ISSN 2218-6239 (online)

World Journal of
Ophthalmology
World J Ophthalmol 2013 November 12; 3(4): 32-40

www.wjgnet.com

WJ O

World Journal of
Ophthalmology
Editorial Board
2011-2015

The World Journal of Ophthalmology Editorial Board consists of 219 members representing a team of worldwide
experts in ophthalmology. They are from 38 countries, Australia (7), Austria (1), Belgium (1), Brazil (4), Bulgaria (1),
Canada (4), China (14), Czech Republic (1), Egypt (5), Finland (1), France (2), Germany (5), Greece (5), India (12),
Iran (6), Israel (6), Italy (11), Japan (12), Kuwait (1), Lebanon (1), Mexico (2), Netherlands (3), Nigeria (2), Norway
(1), Oman (1), Pakistan (1), Palestine (1), Poland (2), Portugal (1), Saudi Arabia (4), Singapore (4), South Korea (6),
Spain (10), Switzerland (1), Thailand (1), Turkey (9), United Kingdom (11), and United States (59).

EDITOR-IN-CHIEF
Umit Ubeyt Inan, Afyonkarahisar
GUEST EDITORIAL BOARD
MEMBERS
Ying-Shan Chen, Hsin-Chu
Shwu-Jiuan Sheu, Kaohsiung
Yung-Feng Shih, Taipei
Jia-Kang Wang, Taipei
MEMBERS OF THE EDITORIAL
BOARD

Tiago Santos Prata, São Paulo
Givago Silva Souza, Belem

Bulgaria
Desislava N Koleva-Georgieva, Plovdiv

Canada
Subrata Chakrabarti, Ontario
Helen Sau Lan Chan, Toronto
Ediriweera Desapriya, British Columbia
Alexandre Nakao Odashiro, Montreal

Tamer A Macky, Cairo
Ahmed Samir, Zagazig
Wael MA Soliman, Assiut

Finland
Heikki IImari Vapaatalo, Helsinki

France
Salomon Yves Cohen, Paris
David Hicks, Strasbourg Cedex

Australia
Colin Ian Clement, Sydney
Sheila Gillard Crewther, Melbourne
Beatrix Feigl, Brisbane
John Jakov Males, Sydney
Konrad Pesudovs, Bedford Park
David Vaughan Pow, Brisbane
Robert Wilke, Sydney

Austria
Stefan Sacu, Vienna

Belgium
Erik L Mertens, Antwerp

Germany

China
Hao Cui, Harbin
Qian-Ying Gao, Guangzhou
Vishal Jhanji, Kowloon
Dexter Yu-Lung Leung, Happy Valley
Wen-Sheng Li, Wenzhou
Xiao-Ming Li, Changchun
Shao-Min Peng, Harbin
Yu-Sheng Wang, Xi’an
Hong Yan, Xi’an
Alvin L Young, Hong Kong

Czech Republic

Carsten H Meyer, Bonn
Alireza Mirshahi, Mainz
Gisbert Richard, Hamburg
Johannes Schwartzkopff, Freiburg
Andreas Stahl, Freiburg

Greece
Ilias Georgalas, Athens
Michael A Grentzelos, Heraklion
Vassilios P Kozobolis, Alexandroupolis
Ioannis Mavrikakis, Athens
Argyrios Tzamalis, Thessaloniki

Jeetendra Eswaraka, Carlsbad
India

Brazil
Joao BF Filho, Porto Alegre
Rodrigo PC Lira, Recife

WJO|www.wjgnet.com

Egypt
Mohamed Hosny, Cairo
Ahmed MEM Kotb, Cairo

I

Tushar Agarwal, New Delhi
Zia Chaudhuri, New Delhi
Tanuj Dada, New Delhi
Ritu Mehra Gilhotra, Jaipur

March 12, 2013

Vinod Kumar, New Delhi
Padmamalini Mahendradas, Bangalore
Gaurav Prakash, Chennai
Manikandan Ramar, Karaikudi
Velpandian Thirumurthy, New Delhi
Murugesan Vanathi, New Delhi
Pradeep Venkatesh, New Delhi
Sharadini Vyas, Indore

Mexico
Federico Castro-Munozledo, Mexico City
Alejandro Navas, Mexico City

Spain
Netherlands

Iran
Sepehr Feizi, Tehran
Fedra Hajizadeh, Tehran
Ebrahim Mikaniki, Babol
Mehrdad Mohammadpour, Tehran
Mohammad Taher Rajabi, Tehran
M Reza Razeghinejad, Shiraz

Israel
Irit Bahar, Petach Tiqva
Adiel Barak, Tel Aviv
Guy Kleinmann, Rehovot
Jaime Levy, Beer-Sheva
Anat Loewenstein, Tel Aviv
Naphtali Savion, Tel Hashomer

Italy
Solmaz Abdolrahimzadeh, Rome
Stefano Baldassi, Florence
Vanessa Barbaro, Venice
Claudio Campa, Milano
Gian Carlo Demontis, Pisa
Giuseppe Lo Giudice, Padova
Marco Guzzo, Milan
Pierluigi Iacono, Rome
Antonio Leccisotti, Siena
Cosimo Mazzotta, Siena
Luigi Mosca, Rome

