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	Text2: Acetozolamide -ACZ, carbonic anhydrase inhibitor- is still the most effective systemic drug for glaucoma treatment. Due to its limited ocular bioavailability, topical formulations are not available yet. This study introduces within the framework of nanotechnology three nanopreparations of acetozolamide for topical application, one of them is liposomal phospholipid vehicle and the other two preparations are propolis and Punica granatum (pomegranate). The hypotensive effect of these different nanopreparations in lowering the increased intraocular pressure that was induced in experimental rabbits is monitored for 130 hrs. Structural characteristics of the optic nerve dissected from all involved groups were studied by Fourier transfrom infrared spectroscopy. The obtained results indicate the impact of the topically applied acetozolamide nanopreparations in lowering the intraocular pressure to its normotensive control value. On the other hand, the optic nerve characteristics were found to be dependent on the way acetozolamide introduced. Glaucoma affects structural components that contain OH group and increases -turns of the protein secondary structure while, reducing the content of both -helix and Turns. In the same context, liposomal-acetozolamide and propolis nanopreparations protecting the optic nerve protein secondary structure from these changes associated with glaucoma.
	Text3: Glaucoma by definition is a group of diseases that damage the eye's optic nerve leading to loss of vision and results in blindness. The standard and usual treatment of glaucoma includes eye drops, laser trabeculoplasty, or conventional surgery where, the treatment strategy is based on lowering and/or controlling the intraocular pressure. Aging is among the several reasons for developing glaucoma and the prevalence of glaucoma rises as the population got older; furthermore, increased oxidative stress is associated with aging [1]. Since glaucoma is the second leading cause of blindness worldwide [2], there is an insist need for developing a new topical-treatment modality that can lower the IOP and on the other hand protect the optic nerve from being damaged. 
Acetozolamide is carbonic anhydrase inhibitor drug that physiologically acts through inhibiting water permeability of membranes by interacting with aquaporins, and its ability of lowering the IOP is attributed to reduce the production of aqueous humor in the ciliary body. Its systemic administration is associated with side effects such as central nervous system depression, renal failure, diuresis, vomiting, anorexia, and metabolic acidosis [3-4]. 
Epidemiological evidences support the correlation between plant phytochemicals and the beneficial health effects as reduced risk of cardiovascular disease [5], anticancer activity [6] and antimicrobial/anti-inflamatory properties [7]. The interest of using complementary and alternative medicine by glaucoma patient is increased [8] and plant phytochemicals were found to have antiglaucoma properties [9-10]. 

Since 1981, the contribution of reactive oxygen species in damaging both the trabecular meshwork (cells that responsible for draining the aqueous humor from the anterior chamber) and the head of the optic nerve was postulated and confirmed [11-12]. Plant extracts are rich in bioactive compounds with antioxidant properties as polyphenols and flavonoids. Therefore, the aim of this study, in one hand, is to apply the concepts of nanoscience in terms of liposomes and polyphenols rich-nanopreparations to produce topical-ocular acetozolamide preparations, and on the other hand to evaluate their possible neuroprotection effect(s) on the optic nerve by monitoring its structural characteristics by Fourier transfrom infrared spectroscopy (FTIR).
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	Text5: The primary objective is to prepare topical form of the non-water soluble drug acetozolamide. The secondary objective is to protect the optic nerve from being damaged  so reducing the risk of blindness due to glaucoma.
	Text6: This study was approved by the local ethical committee of the Research Institute of Ophthalmology (RIO committee, Giza, Egypt) in accordance with the ARVO statement for the use of animals in ophthalmic and vision research.  
	Text7: a- Ten rabbits/group.
Please see the attached flow chart.


	Text8: Induction, estimation and treatment of glaucoma
 This study was approved by the local ethical committee of the Research Institute of Ophthalmology (RIO committee, Giza, Egypt) in accordance with the ARVO statement for the use of animals in ophthalmic and vision research.  At the beginning of the experiment, animals were anesthetized by intramuscular injection of a 1:1 mixture of ketamine hydrochloride:xylazine. In the same context, one drop of local numb eye drop (Benox, Eipico Co., Egypt) was applied.  The IOP baseline was measured with Schiötz tonometer using 5.5 g and 7.5 g weights. During the experimental period, the daily care regime of rabbits was performed by veterinary consultant and includes the observation of food consumption and fecal characteristics.
Animals were then categorized into sex groups with ten animals each. The first group was served as the normotensive control while the rest of groups were subjected to induced ocular hypertension by subconjunctival injection of glaucocorticoid betamethasone as previously described [13]. The induction was achieved by injecting 20 l once a week and repeated for three weeks. The injected betamethasone suspension contains 2 mg/ml betamethasone sodium phosphate and 5 mg/ml betamethasone dipropionate. The increase in IOP was also monitored by Schiötz tonometer as described before. Four of the hypertensive groups were treated daily by instillation of 20 l of: topical-ACZ, DPPC-ACZ, propolis-ACZ and pomegranate-ACZ nanopreparations till the end of the study. The last hypertensive group, glaucomatous one, received no treatment and served as a positive control.

