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Abstract 

As the ethiologic and pathologic processes of glaucoma disease remain largely unknown, the 

benefit of animal models that effectively mimic the condition is crucial, and therefore they are 

increasing in popularity. The aim of this paper is to provide a descriptive summary for each of 

the included intraocular hypertensive methods and the results obtained, along with some of the 

advantages and limitations considering the models used. 

A systematic revision of studies published between 1957 and 2014 in English in MEDLINE 

was performed. Search words used included: intraocular pressure, glaucoma, animal, model, 

laser photocoagulation, trabecular meshwork, episcleral vein, cauterization, ligation, 

microsphere, microbead, glycosaminoglycan, cellulose, steroid, cannulation, Morrison, monkey, 

rat, rabbit, cat, mouse, pig. 

The models described promote impairment in the “conventional” aqueous humor drainage 

pathway with elevation of intraocular pressure, one major risk factor for glaucoma. The 

intraocular hypertensive mechanism was classified as pre-trabecular, if it simulates excessive 

aqueous humor inflow, or post-trabecular if a decreased aqueous humor outflow is obtained 

downstream from the trabecular meshwork, associated with vein congestion. Trabecular 

mechanisms induce obstruction or destruction of the trabecular meshwork itself. Many efficient 

and reproducible methods were performed in monkeys, rats, mice, rabbits, cats, pigs, sheep, 

bovine and ferrets.  

Induced intraocular hypertension animal models are very promising in terms of a better 

understanding of the pathophysiologic processes of glaucoma, as well as in the discovery of 

novel therapies for this condition. 

 

 

Keywords: Glaucoma, intraocular pressure, animal models. 
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1. Introduction 

Elevated intraocular pressure (IOP) is nowadays accepted as the only known treatable major 

risk factor for glaucoma. It has been shown to affect the prevalence, incidence and development 

of this condition (Paulavičiūtė-Baikštienė et al., 2013), even though the underlying 

pathophysiologic mechanisms still remain uncertain (Wang et al., 2012). Nevertheless, changes 

in human glaucomatous eyes have been recently described in the trabecular meshwork, 

including excessive production of extracellular matrix by increased TGF-β2, impaired 

phagocytosis and increased contractility of trabecular meshwork cells. These changes lead to 

partial obliteration of the spaces between collagen beams, increasing the resistance to aqueous 

outflow, and ultimately increasing IOP (Paulavičiūtė-Baikštienė et al., 2013).  

Animal models over the decades have proven to be crucial to understanding numerous 

diseases. Indeed, in terms of glaucoma research, a wide variety of animals of different species 

have been employed, and researchers took into account the animal size, cost and the amount of 

morphologic and physiologic overlap with human eye characteristics.  

The intraocular hypertensive animal models considered to be more suitable to study 

glaucoma neuropathy should induce sustained moderately high IOP levels during a reasonable 

period. These models allow examination of both the precise onset and the progression of 

pathological changes of glaucomatous disease in a controlled and reproducible way (Vecino and 

Sharma, 2011). The pathophysiologic changes observed in the retinal ganglion cell (RGC) layer 

should be similar to those in human individuals, and optic disk cupping should be observed. 

They are also important to evaluate novel therapies in an organized manner (Samsel et al., 

2011). 

Genetic animal models of glaucoma impose practical difficulties to many researchers 

worldwide, including availability and cost, and they were not included in this review. Normal 

tension glaucoma models were also not included. 

2. Methods 

A systematic revision of studies published between 1957 and 2014 in English in MEDLINE 

was performed. Search words used included: intraocular pressure, glaucoma, animal, model, 

laser photocoagulation, trabecular meshwork, episcleral vein, cauterization, ligation, 

microsphere, microbead, glycosaminoglycan, cellulose, steroid, cannulation, Morrison, monkey, 

rat, rabbit, cat, mouse, pig. 
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3. The aqueous humor outflow pathway  

In humans, the aqueous humor is produced by the ciliary epithelium at the ciliary processes 

in the pars plicata of the ciliary body, and is secreted into the posterior chamber. It flows 

between the lens and the iris, through the pupil and into the anterior chamber. From the anterior 

chamber angle, the aqueous humor is drained by a “conventional” pathway through the 

trabecular meshwork and into the Schlemm’s canal, draining collector channels, radial aqueous 

veins and episcleral veins by this order. However, it can also be drained by a “non-

conventional” pathway through the ciliary muscle anteriorly, uveal meshwork, suprachoroidal 

space and finally the sclera. Some authors consider this pathway to be analogous to lymphatic 

drainage (Johnson and Erickson, 2000), it decreases with age and is responsible for 

approximately 40 to 50% of aqueous humor drainage. However, it is independent from IOP 

level variation, and when aqueous humor production surpasses its drainage through the 

“conventional” pathway, an elevation of IOP occurs (Goel et al., 2010).  

The models described in this section are aimed at artificially impairing the “conventional” 

aqueous humor drainage pathway with elevation of IOP levels. For reasons of convenience, we 

decided to categorize the models according to the site of intervention mechanism relatively to 

the trabecular meshwork, as listed in table 1. 

3.1. Chymotrypsin Injection 

The long-term ocular hypertension induced by alpha-chymotrypsin is believed to result from 

an increased aqueous humor inflow by disruption of the blood-aqueous barrier, rather than 

trabecular blockage by lysed zonular material (Melena et al. 1999; Chee and Hamasaki, 1971; 

Anderson, 1971). 

3.1.1. Monkey 

Several authors described cupping of the optic disk and atrophy of the optic nerve as early as 

3 days of sustained rise in IOP after injecting 75 and 750 units (respectively) of chymoptrypsin 

in the posterior chamber of monkeys (Kalvin et al., 1966; Lessell and Kuwabara, 1969). 

However, the subjects with higher doses of chymotrypsin often underwent corneal perforation.  

3.1.2. Rabbit 

Based on many authors (Sears and Sears, 1974; Gelatt, 1977; Vareilles et al., 1979), 

Fernandez-Durango et al. (1991) injected unilaterally 0.86 mg of α-chymotrypsin diluted in 0.13 

mL of saline solution into the posterior chamber of New Zealand albino rabbits. They found 

increased IOP as soon as 3 days in 82 % of the animals, which maintained during 40 days, with 

mean values of 28.4 mmHg in treated eyes compared to 13.1 mmHg in contralateral control 
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eyes. This is a well-established chronic intraocular hypertensive model, with relevant 

similarities to human glaucoma (Percicot et al., 1996).  

3.2. Manometric Intraocular cannulation 

3.2.1. Monkey 

Anderson and Hendrickson (1974) originally describe a method in which they 

manometrically control the IOP in owl monkeys. A 27 gauge needle is inserted obliquely 

through the peripheral cornea and into the posterior chamber. It is connected to an external 

saline container, which content is varied according to the systemic blood pressure, measured by 

femoral artery cannulation, in order to maintain a constant perfusion pressure (PP), measured as 

the difference between mean arterial pressure and IOP, during eight hours. 

The authors observed that at slightly elevated levels of IOP (PP of 60 mmHg) there was a 

partial obstruction of axoplasmic transport, which became more obvious at moderate levels of 

IOP (PP of 35 to 45 mmHg). Severe obstruction to axonal transport was achieved at higher IOP 

levels (PP = 25 mmHg) with greater axonal dilation. However, with a PP under 25 mmHg, there 

was a complete absence of axoplasmic transport in the ganglion cells. According to Anderson 

and Davis (1975), it is at a perfusion pressure under 15 mmHg that most permanent retinal 

changes occur, namely partial necrosis of iris, stroma and ciliary processes, macroscopic lesions 

around the disc and in the retinal periphery, possibly due to a nonischemic pressure-induced 

mechanism in chronic glaucoma. 

3.2.2. Cat 

In adult cats Grehn et al. (1984) inserted a Ringer solution injecting cannula (20 U/mL) and a 

pressure transducing cannula in the anterior chamber through the limbus. The perfusion pressure 

was calculated as the difference between mean blood pressure and IOP. 