Japan
Atsushi Hayashi, Toyama
Akira Hirata, Saga
Yoshihiro Hotta, Hamamatsu
Hiroshi Kobayashi, Shimonoseki
Toshinobu Kubota, Nagoya
Shigeki Machida, Iwate
Tatsuya Mimura, Tokyo
Kazuno Negishi, Tokyo
Sakamoto Taiji, Kagoshima
Yoshihiko Usui, Tokyo
Tsutomu Yasukawa, Nagoya
Shigeo Yoshida, Fukuoka

Kuwait
Hanan El-Sayed Badr, Kuwait

Lebanon
Haytham Ibrahim Salti, Beirut

WJO|www.wjgnet.com

Jae Woong Koh, Gwangju
Sung Chul Lee, Seoul
Ki Ho Park, Seoul
Kyung Chul Yoon, Gwangju

Hoyng Carel Benedict, Nijmegen
AI den Hollander, Nijmegen
Jeroen van Rooij, Rotterdam

Nigeria
Opeyemi Olufemi Komolafe, Owo
Caleb Damilep Mpyet, Jos

Norway
Morten C Moe, Oslo

Oman
Mohamed AM Mahdy, Bur Al-Rudah

Pakistan
Raheel Qamar, Islamabad

Palestine
Sharif A Issa, Gaza

Poland
Michal Szymon Nowak, Lodz
Bartosz L Sikorski, Bydgoszcz

Portugal
Joaquim Carlos Neto Murta, Coimbra

Saudi Arabia
Khaled Khader Abu-Amero, Riyadh
Hind Manaa Alkatan, Riyadh
J Fernando Arevalo, Riyadh
Celia Chen, Celia

Mercedes Hurtado-Sarrio, Valencia
Gonzalez GL Ignacio, Madrid
Antonio B Martinez, Ames
Javier A Montero-Moreno,Valladolid
Amparo Navea-Tejerina, Valencia
Julio Ortega-Usobiaga, Bilbao
Isabel Pinilla, Zaragoza
Jaime Tejedor, Madrid
Manuel Vidal-Sanz, Espinardo
Vicente Zanon-Moreno, Valencia

Switzerland
David Goldblum, Basel

Thailand
Weekitt Kittisupamongkol, Bangkok

Turkey
Ipek Akman, Istanbul
Dilek Dursun Altinors, Ankara
Gokhan Ibrahim Gulkilik, Istanbul
Necip Kara, Istanbul
Peykan Turkcuoglu, Malatya
Mustafa Unal, Antalya
Fatime Nilufer Yalcindag, Ankara
Elvin Hatice Yildiz, Ankara

United Kingdom
GB Arden, London
Allon Barsam, London
Ngaihang Victor Chong, Oxford
Ahmed N El-Amir, Berkshire
Mostafa A Elgohary, London
Bhaskar Gupta, Exeter
Adeela Malik, Essex
Colm McAlinden, Londonderry
Fiona Rowe, Liverpool
Om P Srivastava, Birmingham
Stephen Andrew Vernon, Nottingham

United States
Singapore
Leonard Pek-Kiang Ang, Singapore
Gemmy Chui Ming Cheung, Singapore
Philip Francis Stanley, Singapore
Louis-MG Tong, Singapore

South Korea
Young Jae Hong, Seoul
Hakyoung Kim, Seoul

II

Juan-Carlos Abad, Colombia
Hind Manaa Alkatan, Galveston
John Palmer Berdahl, Sioux Falls
John David Bullock, Dayton
David J Calkins, Nashville
Michelle C Callegan, Oklahoma
Marissa Janine Carter, Cody
Robert Jin-Hong Chang, Champaign
Imtiaz A Chaudhry, Houston
Yan Chen, Nashville
Shravan Chintala, Rochester

March 12, 2013

Pinakin Gunvant Davey, Pomona
Deepinder Kaur Dhaliwal, Pittsburgh
Timothy Q Duong, San Antonio
Ella Gringauz Faktorovich, San Francisco
Marjan Farid, Irvine
Alireza Ghaffarieh, Madison
Haiyan Gong, Boston
Ribhi Hazin, Cambridge
Hamid Hosseini, Los Angeles
Kamran Hosseini, Alameda
Winston W-Y Kao, Cincinnati
Regis Paul Kowalski, Pittsburgh
Gennady Landa, New York
Marlyn Preston Langford, Shreveport
Yun-Zheng Le, Oklahoma
Jimmy K Lee, New Haven

WJO|www.wjgnet.com

Roger Winghong Li, Berkeley
Haixia Liu, Bloomington
Edward E Manche, Stanford
Darlene Miller, Miami
Timothy Garrett Murray, Miami
Jason Noble, Boston
Athanasios Papakostas, Framingham
John S Penn, Nashville
Eric A Postel, Durham
Suofu Qin, Irvine
Kota V Ramana, Galveston
Shantan Reddy, New York
Sanket U Shah, Bronx
Naj Sharif, Fort Worth
Deepak Shukla, Chicago
George L Spaeth, Philadelphia

