, when mold, including
Trichophyton spp., grows abundantly in environments
such as shoes.

The findings of this study suggest a high risk
of reinfection by tinea pedis from footwear and
an increased risk of spreading Trichophyton spp.
from shared footwear. Frequent eradication of the
fungi inside of shoes to prevent infection by other
dermatophytes as well as reinfection by tinea pedis
is important, as well as for preventing the spread of
Trichophyton spp. in other environments, such as the
home.
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Summary

Chronic uncontrolled hyperglycaemia leads to increased oxidative stress and lipid
peroxidation resulting in vascular complications and accelerates the progression of diabetic
atherosclerosis. Though varieties of modern drugs used in the treatment of diabetes, the
complications of diabetes are increasing. Naringenin (NG), has been reported to have
potent antioxidant and anti-atherosclerotic properties. However, the effects of NG as
vasculoprotective agent in prolonged hyperglycaemia are not well documented. Thus, this
study was aimed to determine the effect of NG against vascular changes after prolonged
hyperglycaemia in a diabetic rat model. Thirty adult male Sprague-Dawley rats were
induced with fructose and streptozotocin to develop the diabetic rat model. After 4 weeks,
the rats were randomly divided into 5 groups each group consisting of 6 animals: control,
control treated with NG, non-treated diabetes mellitus (DM), DM treated with NG and
metformin-treated DM. The treatment with NG (50 mg/kg) and metformin were continued
for 5 weeks. The results showed that consumption of NG at 4 weeks post diabetic did
not improved blood sugar, blood pressure and serum lipid profile. However, NG did
significantly improve oxidative stress parameters in the aortic tissue like malondialdehyde
(MDA). Analysis through light microscopy and transmission electron microscope (TEM)
reverted the histological changes caused by prolonged hyperglycaemia. The findings
thus demonstrated that introduction of NG after prolonged exposure to hyperglycaemia
improved the vascular deterioration in diabetic group by decreasing oxidative stress evident
by the reduced in the lipid peroxidation activity. Thus, this study showed the potential use
of NG as adjunct in managing the diabetic condition during late presentation.

Keywords: Diabetes Mellitus (DM), naringenin, vascular complications, malondialdehyde
(MDA), transmission electron microscope (TEM)

1. Introduction

The global prevalence of diabetes mellitus (DM)
in 2017 has reached 425 millions and this figure is
expected to rise in the coming years (/). Chronic
uncontrolled hyperglycaemia leads to macrovascular
and microvascular complications of diabetes such as
vasculopathy. Vascular changes related-DM causes
increase morbidity and mortality that significantly
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contributes to the overall health economics and
productivity of a country (2).

The pathogenesis of diabetic complications
is complex (3). Many hypothesized actiologies
had attributed it to the disease process including
overproduction of free radicals (4). The imbalance
between oxidant and antioxidant reactions produces
excessive reactive oxygen species and reactive
nitrogen species thus increase in oxidative stress.
Exposure of vascular wall to the free radicals in chronic
hyperglycaemia causes injury to the endothelial cells.
Chronic hyperglycaemia also causes reduction in the
circulating nitric oxide (NO) secreted by the endothelial
cells which triggers endothelial injury by altering the
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vascular tone (5) and increased peroxynitrite, a potent
free radical derived from nitric oxide (6).

Dyslipidaemia as a result of chronic DM has
contributed to the development of atherosclerosis in
diabetics (7). Increased thickness of tunica intima due
to endothelial injury is further enhanced by increase
in the low density lipoprotein (LDL) and reduction in
the high density lipoprotein (HDL) levels in diabetes.
Thickening of both tunica intima and media in type 2
diabetes mellitus (T2DM) leads to increased cardiac
output which later can be resulted in hypertension (8),
in addition to the impaired vascular tone secondary to
the reduced availability of circulating NO.

Over the years, modern drugs have been the
mainstay of treatment for DM for example, in T2DM,
metformin remains as one of the first line drugs in
treating DM. Nevertheless, the side effects which
include lactic acidosis from metformin can be fatal to
patients especially the elderly (9). Newer antidiabetic
drugs such as thiozolidinedione is also associated
with increased risk of developing cardiac disease
(10). Despite the availability of various antidiabetic
drugs, the complications of DM is still increasing (/7).
Furthermore, untoward side effects of the drugs warrant
an alternative treatment that must be explored.

Naringenin (NG), one of the flavonoid which is
found in plants and citrus fruits, has been studied
widely in due to its potential actions against diabetes
(12). NG is found in daily local diet in Malaysia
and possesses multiple therapeutics properties such
as anti-hypertensive, anti-inflammatory (/3), anti-
dyslipidaemia (/3), anti-atherosclerotic (14) and anti-
oxidative (/5). Effects of NG in diabetic vessels has also
been investigated. For an example, Bei Ren ef al. had
showed that NG improved glucose and lipid metabolism
and as well as ameliorated endothelial dysfunction
in type 2 diabetic rat model when given 1 week after
confirmation of DM (/6). Many other studies have also
investigated the effects of NG on various organs and
reported positive outcomes when NG treatment was
started immediately from the time of DM development.
Nevertheless, its effect on the diabetic vessels after
prolonged exposure to uncontrolled hyperglycaemia
is not known. Therefore, the aim of the study is to
investigate the effects of NG on the diabetic vessels in
prolonged (4 weeks) uncontrolled diabetic.

2. Materials and Methods
2.1. Animals

This study was approved by Universiti Teknologi
MARA Animal Ethics Committee. Thirty (n = 30),
Sprague-Dawley rats weighing 200-250 g were
used. Each rat was caged individually in a controlled
temperature and humidity. The temperature was set
between 25-28°C with 12 h light/dark cycle. The rats

were fed with commercially available rat chow diet
(Gold coin, Malaysia) and drinking water ad libitum.

2.2. Research framework

After 1 week of acclimatization, rats were randomly
divided into control (z = 12) and experimental groups (n
= 18). Weight, blood pressure and random blood glucose
were measured as baseline values. In experimental
group, all the rats were induced with diabetes according
to the method described by Wilson et al. in 2012 (17).
Briefly, 10% of fructose was given to the experimental
group of rats in drinking water for 2 weeks and then, a
single intramuscular injection of 40 mg/kg body weight
of streptozotocin (STZ) (98% from Santa Cruz, USA)
diluted in citrate buffer (/8) was given. Control groups
received normal drinking water and was injected with
citrate buffer as placebo. Three days following STZ
injection, a random blood glucose (RBG) was measured
using glucometer (Oncall-plus, Germany) at the tail
vein. Rats with RBG level of more than 16.5 mmol/
L was considered as diabetics (/9). After 4 weeks of
DM induction, the rats were further subdivided into 5
groups; control (Ctr) and control-treated with naringenin
(Ctr-NG), non-treated diabetic (DM-Ctr), diabetic
treated with metformin (DM-MTF) as positive control
group and diabetic treated with naringenin (DM-NGQG).
Weight, blood pressure and random blood glucose were
measured prior to treatment as pre-treatment values. The
treatment was continued for 5 weeks using oral gavage.
The dose of NG 50 mg/kg (20) and metformin 150 mg/
kg (21) were used in the present study. One day before
the end of the experiment, weight, random blood sugar
and blood pressure were measured as post-treatment
values. At the end of the experiment, the rats were
fasted overnight and anaesthesized with diethyl ether.
Cardiac puncture was performed to collect the blood for
fasting lipid profile. Overdose diethyl ether was used for
euthanisation. The aorta were harvested from the rats for
further biochemical and histological examinations.

2.3. Blood pressure measurement

Systolic blood pressure (SBP) and diastolic blood
pressure (DBP) measurements were taken at after 4
weeks of hyperglycaemia as pre-treatment and at 5
weeks following treatment as post-treatment time.
Non-invasive tail-cuffed method was used using
CODA system (Kent Scientific, USA). All rats were
acclimatised prior to BP measurement by putting the
rats in the BP tube 15 min before to the procedure in
conscious state. An average of 3 readings were taken
for each measurement.

2.4. Measurement of fasting serum lipid profile

Fasting lipid profile which consists of total cholesterol
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(TC), triglycerides (TG), high density lipoprotein (HDL)
and low density lipoprotein (LDL) were measured at
post-treatment and compared between each group.
Blood was taken via cardiac puncture following
anaesthesia with diethyl ether. The collected blood
samples were sent to Gribbles Sdn Bhd Malaysia for
further analysis.

2.5. Collection of tissues

After 5 weeks of treatment, all rats were euthanised
using overdose diethyl ether. Both arch of aorta
and thoracic aorta were taken for histological and
biochemical analyses, respectively. For the arch of
aorta, approximately 2 mm’ of the proximal part was
taken for transmission electron microscope analysis.

2.6. Microscopic analysis
2.6.1. Light microscopy

The arch of aorta was fixed in 10% formaldehyde and
all the samples were processed for histological analysis.
Tissue was cut using the microtome (Microm, USA)
at 5 um thickness and stained with haematoxylin and
eosin for standard histological observation, and alcian
blue to observe mucopolysaccharides deposit in the
aortic tissues. For histomorphological analysis, the
thickness of tunica intima (TI), tunica media (TM) and
the ratio between TI and TM were measured by using
an image analyzer software (ImageJ, an open resource
developed by National Institutes of Health). Four
measurements per image were obtained at 0°, 90°, 180°
and 270° and the means were calculated (22).

2.6.2. Transmission electron microscopy (TEM)

Arch of aorta from all rats was cut into 2 mm’ size.
The tissues were washed with 0.9% normal saline and
fixed with 2.5% glutaraldehyde in phosphate buffer
solution (PBS). Then, the tissue was rinsed with
distilled water and 2% osmium tetraoxide in distilled
water. The tissues were dehydrated using a series of
different concentrations of acetone. Infiltration and
polymerisation were performed using acetone/resin
and pure resin respectively. After polymerization, the
specimens were sectioned with a glass knife, stained
with toluidine blue solution and further sectioned
with diamond knife at 90 nm cut. The specimens were
viewed under transmission electron microscope (Tecnai
G2 model, FEIL, USA).

2.7. Biochemical analysis
2.7.1. Determination of malonaldialdehyde (MDA)

MDA was measured as oxidative marker in the aortic

tissue using a commercial kit (Sigma-Aldrich, German).
The assay is based on the reaction of MDA with
thiobarbituric acid (TBA) to form a colorimetric product
which is proportional to the MDA present. Aortic tissue
was collected, weigh and was homogenized in 300
mL of the MDA lysis buffer and 3 mL of butylated
hydroxytoluene (BHT). The solution was centrifuged
at 13,000 g for 10 min. The supernatant (200 pL)
from each homogenized sample were placed into a
microcentrifuge tube and proceeded to assay reaction.
MDA standard solution was prepared according to the
manufacturer protocol. MDA standard solution (600
pL) was added into each vial containing homogenised
tissue sample. The samples were incubated at 95°C for
60 min and cooled to room temperature in an ice bath for
10 min. Approximately 200 pL of reaction mixture was
pipetted into a 96 well plate for analysis. The absorbance
was measured at 532 nm (AS532) using Perkin Elmer
2030 Multilabel Reader Victor TM X5 machine and
expressed in nanomoles per gram of protein.