The authors confirmed that PP is the main ischemic factor, since animals with higher mean 

blood pressure also tolerate higher IOP levels, and they observed that total suppression of retinal 

neurons transmission is only observed when PP reaches critical levels below 20 mmHg in cats. 

The authors also mention that short-term IOP elevation by cannulation at critical PP levels 

preferentially causes functional retinal impairment by anoxia and can be reversible up to 100 

minutes, whereas a long-term approach with moderate PP levels (50 mmHg) causes 

mechanically induced optic disk excavation.  

 

 



6 
 

3.2.3. Rat 

Identically, Büchi et al. (1991) developed a rat model of anterior chamber cannulation 

raising the intraocular pressure (IOP) to 110 mmHg during a period of 120 minutes, and 

suggested a replacement of normal saline solution with a 5% dextrose solution, which proved to 

decrease the frequency of retinal ischemic injury after 120 minutes. 

3.3. Laser Photocoagulation of the Trabecular Meshwork 

In theory, partial scarring of the trabecular meshwork and obliteration of the Schlemm’s 

canal, as observed histologically by Gaasterland and Kupfer (1974), should induce significant 

resistance to aqueous humor outflow and increase IOP in a sustained manner. 

3.3.1. Monkey 

Gaasterland and Kupfer (1974) used a circumferential argon laser photocoagulation model 

on rhesus monkeys, with approximately two hundred laser applications aimed at scarring the 

middle of the trabecular meshwork in the anterior chamber of both eyes. A 50 m beam 

diameter was used, ranging from 0.2 to 0.5 seconds duration with a power of 0.4 to 0.8 Watts. 

Two to four treatments were applied. Up to 12 weeks later, 70% had successfully elevated IOP 

from baseline values of 11 – 14 mmHg to 24 – 50 mmHg. Optic disc cupping was present in 

60% and outflow facility impairment in 100%. Thinning of the nerve fiber layer was also 

observed. 

Based on Gaasterland and Kupfer (1974), Quigley and Hohman (1983) concluded that a 

single laser treatment with 50 Joule of energy was more efficient, with exposure duration 

between 0.5 and 1.0 seconds.  

A nonhuman primate model of laser trabecular photocoagulation has many anatomical and 

clinical similarities with human primary open angle glaucoma, and develops over the course of 

months instead of years. The mechanical stress on load-bearing tissues, such as the sclera and 

the lamina cribrosa, has been associated to loss of retinal and foveal ganglion cells (Roberts et 

al., 2010; Glovinsky et al., 1991, 1993), and also impairment in optic nerve head 

microcirculation (Wang et al., 2012). 

3.3.2. Rat 

Ueda et al. (1998) originally described a laser photocoagulation method in Wistar rats. 

Firstly, they injected 0.05 mL of India ink unilaterally into the anterior chamber. Direct argon 

laser photocoagulation is performed to the pigmented target in the trabecular meshwork, using 

60 to 100 laser spots with 0.5 mm width, 250 mW of power and 0.2 seconds duration. 
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After 3 laser treatments, mean IOP in 6 out of 7 eyes was higher than 25 mmHg at the fourth 

week. Maintaining IOP elevated required 10 to 30 laser burns if IOP dropped to a value around 

20 mmHg, or 60 to 100 laser burns if IOP dropped below 15 mmHg. Cavernous degeneration of 

the optic nerve head and reduced thickness of the nerve fiber layer were observed. 

The authors believe the chronic IOP elevation is caused by peripheral anterior synechia, 

which led to a structural angle closure, and also reduced intertrabecular spaces, with 

accumulation of extracellular matrix and macrophages containing most carbon particles. 

However, they admit structural differences between the lamina cribrosa of rodents and primates 

that should be considered when studying the pathogenesis of nerve damage in glaucoma. 

3.3.3. Mouse 

Aihara et al. (2003) have explored the unilateral translimbal laser photocoagulation of the 

trabecular meshwork approach described elsewhere (Levkovitch-Verbin et al., 2002) in black 

Swiss mice, with a laser power of 200 mW, 0.05 seconds duration and 200 µm spot diameter. 

For optimization of this model, the authors induced unilateral mydriasis and flattening of the 

anterior chamber by aqueous fluid aspiration. During the first 4 weeks, a success rate of 64% 

was noted, with a mean IOP increase of 30% compared to control values. However, after 12 

weeks, only 34% maintained elevated IOP. Some treated eyes developed corneal edema, corneal 

opacity and cataract. This method was reproduced later with a significant decrease in the optic 

nerve cross-sectional area (28.5%), mean axon density (57.8%) and total number of axons 

(63.1%) in treated eyes (Mabuchi et al., 2003). 

Therefore, the authors believe that flattening of the anterior chamber leading to angle closure 

contributes largely to a satisfyingly sustained IOP elevation after one single intervention. 

However, the reproducibility of this method is not adequate, since there was a high variability in 

IOP levels. Besides, mice are relatively small and difficult to handle (Aihara et al., 2003). 

3.4. Microspheres 

Quigley et al. (1979) originally described a method of trabecular meshwork obstruction in 

rabbits and monkeys using fixed degenerating red blood cells which possess a rigid outer 

membrane and a diameter of approximately 7.5 µm. This is analogous to the modern intraocular 

microsphere obstruction mechanism, which is described as occurring preferentially at the 

interlaminar collagen spaces in the inner wall of Schlemm’s canal (Inomata et al., 1972). Some 

authors suggest an inflammatory reaction at the trabecular meshwork might also contribute to 

the reduction in aqueous humor outflow (Weber and Zelenak, 2001). 
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3.4.1. Monkey 

Weber and Zelenak (2001) injected 50 L through the cornea and into the anterior chamber 

of a 0.15 M NaCl aqueous solution containing approximately 2 x 10
5
 latex microspheres with a 

diameter of 10 m and fluorescein dye. A maximum of 2 injections per week were given 

whenever IOP dropped below 30 mmHg. The injection time was lengthened between 1 and 2 

minutes to avoid abnormal peaks in IOP. The microsphere deposition was monitored non-

invasively using Zeiss slit lamp and gonioscopy with a cobalt filter. IOP elevation was 

successful in all animals, and a mean IOP value of 36.5 mmHg in the hypertensive eye and 17.3 

mmHg in the control eye were obtained during 36 months. The optic cup-to-disk ratio increased 

progressively from 0.2 to 0.8, and a 70 % decrease of optic nerve axons was observed. The 

authors defend this method is simple and inexpensive. 

They argue that varying the concentrations and volumes of microsphere solutions, as well as 

the number of treatments, is correlated to the extent and duration of increased IOP. 

3.4.2. Rat 

Sappington et al. (2010) described an intracameral injection in brown Norway Rats of a 

solution containing 10
6
 polystyrene microbeads per mL, with a diameter of 15 µm and bound to 

a 488nm-cromophore. The contralateral control eye received an identical volume of sterile 

physiological saline solution. A glass micropipette with a diameter of 100 µm was placed 

approximately 3 mm within the ora serrata over the cornea, and 5 µL were injected at a rate of 

1 µL per second. A range of mean IOP elevation from 21 to 34% was recorded during 2 weeks, 

compared to the control eyes. They witnessed a direct correlation between the microbead 

injection volume and the mean IOP value. However, IOP variability is lower at higher 

microbead volumes. 

3.4.3. Mouse 

Sappington et al. (2010) described the same method for C57BL/6 mice, with a lower 

polystyrene microbead injection volume of 1 µL. Overall, mice had a more regular elevation in 

mean IOP of 30% during 3 weeks. 