III

Jason E Stahl, Overland Park
Michael Wesley Stewart, Jacksonville
Stephen Tsang, New York
Andrew T Tsin, San Antonio
Jing-Sheng Tuo, Bethesda
Raul Velez-Montoya, Aurora
Guoyong Wang, New Orleans
Rong Fang Wang, New York
Barbara Wirostko, Park
Sudhakar Akul Yakkanti, Omaha
Xincheng Yao, Birmingham
Thomas Yorio, Fort Worth
Terri Lois Young, Durham
Xin Zhang, Oklahoma
Xin-Ping Zhao, Houston
Gergana Zlateva, New York

March 12, 2013

WJO
Contents
MINIREVIEWS

World Journal of
Ophthalmology
Quarterly Volume 3 Number 4 November 12, 2013

32

Melatonin and derivatives as promising tools for glaucoma treatment
Alkozi HA, Pintor J

CASE REPORT

38

Multifocal granulomata in presumed Toxocara canis infection in adult
Kuniyal L, Biswas J

WJO|www.wjgnet.com

I

November 12, 2013|Volume 3|Issue 4|

World Journal of Ophthalmology

Contents
APPENDIX

Volume 3 Number 4 November 12, 2013
I-V

ABOUT COVER

Instructions to authors
Editorial Board Member of World Journal of Ophthalmology , Colin Ian Clement,
BSc, MBBS, PhD, FRANZC, Glaucoma Unit, Sydney Eye Hospital, 8 Macquarie
Street, Sydney, NSW 2000, Australia

AIM AND SCOPE

World Journal of Ophthalmology (World J Ophthalmol, WJO, online ISSN 2218-6239, DOI:
10.5318) is a peer-reviewed open access academic journal that aims to guide clinical practice and improve diagnostic and therapeutic skills of clinicians.
WJO covers topics concerning optometry, ocular fundus diseases, cataract, glaucoma,
keratopathy, ocular trauma, strabismus, and pediatric ocular diseases, blindness prevention, diagnostic imaging, evidence-based medicine, epidemiology and nursing. Priority
publication will be given to articles concerning diagnosis and treatment of ophthalmological diseases. The following aspects are covered: Clinical diagnosis, laboratory diagnosis,
differential diagnosis, imaging tests, pathological diagnosis, molecular biological diagnosis,
immunological diagnosis, genetic diagnosis, functional diagnostics, and physical diagnosis;
and comprehensive therapy, drug therapy, surgical therapy, interventional treatment, minimally invasive therapy, and robot-assisted therapy.
We encourage authors to submit their manuscripts to WJO. We will give priority to
manuscripts that are supported by major national and international foundations and those
that are of great basic and clinical significance.

Indexing/Abstracting

World Journal of Ophthalmology is now indexed in Digital Object Identifier.

FLYLEAF

I-III

Editorial Board

EDITORS FOR
THIS ISSUE

Responsible Assistant Editor: Xin-Xin Che
Responsible Electronic Editor: Ya-Jing Lu
Proofing Editor-in-Chief: Lian-Sheng Ma

NAME OF JOURNAL
World Journal of Ophthalmology
ISSN
ISSN 2218-6239 (online)
LAUNCH DATE
December 30, 2011
FREQUENCY
Quarterly
EDITOR-IN-CHIEF
Umit Ubeyt Inan, MD, Professor, Department of Ophthalmology, Medical School, Afyon Kocatepe University,
03200 Afyonkarahisar, Turkey
EDITORIAL OFFICE
Jin-Lei Wang, Director
Xiu-Xia Song, Vice Director

WJO|www.wjgnet.com

 	

Responsible Science Editor: Ling-Ling Wen

World Journal of Ophthalmology
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China
Telephone: +86-10-85381891
Fax: +86-10-85381893
E-mail: bpgoffice@wjgnet.com
http://www.wjgnet.com
PUBLISHER
Baishideng Publishing Group Co., Limited
Flat C, 23/F., Lucky Plaza,
315-321 Lockhart Road, Wan Chai,
Hong Kong, China
Fax: +852-6555-7188
Telephone: +852-3177-9906
E-mail: bpgoffice@wjgnet.com
http://www.wjgnet.com

COPYRIGHT
© 2013 Baishideng Publishing Group Co., Limited.
Articles published by this Open-Access journal are distributed under the terms of the Creative Commons Attribution Non-commercial License, which permits use,
distribution, and reproduction in any medium, provided
the original work is properly cited, the use is non commercial and is otherwise in compliance with the license.
SPECIAL STATEMENT
All articles published in this journal represent the
viewpoints of the authors except where indicated otherwise.
INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wjgnet.com/2218-6239/g_info_20100722180051.htm
ONLINE SUBMISSION
http://www.wjgnet.com/esps/

PUBLICATION DATE
November 12, 2013

II

November 12, 2013|Volume 3|Issue 4|

WJO

World Journal of
Ophthalmology

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.5318/wjo.v3.i4.32

World J Ophthalmol 2013 November 12; 3(4): 32-37
ISSN 2218-6239 (online)
© 2013 Baishideng Publishing Group Co., Limited. All rights reserved.