2.7.2. Determination of nitric oxide (NO)

Nitric oxide was determined using Quantichrome Nitric
oxide Assay Kits (BioAssay System, USA). Aortic tissue
samples (10 mg) were homogenised in phosphate buffer
solution and centrifuged at 14,000 rpm at 4°C. The
supernatant were taken and deproteinated using 8 puL
ZnSO4. The mixture of 150 pL supernatant of sample
were vortexed and 8 pL. NaOH and vortexed again. The
mixture were centrifuged for 10 min at 14,000 rpm. The
final 100 uL of supernatant were collected and used for
the reaction assay. Working reagent (WR) and standard
solution were prepared according to manufacturer
protocol. WR was added to every standard solution and
samples. The mixture of WR and samples or standards in
reaction tubes were incubated for 10 min at 600C. Then,
the reaction tubes were centrifuged and 250 pL of each
reaction were separated to the 96 well plate. The optical
density (OD) was read at 540 nm using Perkin Elmer
2030 Multilabel Reader Victor TM X5 machine.

2.8. Statistical analysis

The data are presented as the means + standard
deviation (SD). Statistical analysis was carried out by
using ANOVA followed by Bonferroni post-hoc test.
A value of p < 0.05 was considered to be significant.
All statistical analysis was performed using the SPSS
statistical package version 24.0 (SPSS Inc., Chicago,
USA).

3. Results
3.1. Confirmation of diabetes

After induction of diabetes, all rats exhibited clear signs
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of overt diabetes in comparison with non-induced rats.
The induced rats suffered frequent urination (polyuria)
and high fluids and food intake i.e. polydipsia and
hyperphagia respectively. They were also noticed to
become hypoactive and more lethargic, evidenced by
the reduced activity upon handling and less movement
upon changing of bedding. It was observed that
treatment with NG did not improved the morphology,
character and behaviour of the diabetic rats. The
weights in diabetic rats were not increased in treated
and untreated rats as shown in Figure 1.

At post-treatment time (Figure 2), RBG in the DM-
Ctr group (27 £+ 4.85 mmol/L) remained significantly
high (p < 0.05) compared to Ctr group (4.98 + 0.28
mmol/L). Treatment with NG however, did not
significantly reduced RBG level in DM-NG (26.7 + 4.70
mmol/L) group when compared to DM-Ctr group (27
+ 4.85mmol/L). Metformin also did not significantly
reduce the level of RBG (p > 0.05) but a reducing trend
was seen in DM-MTF group (24.43 + 4.67 mmol/L)
compared to DM-Ctr group. Neither hypoglycaemia nor
hyperglycaemia was observed at post-treatment time in
Ctr-NG group compared to Ctr group.
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Figure 1. The changes of weight of the rats at different
interval. (*) significant weight loss was seen in DM-Ctr group
compared to Ctr group.
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Figure 2. Effects of NG on RBG level when NG was
introduced after 4 weeks of uncontrolled hyperglycemia.
(*) significant increase in RBG, p < 0.05, in DM-Ctr group
compared to Ctr-group. (#) no significant changes observed in
DM-NG compared to DM-Ctr group.

3.2. Blood pressure

During pre-treatment time, DM-Ctr group showed
significant (p < 0.05) changes in SBP (143.78 +
10.79 mmHg) and DBP (101.00 + 8.13 mmHg) when
compared to Ctr group. However, after 5 weeks of
treatment, DM-NG group showed no significant changes
(p > 0.05) in either SBP (130.17 + 19.68 mmHg) and
DBP (85.72 + 13.51 mmHg) when compared to DM-
Ctr (SBP: 145.22 + 7.79 mmHg; DBP: 89.11 + 20.37
mmHg) group (Figure 3).

3.3. Fasting serum lipid profile

Fasting lipid profiles were evaluated following 5
weeks of treatment with NG when it was consumed
at 4 weeks post diabetic. There were no significant
changes observed in all diabetic rats groups in terms of
total cholesterol, triglycerides, low density lipoprotein
and high density lipoprotein levels when compared to
the untreated diabetic rats (DM-Ctr group) (p > 0.05).
The lipid profiles of non-diabetic rats treated with NG
(Ctr-NG) also showed no significant difference (p >
0.05) compared with the untreated non-diabetic rats
(Ctr). These finding suggest that consumption of NG
at 4 weeks post diabetic for 5 weeks had no significant
effect on fasting serum lipid profile in diabetic animals
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Figure 3. Changes in the systolic (A) and diastolic (B)
blood pressure at different time. No significant change (#)
was observed in systolic and diastolic blood pressure when
NG introduced to experimental rats at 4 weeks post diabetic
for 5 weeks. (*) significant changes observed in DM-Ctr
group compared to Ctr group prior the start of treatment.
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Table 1. Effect of NG when introduced after 4 weeks of diabetes to the fasting serum lipid profile

Group Total Cholesterol (TC) Triglycerides (TG) High Density Lipoprotein (HDL) Low Density Lipoprotein (LDL)
Ctr 1.82+0.26 0.805+0.14 0.48 +0.28 0.97 +0.09

Ctr-NG 247+0.22 0.69+0.11 0.305 + 0.06 1.84+0.22

DM-Ctr 2.64+0.14 1.21 +£0.04 0.84+0.32 1.27+0.31

DM-MTF 2.7+0.26 0.80 +0.04 0.89+0.11 1.49 +0.28

DM-NG 2.77 £ 0.20% 1.19 £ 0.29# 0.97 £0.18# 1.25+0.10#

(#) showed no significant changes in fasting serum lipid profile in DM-NG compared to DM-Ctr group.

(Table 1).
3.4. MDA and NO levels of aortic tissue

MDA level was measured in the aortic tissue (thoracic
aorta) as an indicator for lipid peroxidation activity.
DM-NG group exhibited significantly decreased
(p < 0.05) MDA level (0.79 nmol + 0.02 nmol/mg)
compared to the DM-Ctr group (0.84 + 0.02 nmol/mg).
However, the diabetic group treated with metformin
(DM-MTF) showed no significant difference compared
to DM-Ctr group. No significant changes were observed
between NG-treated and untreated non-diabetic rats
group (Table 2).

NO level in aortic tissue (thoracic aorta) was
measured at the end of the study according to the
protocol described by the manufacturer. It was observed
that NG-treated DM rats (DM-NG group) showed
no significant changes in NO level compared to the
untreated group (DM-Ctr) (p > 0.05). Similarly, DM-
MTF group also showed insignificant change in NO
level (p > 0.05) compared to control. In the non-DM
rats (Ctr and Ctr-NQG), treatment with NG did not show
any significant changes in NO level (Table 2).

Table 2. Effect of NG on MDA and NO levels in the aortic
tissue when introduced at 4 weeks post diabetic, for 5
weeks.

Group MDA level (nmol/mg) NO level (uM/mg)
Ctr 0.82+0.02 30.95+1.26
Ctr-NG 0.79 +0.01 38.10 £6.12
DM-Ctr 0.83+0.03 35.80+3.72
DM-MTF 0.82+0.02 33.98 +3.08
DM-NG 0.79 +0.02* 37.38 + 6.47#

Significant changes were only seen in MDA level (*) but no
significant changes were observed in NO level (*) when compared to
the DM-Ctr group.

3.5. Histomorphometry and histological analysis

In the present study, the thickness of tunica intima
(TI) and tunica media (TM) were measured under
haematoxylin eosin (H&E) staining which is routine
histological staining to observe the morphological
feature of a tissue. The measured thickness TI and TM
were compared with untreated diabetic group (DM-Ctr)
and the ratio between TI:TM were calculated. There
was significant increase (p < 0.05) in TI thickness in
the untreated diabetic rats (DM-Ctr group). Following
5 weeks of treatment with NG, the thickness of TI and
TM were reduced in the diabetic rats compared to DM-
Ctr group. Similarly, treatment with metformin reduced
the TI thickness but not the TM. In addition, there was
no significant difference observed in the ratio between
TI and TM in all groups (Table 3).

There was loss of endothelial cells and disruption of
internal elastic lamina in TI observed in the untreated
DM rats on H&E staining (Figure 4). TM elastin was
also observed to be less tortuous compared to the
untreated non diabetic group. Sublamina area showed
high proliferation of vascular smooth muscle cells.
After treatment with NG, these distorted morphological
features seen in the untreated diabetic rats were lessen,
and instead similar features to the non-diabetic rats
were observed. The DM-NG group showed presence
of normal endothelial cells in TI, prominent internal
elastic lamina along with increased in the tortuosity of
the elastin. Similar features were also observed in DM-
MTF group.

Alcian blue staining was used to stain the connective
tissue particularly acid mucopolysaccharides. In the
present study, there was increased deposition of acid
mucopolysaccharides (blue in colour) in DM-Ctr
group (Figure 5). However, DM-NG group showed
less deposition of acid mucopolysaccharides along
with normal architecture of aortic tissue. Similar

Table 3. Effect of NG on the thickness of TI and TM when NG introduced at 4 weeks post diabetic

Group Ctr Ctr-NG DM-Ctr DM-MTF DM-NG
Thickness of TI (um) 8.71+0.65 9.71 +1.39 11.93 £ 1.67 9.36 + 1.04** 9.04 +1.82*
Thickness of TM (um) 317.58 £ 67.14 398.22 +59.09 470.58 £92.12 388.48 +£93.46 306.36 + 85.18%
Ratio (TI:TM) 0.03 0.02 0.03 0.02 0.03

Thickness of TI and TM was siginificantly reduced in DM-NG group when compared to DM-Ctr group (*). Treatment with metformin in DM-
MTF group showed significant reduced in the thickness of TI, but not seen in TM (*¥).
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B) Ctr-NG

Figure 4. Photomicrograph of transverse sections of the arch of aorta under H&E staining x40. Thicken TT and TM was
observed in DM-Ctr compared to Ctr group. Consumption of the NG by the diabetic group in DM-NG after 4 weeks post diabetic
showed improvement in the histological features compared to DM-Ctr group. Arrow head (red) showed injury on intimal layer on
the DM-Ctr group. TI, tunica intima; TM, tunica media; EC, endothelial cell; L, lumen.

Figure 5. Photomicrograph of transverse sections of the arch of aorta under Alcian Blue staining x40. Increased deposition
of acid mucopolysaccharides (blue stain) in both TI and TM was observed in DM-Ctr group compared to Ctr group. In DM-NG
group, reduced in mucopolysaccharides was seen compared to DM-Ctr group. TM, tunica media; L, lumen.

features were observed in the DM-MTF group.
These histological findings revealed that treatment
with NG after 4 weeks exposure to the uncontrolled
hyperglycaemia improved the morphological
deterioration of aortic tissue in diabetic rats.

3.6. TEM analysis

The ultrastructural features of endothelial cells in tunica
intima, extracellular matrix in the subendothelial region,
internal elastic lamina and smooth muscle cells in
tunica media were observed under TEM and the results

are shown in Figure 6. There were no ultrastructural
differences observed in treated and untreated non-
diabetic rats (Ctr-NG and Ctr, respectively). Endothelial
cells were intact and internal elastic lamina was
not disturbed. Smooth muscles cells were normally
distributed. However, DM-Ctr group showed some area
of desquamation along the intimal region. Retracted
endothelial cells were seen and possessed irregular
distributions. The notable morphological changes
in the intimal layer showed endothelial injury. The
appearance normal structure of internal elastic lamina
layer was loss. Irregular shaped of smooth muscle
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Figure 6. Micrograph (x8,500) of aorta under TEM. Noted the disruption of IEL in DM-Ctr compared to Ctr group. Lifting of
EC, migration of SMC to intimal layer was noticeable in DM-Ctr which was absent in DM-NG group. EC, endothelial cells; IEL,

internal elastic lamina; SMC, smooth muscle cells.

cells was observed in proximity to the internal elastic
lamina, migrating to the TI. Nonetheless, DM-NG
group showed less ultrastructural deteriorations both
in the intimal and media regions. Consumption of NG
after 4 weeks of uncontrolled hyperglycaemia improved
the diabetic changes. Presence of normal endothelial
cells, less disrupted and well-arranged lamina area was
observed in DM-NG group. Smooth muscle cells were
restored to its normal shape. Similar finding was found
in DM-MTF group.