A modified version was described by Cone et al. (2012) in CD1 albino and C57BL/6 

pigmented mice. The authors tested for a “4+1” protocol, in which they injected 2 L of 6 m 

beads (at 3x10
6
 beads per L), 2 L of 1 m beads (at 1.5x10

7 
beads per L) and 1 L of 

viscoelastic solution containing 10 mg/mL of sodium hyaluronate, by this order. The mice 

reached an average IOP difference of 6.1 mmHg and a mean axon loss of 36% up to 6 weeks, 

which was higher for CD1 mice.  
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3.5. Magnetic microspheres 

These microspheres are equally easily injectable into the anterior chamber, and have the 

advantage of being preferentially directed to the iridocorneal angle using magnetic fields, 

obstructing the trabecular meshwork more efficiently and improving subsequent fundus 

examinations (Samsel et al., 2011). 

3.5.1. Rat 

In Brown Norway Rats, Samsel et al. (2011) injected between 10 and 20 µL of a previously 

agitated sterile balanced salt solution containing 30 mg/mL iron-magnetic microspheres, with a 

diameter of 5 µm, unilaterally into the anterior chamber. Meanwhile, a small handheld magnet 

(0.45 Tesla) was positioned externally from the iridocorneal angle.  In average, 12.8 days with a 

mean sustained elevation of 5.8 mmHg in IOP were obtained. A mean RGC loss of 36.4 % was 

also observed. The authors conclude that this method is simple, cost-effective and easily 

reproducible, either in single or in chronic weekly injections. Furthermore, it optimizes 

trabecular obstruction since a smaller number of microsphere injections (up to three) were 

needed for successfully increasing IOP, compared to other microsphere models. 

3.6. Conjunctival Cells 

3.6.1. Ferret 

Fujishiro et al. (2014) have developed an IOP elevation model in adult ferrets by unilateral 

injection of cultured conjunctival cells in the anterior chamber using a 32 gauge needle. 

Average IOP in treated eyes was 42.8 mmHg, compared to 14.1 mmHg in the contralateral eyes, 

during 13 weeks after a single injection. Histologically, the iridocorneal angle was covered with 

proliferated cells obstructing the trabecular spaces, there was optic disk cupping and 

degeneration of optic nerve axons. The authors argue that ferrets have a more developed 

binocular vision compared to rodents, therefore more closely related to humans when assessing 

spatial patterns of degeneration in the central visual system in glaucoma. However, 

inflammation after the cell injection was common and IOP levels resembled closed-angle 

glaucoma, therefore care should be taken not to induce retinal ischemia. 

3.7. Viscoelastic Substances 

3.7.1. Glycosaminoglycans  

Hyaluronic acid is the most abundant GAG in the trabecular meshwork (Acott et al., 1985). 

It is not an antigenic or inflammatory substance, no species variations have been described and 

it can form viscous dilute solutions due to its water-binding capacity, thus being suitable for eye 
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surgery (Lanza, 2014). Knepper et al. (1996) observed an abnormal accumulation of 

mucopolysaccharides at the trabecular meshwork of primary open glaucoma patients, with 

reduced amount of hyaluronic acid and increased chondroitin sulfates. Benozzi et al. (2000)  

suggested that decreased IOP and increased aqueous humor outflow could be allowed by 

stimulating hyaluronidase activity. 

3.7.1.1. Monkey 

Schubert et al. (1984) injected 0.22mL of various solutions containing sodium-hyaluronate at 

1% with different molecular weights and into the anterior chamber of owl monkeys, in 

exchange for the same volume of aqueous humor. They inserted a 27-Gauge needle through the 

cornea 1 mm proximal to the limbus. Most solutions caused consistently increased IOP during 

the first 4 to 7 hours, which returned to normal within 24 hours. The authors witnessed a sooner 

and higher peak of 60 mmHg in IOP in low viscosity solutions, in which they concluded that the 

amount of exogenous sodium-hyaluronate turnover from the anterior chamber passing through 

the outflow channels is higher, since they mix faster with the pre-existing aqueous humor. 

3.7.1.2. Rabbit 

In New Zealand White rabbits, Harooni et al. (1998) unilaterally injected 0.10 mL of viscous 

sodium hyaluronate solution and 0.05 mL of a balanced saline solution, in exchange for 0.15 

mL of aqueous humor. They tested sodium hyaluronate at 1% (Healon®), 1.4% (Healon GV®) 

and 3% with additional chondroitin sulphate at 4% (Viscoat®) during 72 hours. There was a 

significant increase in IOP with values between 25 and 35 mmHg during the initial 24 hours for 

all viscosities. Equi et al. (1997) add that IOP levels are directly correlated to the polymer size 

of hyaluronate. When Harooni et al. (1998) replaced the saline solution for hyaluronidase in the 

contralateral eye, however, only a slight and not significant decrease of IOP was observed. 

3.7.1.3. Rat 

Benozzi et al. (2002) used a 30 Gauge needle to inject 25 L of a saline solution containing 

hyaluronic acid at 1% (10 mg/mL) unilaterally into the anterior chamber of Wistar rats. In a 

single injection, a mean IOP value of 20.8 mmHg was observed (versus 12 mmHg in the 

contralateral control eye), and remained significantly higher until the 8th day. With chronic 

administration of hyaluronic acid, IOP in treated eyes was approximately 20.6 mmHg during 10 

weeks. The authors believe the rat acute intraocular hypertensive model lasts longer than the 

rabbit and the monkey acute models (24 hours) since the intracameral concentration of 

hyaluronic acid achieved is higher in a narrower anterior chamber. They also defend their 

chronic model is effective, inexpensive, easy to perform and a large number of experimental 

rodents can be used. 
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3.7.2. Cellulose derivatives 

Cellulose derivatives present viscoelastic properties. They are not toxic or inflammatory and 

they mechanically decrease the outflow facility (Zhu and Cai, 1992).  

3.7.2.1. Rabbit 

Zhu and Cai (1992) injected a single dose of methylcellulose (MC) at 1 or 2%, 

hydroxypropyl methylcellulose (HPMC) at 2 % and sodium carboxymethylcellulose (SCMC) at 

2% into the anterior chamber of pigmented rabbits, by aqueous humor exchange of 0.25 mL. 

The rabbits which received MC at 1 or 2 % had a similar mean IOP of 31.4 and 33.3 mmHg, 

respectively, compared to 19.6 mmHg control levels, during approximately 16 days. SCMC at 2 

% had a similar mean elevated IOP of 32.0 mmHg, but for a shorter period (8 days). However, 

IOP levels in the group with HPMC at 2 % were not significantly high, which confirms previous 

clinical findings (Liesegang et al., 1986). Törngren et al. (2000) achieved a peak in IOP of 

approximately 47 mmHg between 2 and 4 hours after injecting a larger volume of 50 l of 

HPMC at 2% in rabbits. Still, IOP decreased for non-significant levels 12 hours later. 

Zhu and Cai (1992) repeated the injection of cellulose derivatives if IOP fell below 30 

mmHg. During 8 weeks, they registered mean IOP levels of 36.5 mmHg, 35.7 mmHg and 36.5 

mmHg, for MC at 1% and 2 % and SCMC at 2 %, respectively.  

Overall, they concluded that IOP elevation by single injections of cellulose derivatives lasted 

longer than other methods, with fewer side effects. Pronounced optic disk cupping, hyperemia, 

corneal edema and sustained high IOP levels make the rabbit groups with multiple injections of 

MC at 1 and 2 % promising for the study of human chronic open-angle glaucoma (Zhu and Cai, 

1992). 

3.8. Corticosteroids 

McLean et al. observed the first steroid-induced intraocular hypertensive effect with 

systemic adrenocorticotropic hormone (Gordon et al., 1951). Later, François (1977) described 

how steroids inhibit the lysossomal hyaluronidase release, preventing its effect on hyaluronates 

and increasing the amount of aggregated mucopolysaccharides in the extracellular matrix of the 

trabecular meshwork. In addition, trabecular meshwork cells suffer enlargement of the nucleus 

and cytosol organelles and also reduced phagocytic properties in response to dexamethasone. 