MINIREVIEWS

Melatonin and derivatives as promising tools for glaucoma
treatment
Hanan Awad Alkozi, Jesús Pintor
Hanan Awad Alkozi, Jesús Pintor, Department of Biochemistry
and Molecular Biology IV, Faculty of Optics and Optometry,
Universidad Complutense de Madrid, E-28037 Madrid, Spain
Author contributions: Alkozi HA and Pintor J contributed
equally to this work.
Supported by Universidad Complutense de Madrid, No. GR35/
10-A-920777; the Ministry of Economy, No. SAF 2010/16024;
the Institute Carlos III, No. RETICS RD12/0034/0003
Correspondence to: Jesús Pintor, Professor, Department of
Biochemistry and Molecular Biology IV, Faculty of Optics and
Optometry, Universidad Complutense de Madrid, c/Arcos de
Jalón 118, E-28037 Madrid, Spain. jpintor@ucm.es
Telephone: +34-91-3946859 Fax: +34-91-3946885
Received: August 21, 2013 Revised: November 5, 2013
Accepted: November 10, 2013
Published online: November 12, 2013

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: 5-MCA-NAT; IIK7; Glaucoma; Ocular hypertension; Melatonin
Core tip: This mini review depicts the main features of
melatonin and derivatives as interesting agents for the
treatment of the ocular hypertension associated with
glaucoma.
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Abstract

INTRODUCTION

Neurohormones melatonin and its analogues are present with an important physiological and pharmacological ability to reduce intraocular pressure (IOP); thus,
they are suitable for the treatment of ocular hypertension often associated with glaucoma. It is demonstrated that two of its analogues, 5-MCA-NAT and IIK7,
are more effective than melatonin to reduce IOP for a
longer period of time. The research for the discovery of
better compounds resulted in the development of newer and improved analogues compared to 5-MCA-NAT
and IIK7. Furthermore, already commercially available
drugs currently used as treatment for other pathologies, presenting a resemblance to the melatonin structure, are being tested as potential glaucoma drugs. In
this sense, agomelatine, which is already used as an
anti-depressant medicine, is recognized as a worthy
candidate since it reduces IOP, even under hypertensive conditions. To sum up, the use of melatonin and its
analogues as promising anti-glaucomatous substances
is of great importance and should be given serious consideration.

WJO|www.wjgnet.com

There is a general interest in searching for novel compounds capable of reducing intraocular pressure (IOP) as
an improved alternative to the existing drugs. IOP can be
lowered through the reduction of aqueous humor production or by increasing its outflow through the trabecular meshwork or uveoscleral pathways. The interest for
searching for new compounds relies on the fact that most
of the existing drugs produce important side effects,
hampering the treatment of certain patients. Side effects
are a common issue in glaucoma medications. β-blockers
such as timolol can cause bradycardia and hypotension
and they are unsuitable for patients suffering from cardio vascular problems[1], asthma, obstructive pulmonary
disease or corneal dystrophy[2]. Cholinergic agonists such
as pilocarpine produce fixed pupils and induce myopia
and cataracts[1], whereas prostaglandins (e.g., latanoprost)
cause eyelash growth, iris pigmentation[3], muscle and
joint pain[2]. Frequently, ocular redness and ocular surface
discomfort obligates patients to abandon the treatment.
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Several new compounds and approaches are under
development in companies’ pipelines or in academic
institutions. Among the plethora of substances, the naturally occurring are more attractive as its administration is
expected to result in fewer side effects[4]. Among these,
the neurohormone melatonin emerges as a promising
substance with interesting hypotensive properties[5]. The
use of 5-MCA-NAT (a melatonin analogue, see below)
when applied to the eye does not produce severe side effects. It does not affect corneal and lens transparency nor
cause redness or corneal edema. No negative effects were
noticed in general ocular examinations[5]. It is important
to bear in mind that most of melatonin intake is not by
prescription as it is considered a dietetic supplement. In
this case, high dosages and an elevated number of intakes
could produce some minor side effects. The Mayo Clinic
indicates that the most common side effects are drowsiness, headache and dizziness. Moreover, large doses of
melatonin can interfere with some medications, such as
anticoagulants, immunosuppressants, diabetes medications and birth control pills.
There are two interesting works describing the melatonin effect and its analogues on reducing IOP. Serle et
al[6] demonstrated that a melatonin analogue was able to
reduce IOP in glaucomatous monkeys, suggesting these
molecules as a possible treatment of ocular hypertension
related to glaucoma. Additionally, a group of ophthalmologists started to use melatonin during cataract surgery
because it reduces IOP substantially, which is recommendable during phacoemulsification[7].
From these two relevant works, the question arises as
why these groups decided to use melatonin and its analogues for clinical purposes and mainly for reducing IOP.
The present mini review introduces the reader to the basis of why melatonin is an attractive molecule to reduce
IOP and why it should be considered in the future as a
respectable alternative to the current ocular hypertension
and glaucoma therapies.

It is documented that in many animal models there are
changes in IOP during the day (high IOP) and night (low
IOP). It is possible that both processes are associated
considering the circadian pattern of melatonin production. Consequently, we should study what happens if we
topically apply melatonin during the day when IOP is
high.