4. Discussion

Studies on prolonged hyperglycaemia in diabetic
rats has used various duration to define chronic
hyperglycaemia. Some studies defined chronic
hyperglycaemia as 2 weeks (23), 4 weeks (24), 8 weeks
(25) and up to 16 weeks (26). In this current study,
4 weeks of prolonged hyperglycaemia is chosen to
define chronic DM as no study of NG had been done
to investigate the effects of NG on vascular changes
in chronic hyperglycaemia. Studies involving the
effect of NG on vascular changes had demonstrated
NG to effectively prevent abnormal changes in the
diabetic vessels through nitric oxide by introducing
NG at 1 week post diabetes (27). A study on NG by
Bei Ren ef al. had demonstrated NG to significantly
regulate glucose and lipid metabolism, and ameliorate
vascular dysfunction after introducing NG at 1 week
post diabetes in type 2 diabetic rat model (/6). The
longest duration of chronic hyperglycaemia prior the

introduction of NG had been reported by Salim et al.
and Dosari et al., where both studies defined 2 weeks
as their cut off point prior introducing NG to diabetic
group to investigate the effect of diabetic retinopathy
and neuropathy (20,23). Thus this study was aimed
to evaluate the effectiveness of NG at a longer post
diabetic period i.e. 4 weeks before the introduction of
treatment.

The present study used an established diabetic
model described by Wilson et al. using fructose and low
dose STZ (28). All the rats in the experimental groups
(DM-Ctr, DM-NG and DM-MTF) remained diabetic
where the RBG was persistently more than 16.5 mmol/
L throughout the experiment prior introduction of
NG. The rats were left in non-treated condition for 4
weeks prior starting the treatment. Treatment with NG
in the diabetic group did not significantly reduced the
blood glucose level. This finding is in contrast to other
reported result where immediate treatment with NG on
diabetic experimental animal significantly reduced the
blood sugar (29). Delay in starting treatment had proven
to take a longer time to regulate the blood glucose
(30). Therefore, longer exposure of the cells to the
hyperglycaemic condition caused increased in oxidative
stress thus more difficult in treating the hyperglycaemic
conditions (37). Prolonged hyperglycaemia is also
known to affect the prognosis and outcome of patients
as delay in the intensification of treatment might
increase risk in developing cardiac event that could
lead to fatality (32). In this study, metformin treatment
also showed no significant reduction in blood glucose.

www.ddtjournal.com



Drug Discoveries & Therapeutics. 2019; 13(4):212-221. 219

This may suggest the possible need for multiple drugs
modalities to treat prolonged hyperglycaemia. There is
also a need to determine if a higher dose of NG could
reduce the blood sugar in chronic state of diabetes.

Complications of DM was reported to result
from the imbalance between antioxidant and oxidant
reactions. Increased in secondary metabolites due to
chronic hyperglycaemia lead to the overproduction of
superoxide in the endothelial cells (7) thus triggering
the oxidative stress in the tissue. Such increase in
oxidative stress condition causes endothelial cells
injury and promote vascular injury and later on
atherosclerosis. On the other hand, NG is one of the
flavonoids abundantly found in citrus fruits. It has
multiple therapeutics properties against chronic diseases
like DM. Apart from being able to improve diabetic
condition (33), NG is also known to be effective against
atherosclerosis accelerated by diabetic condition (34).
However, in such experiment, NG was being introduced
at different intervals from the time of the confirmation
of diabetes. In this present study, effects of NG on the
general condition including weight, blood pressure,
serum lipid profile and histological changes of diabetic
aortic tissue in a prolonged diabetic were evaluated.

Immediate introduction of NG to the experimental
animal seem to report different results. A study by
Sandeep et al. (35) showed that NG attenuated the loss
of weight in the diabetic animal while another study
had shown NG to have no significant effect on the
weight (/6). At 2 week post diabetic, NG administration
showed no improvement of weight in the diabetic
animal (23). In this present study, introduction of NG
at 4 weeks post diabetic did not significantly affect
the weight of the diabetic animal. This result might be
due to the condition of the affected animals whereby
chronic hyperglycaemia has put the experimental
animals into catabolic state. The imbalance between
catabolic and anabolic state caused the diabetic rats to
lose muscle weight with addition of dehydration hence
preventing weight gain.

Blood pressure in diabetic patients tend to rise
with prevalence of 30% and 60% for type 1 DM and
type 2 DM respectively (36). This is partly due to the
atherosclerotic process which is accelerated in diabetes
(37). Consumption of NG in diabetic rats as part of the
prevention of hypertension, did not show significant
changes on the blood pressure (/4). However,
another study had found that, naringin (aglycone NG)
did significantly reduce systolic blood pressure in
diabetic animals when it was introduced immediately
in metabolic syndrome rat model (38). The present
study showed that introduction of NG at 4 weeks post
diabetic did not significantly improved either systolic
or diastolic blood pressure.

Serum lipid profile is commonly affected in diabetes
(39). Uncontrolled hyperglycaemia causes increased
in the glycosylation and oxidation which affect the

lipoproteins and contributes to the development of
atherosclerosis in diabetes (36). Effects of NG on serum
lipid profile had shown positive outcomes whereby
consumption of NG by the diabetic animal immediately
from the time of diagnosis improved serum lipid
profile compared to non-treated diabetic animals
(16). At 10 days post diabetic, consumption of NG by
the type 2 diabetic animal model caused alleviation
of triglycerides and high density lipoprotein (40).
However, in this study, 5 weeks of NG consumption
by the diabetic animal did not significantly improve
lipid profile caused by prolonged uncontrolled
hyperglycaemia.

The effects on NG on MDA and NO levels in
diabetic aortic tissue were determined. MDA is one of
the final products of lipid peroxidation of the unsaturated
fatty acids in the cell membrane. It is commonly known
as a marker for oxidative stress (4/). In a diabetic
setting, imbalance of antioxidant and oxidant reaction
increases the production of MDA. NG is a well-known
antioxidant that was shown to reduce lipid peroxidation
in the liver, kidney, and pancreas (/5,42). However,
the effects of NG on the level of MDA in the diabetic
aortic tissue when the given earlier than 4 weeks post
diabetic is not yet available up to the time of writing.
In this study, we had found that consumption of NG
at 4 weeks post diabetic reduced MDA level in the
diabetic aortic tissue. This result supports the existing
facts on NG which is not only effective as antioxidant
when introduced immediately after the confirmation of
diabetes, but may be useful in the managing diabetes
when the patients presented late.

NO is secreted by the vascular endothelial cells and
acts as key regulator in maintaining the vessel tone
(5,6). However, NO may interact with superoxide
radicals which is increased in hyperglycemia to produce
peroxynitrite, a potent oxidant radical. Accumulation
of peroxynitrite may trigger endothelial injury and
accelerate atherosclerotic process (43). In vitro studies
on NO had shown that NG prevented the decrease in
NO level in diabetic cells (/6,44). Introduction of NG
at 1 week post diabetes showed improvement in the
availability of NO in the diabetic aorta compared to
non-treated diabetic aorta (27). Another report showed
that consumption of 50 mg/kg body weight of NG after
2 weeks of confirmation of diabetes, had reduced the
level of NO in diabetic sciatic tissue (20). Similar results
was shown in another study where NG introduced at 4
weeks post diabetic showed reduction in the NO level in
the diabetic brain tissue (24). The present study showed
that the effect of NG on the diabetic aortic tissue after
consumption of NG at 4 weeks post diabetic to be
not significant. Looking at the various reports on the
effect of NO when introduced at different interval post
diabetes, we can observe the paradox phenomenon of
NO in diabetic setting. It was reported that superoxide
produced following hyperglycaemia activated other
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pathway that caused increased in the expression of
inducible nitric oxide (iNOS), thus the net production
of NO. However, in chronic hyperglycaemia, more
superoxide anions is produced and present in high
concentrations. Superoxides interact promptly with
newly produced NO to form stronger oxidant which is
peroxynitrite and cause decline in the availability of NO
in the endothelial cell itself (45).

NG that was introduced to the experimental
animal at different intervals once the metabolic
abnormality was confirmed exhibit positive results in
histomorphometrical analysis. For instance, the effect
of NG when introduced as supplementation prior the
development of the metabolic syndrome rat model had
demonstrated improved endothelial injury effect on the
vessel wall (/4,34). Similar result was reported when
NG was introduced at 1 week post diabetic, whereby
histological analysis by light microscopy and TEM
showed less injury to the aorta of the diabetic rats
compared to untreated diabetic group (/6). In this study,
consumption of NG for 5 weeks at 4 weeks post diabetic
caused significant reduction in the thickness of tunica
intima and media with reduced the collagen deposition
in the vessel wall of the diabetic aorta compared to the
untreated diabetic group. Effect of NG can be clearly
seen in TEM even after delayed treatment i.e. 4 weeks
following the confirmation of diabetes.

In conclusion, effect of NG when introduced at 4
weeks post diabetic, for 5 weeks resulted in reduction of
oxidative stress evident by the reduce lipid peroxidation
activity in diabetic group. It also improved the
histomorphological changes of the aortic tissue in chronic
diabetes. These findings are comparable to the effects of
NG when it was given immediately after the diagnosis of
diabetes. However, the effect of NG as antihyperglycemic
and antilipidemic when it was introduced after 4 weeks
of uncontrolled hyperglycaemia was not evident in
this study compared to the earlier study whereby NG
is effectively reduced the blood glucose and improved
serum lipid profile when introduced at the beginning of
the diabetic disease. Administration of NG after 4 weeks
diabetes also did not affect the level of NO in the diabetic
aortic tissue. Thus detailed research of NG might be
needed as to either increased the dose of NG or longer
duration of treatment might be considered for NG to be
effective in managing diabetes in delayed presentation.
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Summary

Based on the anti-virulence activity on Salmonella, the ethyl acetate extract (EAE) of Mesua

ferrea flower was investigated for its chemical constituents. Ten purified compounds were
identified and assayed for their inhibitory activity against Type III secretion system (T3SS)
by polyacrylamide gel electrophoresis (SDS-PAGE) and Western blots experiments. We
found the biflavonoids, rhusflavanone and mesuaferrone B, exhibited inhibitory effects on
the secretion of Salmonella pathogenicity island 1 (SPI-1) effector proteins (SipA, B, C and D)
without effecting the bacterial growth. In addition, 5, 6, 6'-trihydroxy-[1,1'-biphenyl]-3,3'-
dicarboxylic acid (6) is a new natural product from M. ferrea flower.

Keywords: Mesua ferrea (Roxb.) L., anti-virulence activity, biflavonoids, T3SS

1. Introduction

In the ongoing battle between people and pathogens,
natural resources play an important role for saving
people's life, therefore, natural medicinal plants used
by ancient people are still valuable treasure to seek
drugs (/). Bactericides, such as penicillin, can inhibit
bacterial growth with high selection pressure and led
to rapid increase in antibiotic resistance. Therefore, we
need to change the idea to discover new antibiotics.
An alternative idea on drug development is to inhibit
bacterial virulence (including adhesion, secretion
systems, or quorum sensing) (2,3), because virulence
blockers inhibit pathogens by disarming the bacteria
and preventing normal infection.