All these changes contribute to thickened trabecular and juxtacanalicular tissues and decreased 

intertrabecular spaces, thus leading to an increased resistance to aqueous outflow (Clark and 

Wordinger, 2009; Wilson et al., 1993).  
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3.8.1. Rabbit 

Bonomi et al. (1978) believed that the chronic effect of high local corticosteroid doses 

spreading systemically caused organic side effects associated with heavy weight loss, 

considerable IOP fluctuations and often death to the subjects. Therefore, they proposed a model 

of 3 unilateral subconjunctival injections in rabbits, once per week, with 4mg of a repository 

betamethasone preparation containing hydroxiethylcellulose. From baseline IOP levels of 18 

mmHg, a mean peak of 27 mmHg was reached at the third week in 96% of the animals, but the 

contralateral control eye also reached a peak of 22 mmHg. Nevertheless, significant elevated 

IOP levels were maintained until 5 weeks. An improved mortality rate of 3.12% was also 

described. 

Knepper et al. (1978), however, have witnessed differently. With 1 drop of topical 

dexamethasone at 0.1% every 6 hours, they concluded that at 4 weeks only young rabbits aged 

between 8 and 10 weeks were responsive, possibly due to an age-related difference in the ratio 

of keratan sulfate to uranic acid containing glycosaminoglycans in the trabecular meshwork. It 

represents a clear contrast with human glaucoma, which is progressively induced, preferably in 

older individuals. 

3.8.2. Cat 

Zhan et al. (1992) applied a 10 L solution of dexamethasone sodium phosphate (at 1.0%) to 

the cornea 3 times daily during a month to normotensive cats. However, only a group of cats 

which underwent an interval of 7 days without treatment and repeated the dexamethasone 

sodium phosphate (1%) twice daily for another month showed a fairly significant IOP elevation. 

When applying a solution containing 10 L of 1% prednisolone acetate topically twice a day 

with a 3 to 5 minute interval to ocular normotensive cats, a slight but significant increase in IOP 

was observed after 22 days and up to 60 days. Increasing the frequency of administration did 

not further significantly increase the IOP. The authors emphasize that the feline eye resembles 

the human eye at a greater extent in terms of intraocular corticosteroid target sites than the 

rabbit eye. 

3.8.3. Rat 

Young Wistar rats were given topical ocular dexamethasone 4 times daily for 4 weeks 

(Sawaguchi et al., 2005). IOP was increased slightly but significantly since the second week of 

treatment. 
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3.8.4. Bovine 

Gerometta et al. (2004) provided 12 cows with unilateral topical ocular prednisolone acetate 

drops at 1% initially and 0.5% after the first week, 3 times daily during 49 days. There was a 

significant IOP variation from 7 to 15 mmHg between hypertensive and control eyes and up to 

10 weeks. 

3.8.5. Sheep 

18 sheep received unilateral topical ocular prednisolone acetate (0.5%) drops 3 times daily 

during 4 weeks (Gerometta et al., 2009). All developed increased mean IOP values of 23 mmHg 

in the second week and 27.5 mmHg in the third week, compared to contralateral values of 11.2 

to 11.7 mmHg. Therefore, they concluded that the results in sheep and bovine steroid models 

are more enticing than in other animals. 

3.9. Laser Photocoagulation of limbal venous plexus and episcleral veins 

3.9.1. Rat 

WoldeMussie et al. (2001) used blue-green Argon laser photocoagulation on the limbal 

venous plexus and episcleral veins within 0.5 to 0.8 mm from the limbus. 130 to 150 laser 

burns, with 0.05mm width, a power of 1 Watt and 0.2 seconds duration were used. A second 

treatment was performed 1 week later. An increase of 60% and 100% from baseline IOP values 

was accomplished after the first and second treatments, respectively, and maintained 

significantly high for 2 months. Considering a slowed RGC loss rate from 12% to 2% per week 

between the third week and two months, the authors defend a direct correlation with IOP levels 

during this period. 

3.9.2. Mouse 

Identically, Gross et al. (2003) described a laser photocoagulation model for C57BL/6J mice. 

Episcleral and limbal veins were photocoagulated within 1 mm from the limbus, using a laser 

with 50 µm width, 0.1 seconds duration and a power between 80 and 110 mW. At 4 weeks, 90% 

had a mean IOP value of 20 mmHg versus baseline values of 13 mmHg, and a RGC loss of 

22.4%. However, the C57BL/6J mouse strain used develops anterior segment anatomic 

abnormalities that might interfere with IOP values. 

3.10. Episcleral Vein Cauterization 

In this model, IOP elevation is likely to result from vein congestion and reduction of aqueous 

humor outflow combined (Naskar et al., 2002).  
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3.10.1. Rats  

Shareef et al. (1995) describe a model of unilateral cauterization of a variable number of 

deep episcleral veins. After dissecting the conjunctiva at the limbal periphery and exposing the 

extraocular muscles, a suture underneath would anchor them and reveal the adjacent deep 

episcleral veins. Once the vein is visually detached from the overlying conjunctiva and muscle, 

an ophthalmic cautery is applied to the episcleral trunk to fully interrupt the drainage (Shareef et 

al., 1995). Alternatively, Sharma (2003) argue that cauterization to the junction of aqueous-

containing radial veins and ciliary veins is also effective. 

Shareef et al. (1995) observed that if 2 or more veins were cauterized, a rise of at least 90% 

was observed in IOP. However, after 1 week, IOP returned to values slightly higher than 

baseline. In contrast, Naskar et al. (2002) cauterized 2 episcleral veins in adult Sprague-Dawley 

rats and observed a 1.6 fold increase in IOP levels up to 3 months. When Shareef et al. (1995) 

cauterized 3 veins, IOP increased from 13.2 mmHg to 53 mmHg, stabilizing at 29 mmHg after 2 

months. Little to none decompensation symptoms were found in this group. When all four veins 

were cauterized, a stable raised IOP level of 60 mmHg was maintained until 1.5 weeks, but 

most eyes showed proptosis, exposure keratopathy, corneal edema and corneal endothelial 

malfunction (Shareef et al., 1995), and Sharma (2003) observed a high risk of necrosis of the 

eye within 1 week. 

This method is reproducible and excellent for the study of primary open angle glaucoma, as 

well as to test for possible neuroprotective agents (Naskar et al., 2002; Shareef et al., 1995; 

Sharma, 2003). However, practice is necessary (Sharma, 2003), since initial trials only led to a 

success rate of 25%, compared to 85% later on. They also observed that leaking from the 

cauterization site was associated with neovascularization in up to 15%, and hence they suggest 

ligating the vein before cauterization.  

3.10.2. Pig 

Ruiz-Ederra et al. (2005) cauterized unilaterally 3 episcleral veins of adult pigs. Since the 

third week and during 21 weeks, an increased mean IOP value of 20.8 mmHg was witnessed 

(versus control levels of 15.6 mmHg). The significant RGC death in the mid-peripheral and 

peripheral retina observed resembles the human pattern of RGC degeneration in glaucoma. 

3.10.3. Mouse 

According to Aihara et al. (2003) the mouse eye anatomy is too small and the outflow 

vessels form a thin plexus rather than largely visible episcleral veins. Moreover, the mouse 

sclera is too thin and a high incidence of perforation may result. In fact, Ruiz-Ederra and 
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Verkman (2006) excluded 12 out of 35 mice due to scleral complications and episcleral vein 

leakage from cauterization of 3 deep episcleral veins. Nonetheless, they achieved an IOP 

elevation success rate of 87% and a maximum peak of 28 mmHg up to nine days after the 

procedure. The results were variable, but 94% showed significantly increased IOP until 4 

weeks. They also observed aqueous outflow resistance 2.5 times higher than in control eyes, and 

a RGC loss of 20%. 