MELATONIN REGULATES INTRAOCULAR
PRESSURE
When melatonin is topically applied at a single dose of
100 µmol/L in a volume of 10 µL, there is a transient reduction in IOP and values return quickly to initial figures
in about 2 h[10]. This effect is similar to that of endogenous melatonin at night which reduces IOP. Despite the
acquired hypotensive effect, the rapid return to normal
pressure values suggests that either it is necessary to regulate the doses or to look for an alternative compound to
produce a more sustained effect[11].
There are several commercially available melatonin
analogues depicting similar behavior to melatonin. Two
compounds present sharper and long lasting effects on
reducing the IOP compared to melatonin. In particular,
the compound N-butanoyl-2-2-methoxy-6H-isoindolo
([2,1-a]indol-11-yl) ethanamine (abbreviated as IIK7)
has a hypotensive effect that lasts up to 7 hours and the
compound 5-methylcarboxyamino-N-acetyltryptamine
(also known as 5-MCA-NAT), which can reduce IOP
for up to 9 h (Figure 1)[12]. Consequently, 5-MCA-NAT
is more interesting since it presents a longer term effect
with a significant reduction of IOP for up to 96 h. This
remarkable effect has been taken into consideration as we
indicate below[11] (Table 1).
5-MCA-NAT was tested in normotensive models as
well as under hypertensive conditions, including glaucomatous monkeys (Table 1). Interestingly, the effects on
the monkeys, a model closer to the human glaucomatous
pathology, were extremely interesting. Compared to vehicle treatment, twice daily administration of 5-MCA-NAT
for 5 d reduced IOP from 1 to 5 h after the first dose and
the IOP-lowering effects were shown to last at least 18 h
following administration, based on IOP measurements
made after the fourth and eighth doses[6].
One interesting characteristic to take into account
was that the ocular hypotensive effect of 5-MCA-NAT
was enhanced by repeated dosing. The maximum reduction of IOP was acquired 3 h after each morning dose
and was 10% on day 1, 15% on day 3, and 19% on day 5
(control = 100%). No adverse ocular or systemic side effects were observed during the 5 treatment days, suggesting that this compound could be used perfectly as ocular
hypertension treatment [6] (Table 1).
IIK7 reduced intraocular pressure by acting through
MT2 melatonin receptors, presumably decreasing aqueous
humor formation. Its effect is concentration dependent
and it can reduce IOP 38.5% ± 3.2% when compared
to controls (Table 1). It is important to notice that these

MELATONIN, MORE THAN A PINEAL
GLAND HORMONE
Melatonin is a molecule known by its chemical name
N-acetyl-5-methoxytryptamine (Figure 1). It has been
traditionally related to a particular area of brain, termed
the pineal gland, where it is synthesized in low illumination conditions like during the night[8] and it regulates
many day-night processes, called circadian rhythms[9]. It
is necessary to emphasize that this substance is also synthesized in other tissues and ocular structures such as the
retina, the ciliary body or the lens. This clearly suggests
that melatonin can exert some local actions on the tissues
where it is synthesized or in surrounding areas. Keeping
in mind that melatonin is released by the lens or the ciliary body, its presence in the aqueous humor, modifying
the physiology of these structures being bathed in the
fluid, can be speculated about. Interestingly, one of the
possible physiological processes to be modified is IOP.
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Table 1 Hypotensive effects of melatonin analogues: animal
models, conditions and receptors involved
Compound species
Melatonin
Human
Rabbit
Mouse (glaucomatous)
5-MCA-NAT
Monkey (hypertensive)
Rabbit
IIK7
Rabbit
INS48848
Rabbit
INS48852
Rabbit
INS48862
Rabbit
Agomelatine
Rabbit
Normotensive
Hypertensive

IOP reduction Receptor involved

Ref.

32.0%± 3.2%
22.0% ± 1.6%
33.4% ± 2.5%

Unknown
MT2, MT3
MT2

[7]
[10,11]
UD

19.2% ± 2.1%
42.5% ± 1.6%

MT3
MT3

[6]
[10,11]

38.5% ± 3.2%

MT2

[12]

36.0% ± 2.0%

MT3

[22]

33.1% ± 1.4%

MT2

[22]

26.0 V ± 1.3 V

MT2

[22]

20.8% ± 1.4%
68.8% ± 5.7%

MT2
MT2

[25]
[25]

O

HN

O

Melatonin
N
O

NH

The values represent the mean ± SEM for the indicated compounds in the
respective animal model. IOP: Intraocular pressure; UD: Unpublished
data.

O
IIK7

experiments have not been performed in glaucomatous
monkeys yet but only in rabbits[12].
In summary, it seems that some compounds, such as
melatonin, 5-MCA-NAT and IIK7, clearly reduce IOP.
But what is the mechanism for this IOP reduction? What
receptors activate these substances in order to produce
the observed effects?

O

HO

N

HN

MELATONIN AND ITS ANALOGUES
ACTIVATE MELATONIN RECEPTORS

5-MCA-NAT

O

Figure 1 Chemical structure of melatonin and analogues. Melatonin (N-acetyl-5-methoxytryptamine), IIK7 (N-butanoyl-2-(2-methoxy-6Hisoindolo[2,1-a]indol-11-yl)ethanamine) and 5-MCA-NAT (5-methylcarboxyamino-N-acetyltryptamine).