As we all know, Salmonella enterica is an
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important pathogen of humans and live-stocks. The
gastroenteritis, dysentery and diarrhea caused by
Salmonella are serious problems for public health,
especially in tropical regions (4). The pathogenicity of
S. enterica mainly depends on two type three secretion
systems (T3SSs), encoded by Salmonella pathogenicity
island 1 (SPI-1) and SPI-2 (5). During infection,
pathogens use the T3SS to inject effector proteins into
target host cells, disrupting host defense mechanisms
and allowing invasion. Therefore, to reduce virulence
or inhibit specialized secretion systems are an obvious
aim for us to develop drugs (6,7), and T3ss is a well-
studied and attractive anti-virulence target (6).

The whole plant of M. ferrea is wildly used
as medicinal plant in tropical Asia and India. The
dried flowers are used for fever, astringent, anti-
inflammation and also used in dysentery and anti-
typhoid (8,9). In recent years, many bioactivities of M.
ferrea were reported including antibacterial (8,70-13),
antiarthritic (/4), antioxidant and immunomodulatory
(15), antispasmodic (/6), estrogenic and progestational
activity (/7) and tyrosinase and eclastase inhibitory
activity (/8). Our screening results on 93 Myanmar
medicinal plants suggested that the flower extract
of M. ferrea exhibited potent antibacterial and anti-
T3SS activity (/2). Therefore, this study was aiming
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to explore the anti-virulence active components from
M. ferrea. The present study investigated the chemical
isolation of compounds (1-10) from the flowers
of M. ferrea and identified rhusflavanone (4) and
mesuaferrone B (5) as the chemical inhibitors of T3SS
of Salmonella.

2. Material and Methods
2.1. General experimental procedures

The NMR spectra were obtained on a Bruker Avance
DRX-400 NMR spectrometer operating at 400
MHz for 'H and 100 MHz for "C in CD;0OD using
tetramethylsilane (TMS) as an internal standard.
HRESIMS were carried out on an LTQ-Orbitrap XL.
Column chromatography (CC) was carried out on
medium preparative liquid chromatography (MPLC)
(RP-18, 40~63 pm; Merck KGaA, Germany), Sephadex
LH-20 (25-100 um; GE Healthcare, Sweden) and
normal silica gel (200-300 mesh; Qingdao Haiyang
Chemical Co. Ltd., China).

2.2. Bacterial strains and growth condition

The strain used in this study is Salmonella enterica
serovar Typhimurium UK-1 %8956 (S. Typhimurium).
The bacteria was grown on LB agar media (1%
tryptone, 0.5% yeast extract, 1% NaCl, pH 7.4). S.
Typhimurium was grown in LB broth or on LB agar
plates supplemented with 0.2% L-arabinose at 37°C or
25°C with shaking at 220 rpm (/9).

2.3. Plant material

The M. ferrea flowers were collected from the
Hopong Township, Taunggyi Region, Shan State
(20047'27.47"N; 97010'29.61"E 1115m), Myanmar, in
May 2017. It was authenticated by Yu Zhang and the
voucher specimen (MB201705TGY016) was deposited
in Kunming Institute of Botany, Chinese Academy of
Sciences.

2.4. Extraction and isolation

The M. ferrea flowers (1.0 kg) were dried and powdered
and then extracted three times with 95% ethanol at room
temperature. The ethanol extracts were combined and
concentrated using a rotary evaporator, under reduced
pressure at 40°C to yield a residue. Extractions were
dispersed in water and extracted with petroleum ether
(PE), ethyl acetate (EA) and n-butanol (Bu) respectively
to result in three different crude extracts.

The active screening suggested that EA extract
(EAE) and BuE exhibited anti-T3SS activity. In order to
identify the anti-virulence components from M. ferrea,
EAE was subjected to chromatography by MPLC (140

g RP-18) eluted with 30%, 50%, 70% and 100% MeOH
(2 L each) to obtain 14 fractions and marked as Fr.1-14.

Fr.3 (467 mg) was further purified by MPLC (40
g RP-18 silica gel) and eluted with 10%, 15%, 20%,
25%, and 30% MeOH, 200 mL each to yield Fr.3A-
3G. Fr.3C (22.5 mg) was subjected to CC over silica
gel (PE:EA, 5:1, 4:1, 3:1, 2:1 and 1:1) to afford 10 (4.7
mg) and 7 (7.0 mg). Fr.3G (55.6 mg) was subjected
to CC over silica gel (PE:EA, 5:1, 4:1, 3:1, 2:1 and
1:1) to afford 8 (4.4 mg). Fr.4 (399 mg) was further
purified by MPLC (40g RP-18 silica gel; 10%, 20%,
25%, and 35%MeOH, 200 mL each, respectively) and
further normal silica gel CC (PE:EA, 3:1, 2:1 and 1:1)
to obtain 6 (7.3 mg). Fr.7 (420 mg) was subjected to
MPLC over RP-18 silica gel (40 g) eluted with 40%,
45%, 50% MeOH to obtain Fr.7A-7H. Fr.7D (57.0
mg) was subjected to CC over silica gel (PE:EA, 2:1,
1:1, 1:2 and 1:3) to afford 2 (17.0 mg). Fr.7G (60.3
mg) and further purified by CC over silica gel (PE:EA,
2:1, 1:1 and EA) to afford 1 (16.7 mg). Fr.7H (50.4
mg) was purified by CC over silica gel (PE:EA, 5:1,
4:1, 3:1 and EA) to afford 3 (16.6 mg). Fr.9 (607.8
mg) was subjected to CC over Sephadex LH-20 eluted
with MeOH to produce Fr.9A-E. Fr.9C (23.0 mg) was
further purified by CC over silica gel (PE:EA, 2:1, 1:1,
EA, MeoH) to obtain 4 (12 mg). Fr.9D (35.3 mg) was
subjected to CC over silica gel (PE:EA, 10:1,10:2, 2:1
, 1:1 and EA ) to afford 5 (6 mg). Fr.9E (20.1 mg) was
purified by CC over silica gel (PE:EA, 2:1 and 1:1) to
obtain 9 (2.1 mg, from 1:1 eluent).

According to the TLC detection, BuE showed similar
behavior with EAE. HPLC detection for fractions
EAE and BuE also suggested that compounds 4 and 5
are the main constituents in BuE (Figure S24, http://
www.ddtjournal.com/action/getSupplementalData.
php?ID=45), which can explain the anti-virulence
activity of BuE.

2.5. Detection of secreted SPI-1-associated effector
proteins

The extracts PEE, EAE and BuE together with the
purified 10 compounds (1-10) were screened for their
inhibitory effects on the secretion of the SPI-1 effector
proteins of S. Typhimurium. Cytosporone B was used
as the positive control (/2,20). The 25°C overnight
cultures of S. enterica were diluted 10 times with LB
medium containing 0.2% L-arabinose and cultivated
for 4 h at 37°C/220 rpm in the absence or presence of
extracts (100 pg/mL) or compounds (100 uM). The
supernatant of 1 mL culture was used to obtain secreted
proteins. The proteins were precipitated with a final
concentration of 10%TCA by repeated at 4°C and
centrifuged at 12,000 g for 15 min and washed with 250
uL ice-chilled acetone. The precipitates were dried for
15 min. The pellets were dissolved with loading buffer
to an optical density (ODy,). The protein samples were
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heated to 95°C for 5-10 min to denature the proteins
and then analyzed by 10% SDS-PAGE. Protein were
visualized either by Coomassie blue or by Western
blots.

2.6. Western blots

This procedure was the same as our previous described
(12,20). S. Typhimurium was cultured and treated
as described above. The proteins were separated by
10% SDS-PAGE and blotted onto PVDF membranes.
The blotted membrane was washed with 5% w/v
BSA (bovine serum albumin) in TBST (Tris-buffered

EA PE BU
kba M D C 100 50 100 50 100 50 WM
100

— R

70 -
W SipB

35
- ———  — — - ©'°
40 wy — S — S SipC
= SipD

35 .

e D D o FliC

— C e -SupC

Figure 1. Extracts inhibited secretion of SPI-1 effector
proteins. SipA/B/C/D, SPI-1 effector proteins; FliC, flagellar
filament protein; M, marker; D, DMSO control; C, CsnB.

1 R1=H R2=rha [e)
2 R{=OH R,=rha
3 R;=OH R,=H

Figure 2. The chemical structures of compounds 1-10.

3

4 rhusflavanone

NH; 3 OH HO OH HO OH

©H OH OH

saline mixed with Tween 20) at room temperature for
1 h. Then, membranes were incubated in 5% BSA
containing anti-SipC or anti-F1iC monoclonal antibody
overnight at 4°C and then washed with TBST (5 min,
three times). The membrane was incubated for 1 h
in TBST containing the secondary antibody at room
temperature with shaking. Then, membranes were
washed three times with TBST again. Finally, the
membrane was incubated in ECLA reaction buffer (0.1
M Tris-HCI, pH 8.5, 25 mM luminol, 4 mM p-coumaric
acid) and ECLB reaction buffer (0.06% v/v H202 in
0.1 M Tris-HCI, pH 8.5) for 2 min, and proteins were
detected by ECL method (Molecular Imager ChemiDoc
XRSt; Bio-Rad, Hercules, CA). Relative intensity of
protein levels of SipC and FliC were analyzed using
Image Lab Software.

3. Results and Discussion
3.1. Structure elucidation of the isolated compounds

The anti-T3SS activity screening and western blot
results suggested that the EAE and BuE with 100 pg/
mL from M. ferrea flower showed evident anti-T3SS
effects on the secretion of effector proteins SipA,
B, C and D (Figure 1). From EAE, three flavonoids
(1-3), two biflavonoids (4 and 5) and five phenolic
compounds (6-10) (Figure 2) were obtained and their
structures were identified by their 'H ,""C NMR (see
supporting information), HSQC, HMBC and ESIMS
spectroscopic analyses and further comparing with those
reported data. They were identified as kaempferol-3-
O-rhamnoside (1) (27), quercitrin (2) (22), quercetin
(3) (23,24), rhusflavanone (4) (25), mesuaferrone
B (5) (18,26), 5,6,6'-trihydroxy[1.1'-biphenyl]-3,3'-

5 mesuaferrone B

OH Oy °H O OCH,CH;
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dicarboxylic acid (6), 3-amino-4-hydroxybenzoic acid
(7) (27,28), procatechuic acid (8) (29,30), gallic acid (9)
(31) and procatechuic acid ethyl ester (10) (32,33).

It is emphasized here that 6 was obtained as a
colorless powder and it was identified as a new natural
product. The molecular formula was determined to
be C,,H,,0; according to the HRESIMS data of m/
z291.1571 [M+H]". 'H NMR data (400 MHz in
CD,OD): §,, 7.51 (d, /=19 Hz, H-2), 7.17 (d, ] = 1.8
Hz, H-4), 7.84 (d, J = 1.9 Hz, H-2"), 7.49 (dd, J = 8.2,
1.8 Hz, H-4"), 6.87 (d, J= 8.2 Hz, H- 5'); "C NMR data
(100 MHz in CD;0D): §.: 133.6s (C-1), 112.4d (C-2),
112.1s (C-3), 111.6d (C-4), 146.5s (C-5), 142.1s (C-6),
170.9s (C-7), 133.2s (C-1"), 118.8d (C-2"), 123.4s (C-3°)
124.7d (C-4"), 115.6d (C-5"), 153.4s (C-6"), 170.9s (C-8).