3.11. Episcleral Vein Ligation 

3.11.1. Rats  

Yu et al. (2006) described a method of unilateral ligation of 3 deep episcleral veins after their 

exposure in the respective eye quadrants, by dissecting through the overlying conjunctiva and 

Tenon’s capsule. A 10-0 nylon was used. 40.8% of treated eyes had a mean IOP value of 24.7 

mmHg for 7 months. In 59.2%, however, there was a decrease below 25 mmHg until 4 weeks, 

and another intervention with ligation of collateral neovasculature was performed. Optic disk 

escavation and a RGC loss of 1.3% weekly were also reported. 

3.11.2 Rabbit 

As originally described by Huggert (1957), Zhu and Cai (1992) observed that the ligation of 

three vortex veins in adult pigmented rabbits induced a mild mean value of 27.1 mmHg (versus 

baseline levels of 19 mmHg) during approximately 11 days only. These results could be 

explained by collateral circulation and an enlargement up to three times higher of the 

unoperated vortex vein. Retinal hemorrhage was often found, while hyperemia and corneal 

edema were sometimes present. The authors concluded this method is not adequate for a 

chronically induced rise in IOP. 

3.12. Saline Injection in Episcleral Veins 

3.12.1. Rat 

The limbal vasculature, Schlemm’s canal and trabecular meshwork of the rat eye are mostly 

analogous to primates, and a “conventional route” in rats is identically responsible for only part 

of the aqueous humor outflow (Morrison et al., 1995).  

Morrison et al. (1997) induced sclerosis of episcleral veins in Brown Norway rats. After a 

lateral canthotomy and the dissection of the conjunctiva with exposure of one radial aqueous 

vein, 50 µL of hypertonic saline solution at 1.65 or 1.75 M are injected causing whitening of the 

vessel. If IOP fails to rise significantly until 2 weeks, a second cannulation is performed in an 

opposite radial aqueous vein. A success rate of 80% was achieved. IOP increase was variable 
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between 7 and 28 mmHg during 200 days. However, inflammation occurred often, and 

sometimes sclerosis of the trabecular meshwork with anterior synechia was visible at the 

iridocorneal angle. They witnessed an increased superior temporal susceptibility to axonal 

degeneration and a pressure-related deposition of extracellular matrix components in the optic 

nerve head fibers, both analogous to human glaucomatous eyes. 

3.13. External oculopression 

3.13.1. Rat 

Sellés-Navarro et al. (1996) described a mechanical method of increasing the IOP by 

external oculopression. In Sprague-Dawley rats, two 6-0 silk sutures were placed unilaterally 

around the bulbar conjunctiva on either sides of the corneoscleral limbus and were pulled on 

opposite directions. The eye was kept above systolic arterial pressure levels during the ischemic 

period. Interruption of blood flow duration varied from 30 to 120 minutes.  

During 30 days, only periods of transient ischemia longer than 45 minutes induced retinal 

RGC death, which occurred as early as 3 hours and became more severe with longer ischemic 

intervals. Periods of ischemia of at least 90 minutes cause the death of approximately 50% of 

the RGC population after 5 days and 95% after 30 days. Mild edema of the conjunctiva and 

cornea were commonly present, and sometimes retinal or vitreous hemorrhages were also found. 

3.14. Laser Photocoagulation of trabecular meshwork and episcleral veins 

3.14.1. Rat 

In Wistar rats, Levkovitch-Verbin et al. (2002) combined 60 to 80 unilateral laser deliveries 

to the trabecular meshwork, mostly through the cornea, and also 15 to 20 laser spots to 

episcleral veins. Using a diode laser at 532 nm wave-length through a slit-lamp mechanism, 

they determined that a laser power of 0.4 Watt with 0.2 second duration is more efficient, 

witnessing a mean IOP of 25.5 mmHg versus 19.8 mmHg in control eyes during 9 weeks. Since 

75% of the animals returned to baseline IOP levels mostly after 3 weeks, they required another 

intervention. The authors argue that the extent of RGC loss in the retina is associated with 

higher IOP levels. They concluded that their model is still expensive, yet reproducible, 

relatively simple to perform and has many similarities with human glaucoma.  
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4. Conclusion 

This paper is an attempt to summarize most intraocular hypertension animal models 

currently used by the scientific community, especially for a better insight into glaucoma 

processes (Table 1).  

Recent investigation in glaucoma therapy is directed to the risk factors instead of the 

etiology and pathophysiology of the disease, and current clinical practice focuses on the 

reduction of aqueous humor formation or increasing the outflow, and thus lowering IOP 

(Paulavičiūtė-Baikštienė et al., 2013; Cioffi,2011). As such, establishing an effective and 

reproducible induced intraocular hypertension animal model is essential. Not forgetting that the 

pathophysiologic changes witnessed in these models should ideally be similar to those found in 

humans, comparison must be careful and generalizing from a certain animal and method should 

be avoided. In the meanwhile, as more technology is being developed in this field, we hope to 

achieve considerable progresses in prevention as well as treatment of glaucoma. 

 

Level of aqueous 

flow modification  
Procedure Animal Author 

Pre-trabecular 
a
 

Chymotrypsin 

Monkey 
Kalvin et al. (1966); 

Lessell and Kuwabara (1969) 

Rabbit 
Fernandez-Durango et al. (1991); 

Percicot et al. (1996) 

Manometric Intraocular 

Cannulation 

Monkey 
Anderson and Hendrickson (1974) 

Anderson and Davis (1975) 

Cat Grehn et al. (1984) 

Rat Büchi et al. (1991) 

Trabecular 
b
 

Laser Photocoagulation of 

trabecular meshwork 

Monkey 
Gaasterland and Kupfer (1974) 

Quigley and Hohman (1983) 

Rat Ueda et al. (1998) 

Mouse 
Aihara et al. (2003) 

Mabuchi et al. (2003) 

Latex Microspheres Monkey Weber and Zelenak (2001) 

Polystyrene Microspheres 

Rat Sappington et al. (2010) 

Mouse 
Sappington et al. (2010) 

Cone et al. (2012) 

Magnetic microspheres Rat Samsel et al. (2011) 

Conjunctival Cells Ferret Fujishiro et al. (2014) 

Glycosaminoglycans 

Monkey Schubert et al. (1984) 

Rabbit 
Harooni et al. (1998) 

Equi et al. (1997) 

Rat Benozzi et al. (2002) 

Cellulose derivatives Rabbit 
Zhu and Cai (1992) 

Törngren et al. (2000) 

Corticosteroids 

Rabbit 
Bonomi et al. (1978) 

Knepper et al. (1978) 

Cat Zhan et al. (1992) 

Rat Sawaguchi et al. (2005) 

Bovine Gerometta et al. (2004) 

Sheep Gerometta et al. (2009) 
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Post-trabecular 
c
 

Laser Photocoagulation of limbal 

venous plexus and episcleral 

veins 

Rat WoldeMussie et al. (2001) 

Mouse Gross et al. (2003) 

Episcleral Vein Cauterization 

Rat 

Shareef et al. (1995) 

Naskar et al. (2002) 

Sharma (2003) 

Pig Ruiz-Ederra et al. (2005) 

Mouse Ruiz-Ederra and Verkman (2006) 

Episcleral Vein Ligation 

Rat Yu et al. (2006) 

Rabbit 
Huggert (1957) 

Zhu and Cai (1992) 

Saline Injection in Episcleral 

Veins 
Rat Morrison et al. (1997) 

External oculopression Rat Sellés-Navarro et al. (1996) 

Trabecular 
b
 and  

Post-Trabecular 
c
 

Laser Photocoagulation of 

trabecular meshwork and 

episcleral veins 

Rat Levkovitch-Verbin et al. (2002) 

Table 1: List of intraocular hypertensive animal models categorized according to the level at which the 

impairment in aqueous humor flow occurs. 
a
Pre-trabecular refers to models which simulate mostly an 

unbalanced increase in aqueous humor inflow. 
b
Trabecular refers to models which induce obstruction or 

destruction of the trabecular meshwork. 
c
Post-trabecular indicates models which preferentially decrease 

aqueous humor outflow through the “conventional” pathway downstream from the trabecular meshwork, 

causing vein congestion.  
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GUIDE FOR AUTHORS
.