	Text9: Chinchilla rabbits of both sex and weighing 2.5-3 Kg were selected from the animal house facility at the research Institute of Ophthalmology (Giza, Egypt). Rabbits were housed individually in cages at 27 oC, relative humidity 60-70%, and a 12 hrs light cycle; they have access to water and food ad- libitum. 
	Text10: Chinchilla rabbits of both sex and weighing 2.5-3 Kg were selected from the animal house facility at the research Institute of Ophthalmology (Giza, Egypt). Rabbits were housed individually in cages at 27 oC, relative humidity 60-70%, and a 12 hrs light cycle; they have access to water and food ad- libitum. 
During the experimental period, the daily care regime of rabbits was performed by veterinary consultant and includes the observation of food consumption and fecal characteristics.
	Text11: A total number of 60 rabbits was included in the study.
The groups involved in this study are of equal numbers (10 rabbit's each/20 eyes) and statistically defined as equal sized groups with difference in means. We did a sample size calculations based on many literatures as: 
Elise Whitley and Jonathan Ball. Statistics review 4: Sample size calculations. Critical Care 2002, 6:335-341. 
Also, there are many web-based applications that enable calculating the ideal sample size as that belongs to Columbia University medical center, department of pediatrics (www.biomath.info).

	Text12: Animals were randomized in experimental groups.
The order of handling groups was: Glaucomatous, Treated and control.
	Text13: 1- Intraocular pressure.
2- Optic nerve structural characteristics.
	Text14: Group of animals. All results are expressed as the mean±SD. Groups were statistically compared using one way ANOVA and the significance level was set at p<0.05. Spectral analysis was performed using OriginPro software 2015 (Origin Lab Corporation, Northampton, MA, USA).
	Text15: At the beginning of the experiment, animals were anesthetized by intramuscular injection of a 1:1 mixture of ketamine hydrochloride:xylazine. In the same context, one drop of local numb eye drop (Benox, Eipico Co., Egypt) was applied.  The IOP baseline was measured with Schiötz tonometer using 5.5 g and 7.5 g weights. 
	Text16: 10/10
	Text17: mean±SD with confidence interval of 95%.
	Text18: None
	Text19: Glaucoma is a multifactorial disease and its pathogenesis can be related to either a mechanical damage due to increased IOP or vascular dysregulation that affects the trabecular meshwork [14]. Therefore, decreasing IOP is essential to prevent the development or progression of glaucoma. The results of this study (Fig 2) confirm the limited efficiency of topically applied ACZ in lowering the IOP that previously reported in the literature due to two major obstacles; poor aqueous solubility and low permeability coefficient [3-4] while, DPPC-encapsulated ACZ and the lipophilic extract-nanopreparations greatly improve its hypotensive efficiency.

One method of making comparisons among different doses of the same drug is to compute the area under the curve (AUC) which reflects the concentration of that drug and is used as a measure of drug exposure i.e. its bioavailability. Accordingly, propolis-ACZ is associated by the highest bioavailability among different ACZ preparations included in this study and it was concomitant with the best tmax obtained. The contradicting results of acetozolamide and its polyphenols-rich nanopreparations in decreasing the increased IOP are providing evidence that propolis and pomegranate extracts have antiglaucoma properties. Acetozolamide lowering effect is attributed to its ability of inhibiting the aqueous humor production. Therefore, plant extracts could exerts their hypotensive effects via reducing the production of aqueous humor and/or protecting the trabecular meshwork from oxidative stress associated with damaging the structural integrity of trabecular meshwork, thus preserving the eye's endogenous antioxidant system. On the other hand, liposomal-ACZ results show that liposomes are able to smuggling ACZ behind the normal ocular barriers, thus exerting its hypotensive effect. Note that, topical instillation of drugs into the eye is a convenient-preferred and non-invasive method of administration due to its direct and localized effects as well as the availability of the therapeutic drug in high concentration. These advantages ensure that the incidence of side effects due to systemic administration of ACZ is minimized.