Melatonin exerts its effect via membrane and nuclear
receptors. The protein membrane receptors are better understood and until recently three proteins have
been cloned. Two of these membrane receptors, termed
MT1 and MT2, are melatonin receptors belonging to the
7-transmembrane G protein-coupled receptor family
(GPCR). There have been claims that a third receptor exists, the MT3 melatonin receptor, although it has not been
cloned yet. Some authors have identified it as quinone reductase 2 (QR2), demonstrating features of a melatonin
receptor in some animal models (for a review see[9]).
MT1, MT2 and the probable MT3 melatonin receptors are
present in several ocular structures, according to pharmacological, biochemical and immunological studies[13,14]. This
evidence suggests that melatonin plays a role in physiological processes in ocular tissues, such as the modulation
of IOP, and it has been documented that MT2 and MT3
are responsible for IOP reduction.
When melatonin, 5-MCA-NAT and IIK7 are applied
to normotensive or hypertensive eyes, they produce a
dissimilar IOP reduction, depending on the compound

WJO|www.wjgnet.com
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under study. The use of selective antagonists for melatonin receptors has allowed identification of the presence
of MT2 melatonin receptors in the ciliary body of experimental animals, such as New Zealand white rabbits. This
has been confirmed through immunohistochemical studies. In these studies it has been possible to verify the presence of MT2 melatonin receptors on pigmented and nonpigmented ciliary epithelia. Accordingly, the application
of melatonin or IIK7, which is a selective MT2 agonist,
results in a reduction in the production of the aqueous
humor[12] (Figure 2).
5-MCA-NAT has been suggested as an MT3 melatonin receptor agonist that reduces IOP. To date, the location of the receptor is unknown. As there is a controversy with the possible identification of the MT3 receptor
which is tentatively identified in some animal models as
QR2, some sophisticated experiments were performed to

34

November 12, 2013|Volume 3|Issue 4|

Alkozi HA et al . Melatonin and analogues reduce IOP
250

mRNA change (%)

200

150

100

50

0

0

a2A-adrenergic receptor

24

b2-adrenergic receptor

48

72

t /h

92

120

Figure 2 Expression of mRNA levels in ciliary body cells. The amounts of mRNA and concomitant adrenoceptors were changed after the application of 5-MCA-NAT.
While there was an increase of a2A-adrenoreceptors (in red), there was a decrease in the levels of b2-adrenoreceptors (in blue).

clarify the issue[15-17]. In New Zealand rabbits, the use of a
siRNA silencing QR2 (therefore avoiding the expression
of this enzyme) did not abolish the hypotensive effect
of 5-MCA-NAT, clearly indicating that, in this animal
model, MT3 ≠ QR2, opening the possibility of speculating
about the existence of a receptor that needs to be cloned
to fully understand its functioning and location[18].
Apart from melatonin and its derivatives, some other
compounds, like 5-MCA-NAT, can keep IOP below
normal values for up to 5 d. This long-term effect is
mediated by the action of melatonin receptors on the expression of genes expressing proteins important for the
homeostasis of the aqueous humor.
To date, it has been possible to demonstrate that the
5-MCA-NAT long-term effect is in part the result of the
expression inhibition of carbonic anhydrases. This downregulation means that 24 h after 5-MCA-NAT application there is a reduction in IOP because the amounts of
carbonic anhydrases are severely reduced. In particular,
when 5-MCA-NAT is applied, carbonic anhydrase 2 is reduced 32% (protein levels), while carbonic anhydrase 12
is reduced 39% (protein levels). This reduction in protein
expression mimics the carbonic anhydrase inhibitor action, such as dorzolamide or acetazolamide[19].
Likewise, the expression of adrenergic receptors is
modified by the application of 5-MCA-NAT. Interestingly, this melatonin analogue is able to produce a sequential process consisting of an initial reduction in the
β2-adrenoreceptors expression, followed by an increase
in α2A-adrenoreceptors[20]. Altogether, these consecutive
effects produce a sustained reduction in IOP lasting for
at least 96 h[21].
In summary, 5-MCA-NAT, apart from a sharp hypotensive effect, exerts a long term effect, maintaining low
IOP for 4 d.
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SO, WHAT IS NEXT NOW?
Several aspects need to be studied, taking into account
that melatonin and analogues can significantly reduce
IOP.
It is clear that it is necessary to research and design
new melatonin analogues with more profound and long
lasting effects[5]. Inspire Pharmaceuticals Inc. (now absorbed by Merck) has designed several melatonin analogues with interesting hypotensive properties to reduce
IOP. In recent studies, melatonin analogues, termed
INS48848, INS48852 and INS48862, demonstrated
similar behavior to melatonin, 5-MCA-NAT and IIK7[22].
Indeed, these three compounds decreased IOP in a
dose-dependent manner similar to melatonin, 5-MCANAT and IIK7, confirming their efficiency in decreasing
IOP (Table 1). Concerning their selectivity on melatonin
receptors, the effects of INS48848 were completely
blocked by prazosin, an antagonist of MT3 melatonin receptors, and were potently inhibited by luzindole, a nonselective antagonist of melatonin receptors. However,
DH97, a selective MT2 receptor antagonist, had a limited
effect against INS48848 and the results obtained from
INS48862 and INS48852 were contradictory. Luzindole
and prazosin had no significant effects against those two
compounds, whereas DH97 blocked them completely.
These results strongly suggest that INS48848 could be
acting through the MT3 melatonin receptors and that
INS48862 and INS48852 could be acting preferentially
through MT2 melatonin receptors. In any case, all these
compounds are worthy candidates to reduce IOP, especially when it is abnormally elevated[22].
Another alternative to the development of newly
synthesized compounds is to search for melatoninergic
compounds already used for other medical purposes.
Compounds such as ramelteon ((S)-N-[2-(1,6,7,8-tetrahyd-
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30% reduction in IOP during cataract surgery compared
to the initial patient’s pressures. This is quite interesting
because the IOP reduction has been obtained in normotensive patients and it could be even more substantial
in hypertensive (glaucomatous) patients. Several experiments in animal models demonstrated that melatonin and
analogues are able to reduce IOP equally in normotensive
and hypertensive animals, being more effective in hypertensive than in normotensive animals (Table 1). Also, experiments performed with 5-MCA-NAT on hypertensive
monkeys, a step before human clinical trials, have proved
that this melatonin analogue reduced IOP.
In conclusion, agomelatine is the compound that we
strongly believe should be tested in glaucomatous patients for its ability to reduce IOP. Agomelatine is already
used as a depression treatment drug under the commercial name Valdoxan[24]. Since many of the pre-clinical tests
have already been completed, we should not be surprised
if agomelatine clinical trials start and it becomes the first
melatoninergic compound to join the group of glaucoma
treatment substances.