3.2. Rhusflavanone and Mesuaferrone B inhibited the
secretion of SPI-1 effector proteins

The inhibitory effects on secretion of pathogenicity
island-1 (SPI-1)-associated effector proteins on
Salmonella in vitro were investigated for compounds

kba M p C 1 2 3 4 5 6 7 8 9 10

100 g

—_— —— — e — a—— SIPA
70
- — SipB
55 i~ [l
. ———— —— — ———— iC
10 e T —— — —— e SIPC
SipD
35 .

— —— ———— — —---.;‘ FIiC

bl W e — v ——— 5,

Figure 3. Compounds inhibited secretion of SPI-1 effector
proteins. SipA/B/C/D, SPI-1 effector proteins; FliC, flagellar
filament protein; M, marker; D, DMSO control; C, CsnB.
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1-10. We found that rhusflavanone (4) and
mesuaferrone B (5) exhibited inhibitory effects on
the secretion of the T3SS effectors SipA, B, C and D
without effecting on FliC (Figure 3). Mesuaferrone
B can inhibit the secretion of effector proteins in a
dose dependent manner (Figure 4a) and no effect
on the growth of Salmonella (Figure 4b). Therefore,
mesuaferrone B from M. ferrea may be an inhibitor of
T3SS of Salmonella.

In conclusion, rhusflavanone and mesuaferrone
B are the anti-virulence components from M. ferrea
with inhibitory activity on the secretion of effector
proteins on Salmonella. Although, some researches
have reported the diverse activity of biflavonoids
(18,25,34,35), no anti-virulence activity has not been
reported. Our results provide promising baseline
information for the potential use of M. ferrea in the
treatment of bacterial infections through anti-virulence
pathway.
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6.25 to 100 uM detected by SDS-PAGE followed by Coomassie blue staining or Western blotting. M, marker; C, DMSO control.
Inhibition percentage was calculated by comparing the SipC blot with that of the DMSO control. B) Mesuaferrone B did not
inhibit the bacterial growth at a range of concentrations at 50 and 100 pM.
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Summary

We describe a rare case of neurovascular compression syndrome (NVCS) of the brain stem
and opsoclonus-myoclonus syndrome (OMS) complicated with vestibular paroxysmia
(VP) and autonomic symptoms. Moreover, we discuss the case with respect to the available
information in medical literature. A 36-year-old man with vertigo and nausea had difficulty
standing, and was transported by an ambulance to our hospital. He had VP, opsoclonus,
cervical myoclonus, anxiety, and restless legs syndrome. Magnetic resonance imaging at
hospitalization showed that the dolichoectatic vertebral artery was in contact with the
postero-lateral side of the pontomedullary junction. He was diagnosed with NVCS of the
brain stem (most likely of the input to the vestibular nucleus) associated with contact with
the dolichoectatic vertebral artery. Combination therapy using multiple antiepileptic
drugs, such as low-dose carbamazepine, clonazepam, and lacosamide, improved his clinical
symptoms. He was finally able to walk and was discharged on day 42 after admission. He is
being routinely followed-up since then. Further research is needed to confirm the validity of
the combination therapy.

Keywords: Neurovascular compression syndrome, brainstem, opsoclonus myoclonus syndrome,

vestibular paroxysmia, autonomic symptoms

1. Introduction

Opsoclonus-myoclonus syndrome (OMS) (/-3) is a
rare disease with opsoclonus, cerebellar ataxia, and
myoclonus of the trunk, limbs, and neck as the primary
symptoms. The probable underlying etiologies eliciting
the symptoms include viral encephalitis, malignant
tumors, metabolic disorders, and degenerative diseases.
Particularly, OMS as parancoplastic nerve syndrome
(PNS), wherein, various neurological symptoms
manifest because of the "remote effect" of malignant
tumors, is an important etiology. Neuroblastoma is
present in about half of the children diagnosed with
OMS, and in adults, OMS can be seen as a complication
of lung cancer, breast cancer, and ovarian cancer.

*Address correspondence to:

Dr. Yusuke Morinaga, Department of Neurosurgery and
Neuroscience, Fukuoka University Chikushi Hospital, 1-1-1
Zokumyoin, Chikushino-shi, Fukuoka Prefecture 818-8502,
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While, vestibular paroxysmia (VP) may manifest
when arteries in the cerebellar pontine angle cause a
segmental, pressure-induced dysfunction of the eighth
nerve. There are some case reports of neurovascular
compression syndrome (NVCS) presenting with VP
(4-7). We encountered a rare case of NVCS of the
brainstem complicated with vestibular paroxysmia (VP)
and autonomic symptoms combined with OMS. Here,
we present the clinical course of the disease and report
the findings in light of the existing scientific literature.

2. Case Report

A 36-year-old man with no remarkable medical history
and chief complaints of vertigo and nausea, visited
an ophthalmologist. Magnetic resonance imaging
(MRI) showed no abnormality, and he was prescribed
betahistine, kallidinogenase, adenosine triphosphate
disodium hydrate granules, and alprazolam for the
aforementioned symptoms. A few days later, his
vertigo progressed and he was unable to walk, and
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Figure 1. Head magnetic resonance images at
hospitalization. A. Magnetic resonance imaging (MRI) -
Constructive Interference Steady State at hospitalization
shows that the dolichoectatic vertebral artery is in contact
with the posterior lateral side of the pontomedullary junction
(left, axial view; right, coronal view). B. Gadolinium-T1-
weighted MRI at hospitalization shows no tumor and findings
similar to Figure 1A. C. MR angiography at hospitalization
shows the dolichoectatic vertebral artery.

was transported to our hospital by an ambulance. At
hospitalization, he had clear consciousness, blood
pressure was 110/62 mmHg, and body temperature
was 36.2°C. He had vertigo and nausea, but without
facial nerve palsy and tinnitus. He showed no decline
in hearing or hearing sensitivity, no sense of ear
obstruction, and no difference in hearing ability.
Spontaneous nystagmus at rest was noted (horizontal
nystagmus was omnidirectional, with biphasic
horizontal nystagmus at bilateral lateral gaze, horizontal
rotational nystagmus at upward gaze, and swaying
omnidirectional saccadic abnormal eye movement
during eye-opening in the dark [opsoclonus]). Marked
trunk ataxia was found with no quadrupeds. He
was unable to sit or stand. He had no other obvious
neurological deficits. Momentary involuntary
movements of the neck and shoulders (cervical
myoclonus) were found. He also had myoclonus,
restless leg syndrome, erectile dysfunction. Blood tests
showed no abnormal findings (such as tumor markers)
other than an LDL level of 182 mg/dL.

There were no remarkable findings in the auditory
brainstem response. MRI at hospitalization indicated
contact of the left vertebral artery (VA) with the dorso-

lateral area of the ponto-medullary junction (Figures
1A and 1B). A marked bending or meandering of the
vertebral artery was observed (Figure 1C). Chest-pelvic
computed tomography showed no neoplastic lesion.

Based on the presented symptoms and imaging
findings at admission, we suspected OMS and
VP associated with NVCS caused by the left VA
compressing the brainstem. Based on this initial
diagnosis, the patient was administered carbamazepine
(CBZ) 400 mg/day from day 1. Although the OMS
and VP persisted, the seizure frequency decreased
marginally. On day 2, rosuvastatin 5 mg and brotizolam
0.25 mg (oral) were started for managing the
dyslipidemia and insomnia, respectively. Etizolam 1.5
mg/day was started on day 10. Lacosamide (LCM) 100
mg/day was started on day 12 which was subsequently
increased to 200 mg/day on day 19. When the frequency
of the OMS symptoms and VP decreased, clonazepam
(CZP) (1.5 mg/day) was introduced to treat the restless
leg syndrome. Erectile dysfunction, insomnia, and
restless legs syndrome alleviated and the patient was
able to walk, and was discharged on day 42. At 12
months post discharge, his OMS occasionally presented
as seizures when talking with others. He continued all
the previously mentioned prescription drugs except for
etizolam and brotizolam because the mental symptoms,
such as insomnia and anxiety, disappeared. He has since
been in the outpatient follow-up.

Written informed consent was obtained from the
patient for the publication of this case report and
accompanying images, and the study design was
approved by the appropriate ethics review board.

3. Discussion

To the best of our knowledge, although there have been
reports of "spino-bulbo-spinal like" reflex because
of the pressure of the dolichoectatic VA on the lower
brainstem (4), this is the first reported case of OMS
with VP and autonomic symptoms combined with
NVCS of the brainstem. The main symptoms of VP (5-
10) usually lasts for less than one minute and occur
more than 30 times a day. Spontaneous or non-rotatable
vertigo attacks occur spontaneously and repeatedly over
a short period. VP is often caused by direct pulsatile
compression of the eighth cranial nerve by an artery at
the cerebello-pontine angle.

Neurovascular compression of the eighth cranial
nerve is observed in more than 95% of cases presenting
VP after MRI. Particularly, the involvement of the
anterior inferior cerebellar artery loop is the highest,
followed by the posterior inferior cerebellar artery,
vertebral artery (VA), or veins. Treatment strategies
involve administration of low-dose carbamazepine
(200-600 mg/day) or oxcarbazepine (300-900 mg/day),
which is equally effective in children. Additionally,
lamotrigine, phenytoin, gabapentin, topiramate,
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baclofen, and other non-antiepileptic drugs used for
trigeminal neuralgia are recommended. However,
randomized, placebo-controlled trials are currently in
progress, and till date, there is no established treatment.
Microvascular decompression of the eighth cranial
nerve is especially applicable in cases of intractable
drug resistance and non-vascular compression of the
eighth cranial nerve due to tumors or cysts. Important
differential diagnoses include Meniere’s disease,
vestibular migraine, benign paroxysmal position
vertigo, epileptic vestibular seizures, paroxysmal
brainstem attacks (with multiple sclerosis or stroke),
nasopharyngeal hiatus, perilymphatic fistula, transient
ischemic attack, and panic attack. In our case, 1) The
VA was in contact with the dorsolateral surface of the
ponto-medullary junction. 2) The patient presented
movement disorders such as spontaneous opsoclonus,
VP, ataxia, cervical myoclonus, and restless leg
syndrome. 3) Moreover, the patient presented autonomic
nervous system symptoms and mental symptoms, such
as anxiety attack, erectile dysfunction, and insomnia,
after the manifestation of the motor symptoms
described previously. 4) Antiepileptic drugs targeting
the sodium channels (sodium channel blockers), such
as low dose CBZ and LCM, were effective. Based on
the above characteristics, it is possible that NVCS in
the lower brainstem, centering on the vestibular nucleus
caused OMS, VP, and autonomic nervous symptoms
as output system symptoms involving the vestibular
nucleus.

The vestibular nucleus (//) is a nucleus where
the primary afferent nerves of the vestibular neurons,
derived from the vestibular organ, terminate. In
addition to the primary afferent nerve, inputs from
the contralateral vestibular nucleus, cerebellar cortex,
cerebellar nucleus, hypoglossal nucleus, Cajal stromal
nucleus, spinal cord, vestibular area of the cerebral
cortex, and brainstem reticular system are also found.
The targets include the motor nucleus of the extraocular
muscle (articulus nucleus, trochlear nucleus, abduction
nucleus) and thalamus. Additionally, nerve fiber
connections in the autonomic nervous system nuclei
are found. Therefore, the vestibular nucleus is more
than a sensory primary relay nucleus, and transmits
input from the peripheral vestibule to the center. It also
receives various inputs and relays it to various parts
of the central nerve and is deeply involved with motor
functions, such as eye movement and maintaining
the balance of the body, as well as autonomic system
functions (Figure 2).