Non-essential phytoconstituents associated with pomegranate peel or propolis powder are different and in turn may display different functions. Pomegranate peel, in general, is a rich source of more than 300 phytochemicals. Egyptian pomegranate peel contains a total  phenolic content  of 17.24±1.11 mg gallic acid equivalent/g sample and a total flavoniods of 34.28±1.47 mg rutin equivalent/g sample where, the dominant phenolic constituent is gallic acid (5.43 mg/g) [15]. Oleic acid and Coumaric acid are the most abundant aliphatic and aromatic acids respectively. Propolis, on the other hand, contains more than 300 bioactive components [16] as pomegranate peel but, Egyptian propolis showed reduced concentrations of the previously mentioned phytoconstituents of pomegranate peel. The amount of total phenolic content was found to be 0.138±0.003 mg gallic acid equivalent/g sample and that of total flavonoids was 0.75 mg /g sample. Hexadecyl caffeate is the abundant form of esters while cycloartinol and β-amyrine are the abundant triterpens [16-17].

Iomdina et al. 2015 [18] show that elevated IOP may have a direct impact on mitochondria; the primary source of reactive oxygen species. Therefore, increased mitochondrial oxidative stress contributed to apoptosis and development of glaucoma. The antioxidant activity of propolis phenolics is mainly due to their redox properties, which allow them to act as reducing agents, hydrogen donators, and singlet oxygen quenchers. In addition, they have a metal chelation potential. However, the decrease of the phenolic compounds content is not accompanied by a decrease of its activity. The triterpenes, consisting about 18% of Egyptian propolis and might play a role in its antioxidant activity [19]. Propolis-ACZ is more effective neuroprotector as it maintains the normal secondary structure of optic nerve protein and this can be directly linked to its higher content of hydrocarbon chains (Fig 1). Protein insolubility is dependent on the content of the β-sheet structure. The association between the decreased α-helix content and increased β-sheet content is indicative of expression of a new protein structure with different compositional characteristics or structural rearrangement of the already existing proteins. This gives the impetus that protein tends to form aggregates as it can be noticed in the glaucomatous group, topical-ACZ treated group and pomegranate-ACZ treated one as well.  The interesting finding that liposomal-ACZ exerts protective effect on the optic nerve protein secondary structure supports the mechanical theory of glaucoma side effects.

Regarding the structural and conformational characteristics of the optic nerve; the position of the ester bond (C=O) of lipids was used to probe the length of the fatty acid chain where longer fatty acid chain length results in shift to higher wavenumbers [20]. Hence, topical-ACZ treatment was noticed to be associated with shorter fatty acid chains and, when it encapsulated in liposomes or associated with lipophilic extracts, it was associated with longer fatty acid chains. On the other hand, the degree of freedom (motion) around this bond that detected by its bandwidth reflects the vibrational motion around the interface region of the phospholipids [21]. Our results showed that this motion is greatly affected by the way ACZ is introduced. It was found that lipophilic extract-ACZ nanopreparations increase the vibrational motion around that band (Fig 4 and Table 4), and this is contradicting the effect of topical-ACZ. Liposomal-ACZ does not affect the vibrational motion around the phospholipid interface region.

When molecules rotate around single bond they called rotameres and are indicative for the conformation changes within the lipid hydrocarbon chains. The relative amount of rotameres was calculated according to the vibrational frequency of asymCH2 as previously described [22]. According to the results given in Table 3, the % gauche rotamers of hypertensive groups whether treated with hypotensive nanopreparations or not was found to be 1.1±0.5 and that of normotensive control is 0.8±0.2. This is an indication that no change in the conformation of the lipid hydrocarbons. But, the careful analysis of the vibrational characteristics of the hydrocarbon chains indicates other behavior. The area percentage ratio for asymCH2/symCH2 reflects the degree of disorder within the lipid hydrocarbon chain [23-25]. This ratio was increased from 1.42±0.6 in the normotensive control to 3.7±0.4, 3.93±0.8 and 3.5±0.9 in glaucomatous, liposomal-ACZ and pomegranate-ACZ respectively while, dramatically decreased (0.432±0.1) in the topically applied ACZ. Propolis-ACZ nanopreparation does not affect the order state of lipid hydrocarbon chains (2.2±0.8). In addition, the bending vibrational mode of CH2 bond in the fingerprint region is used to monitor the acyl chain packing of the hydrocarbon chains [25]. This acyl chain packing is affected by the treatment with topical-ACZ and pomegranate-ACZ only.

	Text20: The outcome can be translated to human biology particularly the eye.  
	Text21: None
	Text1: Oculohypotensive effects of various acetozolamide nanopreparations for topical treatment of animal model-induced glaucoma and their impact on optic nerve