INTRODUCTION
The goal of Experimental Eye Research is to publish original research papers on all aspects of the cell
biology, physiology, genetics, biochemistry, biophysics, molecular biology, biophysics, pharmacology,
developmental biology, microbiology, and immunology of the eye. The journal is subdivided into four
sections; Aqueous Humor and Blood Flow, Cornea and Ocular Surface, Lens and Retina and Choroid,
each with their own section editors. Short Communications, Letters to the Editor, Methods in Eye
Research; individual Review Articles or collections of Review Articles specifically commissioned by the
Journal are also published.

Research areas include:
Production and circulation of ocular fluids and the dysfunction of these pathways underlying ocular
disease Angiogenesis, neovascularization and regulation of blood flow in the eye in health and disease
Cell biology, molecular biology, biochemistry, and biophysics of the eye or eye tissueDevelopmental
and regenerative biology of the eyeHuman and molecular genetics studies of inherited eye
diseasesGene therapy and neuroprotection targeted at preventing inherited ocular diseasesNeural
and general physiology of the visual process

Types of communications
1. Research Articles :Original Research Articles describing the results of experimental studies
that address fundamental biological issues on vision, the eye, or specific ocular tissues constitutes
the majority of communications published in Experimental Eye Research. Detailed instructions for
formatting regular research articles are provided below under the subheading “Preparation”.

2. Letters to the Editor:Letters to the Editor should provide substantive comment(s) on a publication
in this Journal or an eye research article published elsewhere; or on issues of broad interest to the eye
and vision research community. A Letter should be concise, to the point (generally no more than 750
words), contain only text (no abstract, figures, tables, acknowledgments, or reference list), and be
written in continuous narrative style (no headings/subheadings). The Editor-in-Chief or a designated
member of the Editorial Board will be responsible for reviewing Letters. Receipt of a Letter does not
guarantee that it will be accepted for publication. In the event that the Letter challenges some aspect
of a prior publication, a complete citation of the publication in question should be fully spelled out
in the body of the text. The authors of the publication in question will be given the opportunity to
respond to the comments made, and the two Letters (if accepted) will be published sequentially in
the same issue of the Journal.

3.  Short Communications:  Short Communications are intended for preliminary reports of original,
significant research results that are limited in scope and, thus, do not warrant publication in the form
of a regular Research Article. Communications should be no longer than 4,500 words (generally not to
exceed 4 printed pages in the Journal), inclusive of all literature citations, and should contain no more
than two Figures (which may be multi-panel) and/or Tables;“Supplementary Data” is not permitted.
The word count pertains only to the main body of text, excluding the title, author/institution details,
abstract, figures/tables, figure legends, and acknowledgments; the Abstract should not exceed 250
words. Communications should not contain headings/subheadings (i.e.,Introduction, Materials and
Methods, Results, Discussion), other than References, but otherwise should follow the rules pertaining
to the preparation, text-formatting and submission of Research Articles for this Journal.

4. Focus on Molecules:Focus on Molecules articles are no longer accepted by Experimental Eye
Research.

5. Methods in Eye Research:These feature articles provide a detailed overview of a specific
method or technique used in experimental research of the visual system. This contribution
should contain sufficient information to allow successful reproduction of the experimental method/
technique in another laboratory. Each article should contain the following headings (the first four
being numbered):IntroductionMaterials and SuppliesDetailed MethodsPotential Pitfalls and Trouble
ShootingReferencesArticle Specification:
The article should not exceed 12 published pages in length including equivalent space for figures. For
members of ISER, colour figures will be printed without charge.
Include enough detailed information to allow researchers in independent laboratories to successfully
reproduce this method
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Please highlight the potential "problem areas" for the method and provide "trouble shooting" solutions
Please ensure you select the correct article type (Methods in Eye Research) when uploading your
article via http://ees.elsevier.com/yexer. If you would like to submit an unsolicited Methods In Eye
Research article for consideration, or if you have any editorial queries, please , please contact the
Methods in Eye Research Editor, Dr. Abe Clark, at abe.clark@unthsc.edu.

6. Special Issues: Periodically, Experimental Eye Research will publish a special issue containing
review articles that cover selected topics in depth relevant to eye research. While the breadth and
scope of these special issues can vary widely, they are intended to contain in a single issue the state
of the art in specific areas of eye research. Up to four color plates will be published free of charge
in each review articles commissioned by the journal. If you are interested in developing a special
issue, please contact the Editor-in-Chief, or the Special Issues and Review Articles Editor, Dr. Steven
J. Fliesler, at: fliesler@buffalo.edu. Each review included in a special issue will undergo peer review
before being accepted for publication.

7. Review Articles: Single review articles are periodically published in Experimental Eye Research.
Most published review articles are solicited, but the Editor-in-Chief is always willing to consider new
topics for a review. Prior to preparing a review article it is important to first contact the Editor-in-Chief,
or Dr. Steven J. Fliesler, Special Issues and Review Articles Editor, (fliesler@buffalo.edu) as to whether
such a review would be appropriate for publication consideration. No reviews will be published without
full peer review. We want all reviews to be succinct and pithy. While the length of a review will be
governed by the scope of the topic covered, we suggest to authors that the length be approximately
6000 words, including space for tables, figures and references. Up to four color plates will be published
free of charge in each review articles commissioned by the journal.

Contact details for submission
Experimental Eye Research Editorial Office, 525 B Street, Suite 1800, San Diego, CA 92101-4495,
USA Tel.: (619) 699-6278; Fax: (619) 699-6850; E-mail: exer@elsevier.com

BEFORE YOU BEGIN
Ethics in publishing
For information on Ethics in publishing and Ethical guidelines for journal publication see
http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Human and animal rights
If the work involves the use of animal or human subjects, the author should ensure
that the work described has been carried out in accordance with The Code of Ethics of
the World Medical Association (Declaration of Helsinki) for experiments involving humans
http://www.wma.net/en/30publications/10policies/b3/index.html; EU Directive 2010/63/EU for
animal experiments http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm;
Uniform Requirements for manuscripts submitted to Biomedical journals http://www.icmje.org.
Authors should include a statement in the manuscript that informed consent was obtained for
experimentation with human subjects. The privacy rights of human subjects must always be observed.

Conflict of interest
All authors are requested to disclose any actual or potential conflict of interest including any financial,
personal or other relationships with other people or organizations within three years of beginning the
submitted work that could inappropriately influence, or be perceived to influence, their work. See
also http://www.elsevier.com/conflictsofinterest. Further information and an example of a Conflict of
Interest form can be found at: http://help.elsevier.com/app/answers/detail/a_id/286/p/7923.

Submission declaration and verification
Submission of an article implies that the work described has not been published previously (except
in the form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see http://www.elsevier.com/sharingolicy), that it is not under consideration for publication
elsewhere, that its publication is approved by all authors and tacitly or explicitly by the responsible
authorities where the work was carried out, and that, if accepted, it will not be published elsewhere
in the same form, in English or in any other language, including electronically without the written
consent of the copyright-holder. To verify originality, your article may be checked by the originality
detection service CrossCheck http://www.elsevier.com/editors/plagdetect.
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Contributors
Each author is required to declare his or her individual contribution to the article: all authors must have
materially participated in the research and/or article preparation, so roles for all authors should be
described. The statement that all authors have approved the final article should be true and included
in the disclosure.

Addition, deletion, or rearrangement of author names in the authorship of accepted manuscripts
Before the accepted manuscript is published in an online issue Requests to add or remove an author,
or to rearrange the author names, must be sent to the Journal Manager from the corresponding author
of the accepted manuscript and must include:The reason the name should be added or removed or
the author names rearranged. Written confirmation (email, fax, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Requests that are not sent by the corresponding author will be forwarded by the Journal Manager
to the corresponding author, who must follow the procedure as described above. Note that: Journal
Managers will inform the Journal Editors of any such requests. Publication of the accepted manuscript
in an online issue is suspended until authorship has been agreed.