The characteristics of the neural circuit involved in
the vestibular nucleus can account for all the clinical
symptoms observed in our patient. We considered that
the OMS was not associated with PNS because the
myoclonus in the OMS was confined to the neck and
shoulders, and findings suggestive of a malignant tumor
were inconclusive.
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Figure 2. Neural network of the vestibular nucleus. The
figure, revised partially from Shinoda et al. (11), shows the
neural network of the vestibular nucleus.

Therapeutically, low dose CBZ alone did not
significantly reduce seizure frequency; therefore, we
added LCM, a novel sodium channel blocker, and CZP,
a drug for myoclonus, restless legs syndrome, and
erectile dysfunction. VP and autonomic symptoms were
thought to have improved significantly. Careful follow-
up will be continued in the future.

In conclusion, we report a rare case of NVCS of
the brainstem (most likely of the input to the vestibular
nucleus) with VP and autonomic symptoms combined
with OMS. Low dose CBZ, LCM, and CZP combined
therapy contributed to the marked decrease of seizure
frequency.
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We present a case of a patient with drug-induced hypersensitivity syndrome (DIHS) caused
by salazosulfapyridine combined with syndrome of inappropriate secretion of antidiuretic
hormone (SIADH) caused by interstitial pneumonia (IP). A 67-year-old man with a past
history of rheumatism (RA) presented with right hemiparalysis and aphasia as the chief
complaints. A diagnosis of left embolic cerebral infarction following trial therapy for RA
based on computed tomography findings was made, and external decompression was
performed. Salazosulfapyridine was newly started on day 7. Dabigatran was started on
day 37. On day 41, the patient developed fever. On day 42, edema and erythema appeared
on his face, and erythema and rash appeared on his trunk and extremities, with gradual
transition to erythroderma. The drug eruption was initially attributed to the dabigatran.
Various symptoms of organ dysfunction (enteritis, myocarditis, interstitial pneumonia,
hepatic disorder, stomatitis, and others) then appeared and persisted; hence, a diagnosis
of DIHS associated with human herpes virus 6 and cytomegalovirus infection induced by
salazosulfapyridine was suggested, and the oral administration of salazosulfapyridine was
discontinued on day 53. Hyponatremia was observed in association with exacerbation of
IP. Due to low serum osmotic pressure and prompt improvement of the serum sodium level
by fluid restriction, the SIADH was attributed to IP. In this case, steroid pulse therapy
followed by gradual decrease therapy prevented worsening of the condition.

Summary

Keywords: Drug-induced hypersensitivity syndrome, salazosulfapyridine, SIADH, interstitial
pneumonia, cytomegalovirus

1. Introduction such as carbamazepine, phenytoin, phenobarbital,

zonisamide, allopurinol, salazosulfapyridine,

Drug-induced hypersensitivity syndrome (DIHS) is
an adverse reaction accompanied by fever, rashes,
and visceral lesions. DIHS is caused by specific drugs
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Dr. Yusuke Morinaga, Department of Neurosurgery, Fukuoka
University Chikushi Hospital, 1-1-1 Zokumyoin, Chikushino-
city, Fukuoka Prefecture, 818-8502, Japan.
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diaphenylsulfone, and mexiletine. The relationship
between DIHS and human herpes virus 6 (HHV-6)
reactivation is well-known. Symptoms such as fever
and hepatitis are closely related to HHV-6 reactivation
(7). The combined effect of the immunological
response to a drug and the reactivation of HHV-6 can
cause severe DIHS (2). If the symptoms of DIHS
persist, it is necessary to suspect the involvement of
cytomegalovirus reactivation (/). In this report, we
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present the extremely rare case of a patient with DIHS
associated with HHV-6 and cytomegalovirus infection
induced by sulfasalazine combined with syndrome
of inappropriate secretion of antidiuretic hormone
(SIADH) caused by interstitial pneumonia (IP).

2. Case Report

A 67-year-old male patient with a past history of
rheumatism (RA), hypertension, and subarachnoid
hemorrhage presented to a health facility with right
hemiparalysis and aphasia as the chief complaints
and was subsequently transferred to our hospital.
A diagnosis of left embolic cerebral infarction that
occurred during a trial for RA was made. His level
consciousness as assessed by the Japan Coma Scale
was 1-3. Blood pressure was 147/88 mmHg and body
temperature was 36.0°C. Left upper limb paralysis and
left joint deviation were observed at admission.

Laboratory and radiological investigations were
conducted, and the results were as follows. Blood count:
white blood cells, 6.1 x 103/uL; red blood cells, 495
X 104/uL; hemoglobin, 15.6 g/dL; hematocrit, 46.7%);
platelets, 25.2 x 10%/uL; biochemistry: Na, 143 mmol/
L; K, 4.4 mmol/L; Cl, 104 mmol/L; hemoglobin A1C,
6.0%; low-density lipoprotein, 156 mg/dL; C-reactive
protein, 0.02 mg/dL; coagulation: D-dimer less than 0.3
pg/mL. The electrocardiography showed a heart rate of
72 beats per min and no abnormal findings. Magnetic
resonance imaging of the head at admission (Figures
1A, B) showed extensive embolic cerebral infarction in
the vessel-dominated region of the left middle cerebral
artery.

On day 1, external decompression was done to
relieve cerebral herniation caused by the cerebral
infarction. On day 2, we began a course of levetiracetam
at a dose of 1,000 mg/day to prevent convulsions. Based
on the history of RA, on day 7, salazosulfapyridine was
administered at a dose of 500 mg/day and increased

A

after 7 days (i.e., on day 14) to 1,000 mg/day. The
postoperative computed tomography (CT) following
cranioplasty showed no increase in hemorrhagic
infarction.

On day 37, dabigatran 300 mg/day was started to
prevent the recurrence of cerebral infarction. On day
41, the patient developed fever. The following day (day
42), edema and erythema appeared on his face (Figure
2A), and erythema and rash also appeared on his trunk
and extremities (Figure 2B). Due to the gradual onset of
erythroderma, topical application of diphenhydramine
and oral administration of fexofenadine hydrochloride
at a dose of 120 mg/day was started.

The CT performed on day 43 showed inflammatory
findings in the ileocecal area (Figure 3A) and a mild
nodule shadow at the lower right lung (Figure 3B).
We suspected that the drug eruption was caused by the
dabigatran, and the oral administration of dabigatran
was then stopped. On day 45, the patient developed
diarrhea and was started on clostridium butyricum at
a dose of 6 g/day. On day 50, his respiratory function
deteriorated (saturation of percutaneous oxygen,
SpO, 90%) and oxygen was administered. On day 51,
a drug lymphocyte stimulation test was performed
for levetiracetam and dabigatran. Both results were
negative. Due to further deterioration of his respiratory
function on day 53 (saturation of percutaneous
oxygen, SpO, 80%), the oral administration of
salazosulfapyridine was discontinued. A steroid pulse
of methylprednisolone at a dose of 1 g/day for a period
of 3 days was administered to prevent exacerbation
of the IP (Figures 4A and 4B). Following this, the
dose of methylprednisolone was reduced to 40 mg/
day. Given the possibility of steroidogenic glucose
tolerance abnormality, concurrent insulin therapy was
administered in combination with methylprednisolone.
Cardiac ultrasound examination performed on day 55
showed a pericardial effusion with normal wall motion.
The CT performed on day 59 showed that the IP had

Figure 1. (A) Diffusion weighted image at hospitalization shows acute cerebral infarction consistent with the vessel
dominant region of the left middle cerebral artery (left). (B) Magnetic resonance angiography at hospitalization shows the

left middle cerebral artery occlusion (right).
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Figure 2. (A) The photograph shows edema and erythema on the patient’s face on day 42. (B) The photographs show
erythema and rash on the trunk and extremities on day 42. (C)...

Figure 3. (A) The computed tomography (CT) performed on day 43 shows inflammatory findings in the ileocecal area. (B)
The CT performed on day 43 shows mild nodule shadow at the lower right lung.

—

Figure 4. The computed tomography performed on day 43 shows exacerbation of interstitial pneumonia.

www.ddtjournal.com



Drug Discoveries & Therapeutics. 2019; 13(4):232-238. 235

worsened and that there was pericardial effusion, while
the inflammatory findings in the ileocecal area had
decreased (Figures 5A and 5B).

Due to malaise caused by hyponatremia on day
60, fluids were restricted on suspicion of SIADH

caused by the IP. The hyponatremia was then gradually
corrected. The patient then developed stomatitis,
and a dexamethasone ointment was prescribed. The
fever, erythema, and rash recurred on day 66. A CT
performed on day 66 (Figures 6A and 6B) showed that

Figure 5. (A) The computed tomography performed on day 59 shows worsened interstitial pneumonia and pericardial
effusion, (B) while the inflammatory findings in the ileocecal area appear improved.

Figure 6. (A) The computed tomography performed on day 66 shows that the pericardial effusion has disappeared, (B)

while the interstitial pneumonia has deteriorated.
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Table 1. The diagnostic criteria for drug-induced hypersensitivity syndrome (DIHS) based on such clinical symptoms and

the reactivation of HHV-6

Diagnostic criteria

Fever (> 38°C)

Lymphadenopathy
Human herpesvirus (HHV)-6 reactivation

~N N R W=

Maculopapular rash developing > 3 weeks after starting a limited number of drugs
Prolonged clinical symptoms 2 weeks after discontinuing the causative drug

Elevation of liver enzyme (alanine aminotransferase [ALT] > 100 U/L) or involvement of other organs
Leukocytosis (> 11 x 10*/uL), atypical lymphocytosis (> 5%) or eosinophilia (> 1.5 x 10*/uL)

Diagnosis of typical DIHS requires the presence of all 7 criteria. Atypical DIHS is diagnosed in patients with 1-5.

the pericardial effusion was no longer present. The IP
worsened and prednisolone was increased to a dose of
60 mg/day on day 67.

On day 72, we suspected that the patient had DIHS
that had been induced by salazosulfapyridine, and anti-
body examinations for HHV-6, HHV-7, Epstein-Barr
virus (EBV), and cytomegalovirus were performed. The
quantification test for HHV-6 DNA was negative (1.4
x 10° copies), and the quantification of HHV-7 DNA
was also negative. EB anti-viral capsid antigen (VCA)-
immunoglobulin G (IgG) was increased 160-fold and
EB anti-VCA-IgM was negative. EB anti-EB nuclear
antigen was increased 40-fold, which provided evidence
of past EBV infection. As there were positive findings
of cytomegalovirus-IgG (enzyme immunoassay) at
15.3 and cytomegalovirus-IgM (enzyme immunoassay)
at 1.11, cytomegalovirus reactivation was suspected.
Two months following the onset of DIHS, the patient
was transferred to a rehabilitation center with a
modified Rankin Scale score of 3. After transfer, his
skin symptoms recurred intermittently, and psychiatric
symptoms were also observed. At 10 months following
the onset of DIHS, the patient was still undergoing
immunotherapy including prednisolone.