Control Melatonin 5-MCA-NAT IIK7 Agomelatine

Figure 3 Comparative effects of melatonin and analogues in an animal
model. Equal doses of melatonin or the corresponding analogues (100 mmol/L,
10 mL), reduced intraocular pressure in New Zealand white rabbits. Differences
among the compounds rely on the activation of different receptors in each case
(see text).

ro-2H-indeno-[5,4-b]furan-8-yl)ethyl]propionamide), also
known as Rozerem, used for sleep disorders[23] or agomelatine (N-[2-(7-methoxynaphthalen-1-yl)ethyl]acetamide),
known also by the names Valdoxan, Melitor, Thymanax[24],
used for the treatment of depression, could be candidates
to reduce IOP since their structure is similar to melatonin.
There is a lack of information regarding the use
of ramelteon in IOP studies. Agomelatine significantly
reduces IOP when topically applied on rabbit eyes.
Agomelatine (10 µ L, 100 µ mol/L) reduced IOP by
20.8% ± 1.4% and its maximal IOP reduction was 180
minutes after the compound application. Interestingly,
this compound exhibited an ability to reduce IOP in
hypertensive conditions. It is noteworthy to stress that
under high IOP the ability of this melatonin analogue to
reduce IOP was 68.8% ± 5.7% (Figure 3, Table 1)[25].
There is a clear advantage in using compounds already commercialised for other conditions as the timeline
for testing and clinical trials is significantly reduced.
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Multifocal granulomata in presumed Toxocara canis
infection in adult
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study is to focus on the diagnosis of case where presence of multifocal granuloma and absence of larvae in
granulaoma makes the diagnosis atypical. A combination of history, clinical examination, laboratory tests and
histopathological analysis is important before reaching
any diagnosis.
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INTRODUCTION

Abstract

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

The larva of the nematode Toxocara canis was first identified as a cause of intraocular disease by Nichols (1956).
Human infection is usually an outcome of accidental ingestion of the embryonated eggs[1]. The average age at diagnosis of ocular Toxocariasis is 7.5 years (ranging from
2 to 31 years). It constitutes about 1%-2% of uveitis in
children[2]. Toxocara should be considered as a possible
causative agent of posterior uveitis. Diagnosis is based
upon clinical features observed in a young patient and
should be confirmed at least by the presence of specific
IgG in the serum (ELISA test, 90% specificity and 91%
sensitivity)[3]. We present here presumed ocular Toxocara
infection in a 45 year adult. The case is unique for its presentation at this age and multifocal granulomata on retinal evaluation. PubMed search could not reveal presence
of multifocal granulomata in ocular Toxocara infection
before.

Key words: Presumed; Toxocara canis; Ocular; Multifocal; Granulomata

CASE REPORT

Core tip: Toxocara infection is one of the causes of
posterior uveitis. Diagnosis is often made by presence
of larvae in the choroidal granuloma. The aim of this

A 45-year-old male presented with complaints of gradually progressive diminution of vision since one and half
years in the left eye. There were no pets in the house.
Patient was a known diabetic controlled on oral hypogly-

Human infection of Toxocara canis in eye is usually an
outcome of accidental ingestion of the embryonated
eggs. The average age at diagnosis of ocular Toxocariasis
is 7.5 years, ranging from 2 to 31 years. It constitutes
1%-2% of uveitis in children. Diagnosis is based upon
the clinical features observed in a young patient and confirmed by the presence of specific IgG in the serum or
aqueous humor by Enzyme-linked immunosorbent assay
test. We report a case of Presumed Toxocara infection
in 45-year-old male which is unique in presentation with
multifocal granulomata in retina. Our PubMed search
could not produce case with similar presentation. Probably this is the first reported case of multifocal granulomata in presumed ocular Toxocara in any age group
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A

B

Figure 1 Fundus photo of patient’ right eye. A: Montage colour fundus photo of patient showing extent of lesion with multifocal granulomata and temporal exudative retinal detachment; B: Fundus photo showing granulomata.

Figure 3 Post operative fundus photograph showing scar extending from
disc to temporal periphery.