After the accepted manuscript is published in an online issue
Any requests to add, delete, or rearrange author names in an article published in an online issue will
follow the same policies as noted above and result in a corrigendum.

Changes to authorship
This policy concerns the addition, deletion, or rearrangement of author names in the authorship of
accepted manuscripts:
Before the accepted manuscript is published in an online issue: Requests to add or remove an author,
or to rearrange the author names, must be sent to the Journal Manager from the corresponding author
of the accepted manuscript and must include: (a) the reason the name should be added or removed,
or the author names rearranged and (b) written confirmation (e-mail, fax, letter) from all authors that
they agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed. Requests that are not sent by
the corresponding author will be forwarded by the Journal Manager to the corresponding author, who
must follow the procedure as described above. Note that: (1) Journal Managers will inform the Journal
Editors of any such requests and (2) publication of the accepted manuscript in an online issue is
suspended until authorship has been agreed.
After the accepted manuscript is published in an online issue: Any requests to add, delete, or rearrange
author names in an article published in an online issue will follow the same policies as noted above
and result in a corrigendum.

Copyright
Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (for
more information on this and copyright, see http://www.elsevier.com/copyright). An e-mail will be
sent to the corresponding author confirming receipt of the manuscript together with a 'Journal
Publishing Agreement' form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations
(please consult http://www.elsevier.com/permissions). If excerpts from other copyrighted works are
included, the author(s) must obtain written permission from the copyright owners and credit the
source(s) in the article. Elsevier has preprinted forms for use by authors in these cases: please consult
http://www.elsevier.com/permissions.

For open access articles: Upon acceptance of an article, authors will be asked to complete an 'Exclusive
License Agreement' (for more information see http://www.elsevier.com/OAauthoragreement).
Permitted third party reuse of open access articles is determined by the author's choice of user license
(see http://www.elsevier.com/openaccesslicenses).

Author rights
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As an author you (or your employer or institution) have certain rights to reuse your work. For more
information see http://www.elsevier.com/copyright.

Role of the funding source
You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Funding body agreements and policies
Elsevier has established a number of agreements with funding bodies which allow authors
to comply with their funder's open access policies. Some authors may also be reimbursed
for associated publication fees. To learn more about existing agreements please visit
http://www.elsevier.com/fundingbodies.

Open access
This journal offers authors a choice in publishing their research:

Open access
• Articles are freely available to both subscribers and the wider public with permitted reuse
• An open access publication fee is payable by authors or on their behalf e.g. by their research funder
or institution
Subscription
• Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs (http://www.elsevier.com/access).
• No open access publication fee payable by authors.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.

For open access articles, permitted third party (re)use is defined by the following Creative Commons
user licenses:

Creative Commons Attribution (CC BY)
Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), include in a collective
work (such as an anthology), text or data mine the article, even for commercial purposes, as long
as they credit the author(s), do not represent the author as endorsing their adaptation of the article,
and do not modify the article in such a way as to damage the author's honor or reputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)
For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

The open access publication fee for this journal is USD 2200, excluding taxes. Learn more about
Elsevier's pricing policy: http://www.elsevier.com/openaccesspricing.

Language (usage and editing services)
Please write your text in good English (American or British usage is accepted, but not a
mixture of these). Authors who feel their English language manuscript may require editing
to eliminate possible grammatical or spelling errors and to conform to correct scientific
English may wish to use the English Language Editing service available from Elsevier's
WebShop (http://webshop.elsevier.com/languageediting/) or visit our customer support site
(http://support.elsevier.com) for more information.

Submission
Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.
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Submit your article
Please submit your article via http://ees.elsevier.com/yexer.

Referees
Please submit, with the manuscript, the names, addresses and e-mail addresses of 5 potential
referees. Note that the editor retains the sole right to decide whether or not the suggested reviewers
are used.

US National Institutes of Health (NIH) voluntary posting (" Public Access") policy Elsevier facilitates
author posting in connection with the voluntary posting request of the NIH (referred to as the NIH
"Public Access Policy", see http://www.nih.gov/about/publicaccess/index.htm) by posting the peer-
reviewed author's manuscript directly to PubMed Central on request from the author, after formal
publication. Upon notification from Elsevier of acceptance, we will ask you to confirm via e-mail (by
e-mailing us at NIHauthorrequest@elsevier.com) that your work has received NIH funding (with the
NIH award number, as well as the name and e-mail address of the Prime Investigator) and that you
intend to respond to the NIH request. Upon such confirmation, Elsevier will submit to PubMed Central
on your behalf a version of your manuscript that will include peer-review comments, for posting 12
months after the formal publication date. This will ensure that you will have responded fully to the
NIH request policy. There will be no need for you to post your manuscript directly to PubMed Central,
and any such posting is prohibited. Individual modifications to this general policy may apply to some
Elsevier journals and its society publishing partners.

PREPARATION
Use of word processing software
It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular, do not use the word
processor's options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts
(see also the Guide to Publishing with Elsevier: http://www.elsevier.com/guidepublication). Note that
source files of figures, tables and text graphics will be required whether or not you embed your figures
in the text. See also the section on Electronic artwork.
To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check'
functions of your word processor.

LaTeX
You are recommended to use the Elsevier article class elsarticle.cls
(http://www.ctan.org/tex-archive/macros/latex/contrib/elsarticle) to prepare your manuscript and
BibTeX (http://www.bibtex.org) to generate your bibliography.
For detailed submission instructions, templates and other information on LaTeX, see
http://www.elsevier.com/latex.

Article structure
Subdivision - numbered sections
Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods
Provide sufficient detail to allow the work to be reproduced. Methods already published should be
indicated by a reference: only relevant modifications should be described.

Results
Results should be clear and concise.
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Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices
If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Essential title page information
• Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.
• Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.
• Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that the e-mail address is given and that contact
details are kept up to date by the corresponding author.
• Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Abstract
A concise and factual abstract of no more than 500 words is required. The abstract should state briefly
the purpose of the research, the principal results and major conclusions. An abstract is often presented
separately from the article, so it must be able to stand alone. For this reason, References should
be avoided, but if essential, then cite the author(s) and year(s). Also, non-standard or uncommon
abbreviations should be avoided, but if essential they must be defined at their first mention in the
abstract itself. The abstract should be in paragraph form with no abbreviations or subheadings.

Graphical abstract
Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 × 1328 pixels (h × w) or proportionally more. The image should be readable at a size of 5 ×
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. See http://www.elsevier.com/graphicalabstracts for examples.
Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best
presentation of their images and in accordance with all technical requirements: Illustration Service.

Highlights
Highlights are mandatory for this journal. They consist of a short collection of bullet points that
convey the core findings of the article and should be submitted in a separate editable file in the
online submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet points
(maximum 85 characters, including spaces, per bullet point). See http://www.elsevier.com/highlights
for examples.

Keywords
Immediately after the abstract, provide a maximum of 8 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, "and", "of"). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

http://webshop.elsevier.com/illustrationservices/ImagePolishing/gap/requestForm.cfm
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Abbreviations
Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements
Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Units
Follow internationally accepted rules and conventions: use the international system of units (SI).
If other units are mentioned, please give their equivalent in SI. You are urged to consult IUPAC:
Nomenclature of Organic Chemistry: http://www.iupac.org/ for further information.

Database linking
Elsevier encourages authors to connect articles with external databases, giving their readers one-
click access to relevant databases that help to build a better understanding of the described research.
Please refer to relevant database identifiers using the following format in your article: Database: xxxx
(e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN). See http://www.elsevier.com/databaselinking
for more information and a full list of supported databases.