3. Discussion

The period between oral administration of a causative
drug and the onset of DIHS (/,2) for many cases is
approximately 2 to 6 weeks. Unlike ordinary drug
eruptions, DHIS does not occur immediately or within
a few days following the oral administration of a
drug. There have been reports of DIHS developing
after long-term oral administration of a drug or within
several weeks of discontinuation of therapy. Systematic
symptoms of DIHS include fever, lymphadenopathy,
rash (initially mottled papule or erythematous
erythematosus, often transitioning to erythroderma),
hepatic function disorder, renal function disorder, and
hematologic abnormalities (leukocytosis, emergence of
atypical lymphocytes, and eosinophil multiplication).
Incidentally, characteristic erythematous findings
such as erythema, edema of the face, red papule of
the mouth, pustules, vesicles, and scales, are usually

observed within 1 week of initial drug administration.
The causative drugs are limited. For this reason,
DIHS was postulated to be due to an abnormality of
metabolic enzymes (3,4). The most frequent causative
agent of DIHS in Japan is carbamazepine. The
symptoms of DHIS often progress even after stopping
the administration of the causative drugs, and complete
relief from symptoms often requires longer than 1
month. In typical cases, DIHS is clinically bimodal.
This is due to reactivation of HHV-6. In other words,
what has been regarded as a very specific course of
drug eruption is a complex pathology of drug allergy
and virus infection (3,4). Diagnostic criteria for DIHS
have been proposed based on such clinical symptoms
and the reactivation of HHV-6 (Table 1). Our patient
met all seven criteria and was confirmed as a typical
case of DIHS induced by salazosulphapyridine.
Reactivation of cytomegalovirus is frequently
observed in DIHS (5,6); cytomegalovirus is usually
reactivated at the same time or later than HHV-6,
suggesting that it could be related to clinical symptoms.
Besides fever, mild liver dysfunction, and skin ulcer,
severe symptoms such as myocarditis, pneumonia, and
gastrointestinal bleeding may occur. If the symptoms
of DIHS are prolonged, cytomegalovirus reactivation
should be suspected (5,6). Cytomegalovirus infections
in DIHS typically: 1) occur among elderly male
patients, 2) develop 4 to 5 weeks following the onset of
DIHS, 3) develop at the time of reactivation of HHV-6
and are related to HHV-6 DNA loads, and 4) are often
prognostic (5). Because cytomegalovirus infection can
be treated with appropriate antiviral drugs (ganciclovir),
it is important to consider cytomegalovirus reactivation
when providing treatment for DIHS. The investigations
for cytomegalovirus include IgG antibody titration,
measurement of IgM antibody titer, antigenic test, virus
DNA, and histopathological examination. Although
these methods are the most reliable for the detection of
viral DNA, the clinical antigenicity test is also useful
).
The drug eruption in our patient was suspected
to have been induced by dabigatran based on the
clinical symptoms that appeared 4 days after its
administration. While it is possible that there may have
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been cytomegalovirus reactivation, it may have been
possible to avoid a severe cytomegalovirus infection
such as central nervous system infection (7,8) due to the
increased dose of steroids. In addition, due to the early
combination of insulin and steroid therapy, there was
no transition to fulminant type I diabetic ketoacidosis
(9-12). Although diagnosing DIHS was challenging, a
severe course of DIHS was avoided by considering the
possibility of reactivation of cytomegalovirus.

Hyponatremia was also observed in association
with an exacerbation of IP. Due to the serum osmotic
pressure, which was as low as 271 mOsm/kgH, and
prompt improvement of the serum sodium level by
fluid restriction, the SIADH was attributed to 1P (/3).
ADH is neuromodulated by two types of receptors, an
osmotic receptor in the hypothalamus and a capacity
receptor present in the left atrium, carotid artery, and
aorta. Increased plasma osmotic pressure is detected
by the osmotic receptor and a reduction in circulating
blood volume or blood pressure is detected by the
capacity receptor, which both in turn promote ADH
secretion (/3). Sakuma et al. (14) described a patient
with phenobarbital-induced hypersensitivity syndrome
who had SIADH associated with limbic encephalitis
during the course of the disease. However, to the best of
our knowledge, there are no reports of DIHS combined
with SIADH attributed to IP. In our case, the interstitial
capillary blood vessels were impaired following IP in
conjunction with reactivation of cytomegalovirus on the
background of DIHS. ADH secretion may have been
promoted via the capacity receptor due to reduction in
the vascular bed in the lung and a decrease in venous
return.

In general, steroids (prednisolone 30-50 mg/day)
are effective for DIHS treatment, while in severe cases,
high-dose steroids and steroid pulse therapy are used.
Recently, high-dose intravenous gamma-globulin
(IVIG) has been employed, and there are reports of
combined use of IVIG with steroid therapy in severe
cases (195).

The administration of antiviral drugs is not
necessary because HHV-6 reactivation usually occurs
on a short-term basis. On the other hand, in the presence
cytomegalovirus infection, with prolongation or severity
of symptoms, it is necessary to consider administering
ganciclovir (5). In our patient, administration of steroid
pulse therapy followed by a gradual decrease in dose
prevented severe DIHS. This approach requires further
investigation.

In conclusion, we encountered a case of DIHS
induced by salazosulfapyridine combined with
SIADH attributed to interstitial pneumonia 4 days
following the administration of dabigatran that
was difficult to diagnose. Timely diagnosis and an
increase in the dose of steroids with subsequent
tapering prevented worsening of DIHS. In the future,
multidrug sensitization, potentially fatal infections, and

convalescent autoimmune diseases may be combined
(1,2), and careful follow-up is necessary.
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Summary

Barré-Li¢ou syndrome is a manifestation of various autonomic and secondary symptoms,
such as muscle stiffness, tinnitus, dizziness, and pain in the head, neck, eyes, throat,
ears, chest, and back. While thought to be caused by hyperactivation of the autonomic
nervous system due to trauma, there is currently no firmly established etiology. This, and
the nonspecific nature of many of its symptoms, presents a challenge both for clinicians,
who must provide a correct diagnosis and patients, who are often misdiagnosed or faced
with undue scrutiny from insurance companies. Here, we present two cases of Barré-
Liéou syndrome, focusing on the processes leading to diagnosis, treatment, and problems
encountered. Case 1 involves a 68-year-old woman whose head computed tomography (CT)
scan revealed no abnormalities following a car accident. Approximately 10 months after her
initial injury, Barré-Li¢ou syndrome was suspected because of autonomic symptoms that
developed over time. She was prescribed an a-blocker, and 9 months later, her symptoms
subsided. Case 2 was a 69-year-old woman who presented with bruising to the right chest
and right knee after colliding with a car while riding her bicycle. One month later, Barré-
Li¢ou syndrome was suspected because of her autonomic symptoms. She was prescribed
an a-blocker, and 17 months later, her symptoms subsided. Because of the characteristic
autonomic and secondary symptoms described above and a positive response to a-blockers,
Barré-Li¢ou syndrome was suspected in both cases. We believe reporting cases will aid in
the understanding of this disease and help patients obtain positive outcomes.

Keywords: Autonomic symptoms, Barré-Li¢ou syndrome, indefinite complaints, traumatic
cervical syndrome

1. Introduction

Numerous theories exist, such as the cervical
sympathetic hyperactivity theory, theory of disorders

Barré-Licou syndrome (/) is a condition first reported
by a French neurologist, Jean Alexandre Barr¢, in 1926
and Chinese physician, Yong-Cheon Li¢ou, in 1928.
Various autonomic and secondary symptoms, such as
muscle stiffness, tinnitus, and dizziness, are observed
in addition to pain in the head, neck, eyes, throat, ears,
chest, and back. It is thought that hyperactivation of
the autonomic nervous system (mainly the sympathetic
nerves) is directly or indirectly stimulated by trauma.

*Address correspondence to:

Dr. Yusuke Morinaga, Department of Neurosurgery, Fukuoka
University Chikushi Hospital, 1-1-1 Zokumyoin, Chikushino-
city, Fukuoka Prefecture, 818-8502, Japan.

E-mail: yu the morio@yahoo.co.jp

of vertebral artery circulation, theory of brainstem
disorder, and cervical soft tissue hypertonia theory.
However, a solid theory has not yet been established
(1,2).

In this paper, we present two cases of Barré-Licou
syndrome and report on literature considerations,
focusing on the process leading to diagnosis and
treatment, and issues that can occur during this process.

2. Case Report

2.1. Cases 1

In Case 1, a 68-year-old woman, with no history of
medical conditions, visited to our hospital after being
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Figure 1. Imaging results for Case Study 1 patient. (a) Head computed tomography (CT) scan. Patient’s first visit to our
hospital after injury shows no traumatic intracranial hemorrhages or fractures. (b) T2-weighted Magnetic Resonance Image
(MRI) after patient presented to our neurosurgery department 10 months after her initial injury. It shows that cervical vertebrae
alignment is normal, there is no intramedullary abnormal signal, and C2-3 vertebral-facet joints are fused. The intervertebral discs
at C4 /5, C5/ 6 mildly bulge, but there is no significant excavation into the dural sac. (¢) Cervical spine X-ray, 10 months after

injury, shows no fractures or deviations.

injured when her car collided with a tree in an attempt
to avoid a bicycle. Head computed tomography
(CT) scan showed no fractures and she returned
home. Approximately one month after the injury,
she presented to the ophthalmology department with
blurry vision and discomfort and discharge in both
eyes. Cervical spine magnetic resonance imaging
(MRI) was performed approximately 2 months after
her injury and it showed normal. She was admitted
to the department of internal medicine with chest and
back pain approximately 3 months after injury. The
following month, she began experiencing headaches,
posterior head and neck pain, dizziness, pharyngeal
and laryngeal discomfort, and pain when swallowing.
She also developed insomnia and anxiety and began
sleeping all day. Approximately 10 months after injury,
she presented to our neurosurgery department for the
first time due to her persisting symptoms.

At this first visit, the patient presented fully
conscious. Physical findings included a blood pressure
of 150/92 mm Hg, and a body temperature of 36.2°C.
A headache was described as a dull, long-lasting pain
(more than 72 h) with a sense of heaviness centered on
the back, head, and neck. The nature of her headache
was not pulsatile, strangulating, or shocking. She did
not have an orthostatic headache, or nystagmus at rest,
or while gazing. She had no apparent symptoms of a
neurological deficit, no pathological reflexes, and no
tinnitus. She had dizziness without cervical rotation, or
induction by posture transformation. Hyperemia and
discharge were present in both eyes. Additionally, she
had constipation after trauma. A variety of subjective
symptoms, such as discomfort in both eyes, chest
and back pain, headache, dorsal neck pain, dizziness,
pharyngeal and laryngeal discomfort, pain when
swallowing, insomnia, and anxiety, were also reported

by the patient.

Her blood test revealed no obvious, abnormal
findings regarding blood count, biochemistry, or
coagulation. A head CT scan at her first visit to our
hospital showed no traumatic intracranial hemorrhages
or fractures (Figure 1a). We additionally performed a
cervical vertebral T2-weighted MRI (Figure 1b). This
scan showed normal cervical spine alignment, normal
intramedullary signal, and fusion of the vertebral-facet
joint of C2-3. In C4/5, C5/6 the intervertebral discs
mildly bulged, but there were no significant retractions
of the dural sac. Additionally, carotid ultrasonography
of the vertebral artery indicated no obvious circulatory
insufficiency.