Figure 2 Haematoxylin and Eosin staining X 200: Micro photograph showing an epiretinal membrane with chronic inflammatory cells comprising of
lymphocytes Inset: Shows few eosinophils (arrow). No larva seen.

of counting finger which was due to scarring (Figure 3).
Patient was doing well on ten weeks of follow up.

cemic agents. At presentation his corrected visual acuity
in right eye was 6/5 for distance with near vision N6 and
left eye had counting finger for distance with near vision < N36 on snellens chart. Anterior segment findings
were within normal limits. Right eye fundus was within
normal limits whereas left eye fundus showed fibrous
membranous band extending from optic nerve head to
temporal periphery with subretinal exudation and exudative retinal detachment temporally (Figure 1). The unique
thing about this lesion was that it covered area from
posterior pole to far temporal periphery and showed
multifocal choroidal granulomata which are very unusual
of Toxocara granuloma (Figure 1). Investigation revealed
positive IgE titer of Toxocara in anterior chamber tap
(16.93NTU). Optical coherence tomography showed
macular traction with increased retinal thickness. Patient
was started on oral steroids and planned for surgery.
Vitrectomy with membrane peeling was done. Silicone
oil was injected when break occurred while removing
adherent membrane. Histopathological analysis of the
membrane showed fibrous tissue with chronic inflammatory cells. No Toxocara parasite was seen. On careful
examination few eosinophils were seen (Figure 2). After
6 wk of surgery retina was attached with scarring extending from disc to temporal periphery. Patient had vision

WJO|www.wjgnet.com

DISCUSSION
Ocular Toxocariasis usually occurs in young healthy children. It is usually limited to one eye and infected by one
larva (Schlaegel, 1978)[4]. There are few clinical reports of
retinal lesions in adults due to Toxocara infection. Larva
is rarely identified from the lesions. Definitive histopathological diagnosis is possible only after enucleation.
Because of the absence of larva on histopathology, we
refer our case as Presumed Ocular Toxocariasis.
Ocular involvement can occur in form of chronic
endophthalmitis, papillitis, posterior pole granuloma and
peripheral granuloma[1]. Patients with posterior pole granuloma may initially present with relatively hazy vitreous
body and sign of acute inflammation, in which the posterior pole granuloma is observed as an ill-defined hazy
mass with surrounding vitreous inflammation. These
lesions are usually very well-defined and relatively small,
ranging from 0.75 to 6.0 mm in diameter in size. In peripheral granuloma, a dense white peripheral inflammatory granulomatous mass is localized. Alternatively, the inflammation may be diffuse and appears as a “snowbank ”
as seen in pars planitis. Fibrocellular bands may run from
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fibrous membranous band extending from optic nerve head to temporal periphery with subretinal exudation and exudative retinal detachment temporally.

a peripheral inflammatory mass to posterior retina or the
optic nerve leading to both traction and rhegmatogenous
retinal detachment[5].
Our patient presented with combined picture of posterior and peripheral granuloma with multifocal granulomata. The presence of multifocal granulomata in our
patient was unusual and probably the first time reported.
The major causes of visual acuity loss are: severe vitritis (52.6% of the cases), cystoid macular edema (47.4%)
and tractional retinal detachment (36.8%)[6]. It is possible
that the lesions are due to a toxic or immunoallergic
reaction towards larval antigens, mainly associated with
larval death. The disruption occurring after larval death
may determine an inflammatory reaction and granuloma
formation. We also found the presence of chronic inflammatory cells along with eosinophils confirming the
inflammatory nature of the membrane.
Treatment therapy should be guided according to:
visual acuity, severity of inflammation, irreversible ocular
damage[1]. Generally peripheral granulomata are silent or
show minimal inflammatory reaction and do not require
therapy. Corticosteroid therapy helps to reduce the inflammatory process without permitting the overgrowth of the
infectious agent. Antihelminthic therapy is not worldwide
accepted because of the possibility that larvae death may
increase the inflammatory reaction. Pars plana vitrectomy
is useful and indicated to remove vitreous opacities and
epiretinal membranes, to relieve the vitreoretinal traction,
to prevent and treat retinal detachment[7,8].
In our patient we successfully removed the membranes despite its firm adherence to underlying tissue.
The vision was counting finger because of scarring over
posterior pole caused by the membrane.
A study with longer follow up is required to see how
multifocal granulomata differ in prognosis from usual focal granuloma of Toxocara.

Treatment

Patient was started on oral steroids and planned for surgery. Vitrectomy with
membrane peeling was done. Silicone oil was injected when break occurred
while removing adherent membrane. Histopathological analysis of the membrane showed fibrous tissue with chronic inflammatory cells. No Toxocara parasite was seen.

Related reports

Ocular Toxocariasis usually occurs in young healthy children. It is usually limited to one eye and infected by one larva (Schlaegel, 1978). There are few clinical reports of retinal lesions in adults due to Toxocara infection. Larva is rarely
identified from the lesions.

Peer review

This manuscript entitled “Multifocal Granulomata in Presumed Toxocara Canis
Infection in Adult” to report a 45 years old case with fibrous membranous band
extending from optic disc to temporal periphery with subretinal exudation and
exudative retinal detachment temporally. A positive IgE titer of Toxocara was
also found in AC tapping. This is an interesting paper and well written.
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