Accession numbers
Accession numbers are unique identifiers in bioinformatics allocated to nucleotide and protein
sequences to allow tracking of different versions of that sequence record and the associated sequence
in a data repository [e.g., databases at the National Center for Biotechnical Information (NCBI) at the
National Library of Medicine ('GenBank') and the Worldwide Protein Data Bank]. There are different
types of accession numbers in use based on the type of sequence cited, each of which uses a different
coding. Authors should explicitly mention the type of accession number together with the actual
number, bearing in mind that an error in a letter or number can result in a dead link in the online
version of the article. Please use the following format: accession number type ID: xxxx (e.g., MMDB
ID: 12345; PDB ID: 1TUP). Note that in the final version of the electronic copy, accession numbers will
be linked to the appropriate database, enabling readers to go directly to that source from the article.

Footnotes
Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.

Artwork
Electronic artwork
General points
• Make sure you use uniform lettering and sizing of your original artwork.
• Embed the used fonts if the application provides that option.
• Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.
• Number the illustrations according to their sequence in the text.
• Use a logical naming convention for your artwork files.
• Provide captions to illustrations separately.
• Size the illustrations close to the desired dimensions of the published version.
• Submit each illustration as a separate file.
A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions
You are urged to visit this site; some excerpts from the detailed information are given here.
Formats
If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.
Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):
EPS (or PDF): Vector drawings, embed all used fonts.
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TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.
Please do not:
• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;
• Supply files that are too low in resolution;
• Submit graphics that are disproportionately large for the content.

Color artwork
Please make sure that artwork files are in an acceptable format (TIFF, EPS or MS Office files) and with
the correct resolution. If, together with your accepted article, you submit usable color figures then
Elsevier will ensure, at no additional charge, that these figures will appear in color on the Web (e.g.,
ScienceDirect and other sites) regardless of whether or not these illustrations are reproduced in color
in the printed version. For color reproduction in print, you will receive information regarding
the costs from Elsevier after receipt of your accepted article. Please indicate your preference
for color in print or on the Web only.

There is no charge for colour in print for members of ISER, or for invited Reviews.

For further information on the preparation of electronic artwork, please see
http://www.elsevier.com/artworkinstructions.
Please note: Because of technical complications which can arise by converting color figures to "gray
scale" (for the printed version should you not opt for color in print) please submit in addition usable
black and white versions of all the color illustrations.

Figure captions
Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Tables
Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules.

References
Citation in text
Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference links
Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is encouraged.

Web references
As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.
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References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference formatting
There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book
title, chapter title/article title, year of publication, volume number/book chapter and the pagination
must be present. Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct. If you do wish to format the references yourself they should
be arranged according to the following examples:

Reference style
Text: All citations in the text should refer to:
1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;
2. Two authors: both authors' names and the year of publication;
3. Three or more authors: first author's name followed by 'et al.' and the year of publication.
Citations may be made directly (or parenthetically). Groups of references should be listed first
alphabetically, then chronologically.
Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999). Kramer et al.
(2010) have recently shown ....'
List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a', 'b', 'c', etc., placed after the year of publication.
Examples:
Reference to a journal publication:
Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci.
Commun. 163, 51–59.
Reference to a book:
Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.
Reference to a chapter in an edited book:
Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones, B.S.,
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281–304.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations:
http://www.issn.org/services/online-services/access-to-the-ltwa/.

Video data
Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a preferred maximum
size of 50 MB. Video and animation files supplied will be published online in the electronic version
of your article in Elsevier Web products, including ScienceDirect: http://www.sciencedirect.com.
Please supply 'stills' with your files: you can choose any frame from the video or animation or
make a separate image. These will be used instead of standard icons and will personalize the
link to your video data. For more detailed instructions please visit our video instruction pages at
http://www.elsevier.com/artworkinstructions. Note: since video and animation cannot be embedded
in the print version of the journal, please provide text for both the electronic and the print version
for the portions of the article that refer to this content.

AudioSlides
The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words and
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to help readers understand what the paper is about. More information and examples are available at
http://www.elsevier.com/audioslides. Authors of this journal will automatically receive an invitation
e-mail to create an AudioSlides presentation after acceptance of their paper.

Supplementary material
Elsevier accepts electronic supplementary material to support and enhance your scientific research.
Supplementary files offer the author additional possibilities to publish supporting applications, high-
resolution images, background datasets, sound clips and more. Supplementary files supplied will be
published online alongside the electronic version of your article in Elsevier Web products, including
ScienceDirect: http://www.sciencedirect.com. In order to ensure that your submitted material is
directly usable, please provide the data in one of our recommended file formats. Authors should
submit the material in electronic format together with the article and supply a concise and descriptive
caption for each file. For more detailed instructions please visit our artwork instruction pages at
http://www.elsevier.com/artworkinstructions.

3D radiological data
You can enrich your online article by providing 3D radiological data in DICOM format. Radiological
data will be visualized for readers using the interactive viewer embedded within your article, and
will enable them to: browse through available radiological datasets; explore radiological data as
2D series, 2D orthogonal MPR, 3D volume rendering and 3D MIP; zoom, rotate and pan 3D
reconstructions; cut through the volume; change opacity and threshold level; and download the
data. Multiple datasets can be submitted. Each dataset will have to be zipped and uploaded to
the online submission system via the '3D radiological data' submission category. The recommended
size of a single uncompressed dataset is 200 MB or less. Please provide a short informative
description for each dataset by filling in the 'Description' field when uploading each ZIP file. Note:
all datasets will be available for download from the online article on ScienceDirect. So please
ensure that all DICOM files are anonymized prior to submission. For more information see:
http://www.elsevier.com/about/content-innovation/radiological-data

Submission checklist
The following list will be useful during the final checking of an article prior to sending it to the journal
for review. Please consult this Guide for Authors for further details of any item.
Ensure that the following items are present:
One author has been designated as the corresponding author with contact details:
• E-mail address
• Full postal address
All necessary files have been uploaded, and contain:
• Keywords
• All figure captions
• All tables (including title, description, footnotes)
Further considerations
• Manuscript has been 'spell-checked' and 'grammar-checked'
• References are in the correct format for this journal
• All references mentioned in the Reference list are cited in the text, and vice versa
• Permission has been obtained for use of copyrighted material from other sources (including the
Internet)
Printed version of figures (if applicable) in color or black-and-white
• Indicate clearly whether or not color or black-and-white in print is required.
• For reproduction in black-and-white, please supply black-and-white versions of the figures for
printing purposes.
For any further information please visit our customer support site at http://support.elsevier.com.

AFTER ACCEPTANCE
Use of the Digital Object Identifier
The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The DOI
consists of a unique alpha-numeric character string which is assigned to a document by the publisher
upon the initial electronic publication. The assigned DOI never changes. Therefore, it is an ideal
medium for citing a document, particularly 'Articles in press' because they have not yet received their
full bibliographic information. Example of a correctly given DOI (in URL format; here an article in the
journal Physics Letters B):
http://dx.doi.org/10.1016/j.physletb.2010.09.059
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When you use a DOI to create links to documents on the web, the DOIs are guaranteed never to
change.

Online proof correction
Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.
If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.
We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

Offprints
The corresponding author, at no cost, will be provided with a personalized link providing 50
days free access to the final published version of the article on ScienceDirect. This link can
also be used for sharing via email and social networks. For an extra charge, paper offprints
can be ordered via the offprint order form which is sent once the article is accepted for
publication. Both corresponding and co-authors may order offprints at any time via Elsevier's
WebShop (http://webshop.elsevier.com/myarticleservices/offprints). Authors requiring printed copies
of multiple articles may use Elsevier WebShop's 'Create Your Own Book' service to collate multiple
articles within a single cover (http://webshop.elsevier.com/myarticleservices/booklets).

AUTHOR INQUIRIES
You can track your submitted article at http://help.elsevier.com/app/answers/detail/a_id/89/p/8045/.
You can track your accepted article at http://www.elsevier.com/trackarticle. You are also welcome to
contact Customer Support via http://support.elsevier.com.
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