Due to the absence of orthostatic headache and the
nature of other accompanying symptoms, intracranial
hypotension syndrome was not suspected. At the initial
visit to our department, Barré-Li¢ou syndrome was
suspected based on the diverse autonomic symptoms and
secondary symptoms after trauma. Trazodone (50 mg/
day), an oral sympathetic nervous system and a-receptor
blocker, was started. Soon after, the majority of her
symptoms disappeared, however, occasionally chest,
pharyngeal, and laryngeal pain reemerged. Because she
did not reach complete remission, and since her systolic
blood pressure remained at a safe level, around 120-130
mm Hg, we continued oral administration of trazodone.

Approximately 13 months after the initial injury,
the patient was again injured, this time in a two-
car collision, and visited an orthopedist. No obvious
fractures or deviations were observed in the cervical
spine X-ray image (Figure 1c). However, neck pain,
discomfort in the pharynx and larynx, pain when
swallowing, and insomnia worsened. We suspected the
exacerbation of Barré-Li¢ou syndrome.

With this second injury triggered, compensation
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Figure 2. Imaging results for Case Study 2 patient. (a) Chest and (b) right leg X-rays show no fractures or deviations upon
initial visit after injury. (¢) T2-weighted Magnetic Resonance Image (MRI), taken 1 month after injury, shows normal cervical
vertebrae alignment, no intramedullary abnormal signal, and C1-3 vertebral-facet joints are fused. The intervertebral discs at C4 /5,
C5 / 6 mildly bulge, but there is no significant excavation into the dural sac.

from the insurance company, for the initial injury, was
canceled. Our department issued a diagnosis document
to the insurance company proclaiming, "this patient was
diagnosed with, and is being treated for, Barré-Licou
syndrome after her first injury. Her current symptoms
are an exacerbation of this disease caused by the second
injury." However, the insurance company declined to
continue compensation following the second injury.
The patient was exhausted from negotiations with the
insurance company and was temporarily depressed.
She wished to avoid trouble with this company and
switched to an individual health insurance plan. She is
currently being followed up as an outpatient because,
approximately 19 months after her first injury, all her
symptoms have disappeared.

2.2. Case 2

Case 2 involves a 69-year-old woman with no history
of adverse medical conditions. She collided with a
car, while riding her bicycle, and presented to our
emergency room outpatient facility. Dizziness, neck
pain, chest and back pain, pharyngeal and laryngeal
discomfort, and pain when swallowing emerged the
day following the injury, and she returned home
after being diagnosed with right chest and right knee
bruising, supported by X-ray results. Then, without
improvement of chest pain and back pain, she visited
the emergency room in our hospital again. The cause
could not be identified with chest and abdominal
contrast CT. Four days after the injury, she visited an
orthopedist, but no abnormality was pointed out. She
had discomfort in and hyperemia of both eyes, and her
insomnia and anxiety symptoms appeared to be caused
by exacerbation of autonomic symptoms 10 days after
injury. Approximately 1 month after the injury, she
visited our neurosurgery department hoping to improve
her symptoms.

The patient presented fully conscious at her initial

visit. Physical findings indicated her blood pressure was
130/82 mm Hg and her body temperature was 36.1°C.
A headache was described as a dull, long-lasting (more
than 72 hours) pain with a sense of heaviness, centered
on the back of the head and neck. The nature of her
headache was not pulsatile, strangulating, or shocking.
She had no orthostatic headache, no nystagmus at
rest or while gazing, no apparent neurological deficit
symptoms, no pathological reflexes, and no tinnitus.
She had dizziness without cervical rotation or induction
by posture transformation. Hyperemia of both eyes and
eye discharge were found. She also had constipation
after trauma.

The patient reported subjective symptoms, including
discomfort of both eyes, chest and back pain, headache,
dorsal neck pain, dizziness, pharyngeal and laryngeal
discomfort, pain when swallowing, insomnia, and
anxiety.

The patient's blood test revealed no obvious
abnormalities regarding blood count, biochemistry,
or coagulation. X-ray of the chest and right lower
thigh indicated no apparent fractures or displacements
(Figures 2a and 2b). Cervical vertebral T2-weighted
MRI showed normal cervical spine alignment, no
abnormal intramedullary signal, and fusion of the
vertebral-facet joint of C1-3 (Figure 2c¢). Finally, carotid
ultrasonography indicated no obvious circulatory
insufficiency in the vertebral artery.

Due to the absence of orthostatic headache and the
nature of other accompanying symptoms, a diagnosis
of intracranial hypotension syndrome was excluded.
During this visit, Barré-Li¢ou syndrome was suspected
based on her diverse autonomic and secondary
symptoms after trauma. An oral drug, which is a
sympathetic nervous system blocker, trazodone (50 mg/
day), was started. Following treatment, her blurriness,
discharge, and discomfort in both eyes, headache,
dorsal neck pain, dizziness, insomnia, anxiety, and
constipation disappeared. However, occasionally back
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pain reappeared, therefore, she continued oral trazodone
administration.

Six months after the injury, the insurance company
became suspicious of her symptoms and, as with our
Case 1 patient, proposed canceling compensation.
The patient worried about responding to the insurance
company and decided to stop oral administration
because her symptoms had improved. Her back pain
worsened afterwards, and she went to an osteopathic
clinic of her own volition, but her symptoms did not
improve. After restarting 50 mg/day of trazodone, her
symptoms disappeared, and complete remission was
obtained approximately 18 months after injury.

Written informed consent was obtained from the
patients for the publication of these two case reports
and the accompanying images, and the study design
was approved by the appropriate ethics review board.

3. Discussion

Barré-Licou syndrome is a refractory disease that
exhibits cervical pain and various autonomic and
secondary symptoms (insomnia, anxiety, depression,
etc.) and is considered a subtype of traumatic cervical
syndrome (/). The Quebec classification is well-
known for its scoring of traumatic cervical syndrome,
classifying severity between grades 0 — IV (3). We
recommend an early exit from bed in cases of grade III
or lower without fracture, dislocation, or spinal cord
injury, and discontinuation of early treatment within 3
months (2). As a subjective and nonspecific complaint,
Barré-Li¢ou syndrome is liable to be an indefinite
complaint as it lacks objective neurological findings
and biomarkers. The symptoms are as follows: (1)
inner ear symptoms: dizziness, tinnitus, and feelings
of obstruction of the ear; (2) eye symptoms: blurred
vision, fatigue, discomfort, and sight loss (asthenopia);
(3) chest and back symptoms: chest pain, back pain,
arrhythmia, and respiratory distress; (4) pharyngeal
and laryngeal symptoms: hoarseness, discomfort in the
throat, and swallowing difficulty; (5) head and neck
symptoms: headache, sense of head weight, and back
of neck pain; (6) others: upper limb and whole body
fatigue, upper limb numbness, distraction, secondary
psychiatric symptoms (anxiety, depression, and the
like), and insomnia (4).

It is important to note that intracranial hypotension
syndrome (5), which exhibits symptoms such as
headache, dizziness, and nausea when standing because
of a decrease in cerebrospinal fluid volume, has
clinical characteristics similar to those of Barré-Licou
syndrome. In these cases, a cisternography should be
performed for accurate diagnoses. There are reports
that epidural blood patch therapy for intracranial
hypotension syndrome is effective treatment (2).

In general, a clear diagnosis is difficult, but some
symptoms that can aid diagnosis exist: (1) symptoms

that can be explained as autonomic symptoms (however
these are mainly subjective, and objective findings are
poor); (2) positive response to sympathetic blockade
drugs and sympathetic ganglion blocks (mainly
symptomatic improvement may be seen by the stellate
ganglion block); (3) abnormal imaging results, such
as a fracture or dislocation. (4) circulatory failure of
the vertebral artery feeding the brainstem (especially
cranial nerves V2, 3 and VIII etc.) where the central
autonomic network exists (especially C3, 4 vertebral
bodies, intervertebral disc trauma, arthritis, efc.)
caused by temporal changes of the cervical spine. If
these symptoms exist, the likelihood of Barré-Licou
syndrome will be even higher (4).

In both our cases, carotid artery echoes were
negative in the vertebral arterial circulation in the neck,
there were no orthostatic headaches, and considering
the existence of other accompanying symptoms,
intracranial hypotension syndrome was ruled out.
Case 1 and Case 2 satisfy all the above criteria (1-4),
and a Quebec grade of X Barré-Li¢ou syndrome was
suspected. Furthermore, the fact that trazodone, an oral
sympathetic nervous system blocker, was effective
supports the cervical sympathetic hyperactivity theory.

Treatment is basically supposed to follow the
treatment protocol for cervical sprains, but a stellate
ganglion block (one of the cervical sympathetic
ganglia) or an a-blocker (a sympatholytic drug) is
recommended. In addition, various treatments such
as neck epidural block, intravenous drip infusion of
prostaglandin E1 (PGE 1), acupuncture, and the like are
performed, but a clear treatment effect is not obtained
and there are many refractory cases (2). The mental
symptoms, insomnia, and autonomic symptoms in our
patients disappeared after administration of trazodone.
Trazodone is currently effective in both cases, and the
stellate ganglion block was not enforced, but will be
examined in the future if symptoms exacerbate.

Physicians and patients do encounter problems with
the diagnosis of Barré-Li¢ou syndrome. Because there
are few image diagnostics or neurological objective
findings, symptoms are often misunderstood as
fraudulent to receive compensation for a traffic injury
(3). In both our cases, the insurance companies proposed
stopping compensation. In Case 1, after a second traffic
accident, the patient did not receive compensation
despite our letters to the appropriate insurance
companies. In Case 2, since her insurance company
repeatedly proposed cancelling compensation, the patient
stopped drug treatment and sought alternative therapy
from an osteopathic clinic, but she later resumed oral
administration due to exacerbation of back pain.

As in our cases, patients suspected of fraud often
experience litigation problems, and for the same reasons
as above, the question of whether disability is residual
or primary frequently arises. Furthermore, because
this syndrome presents with autonomic symptoms,
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psychiatric symptoms, insomnia, and so on, this
syndrome is not only treated as an indefinite complaint,
but also many physicians who are unfamiliar with this
disease do not establish a confirmed diagnosis (5). As
mentioned above, its pathophysiology has not been
established, so it has not been recognized internationally
as an independent syndrome. In the clinical setting,
Barré-Liéou syndrome can be diagnosed as a tension-
type headache, cervical arm syndrome, traumatic
cervical syndrome, or an autonomic imbalance. These
conditions are not fully understood, and in that respect,
it may be worth considering this syndrome as well.

In our opinion, irrespective of the disease name, we
make our determination based on clinical symptoms,
and we suspected Barré-Licou syndrome in the patients
who presented with refractory symptoms in this report.
We believe that it is worth trying trazodone for post-
traumatic sympathetic hyperactivity. In addition,
when empirical treatment is successful, informed
consent of patients based on the characteristics and
problems of the disease is also important. To solve such
problems, it is desirable to disseminate information
about the pathology to better recognize and increase
understanding of the disease by physicians and society.

In conclusion, we reported two cases of Barré-Licou
syndrome from the viewpoint of diagnosis, treatment,
and problems, in the context of current literature.
Diagnosis was delayed as both patients complained of
psychiatric symptoms and had indefinite complaints in
the form of a variety of autonomic symptoms, such as
headache, eye pain, vision disorder, otic pain, tinnitus,
dizziness, back of head pain, discomfort, constipation,

insomnia, and anxiety. Trazodone, which is an a-blocker
for Barré-Lieou syndrome, was effective in relieving
our patients' symptoms. Enhanced recognition and
understanding of this disease by physicians and society
are desired.
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